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Abstract

Red lists provide critical knowledge regarding biodiversity decline, especially in Finland,
where broad assessments have been made regularly since the 1980s. They deliver informa-
tion on the threat status of species and ecosystems, propose actions to guide conservation
policy, and have the potential to spur transformative change. We examined whether the
transformative potential of the proposals has changed over time. We analyzed the contents
qualitatively and quantitatively of seven Finnish Red Lists of Species or Ecosystems from
1986 to 2019. We used a prior analysis of transformative potential of conservation actions
in the Conservation Measures Partnership classification (such as outreach or conservation
designation and planning), which identified Meadows’ sustainability leverage points (i.e., in
complex systems, a point at which a small change can lead to large changes) associated with
each action category. We also determined the number of proposals that overlapped with
sectors beyond conservation. We used a nonparametric Mann–Kendall trend test and lin-
ear models to analyze temporal trends in the data. Cross-sectoral proposals increased over
time, but there was only a small