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Cities have a critical role to play in meeting global-scale biodiversity targets. Urban socio-
ecological systems connect human and ecological well-being. The outsized impact of
cities reaches well-beyond their geographic borders through cultural, ecological, and
economic interactions. Although cities account for just 2% of the earth’s surface, they
host over half of the human population and are responsible for 75% of consumption. The
Parties to the Convention on Biological Diversity (CBD) and others have acknowledged
the important role cities can play in achieving global targets. In response, at least 110
cities have produced plans focused on biodiversity, but we do not know the extent
to which these city plans align with global targets or what role they play in achieving
these targets. Here, we explore the relationship between global biodiversity conservation
targets and local biodiversity plans to identify how elements at the two scales align or
diverge. We compared the CBD Strategic Plan 2011-2020 (Aichi Targets) with 44 local
biodiversity plans (often called LBSAPs) from cities around the world. We analyzed more
than 2,800 actions from the local plans to measure the relationship with these global
targets. Our results show how local approaches to biodiversity conservation can inform
post-2020 global frameworks to improve coordination between global and local scale
processes. We identify actions particular to the local scale that are critical to conserve
global biodiversity and suggest a framework for improved coordination between actors
at different scales that address their respective roles and spheres of influence.

Keywords: indicators, urban biodiversity conservation, urban planning, global biodiversity conservation targets,
Aichi Biodiversity Targets

INTRODUCTION

While much attention to nature conservation and biodiversity loss has focused on remaining
undeveloped “natural” areas and on national-level actions that target these places, the roles of
urban areas and local governments should not be overlooked. Urban socio-ecological systems
have critical and wide-ranging influence on societal norms, the health of people (Marselle et al.,
2019), and biodiversity at a global scale (McDonald et al., 2018; Secretariat of the Convention on
Biological Diversity, 2021). Cities are centers of innovation that can demonstrate the effectiveness of

Frontiers in Conservation Science | www.frontiersin.org 1

November 2021 | Volume 2 | Article 752387


https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://doi.org/10.3389/fcosc.2021.752387
http://crossmark.crossref.org/dialog/?doi=10.3389/fcosc.2021.752387&domain=pdf&date_stamp=2021-11-25
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/conservation-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:piercestudio@gmail.com
mailto:sldrill@ucanr.edu
https://doi.org/10.3389/fcosc.2021.752387
https://www.frontiersin.org/articles/10.3389/fcosc.2021.752387/full

Pierce et al.

Aichi Targets and Local Plans

nature-based solutions (Kabisch et al., 2016) and promote
sustainable lifestyles'. Urban and peri-urban land use patterns
and the behavior of urbanites can play a critical and decisive
role in meeting global biodiversity goals and targets and
are critical to the implementation of international efforts to
safeguard biodiversity (Puppim de Oliveira et al., 2011). There
are 422 major cities located in biodiversity hotspots, and 383
of these are predicted to sprawl into ecologically significant
areas (Weller et al,, 2019). Although cities account for just 2%
of the earths surface area, they are home to over half of the
human population and are responsible for 75% of consumption
(Muller et al., 2010). It is clear that cities have a disproportionate
impact on the earth’s natural systems and the species that
live within them (Puppim de Oliveira et al., 2011). Therefore,
cities have the potential to shape society to one that protects
nature, reduces harmful consumption patterns, and seeks out
nature-based solutions.

Local governments have taken on this responsibility through
the development and implementation of local biodiversity
strategy and action plans, sustainability plans, habitat plans,
and other related initiatives. The Urban Biodiversity Hub has
gathered 123 biodiversity plans and/or reports produced by local
governments (McDonald et al., 2018). These plans outline varied
approaches that reconnect urban dwellers to nature, highlight the
ecological footprint of cities, encourage conservation of nature in
their respective regions, and increase resilience of urban socio-
ecological systems to changing environmental conditions.

In 2008, the Parties to the Convention on Biological Diversity
(CBD) recognized the significance of local governments in
contributing to global goals through Decision IX/28, which called
for national governments to support local governments in their
efforts toward CBD targets (Secretariat of the Convention on
Biological Diversity, 2008). In particular, the decision called for
the adoption of local biodiversity strategy and action plans that
would be consistent with their national-level counterparts. That
same year, the Global Partnership on Local and Subnational
Action for Biodiversity was launched at the International
Union for Conservation of Nature (IUCN) World Conservation
Congress, with the goal of coordinating local and subnational
governments and their partners to implement the CBD. Since
then, a Global Biodiversity Summit of Cities and Subnational
Governments has taken place in parallel to each Conference
of the Parties to the CBD. In 2010, at the Tenth Conference
of the Parties to the CBD, the Aichi/Nagoya Declaration on
Local Authorities and Biodiversity and the 2011-2020 CBD
Plan of Action on Cities, Local Authorities and Biodiversity
were adopted. Subsequently, a Decision related to subnational
governments has emerged from each of the CBD Conferences
of the Parties. However, only national-level governments have
official standing to directly influence CBD decisions, and
therefore CBD targets are more likely to reflect national-level
priorities and approaches.

In 2010, the CBD created the Strategic Plan for Biodiversity
2011-2020, which included the 20 Aichi Biodiversity Targets with

1Yang, Y., and Taufen, A. (Eds.). (forthcoming, 2022). The Routledge Handbook
of Sustainable Cities and Landscapes in the Pacific Rim. Routledge, Taylor Francis
Group.

the vision of “living in harmony with nature.” These targets
sought to establish a framework for action for the decade, to
be implemented by the Parties to the convention particularly
through National Biodiversity Strategy and Action Plans. The
20 targets are organized under five strategic goals related to
mainstreaming biodiversity, reducing pressures on biodiversity,
safeguarding biodiversity’s status, enhancing ecosystem services,
and enhancing implementation of biodiversity initiatives.
Nations then had the flexibility to set their own objectives
within each of the 20 target areas. Unfortunately, the targets
have largely not been met, and it has been suggested that this
is linked to difficulty in translating them into specific actions
(Green et al,, 2019), among other limitations to their ability to
be mainstreamed into other sectors and at other scales (Milner-
Gulland et al., 2021).

The year 2021 marks a turnover date, as the Aichi Biodiversity
Targets are expiring and new targets are being negotiated. The
successor to the Strategic Plan for Biodiversity 2011-2020 under
the Convention on Biological Diversity (CBD), referred to as
the Post-2020 Global Biodiversity Framework (GBF), is currently
being negotiated to put nature on a path to recovery to reach the
2050 goals and continue the vision of “living in harmony with
nature” (Secretariat of the Convention on Biological Diversity,
2021, p. 4). Therefore, now is the time to synthesize lessons
from practice from the past decade to inform a Post-2020 Global
Biodiversity Framework that better integrates the role of cities in
achieving global biodiversity goals and targets.

Research Questions

The goal of this research study is to examine the relationship
between the Aichi Biodiversity Targets and stated actions in local
biodiversity plans developed by cities for the urban context. We
therefore address the following research questions:

1. Which Aichi Targets are commonly addressed in the actions
of local biodiversity plans?

2. How are cities addressing the themes of the Aichi
Biodiversity Targets through direct actions stated in their
biodiversity plans?

3. What actions are cities including in local biodiversity plans
that are not covered by the Aichi Biodiversity Targets?

MATERIALS AND METHODS

Our population of interest was defined as cities with a biodiversity
plan. A biodiversity plan is “an official government strategy or
a document primarily dedicated to biodiversity or ecosystem
health that describes goals related to biodiversity and the actions
needed to meet those goals” (McDonald et al., 2018, p. 53). Our
initial search identified 113 such cities, so we elected to take
a sample from cities with a population of more than 300,000.
Our sampling strategy aimed for geographical diversity, so we
included the three most populous cities per country. To identify
cities with plans, we started with the contents of the UBHub
database and then supplemented these results with internet
searches for the most up-to-date plans and for additional cities
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TABLE 1 | List of the 44 cities and their plans included in this study.

Country City Plan date Plan name (language)

Australia Melbourne 2017 Nature in the City Strategy (English)

Australia Sydney 2014 Urban Ecology Strategic Action Plan (English)

Brazil Séao Paulo 2011 Local BSAP (Portuguese and English)

Canada Calgary 2015 Our BiodiverCity (English)

Canada Montréal 2016 Sustainable Montréal (English)

Canada Toronto 2018 Wild, Connected, and Diverse: The Draft Biodiversity Strategy for Toronto (English)

China Hong Kong 2016 Local BSAP (English)

China Shanghai 2012 BSAP Summary (English)

Colombia Bogota 2011 Politica para la gestion de la conservacion de la biodiversidad en el Distrito Capital (Policy for biodiversity
conservation management in the capital) (Spanish)

Colombia Medellin 2014 Propuesta para la Gestion Integral de la Biodiversidad y los Servicios Ecosistémicos (Spanish)

Denmark Copenhagen 2015 Urban Nature in Copenhagen Strategy 2015-2025 (English)

England Birmingham 2013 Green Living Spaces Plan (English)

England Leeds 2000 BAP (English)

England London 2016 BAP (English)

France Marseille 2014 Charte pour la Biodiversité Urbaine—Le Territoire de Marseille (Urban Biodiversity Charter—Marseille) (French)

France Paris 2019 Plan Biodiversité 2018-2024 (French)

Germany Berlin 2012 Strategy on Biological Diversity (German)

Germany Hamburg 2012 Grine Vielfalt —Qualitét der Stadt. Strategie flr die Entwicklung der Biodiversitat (Green diversity —city quality.
Strategy for the development of biodiversity) (German)

India Pimpri Chinchwad 2019 Draft Local BSAP (English)

Ireland Dublin 2016 BAP (English)

Israel Jerusalem 2013 Local BSAP (English)

Israel Tel Aviv 2016 117y Yau» a8 m1dn (Master Plan for Urban Nature) (Hebrew)

Japan Nagoya 2010 The 2050 Nagoya Strategy for Biodiversity: popular edition (English)

Japan Sapporo 2013 LMt & 51F 5 € Y 3~ (Sapporo’s Biodiversity Vision) (Japanese)

Japan Yokohama 2009 Yokohama City Biodiversity Conservation Guidelines (Japanese)

Malawi Lilongwe 2016 Integrated Biodiversity and Strategy Action Plan (English)

Mexico Mexico City 2013 Estrategia y Plan de Accién para la Biodiversidad (BSAP) (English)

Netherlands Amsterdam 2012 Ecologische Visie (Ecological Vision) (Dutch)

New Zealand ~ Auckland Council 2012 Indigenous Biodiversity Strategy (English)

New Zealand Christchurch 2008 Biodiversity Strategy (English)

Norway Oslo 2016 Improved Management of Biodiversity in Oslo (English)

Portugal Lisbon 2012 Biodiversidade na cidade de Lisboa: Uma estratégia para 2020 (Biodiversity in the city of Lisbon: A plan for 2020)
(Portuguese)

Scotland Edinburgh 2016 BAP (English)

Scotland Glasgow 2001 BAP (English)

Singapore Singapore 2019 Conserving Our Biodiversity (update) (English)

South Africa Cape Town 2016 Local BSAP (English)

South Africa eThekwini (Durban) 2008 Strategic Plan (English)

South Africa Johannesburg 2009 Local BSAP (English)

Spain Barcelona 2013 Pla del verd i de la biodiversitat de Barcelona 2020 (Green and Biodiversity Plan) (Catalan)

Switzerland ZUrich 2014 Konzept Arten-Lebensraumfoerderung (Species-Habitat Promotion Concept) (German)

USA Chicago 2011 Chicago Nature and Wildlife Plan Update (English)

USA San Diego 2008 City of San Diego General Plan (Conservation Element) (English)

USA Washington 2015 Wildlife Action Plan (English)

Wales Cardiff 2008 Local BAP (English)

BSAP stands for Biodiversity Strategy and Action Plan. BAP stands for Biodiversity Action Plan.

that had published plans. We identified 44 city plans (in 26
countries) for analysis, listed in Table 1.

Some plans were not available in English. If we had a native
speaker on the research team, we analyzed the plan in the
original language. If we did not have a native speaker, we used
Google Translate supplemented as necessary by professional
translation services.

Our team then manually reviewed each plan, following
standard protocols for qualitative content analysis (Krippendorff,
2003) and using a comparative approach (Berting, 1980; Lyles
and Stevens, 2014). We extracted actions from each plan
and coded them according to each of the 20 Aichi Target
themes (designated as T1-T20), plus an additional category “not
applicable” (n/a) for actions outside of these themes. Within each
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of these categories, we assigned the actions to inductively derived
subcategories. To determine the category and subcategory, we
reviewed the action text, as well as contextual information
such as related targets, indicators, and objectives, to inform
the coding selection. Across and sometimes even within the
plans, we did not find a standard use of the term “action,”
and so we used the following definition from our previous
work: “a specific action the city plans to take (or is taking),
generally expressed with a verb” (Pierce et al., 2020). This
approach allowed us to extract text that met our definition
regardless of whether it was explicitly identified in the plan
as an “action.” When an action could be coded to more than
one Aichi Target, particularly due to the overlapping nature
of the Aichi Targets themselves, and because a single action
may contribute to more than one Aichi Target simultaneously
(Secretariat of the Convention on Biological Diversity, 2018), we
chose the most relevant Aichi Target to maintain simplicity for
this analysis.

To increase intercoder reliability and the consistency of the
coding, we trained each member on the coding protocol, met

weekly to discuss the coding, and reviewed the coding within
each category. Any discrepancies were discussed among the team
and resolved by consensus.

RESULTS

Every Aichi Target theme except one was found in at least
some of the actions in each plan, though the prevalence
and abundance of each theme varied widely. We defined
prevalence as the percentage of plans within our sample
in which the theme was present at least once. Abundance
is the count of the actions coded to a theme within
each plan.

The most prevalent themes, “Awareness increased” (AT1) and
“Knowledge improved, shared, and applied” (AT19) were each
addressed in 93% of plans. Other prevalent themes (found in
at least 60% of plans) were “Ecosystems restored and resilience
enhanced” (AT15) at 86%, “Habitat loss halved or reduced” (AT5)
at 84%, “Protected areas increased and improved” (AT11) at
84%, “Biodiversity values integrated” (AT2) at 80%, “National

Aichi Biodiversity Target (AT) Theme

AT1: Awareness increased

AT19: Knowledge improved, shared and applied
AT15: Ecosystems restored and resilience enhanced
ATS: Habitat loss halved or reduced

AT11: Protected areas increased and improved

AT2: Biodiversity values integrated

AT17: NBSAPs adopted as policy instrument

AT14: Ecosystems and essential services safeguarded
AT9: |AS prevented and controlled

AT12: Extinction prevented

AT3: Incentives reformed

AT7: Sustainable agriculture, aquaculture and forestry
AT20: Financial resources from all sources increased
AT8: Pollution reduced

AT13: Genetic diversity maintained

AT4: Sustainable consumption and production

AT18: Traditional knowledge respected

AT6: Sustainable management of marine living resources

AT16: Nagoya Protocol in force and operational
AT10: Pressures on vulnerable ecosystems reduced

n/a: other themes

A Prevalence of Themes

% of Local Biodiversity Plans (out of 44)
0% 20% 40%  60%  80%  100%

I 3%
I 0%
I 369
A
I 549
I 50%
I 7%
I /7%
I 630
I 1%
I 550
I 50%
I 3%

I 13%

I 329

I 30%
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M 7%

B 5%

0%

I 767

FIGURE 1 | Prevalence of Aichi Biodiversity Target (AT) themes in local biodiversity plans (A) and Average Number of Actions per plan by Aichi Target Themes (B).
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Biodiversity Strategy and Action Plans adopted as policy
instrument” (AT17) at 77%, “Ecosystems restored and resilience
enhanced” (AT14) at 77%, “Invasive alien species prevented and
controlled” (AT9) at 68%, and “Invasive Alien Species (IAS)
prevented and controlled” (AT9) at 68%. The theme of “Pressures
on vulnerable ecosystems reduced” (AT10) was not found in
any of the plans, though this theme overlaps with others that
were found in the plans. The other two least prevalent themes,
“Sustainable management of marine living resources” (AT6) and
“Nagoya Protocol in force and operational” (AT16) were present
in 7 and 5% of plans, respectively. The majority (76%) of the
plans also contained elements not covered by an Aichi Target
(labeled “n/a”). The prevalence of each theme among the plans is
illustrated in Figure 1A. The subcategories identified within each
theme and their prevalence are available as Table 2.

In addition to the prevalence of themes within the plans, we
also counted the number of plan elements (actions, indicators,
and outputs) found in each plan. We then averaged this
total over the 44 plans to determine the abundance of the
theme, a measure of the average degree of detail per plan
devoted to each theme. The results of this analysis are shown
in Figure 1B. On average, there were 2.8 actions associated
with any given Aichi Target theme (or “n/a”) per plan. The
two most abundant themes were the same as the two most
prevalent themes, “Awareness increased” (AT1) and “Knowledge
improved, shared and applied” (AT19), averaging 10.0 and 7.7
actions per plan, respectively. However, there were some themes
with a lower average abundance than would be expected given
their prevalence in the plans, in particular “Ecosystems restored
and resilience enhanced” (AT15) at 3.5 average number of actions
per plan, “Protected areas increased and improved” (AT11) at 3.0,
and “Invasive alien species prevented and controlled” (AT9) at
1.7. Some other themes had much higher abundance than would
be expected, in particular “Extinction prevented” (AT12) at 4.8
and “Genetic diversity maintained” (AT13) at 1.3.

Actions outside of the Aichi Target themes were prevalent,
found in 76% of the plans and averaging 2.8 actions per
plan (see Figure1l). The subcategories within this theme
and their prevalence in the plans are outside cooperation
(34%), regulations/enforcements (32%), vertical cooperation
(20%), human/wildlife conflicts and pests (11%), increase staff
(9%), administration (7%), procurement of resources (7%),
transportation (7%), and procedural improvements (2%) (see
Figure 2).

DISCUSSION

The discussion is organized by Aichi Target (AT) themes,
although sometimes overlapping themes are combined, indicated
by their number in the subheading (i.e., AT1 indicates the theme
for Aichi Target 1, “Awareness increased”). Themes commonly
found in the plans but not covered by the Aichi Targets are
discussed at the end of this section. Note that our discussion
here is focused on the 12 most prevalent Aichi Target themes,
sometimes grouped to address related themes together. Themes
not discussed are “Sustainable consumption and production”

(AT4), “Sustainable management of marine living resources”
(AT6), “Pollution reduced” (AT8), “Pressures on vulnerable
ecosystems reduced” (AT10), “Genetic diversity maintained”
(AT13), “Nagoya Protocol in force and operational” (AT16),
“Traditional knowledge respected” (AT18), and “Financial
resources from all sources increased” (AT20).

The quantity of actions per plan indicates the level of detail
within each topic, which may imply the degree of familiarity
and comfort of the cities in outlining each step of the process
within this theme. Awareness and knowledge-sharing are the
most common, and these are also activities that cities may be
familiar with due to similar awareness-raising campaigns for
other issues, like recycling. “Extinction prevented” (AT12) is also
abundant, which may be a result of having ecologists or biologists
involved in plan creation who have broken down these actions
by species; in some cases, there may be a legal requirement to
include particular detail at the species level (such as standard
requirements in the United Kingdom or compliance with the
Endangered Species Act in the United States). On the other
hand, “Invasive alien species prevented or controlled” (AT9)
is not as abundant, which reflects that plans more commonly
state simplified general actions, rather than detailed step-by-step
actions, to address this theme.

Both of the themes most commonly found in the plans (AT1
and AT19) are about information availability, promotion, and
sharing, and this is important at the local level for biodiversity
planning. These types of activities may be more fiscally feasible
than on-the-ground implementation actions and also may be
indicative of the early steps of a biodiversity campaign, namely,
gathering data, and building public support. Research on this
area based on surveys of participants also support the significance
of these two themes at the local level, in particular their role in
contributing to AT12 (Mair et al., 2021).

Increasing Awareness (AT1)

As hosts of educational, cultural, and media institutions
as well as major population centers, cities are key to
meeting biodiversity awareness-raising goals. While the physical
outcomes of conservation-oriented land use are more visible, the
transformation of urban economic, social, and cultural norms are
needed to stop biodiversity loss (Dickman et al., 2015). Raising
awareness of how a person’s or institution’s choices impact
biodiversity, particularly for more indirect impacts, is therefore
needed (Puppim de Oliveira et al., 2011). Cities are recognizing
this need by including actions for awareness raising in nearly
all of the plans included in this study. In fact, even though 87%
of national governments contained targets related to awareness
raising (Secretariat of the Convention on Biological Diversity,
2020), our research indicates that local governments are generally
more likely (93% of plans) than national governments to
include this topic in their plans. Given the high prevalence
of the increasing awareness topic in both national and
local biodiversity plans, it suggests that awareness-raising is
happening on a cross-scalar basis and that there is perhaps an
alignment on actions to raise awareness about the importance
of biodiversity.
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TABLE 2 | List of the subcategories identified within each of the Aichi Target themes (or, if there is not a theme, “n/a”) and their prevalence as a percentage of the plans.

Aichi target % of plans

Subcategory description

68%
66%
57%
50%

- a4 a4

43%
41%
36%
34%
30%
25%
23%
16%
16%
2%
64%
39%
27%
25%
14%
9%
7%
36%

W NN N NNDRN 4 4 4 4 4 4 4

30%
27%
25%
18%
7%
11%
9%
9%
9%
7%
7%
5%
2%
2%
68%
27%
23%
16%
16%
5%
36%
30%
23%
7%
7%
2%
11%

0 NN NN NN o OO AN AR BRBR RN OO ® W

Strengthen institutional partnerships or involvement in awareness building
Raise public awareness

Increase laypeople’s contribution to science (training, citizen science, bird counts) or conservation management

Educate and involve schoolchildren/youth with their families in educational institutions, or increase exposure to nature in school or

playgrounds.
Educate and involve adults or families outside of school
Harnessing technology or media

Events and volunteer programs, other than citizen science

Increase public exposure to nature/parks/outdoors (outside of schools) with specific mention of raising awareness

Industry-specific or vocational training programs or information (e.g., teachers, architects) or initiatives for targeted landowners

Provide materials to the public

Interpretive signage and public art

Research public attitudes (surveys, profiles)

Create a plan for awareness/engagement

Reduction in harmful behaviors by the public

Coordinate with or integrate biodiversity within other municipal plans or departments (mainstreaming)
Ecosystem services mapping and/or valuation or the integration of ecosystem services in plans
Preserve livelihoods, create jobs, or support other economic benefits such as tourism

Training for municipal officials and staff in any department

Integrate with socio-economic development goals

Promote/recognize the link between biodiversity and cultural heritage and practices

Support or implement Payment for Ecosystem Services (PES) schemes

Modify development or land cover (e.g., Transfer Development Rights (TDR), clustering, densification, rezoning, ecological pre-review

of development plans)

Revise incentives

Encourage and/or support vegetation of built-up areas (i.e., vegetated roofs/walls/gardens/plazas/decks)
Recognize green activities and initiatives (e.g., award programs and soft incentives)

Offset biodiversity degradation from development (i.e., biodiversity offsets or compensation)
Direct grants or other supports provided for external use

Promote more sustainable consumption

Promote or implement more responsible municipal procurement, including divestment
Regulate sustainability of practices and products (e.g., plastic bag bans, certified procurement)
Reduce water usage

Reduce solid waste (e.g., recycling, reuse, repair, composting)

Measure or study consumption/production or its impacts

Sustainable production/consumption

Reduce impactful public consumption (e.g., dietary choices, global footprint)

Promote more sustainable or local production

Connect habitats or reduce fragmentation, including road crossings for wildlife

Maintain status or reduce degradation of habitat quality (includes management)

Reduce habitat loss/degradation/fragmentation

Provide shelter other physical habitat (e.g., bat/bird/bee boxes etc.) (habitat is specifically mentioned)
Increase trees/enhance vegetation (habitat is specifically mentioned)

Manage fish and aquatic resources well

Manage agriculture sustainably

Urban or local farming and edible gardening

Manage forests sustainably

Apiculture

Sustainable agriculture, aquaculture, forestry

Manage aquaculture sustainably

Pesticide and harmful chemical reduction

(Continued)
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TABLE 2 | Continued

Aichi target % of plans Subcategory description

8 1% Reduce introduction of pollutants to water

8 1% Clean up already polluted/dirty water or sail (e.g., phytoremediation)

8 1% Address light pollution

8 9% Monitor water pollution

8 2% Address air pollution

9 27% Control invasive species

9 23% Remove/reduce invasive species

9 18% Halting introduction/spreading of invasive species

9 18% Monitoring, data gathering of invasive species

9 14% Management planning of invasive species

9 9% Stakeholder involvement in invasive species

9 7% Policies addressing invasive species

10 0% Minimize ocean acidification

1 68% Conserve/protect/preserve marine and terrestrial ecosystems

11 18% Protected meadows, prairies, grassland, shrublands, etc.

i 18% Protections for ecosystems on privately owned land

1 16% Manage marine and/or terrestrial ecosystems

1 14% Forested protected land

ih! 9% Wetland protections (e.g., swamps, bogs)

ih 7% Coastal and marine protections (e.g., dunes, beaches, corals, intertidal, seagrass, oceans)

1 5% Protected deserts and/or rocky land

11 5% Freshwater setbacks and protected zones

12 39% Protect species from extinction

12 25% Terrestrial plant protections

12 16% Mammal protections

12 14% Bird protections

12 14% Terrestrial invertebrate protections

12 9% Plant propagation (nurseries, seeds, seedlings)

12 9% Fish and other aquatic life protections

12 7% Prevent injury of wildlife (i.e., bird-safe buildings, feral cat controls)

12 7% Herpetofauna protections

12 5% Fungi protections

12 5% Rescue injured wildlife

13 14% Safeguard genetic diversity

13 14% Seed bank projects

13 7% Gather information on genetic diversity

13 5% Captive (ex situ) breeding programs

13 5% Monitor and/or control genetically modified organisms (GMOs)

14 48% Preserve/increase trees/enhance vegetation (not habitat)

14 36% Manage stormwater/freshwater/wetlands (infiltration, bioswales, etc.)

14 34% Promote access/Increase exposure to nature/parks/green/outdoors without specific mention of raising awareness (recreation etc.)
Includes participatory management.

14 23% Park improvements

14 16% Street planting/design guidelines

14 14% Increase human health

14 1% Increase hazard resilience (flood/tsunami protection, etc.)

14 9% Ecosystems and essential services safeguarded

14 7% Improve social equity (focus on vulnerable groups, race, ability, etc.)

14 5% Safety/crime

15 52% Restore degraded aquatic and/or wetland ecosystems

15 41% Restore degraded terrestrial ecosystems

(Continued)
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TABLE 2 | Continued

Aichi target % of plans Subcategory description
15 34% Mitigate and adapt to climate change (includes restoration of habitat)
15 14% Adapt to the impacts of climate change
15 7% Offset greenhouse gas (GHG) emissions (boost carbon stocks of soll, trees, etc.)
15 5% Reduce GHG emissions (i.e., reduce energy use, fossil fuel use)
16 5% Enforce Nagoya Protocol and related international trade
17 45% Create a related plan, such as a conservation plan, habitat plan, species plan, green spaces plan, or management plan
17 41% Monitor or report on biodiversity plan(s)
17 34% Encourage participatory planning
17 32% Implement an LBSAP/management plan
17 16% Create, approve, or update an LBSAP
18 16% Protect indigenous traditional use and ecological knowledge
19 59% Gather baseline or historical data
19 50% Encourage research including funding and training programs on biodiversity
19 39% Ongoing monitoring after baseline data has been collected or a project is started
19 36% Apply ecological knowledge in conservation planning and action
19 32% Map biodiversity information, such as through GIS
19 30% Report the status of local biodiversity/information sharing such as via online platforms or shared databases
19 25% Comply/coordinate with regional, national, or international initiatives
19 23% Provide open datasets or online platforms
19 14% Provide a centralized database of biodiversity information
19 1% Participate in existing international commitments, programs, or standards that include collecting and/or sharing biodiversity
information
19 1% Provide updated progress reports on status of targets/implementation
19 9% Verify the status of current standards to see if it is up to date
19 9% Gather data on the management status of biodiversity
20 25% Raise/apply external funding
20 18% Local funding commitments (may be mixed with external funds)
20 7% Commit financially
n/a 34% Actions that strengthen cooperation with entities that are not the city itself, including NGOs
n/a 32% Develop, enforce, or amend local regulations and standards for biodiversity
n/a 20% Actions that strengthen cooperation across different government scales only, including advocacy
n/a 16% Wildlife conflicts and pests
n/a 1% Participate in existing international commitments, programs, or standards
n/a 1% Reduce trafficking/poaching and crime
n/a 9% Increase staff capacity
n/a 7% Internal administrative activities
n/a 7% Increase access to materials and physical resources
n/a 7% Transportation-focused actions
n/a 2% Procedural improvements, primarily related to environmental assessments

Within actions under this theme, the two most common
subcategories, institutional partnerships in the community
(68% of plans) and general awareness-raising statements
(66% of plans), tend to be rather generic. The former
demonstrates a desire to cooperate with external groups,
suggesting that cities recognize the potential opportunities
that these groups bring or possibly that they are feeling
too under-resourced to accomplish their awareness-raising
goals by themselves. Within this subcategory, Calgary is
striving “to remove knowledge and institutional barriers to
protect biodiversity” and San Diego is planning to “facilitate

public-private partnerships that improve private, federal, state,
and local coordination through removal of jurisdictional
barriers that limit effective wetland management,” while cities
like Copenhagen, Dublin, Edinburgh, London, Nagoya, Paris,
Sydney, Tel Aviv, and Yokohama are working to establish
linkages with students, practitioners, decision makers, business
entities, and society at large to support implementation
of urban-biodiversity-related projects and policies in their
respective cities.

Under general awareness-raising statements, the actions as
listed do not include enough detail to be subcategorized
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FIGURE 2 | Prevalence of other topics outside of the Aichi Biodiversity Target (AT) themes in local biodiversity plans.

further. Paris, for example, has indicated their effort to examine
the number of “participants sensitized to biodiversity” in
their public awareness events and campaigns. Cape Town
stated they would “communicate the message of biodiversity
conservation, especially the benefits that biodiversity provides to
the community by means of appropriate media.” This lack of
detail may imply that some cities are not yet sure how they would
particularly fulfill objectives related to awareness raising.

The most common awareness-raising approach in the plans
is through citizen science programs (57% of plans). Actions in
the plans included promoting volunteer initiatives, conducting
surveys, and encouraging participatory science programmes that
enhance the community’s engagement with the local biodiversity.
Sydney’s plan had a section on “community engagement”
in which the city intends to “support and encourage bush
restoration groups,” along with increasing the “community’s
participation in bird surveys and planting activities.” These
results reflect the increasing attention citizen science has gained
as a useful and meaningful tool for advancing ecological
science (Silvertown, 2009; Wei et al,, 2016), as it allows the
citizens to contribute and be a part of the larger agenda of
safeguarding nature.

The next most common actions cities listed fell under
education-related activities, including school programs (50%
of plans) and education of the general public (43%). The
focus for school programs was to include biodiversity and its
values in school curricula and education programmes (Berlin,
Cape Town, Lisbon, Yokohama, and Sapporo); to practice
exercises and provide fun activities, and kits in the gardens
and parks (Paris, Glasgow, and Tel Aviv); and to encourage
research projects on wildlife (Edinburgh). The decision of
whether to mention school programming in plans may have
been influenced by the scale at which school curricula are

determined, since these are sometimes the domain of a different
scale of government. However, education of the general public
would not be as limited by government domains. Some of these
actions were quite specific, such as these actions from London’s
plan: “Incorporate biodiversity enhancements into community
food growing schemes” and “Promote good practice guidance
to food growing groups and include in City in Bloom judging
criteria.” Others left their statements open for interpretation,
such as this action from Medellin: “Citizen education and wildlife
conservation.” These types of actions directed toward the public
rarely included details on how they would be measured, whereas
public school curricula are sometimes measured based on the
number of schools or students participating. Cities may therefore
benefit from guiding principles and best practices for local actions
for education-related awareness raising.

Less common actions under this theme (in order from most
to least prevalent subcategory) are the use of media (including
online communications), holding events or calling for volunteers,
directly exposing people to nature, targeted programming for
particular groups, providing information for the public, installing
artwork or signage, conducting surveys, creating an awareness
plan, and supporting behavioral changes directly. This wide array
of actions under the umbrella of awareness raising indicates
how cities are creatively addressing this problem. Four of
these subcategories are primarily passive communications, and
only two (events and volunteer involvement in 36% of plans
and increasing exposure to nature in 34%) involve hands-on
interaction with nature. Research has suggested that hands-on
contributions and exposure are an important tool for increasing
awareness raising for biodiversity (Kendall et al., 2006; Stern et al.,
2017) but our results suggest that cities may need additional
support or incentives to increase the prevalence of actions that
harness experiential opportunities for awareness raising. The
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hands-on activities occur at local scales where they allow for
the meaningful engagement of local citizens. As such, strategic
support and incentives from national or regional levels of
government directed at local communities within cities might
help with awareness-raising for biodiversity.

Integrating Biodiversity Values (AT2)
Mainstreaming biodiversity or, in other words, integrating
biodiversity objectives and approaches across all sectors, is
another key part of meeting global biodiversity goals (Cities
Alliance, 2007) and is addressed in Aichi Target 2. Local actions
in this theme integrate and reflect the contribution of biodiversity
and the ecosystem services it provides into relevant planning
processes and strategies, policies, programmes, and reporting
systems, thereby mainstreaming biodiversity into the decision-
making framework of the municipality. Accordingly, the majority
(80%) of cities included this theme in their biodiversity plans.
This rate is comparable to that in national plans, with 84%
of National Biodiversity Strategy and Action Plans containing
targets related to Aichi Biodiversity Target 2 (Secretariat of the
Convention on Biological Diversity, 2020). More specifically,
64% of local plans discussed coordination with or integration
of biodiversity into other municipal plans, decision-making
tools, or departments. For example, Cape Town described how
spatial biodiversity data could be integrated into decision making
and Zirich mentioned integration into consultation related
to land use and urban planning, among other actions. Other
cities were less detailed and mentioned this theme in fewer,
broader actions, such as “mainstreaming biodiversity into all city
planning and other relevant municipal documents” (Jerusalem).
At the other end of the spectrum, Auckland specified several
indicators for measuring their mainstreaming activities, such
as “number of inter-council projects” and “increased reference
and commitment to biodiversity in formal planning documents,”
which could be useful for review and possibly adoption by
other municipalities. Actions in this theme signal that cities
understand that achieving biodiversity outcomes will take a
broader collaboration inclusive of non-typical departments and
mandates. It is noteworthy that 25% of plans mentioned training
of municipal staff (including those outside biodiversity-related
departments) on the importance of biodiversity, which is an
important first step to mainstreaming nature in the work of other
departments. It was not apparent whether or not this level of
detail was included in national biodiversity plans (Secretariat of
the Convention on Biological Diversity, 2020), but the detail at
the local level illustrates that local plans can include important
intermediary steps that contribute to biodiversity outcomes.
Moreover, this suggests that integrating biodiversity values may
be occurring at multiple governance scales which is helpful for
taking comprehensive and complementary actions to address the
issue of biodiversity loss.

Seeking to valuate and account for ecosystem services is part
of 39% of plans, reflecting the need to quantify biodiversity’s
value in order to mainstream and integrate it into other
plans. Most local plans, however, made general statements
such as “Commission a study on the ecosystem services
provided by major habitat types” (Hong Kong), “Determine

the values and uses of biodiversity to local communities and
households” (Johannesburg), or “promote and participate in
the developing of methodology for valuing biodiversity in the
city” (Sao Paulo), indicating that municipalities may be at the
initial stages of ecosystem services valuation. Cities also lack
standards for valuation. At the national scale, 91 countries
have used the System of Environmental-Economic Accounting
(SEEA) framework that provides internationally agreed standard
concepts, definitions, classifications, accounting rules and tables
for producing internationally comparable statistics and accounts
(Smith, 2007). However, the SEEA framework is unsuitable for
the urban level (Barton et al., 2017) and different methodologies
are employed by different cities to value ecosystem services
(Croci et al, 2021). None of the plans identified specific
frameworks or methods for valuing ecosystem services. It may
therefore benefit municipalities to have a standardized method
for valuing ecosystem services at the urban level.

Within this theme, only 27% of cities stated actions to preserve
livelihoods, create jobs, or support other economic benefits (such
as tourism), reflecting that mainstreaming may not be seen as
a two-way street. An even smaller percentage (9%, i.e., Paris,
Sdo Paulo, and Shanghai) mentioned establishing schemes or
mechanisms for payment for ecosystem services.

Incentives Reformed (AT3)

More than half (55%) of local plans addressed the theme of
“Incentives reformed” (AT3). This theme is about encouraging
members of the public or non-governmental institutions to make
choices that better support biodiversity conservation. At the
local scale, actions planned under this theme were relatively
evenly distributed across the subcategories. Common actions
included generic statements about incentives (30%), incentives
for revising land development patterns or land use cover (36%),
incentives for vegetation such as green roofs and walls (25%)
and biodiversity offsets (18%). Less common were direct grants
and other supports, at only 7% of plans. Some incentives were
closely related to regulatory action, such as Berlin’s action to
“Apply standards in civil engineering and procurement that
preserve and respect biodiversity” while others were more
explicit about providing incentives such as eThekwini’s action to
“Influence the valuation policy to incentivise conservation land-
use on private land.” As is perhaps to be expected, the positive
incentive measures at the national scale are understandably
broader and wide ranging such as supporting farmers through
agri-environment schemes or reducing taxes and payment for
ecosystem services (Secretariat of the Convention on Biological
Diversity, 2020); whereas, at the local scale, the incentives appear
to be targeted at influencing land use development patterns.

Habitat Loss, Protected Areas, and
Endangered Species (AT5, AT11, and AT12)

It is widely recognized that habitat loss is the main driver of
biodiversity loss at a variety of scales, including the local scale
(Chase et al., 2020). Aichi targets 5, 11, and 12 all directly address
the loss of biodiversity and habitat. Target 5 aims to reduce
habitat loss by reducing the rate of loss to at least half of the
current rate or close to zero. Target 11 sets specific numerical
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goals for protected areas (17% of terrestrial and inland aquatic
habitats and 10% of coastal and marine areas) for the habitat
areas in protection. Target 12 focuses specifically on threatened
species and aims to prevent their extinction and if possible, to
improve their conservation status. Most cities recognize these
direct impacts in their biodiversity plans. More specifically, the
majority (84%) of local biodiversity plans addressed habitat loss
(AT5), protected areas (also 84%) (AT11), and the need to
conserve threatened species found within cities (61%) (AT12).
Among the actions related to each of these targets, we
identified several important subcategories. Under habitat loss
(AT5), the most common approach was to focus on habitat
connectivity, with 68% of plans taking this approach. Amsterdam
and Cardiff in particular focus on this issue with large numbers
of intended actions related to reconnecting habitat patches. In
Amsterdam, these intended actions include the construction of
faunal exit sites along various canals, as well as connectors across
roads. Other cities state more general actions such as “Enhance
habitat connectivity and establish ecological corridors across
the boundary” (Hong Kong), “Integrate ecological corridors
into urban planning documents” (Marseille) or the multiple
objective “Promote green infrastructure in the built environment
to help nature to adapt to climate change by strengthening
habitat networks, reducing habitat fragmentation and providing
opportunities for species to migrate” (Edinburgh). Infrastructure
modification or new construction to support wildlife movement
can be an effective form of mitigation of the habitat impacts
of economic development (Sijtsma et al., 2020). It makes sense
that habitat connectivity would be a central theme in urban
areas, where development has been a primary cause of habitat
fragmentation (Liu et al., 2016), and where alterations to built
infrastructure (overpasses, culvert alterations, hedgerows, etc.)
can possibly reconnect habitat for particular species. Some of
this infrastructure exists on public property, where cities have
the authority to take action. To increase opportunities for
implementation success, local agencies can create clear policies
and activate methods such as zoning incentives to cultivate
public-private partnerships important for success (Keeley et al.,
2018). These are interventions and land use decisions that
function at the local, rather than global or national, scale.
General habitat protection, maintenance, and the prevention
of degradation was included in 27% of plans, with some very
specific examples such as “Relax grass cutting in appropriate
sites. Compliment biodiversity-friendly sustainable planting to
create and maintain habitat features (e.g., berry hedges, “nectar
borders”) which will benefit bees” (Edinburgh) and others that
were much more general such as “Good maintenance of forest
land that is the habitat of living creatures” (Nagoya). Improving
the urban habitat with artificial enhancements was included in
16% of plans, including the installation of bird and bat boxes,
water sources, and, in Paris, “insect lodges.” The use of artificial
enhancements can mitigate the loss of structural habitat, such
as tree cavities, in urban areas where hazards are commonly
removed for public safety (Harper et al., 2005). Planting trees
and other vegetation specifically to improve habitat was also
included in 16% of plans. These kinds of hands-on activities
can address habitat improvement at the local scale, and are

within the purview of municipal governments. If residents are
directly involved in activities such as wildlife gardening or other
forms of stewardship, these activities have the added benefit
of contributing to personal well-being (Mumaw et al., 2017)
and exposure to nature (AT14) and increasing awareness of
nature (AT1), as well as promoting a stewardship identity among
residents (Merenlender et al., 2016).

The use of protected areas has been one of the cornerstones
of biodiversity conservation for decades (Rodrigues et al., 2004).
However, protected areas are often seen as a response to
urbanization (McDonald et al., 2018) rather than a mechanism
to protect biodiversity within cities, though there are exceptions
that conclude that urban protected areas can be important for
the protection of biodiversity (Trzyna, 2014). In our data set,
activities related to protected areas (AT11) ranged from the very
vague [e.g., “preserve nature areas” (Marseille) and “Preservation
of particularly endangered habitats and introduction of new
valuable habitats in the city” (Berlin)] to the very specific
[e.g., “Act to conserve the coastal sand dunes at Cramond”
(Edinburgh)], which reflects a wide and non-specific range of
protection approaches available to cities. In some cases, cities
echo the numerical goals described in AT11 itself—“Turn 10%
of the land into conservation areas (Hamburg)”—or describe the
formation of new parks “Develop a nature park at Long Valley
for supporting conservation and agriculture in this ecologically
important area” (Hong Kong) or “Designate all qualifying sites as
SINC (Sites of Interest for Nature Conservation)” (Cardiff). More
commonly, while preservation is a goal, no specific mechanism
for protection is described. In cities, there is often more funding
available to purchase land for protection than there is to maintain
protected areas, even though studies have shown that a lack
of attention to the need to support sufficient and equitable
management of protected areas leads to a loss of effectiveness
(Maxwell et al., 2020). We found that while 84% of plans
mention protected areas either in general or in reference to
specific habitat types, only 16% explicitly address management.
A small proportion of plans addressing the management of
protected areas suggests that, at the local scale, management
may not always be a priority or even feasible due to cities
being primarily human-dominated landscapes with competing
demands for space and resources. At larger geographic scales,
protected areas management may be easier to achieve because
they are in less developed areas. While the use of protected
areas for urban conservation may vary in its success, they
have additional benefits, such as increasing human well-being
and resilience to changing conditions (see AT14) and deriving
support for the protection of nature among residents of densely
populated areas (see AT1) (McNeely, 2001).

Aichi Target 12 specifically addresses threatened species. Cities
can function as hotspots for threatened species. For example,
one study found that Australian cities harbor a disproportionate
amount of threatened species compared to more “natural” areas
(Ives et al., 2016). This may be because cities “can provide
more stable resources throughout the year” (Ives et al., 2016,
p. 124), although they also found that cities contain threats
to biodiversity and that relatively young cities may have an
“extinction debt” (Hahs et al., 2009). Of course, it may also be
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that the same factors that drive the establishment and growth
of cities (such as access to a freshwater source) may also drive
increased biodiversity, and that biodiversity plus development
leads to high numbers of threatened species in cities. We found
that cities outlined actions to benefit species of concern within
their boundaries in ways that may only differ in geography
from similar actions that are taken in less developed areas.
Examples include “threatened exotic plant species are cultivated
in Council parks and gardens” (Christchurch), or “increase the
number of breeding sites available to terns in the Firth of
Forth” (Edinburgh).

Invasive Alien Species Removed and
Controlled (AT9)

Invasive species have been identified as one of approximately
seven direct drivers of biodiversity loss worldwide (Diaz et al.,
2015). The majority (68%) of plans contained one or more
actions addressing the theme of “Invasive alien species (IAS)
prevented and controlled” (AT9). Subcategories within this
theme were relatively predictable, including controlling (27%),
removing/reducing (23%), halting the spreading or introduction
(18%), monitoring (18%), or managing (14%) invasive alien
species. Less common actions were involving stakeholders (9%)
or introducing policies (7%) to control invasive alien species.
Opverall, cities took common approaches according to their local
context and none questioned traditional approaches to invasive
species management that can have implications for establishing
more recent human migrants (Colautti and Maclsaac, 2004;
Trigger et al., 2008), conflicts of interest among stakeholders
(Novoa et al., 2018), such as findings about potential positive
or regenerative potential of invasive species in novel ecosystems
and conditions found in cities (Kowarik, 2011), as well as
questionable ethics of particular practices and their efficacy
(Doherty and Ritchie, 2017). Cities need approaches to address
invasive species that are particular to their context as novel
ecosystems with consideration for the human cultural context
and evidence-based recommendations. Cities also are not yet
addressing controversies over the definition of “natural” or how
baseline conditions or other targets related to this concept are set,
though recent papers have raised these concerns (Robbins and
Moore, 2013).

Ecosystem Services and Productive
Landscapes (AT14, AT7)

Another prominent theme we found in the plans is that
of ecosystem services. Appearing within 77% of the plans,
ecosystem services is a theme that is most directly, but not
exclusively, captured by Aichi Target 14 (AT14), “Ecosystems
and essential services safeguarded,” which seeks to achieve the
global goal of enhancing the services provided by biodiversity
for all (Secretariat of the Convention on Biological Diversity,
2012). While generally defined as the benefits humans derive
from ecosystems (Millennium Ecosystem Assessment (Program),
2005). Langemeyer and Gémez-Baggethun (2018) offer a more
precise definition of ecosystem services for the urban context
as those services supplied by the natural and engineered green

and blue spaces in cities. These ecosystem services are classified
as regulating (air quality, temperature, and flood control),
provisioning (food, fiber, and water), habitat/sustaining (core
ecological processes and functions such as nutrient cycling and
the hydrologic cycle), and cultural (mental well-being, social
cohesion, and spiritual enrichment) (Langemeyer and Gémez-
Baggethun, 2018). Our research shows that each of the four
types of ecosystem services are present in one form or another
within the plans, even if the planned actions are not explicitly
characterized as ecosystem services.

Within AT14, planned commitments to preserve, increase,
or enhance vegetation were evident in 48% of the plans.
The predominance of the vegetation subcategory is perhaps a
recognition of the key role played by vegetation in urban areas in
the delivery of a multitude of ecosystem services, which include
carbon sequestration, runoft mitigation, noise reduction, and
food supply, among others, along with its value for recreational
and cultural purposes (Gomez-Baggethun et al., 2013; Berland
et al,, 2017; Langemeyer and Gomez-Baggethun, 2018). Action
statements such as “To create seasonal gardens in urban squares”
(Barcelona), “Identify sites or projects for temporary greening
on vacant and derelict land” (Edinburgh), “Afforestation along
river banks” (Lilongwe), “Double the number of green roofs
on municipal buildings” (Montreal), “To increase the biodiverse
vegetation in the city” (Sdo Paulo), or “Creating vertical
gardens/green walls on Metro Lines Pillars in selected locations”
(Pimpri Chinchwad) suggest that the sampled cities appear to
support the growth of vegetation within a diversity of urban
green spaces (i.e., remnant habitats, yards, parks, vacant lots,
engineered green infrastructure such as green roofs/walls, etc.).
However, only a few of these planned actions describe how
these urban green spaces are to be managed. This matters
because the management of these urban green spaces at the city,
neighborhood, and local scales will affect their capacity to support
biodiversity and to deliver critical ecosystem services (Aronson
et al., 2018). Furthermore, the ability of cities to support both
plant and animal biodiversity and to provide ecosystem services
is dependent upon the amount and quality of the urban green
space (Cilliers et al., 2013), as well as how they are designed
and managed (Aronson et al, 2018). It is not always clear if
the planned city actions within the plans give any or much due
consideration to the questions of scale, quality, or design of the
various urban green spaces for vegetation to thrive. At the local
scale, these other considerations may not always inform decisions
to preserve or enhance vegetation cover in the city as there may
be other factors or concerns such as funding, recreational uses of
the green space, etc. that are particular to cities.

Both regulating and cultural ecosystem services in the form
of planned actions on stormwater management and access to
greenery, respectively, were among the prominent types of
ecosystem services that the sampled cities included in their plans.
Planned actions related to stormwater management were evident
in 36% of the plans. The policy commitments for stormwater
management mostly focused on increasing the permeability of
surfaces to allow stormwater to infiltrate (Barcelona, Yokohama,
Lisbon, and Washington, DC) with only a few also explicitly
tying such commitments to biodiversity (Glasgow, Johannesburg,
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and San Diego), perhaps suggesting potential for integrating
biodiversity with stormwater initiatives and also suggesting
that simplified approaches to stormwater, such as using more
permeable materials, is easier to implement than more complex
projects that incorporate habitat areas or other vegetation for the
sampled cities.

Planned actions related to access to greenery were included
in 34% of plans through such actions as “Promote proximal
natural environments for children living in densified areas”
(Berlin), “Increase habitat diversity in private, public and
institutional open space to aid appropriate access to and use
of nature for citizens” (Calgary), “Promote reserves as places
of safety and tranquility” (Cape Town), “Network of urban
and rural public spaces as scenarios for the appropriation of
the territory with emphasis on biodiversity” (Medellin), and
“Create opportunities to get close to the city rivers by improving
the waterfront environment such as green areas and walking
paths” (Sapporo), among others. The relative prevalence of
planned actions associated with stormwater management and
access to greenery as types of regulating and cultural ecosystem
services, respectively, is a reflection of cities as primarily human-
dominated landscapes. And, as such, intended actions designed
to make the physical state of cities more hospitable for human
settlement are likely to be included in the plans. Indeed, as
Langemeyer and Gomez-Baggethun (2018) note, both regulating
and cultural ecosystem services feature prominently within urban
planning and within strategies for urban green infrastructure,
respectively. The local-scale policy commitments for regulating
ecosystem services, in particular, may serve as a helpful response
to the Global Biodiversity Outlook 5 report, which finds global-
scale regulating ecosystem services declining, a trend that can
hamper the capacity of ecosystems to support people (Secretariat
of the Convention on Biological Diversity, 2020).

The provisioning of ecosystem services is evident within
the planned actions of the plans coded under Aichi Target
7 (AT7), “Sustainable agriculture, aquaculture and forestry.”
AT?7 seeks to achieve the conservation of biodiversity through
the sustainable management of agricultural, aquacultural, and
forestry operations (Secretariat of the Convention on Biological
Diversity, 2013). At the local scale, this global target translates
into planned actions coded under the subcategories of manage
agriculture sustainably, farming and edible gardening, and
manage forests sustainably. These subcategories underscore
the importance of the productive potential of urban or
near urban lands for food and fiber. With respect to
urban agricultural practices, planned actions such as “To
promote organic agriculture in urban and peri-urban areas”
(Barcelona), “Maximize the potential of hosting biodiversity
in urban agriculture sites” (Paris), “To encourage practices of
agroecology and permaculture” (Sdo Paulo), “Creating farmland
with consideration for living things” (Nagoya), and “Integrate
agriculture and sustainability principles that promote clean
air and water, and healthy soils, habitats, and ecosystems”
(San Diego) seem to suggest that cities are committing to
incorporating ecological approaches into urban agriculture. This
approach appears to align with the intent of AT7, as urban
agricultural sites can, when designed and managed intentionally
for biodiversity, sustain a greater abundance of species of plants,

birds, and arthropods compared to that of the surrounding
urban matrix (Goddard et al., 2010 in Lin and Egerer, 2018).
This is especially true for species of bees, flies, spiders, and
beetles that provide key ecological functions such as pollination
and pest predation that help to produce plants and crops in
urban agricultural systems (Lin et al., 2015 in Lin and Egerer,
2018). These local-scale policy commitments for managing
agriculture sustainably serves as a response to the decline of
agricultural biodiversity, particularly with the reported decline
in the abundance and diversity of pollinating species, which can
contribute to lower crop yields (Secretariat of the Convention on
Biological Diversity, 2020).

The provisioning of ecosystem services was also evident
within the farming and edible gardening subcategory of AT7.
Planned actions such as “Increase the number of people growing
their own food and/or the number of food growing areas,
targeting areas of deprivation (Edinburgh), “Citizens participate
in food production through the promotion of citizen farms
and rice paddies” (Nagoya), “Develop vegetable streets and
experiment with an edible street” (Paris), “Facilitate community
food growing and orchards” (Birmingham), “Encourage
community gardens to incorporate habitat features” (Sydney),
and other similar types of policies point not only to the different
types of urban agricultural systems being supported, but they
also lend credence to urban agriculture gaining support for
its potential for increasing food security and nutrition (Lin
and Egerer, 2018). While farming and edible gardening is
increasingly supported within and around cities to address food
security concerns and to improve the health of their residents
(Lin and Egerer, 2018), the role played by urban gardening does
differ among cities. Urban gardening in richer cities primarily
fulfill recreational and cultural purposes since richer cities
are likely to be well-integrated into global markets and food
supply chains (Langemeyer and Gomez-Baggethun, 2018).
Urban gardens in poorer cities, on the other hand, are essential
food supply areas for their local populations (Langemeyer
and Gomez-Baggethun, 2018). As such, the sites of urban
agriculture, which can and do play a key role for biodiversity
and in local food production (Smit et al., 1996 in Lin and Egerer,
2018), potentially serve the needs of socially and economically
disadvantaged populations by safeguarding for them critical
provisioning ecosystem services, which is a key consideration
of AT14 (Secretariat of the Convention on Biological Diversity,
2013). At the local scale, community-oriented urban agriculture
allows for a more meaningful and direct engagement with the
food that is cultivated and the biodiversity that supports it. Such
direct and meaningful engagement may not be possible at other
scales at which food crops are cultivated.

Ecosystems Restored and Resilience
Enhanced (AT15)

Climate change is seen as a key determinant of biodiversity loss.
At the same time, the loss of biodiversity intensifies the effects
of climate change (Kapos et al., 2008; Reed, 2012). This impact
is significant in urban areas where large populations, including
vulnerable communities, are vulnerable to extreme events
(Solecki et al., 2011). The biodiversity in cities is also threatened
by these sudden events (Wilby and Perry, 2006). Cities are
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heavily investing in combating climate change (Butt et al., 2018),
and studies have shown that apart from increasing ecological
value, investment in blue-green infrastructure and ecological
restoration in cities has enormous socio-economic benefits
for cities (Handel et al, 2013; Elmqvist et al., 2015). While
ecosystem-based adaptation is gaining momentum, national and
local decision makers are not yet able to fully incorporate these
solutions due to a lack of monitoring systems and access to
data and information on ecosystem health and relevant climate
information (see AT19 discussion), along with the inability to
implement innovative solutions that are relevant to the urban
context (Bourne et al., 2016; Secretariat of the Convention on
Biological Diversity, 2020).

Our analysis indicates that the most common subcategory
within this theme is the restoration of aquatic or wetland
ecosystems (52% of plans), while the next most common is
the restoration of degraded terrestrial habitats (40% of plans).
Many plans (34%) include steps to mitigate and adapt to
climate change by boosting and integrating greening measures
to sequester carbon and also cool the cities naturally. Coastal
restoration projects have surged around megacities (Secretariat
of the Convention on Biological Diversity, 2020). Some cities
were observed to have mainstreamed ecological restoration
by reorganizing urban design and planning practices that
give special attention to indigenous/native species (Barcelona,
Auckland, Washington, DC, Cardiff, and Nagoya) and to
move away from conventional unsustainable planning and
development practices that have thwarted natural processes in
cities (Mostafavi and Doherty, 2016; Parris et al., 2018; Mata et al.,
2020). For example, for the riverfront in Pimpri Chinchwad, bio-
design techniques like bioremediation, phytoremediation, and
others are being attempted. Some specific cities, such as Cardiff,
Amsterdam, Berlin, and Leeds have planned to increase the
coverage of reedlands or to restore wetlands to allow different
species to nest and cross water barriers. These local scale
restoration actions can serve as tangible contributions toward
national-scale restoration targets and the global United Nations
Decade on Ecosystem Restoration (2021-2030; see also the
section “Comparing prevalence of Aichi Targets in biodiversity
plans at the national and local scales”). Indeed, urban areas are
identified as one of eight areas in which ecosystems can be
restored (United Nations Environment Programme and Food
and Agricultural Organization of the United Nations, 2021).

Biodiversity Strategy and Action Plans
Adopted (AT17)

Aichi Target 17 refers to the creation of National Biodiversity
Strategy and Action Plans. To interpret this theme at the
local level, we looked for actions related to the establishment
of biodiversity and biodiversity-related plans. The majority of
plans (77%) contained one or more actions addressing this
theme. However, only 16% of biodiversity plans refer to creating,
approving or updating a Local Biodiversity Strategy and Action
Plan, though this may be simply because these cities have
just adopted the plan itself. On the other hand, 45% of plans
referred to creating a related plan, such as a conservation plan,

habitat plan, species plan, green spaces plan, or management
plan. This could imply that these cities see the current plan
as the first step of conservation-related planning. Monitoring
or reporting on biodiversity plans was also relatively common,
with 41% of plans stating this intended action. Participatory
planning was included in 34% of plans, and the implementation
of the plan or a management plan was mentioned in 32%
of plans. Participation has been shown to be correlated with
increased integration of biodiversity across various aspects
(social, economic, etc.) (Pierce, 2014) in addition to its ethical
obligation. The establishment of plans at the global, national,
regional and/or local scales can serve to translate policies into
concrete actions at the relevant scales and allows for all of society
to take responsibility for and to play a part on an urgent global
issue. However, we do not know how policies at the varying
governance levels, if any, may be aligned so as to reinforce
actions that need to be taken for the conservation, protection and
management of biodiversity.

Knowledge Improved, Shared, and Applied
(AT19)

The proposal and adoption of Aichi Target 19 was motivated
by the growing demand to provide readily accessible data that
could be integrated and analyzed to support political decisions
(Hardisty et al., 2013). Nonetheless, a top-down approach may
face the challenge of ensuring consistency in subnational level
implementation and measurement (Hudson et al., 2019). Thus,
reporting progress on Aichi Target 19 by cities, as well as
its insertion into national or international reporting systems,
present a challenge. While standards for data collection and
reporting are forming at global and sometimes national scales,
they are not yet standardized at local scales (Pierce et al., 2020).
Aichi Target 19, “Knowledge Improved, Shared, and Applied”
was the second most abundant theme in local plans, identified
in 93% of the plans and averaging 7.7 actions per plan, which
highlights the importance of this theme at the local level.
Local actions mainly focused on information availability and
promotion and sharing of knowledge. A large quantity of
biodiversity data has been gathered in recent years (Bayraktarov
et al., 2019); however, access to it remains difficult at several
levels and scales, as data are often distributed in fragmented
and heterogeneous datasets, and collected via different research
methodologies and monitoring schemes (Hoffmann et al., 2014).
Cities often do not have the basic data they need to plan for
biodiversity, including baseline data about current status or maps
of significant habitats or species of concern (Underwood et al.,
2018). Actions for developing baseline or historical data on
biodiversity were identified in 59% of the evaluated local plans
followed by encouraging research on local conditions (50% of
plans), reinforcing the need for basic data availability at the local
level. The next most common action subcategories were oriented
toward ongoing monitoring or updates to existing data (39%).
Melbourne, for example, seeks through its strategy to establish a
comprehensive baseline of species, vegetation communities, and
habitats to inform decision making, guide management actions,
and evaluate success, while the City of Dublin states an action to
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establish the current ecological status of sites to use as a baseline
for measuring change.

Even in cases where cities have sufficient data, they often
have issues incorporating it into local plans (Nilon et al., 2017).
Other actions within this theme address this by seeking to
increase the application of the data or to share the data, such as
through public databases. An example of a typical type of action
found across the cities is from Calgary: “Develop a database that
integrates land use and biodiversity data to support strategic
management of Calgary’s ecosystems.” Mexico City, for example,
has an action to “Generate and update scientific knowledge about
the three components of biological diversity: ecosystems, species,
and genes,” while Dublin City aims to “Work with the National
Biodiversity Data Centre, Dublin Day Biosphere Partnership, and
others, to publish annual up-to-date maps and inventories of
taxonomic groups within Dublin City.”

Actions to comply or coordinate with larger-scale government
initiatives related to the collection and sharing of biodiversity
information and implementation of plans were included in 25%
oflocal plans. Examples include complying with relevant national
legislation (e.g., eThekwini), meeting national obligations to
protect nationally threatened ecosystems at identified priority
sites (e.g., Auckland Council), and participating with federal
and national agencies (e.g., Paris and Oslo). Some (30%) plans
included reporting on the status of local biodiversity and
information sharing. Oslo, for example, aims to “strengthen
cooperation on biodiversity in municipal agencies, including by
establishing procedures for the exchange and use of data on
important areas for biodiversity.”

On an even larger scale, 25% of the plans consider
coordinating with existing international commitments,
programs, or standards related to the collection and sharing of
information. As an example, Lisbon aims to “be comparable
with other municipalities at the international level (using the
same intervention area delimitation standards and indicators),”
while Marseille has as an action to “support national or
international certification processes for recognizing biodiversity
reservoirs.” Nonetheless, there is no global consensus in the
use of concepts, data, or infrastructure related to conservation
planning (Hoffmann et al., 2014). These differences have impacts
not only on the global scale but also at the city level. Thus,
support for effective and flexible methods to gather data and
standards for data reporting is needed for significant numbers of
cities to participate in biodiversity strategies.

Additional Themes Not Included in Aichi

Targets

Coordination

The most common theme found in local plans but not covered
by the Aichi Target themes is coordination in the form of
external coordination (34%) with non-government actors such
as private foundations, landowners, corporations, and non-
governmental organizations (NGOs), or vertical cooperation
(20%) across government scales. These actions are differentiated
from AT19 which focuses on knowledge-sharing in that they do
not explicitly indicate sharing knowledge. This finding highlights

the importance that municipalities place in partnerships,
collaborations, and alignment with other interventions for them
to be able to fulfill their plans as discussed in prior research
(Pierce et al., 2020). Interestingly, Paris and Nagoya listed actions
to encourage and advocate to their respective governments at the
provincial or national levels to take biodiversity into account in
national planning and systems. While the theme of partnerships
is not explicit as one of the 20 Aichi Targets, it is part of the
overall Strategic Plan 2011-2020 (Secretariat of the Convention
on Biological Diversity, 2021). On the other hand, the Singapore
Index, which is designed to monitor biodiversity-related efforts
at the local level, includes explicit indicators about partnerships
(Singapore Index indicators 20 and 21; Chan et al., 2014).

Policies and Regulations

The second most common theme found in local plans but
not covered by the Aichi Target themes is regulations and
enforcements (32% of plans), which are differentiated from Aichi
Target 3 because these actions are not necessarily incentives.
Actions in this theme include policy commitments on regulations
and procedures for urban biodiversity. The planned actions
ranged from investigating and reviewing local by-laws (Cape
Town and Toronto) and strengthening institutions that apply
environmental legislation (Mexico City) to more specific planned
commitments such as developing a greenification tool to specify
demands concerning the quality and quantity of urban nature in
local planning (Copenhagen) and investigating policy and legal
mechanisms for threatened species on road verges and other
transport corridors (Christchurch). Hong Kong plans to enhance
environmental impact processes to address ecological impacts.
These policy commitments demonstrate a willingness on the part
of the sampled cities to use local legislative tools to help protect
and manage their local biodiversity.

Operations

A small minority of the plans detail procedural (2%) or
administrative (7%) changes, procurement of resources (7%),
or staff increases (9%) to improve the operations of the
municipality. Based on measures outlined in these plans, cities
are attempting to make efforts to plan for biodiversity by
increasing capacity and efficiency of staff. Emphasis was given
to capacity building, document management system and audits,
as well as access to physical resources in the form of tools and
materials for management systems. Uniquely, Cape Town had
a detailed section to “ensure effective and efficient management
of the biodiversity management” that the city viewed as crucial
for their local biodiversity plan, including a “career-pathing and
mentorship plan/programme.”

Human/Wildlife Conflicts and Trafficking

While access to natural areas has been shown to have significant
benefits for humans (see discussion of AT14 and throughout),
the proximity between nature and people heightened in areas of
human population density can result in conflict, either through
interaction with pest species or through direct interaction with
wildlife. For example, rare but serious attacks on humans from
bears, mountain lions, and coyotes are of concern in the Los
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Angeles metropolitan area. Only 16% of the plans mentioned
these kinds of negative interactions. Barcelona typifies some
of the language we observed related to pest management:
“Implement a biodiversity-friendly pest, disease and weed
management programme.” In both Cape Town and Chicago,
plans mentioned managing or creating new approaches to
human-wildlife conflicts, while Washington DC, which had the
most detailed actions, such as to generate a “reduction in density
of whitetail deer;” a species prone to overpopulation due to the
loss of predators throughout the eastern United States. These
actions are differentiated from the theme “Invasive Alien Species”
(AT9) in that they do not indicate invasive species.

The trafficking of species is recognized as a specialized area
of organized crime and a significant threat to wildlife (UNODC,
2020). Biodiversity-related crimes were addressed in 11% of
plans through 11 broad actions that cover collection and trade
of species, as well as actions to improve vigilance in detecting
wildlife crime in general, mainly in Sdo Paulo, Mexico City,
and Hong Kong. Cooperation and integration of actions in all
levels of jurisdiction, from global to local, through international
frameworks such as the Convention on International Trade in

Endangered Species of Wild Fauna and Flora (known as CITES)
will allow feedback for policy and enforcement changes.

Comparing Prevalence of Aichi Targets in
Biodiversity Plans at the National and
Local Scales

In order to compare our results on local biodiversity plans to
activities at the national scale, we extracted data on national
alignment with the Aichi Targets from the GBO-5 report
(Secretariat of the Convention on Biological Diversity, 2020;
see Figure 3). In this report, the CBD assessed the alignment
of targets as stated in National Biodiversity Strategies with the
Aichi Biodiversity Targets in terms of both scope and the level of
ambition. Since parties to the CBD were encouraged to update
their national biodiversity plans to incorporate the Aichi Targets,
we would expect to see greater prevalence of the Aichi Target
themes in national plans. Even though the nationally reported
targets are not comparable to the locally reported actions, the
side-by-side display of the national and local scale data does

Aichi Biodiversity Target (AT) Theme
AT1: Awareness increased

Prevalence of Aichi Targets in National vs. Local Biodiversity Plans

AT2: Biodiversity values integrated

AT3: Incentives reformed

AT4: Sustainable consumption and production
AT5: Habitat loss halved or reduced

AT6: Sustainable management of marine living resources

AT7: Sustainable agriculture, aquaculture and forestry

AT8: Pollution reduced
AT9: |AS prevented and controlled
AT10: Pressures on vulnerable ecosystems reduced

AT11: Protected areas increased and improved

AT12: Extinction prevented

AT13: Genetic diversity maintained

AT14: Ecosystems and essential services safeguarded
AT15: Ecosystems restored and resilience enhanced

AT16: Nagoya Protocol in force and operational

AT17: NBSAPs adopted as policy instrument

AT18: Traditional knowledge respected
AT19: Knowledge improved, shared and applied

AT20: Financial resources from all sources increased

0

ES

(Secretariat of the Convention on Biological Diversity, 2020).

10%

National Biodiversity Plans

FIGURE 3 | Prevalence of Aichi Targets in local and national biodiversity plans. Data for national plans was extracted from the 5th Global Biodiversity Outlook
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show the relative prevalence of different Aichi Target themes in
biodiversity management at these two governance scales.

At the national and local scales, particular Aichi Target themes
emerge as most prevalent, notably “Awareness increased” (AT1),
“Biodiversity values integrated” (AT2), “Habitat loss halved
or reduced” (AT5), “Protected areas increased and improved”
(AT11), and “Knowledge improved, shared and applied” (AT19).
This suggests that these themes hold significance across scales.

Six Aichi Target themes were more prevalent at the local
than at the national scale. Of note, “Ecosystems restored and
resilience enhanced” (AT15) was much more prevalent in local
plans. We discussed the importance that municipal governments
place on restoring ecosystems, which presents an opportunity for
governments at other scales (i.e., national, regional) to coordinate
with local governments on restoration efforts in urbanized spaces
and to connect habitats across scales.

Some Aichi Target themes are less relevant or not applicable to
particular urban contexts. For example, “Traditional knowledge
respected” (AT18) may be part of federal jurisdiction. This is
also the case for the “Nagoya Protocol in force and operational”
(AT16), which also shows a higher prevalence at the national than
at the local scale, reflecting the global scale of such agreements.
In the case of “Sustainable consumption and production” (AT4),
which is also more prevalent at the national scale, this may
be partly due to greater data availability at the national level.
Therefore, it is not surprising that these themes are more
common in national rather than local plans.

Overall, our research supports Decision IX/28 by the CBD by
finding that Aichi Target themes may be more comprehensively
addressed through the integration of and collaboration between
efforts at the national and subnational scales.

Implications

Our research may be useful for future agreements such
as the Post-2020 Global Biodiversity Framework mentioned
above, and the “Plan of Action on Subnational Governments,
Cities, and Other Local Authorities for Biodiversity under
the Convention on Biological Diversity (2021-2030)” which
is currently being discussed and considered for adoption at
the upcoming 15th Conference of the Parties (COP15). It
may also be useful for local governments seeking to plan
for biodiversity, or their collaborative partners. These findings
may be used by these groups to identify areas of interest for
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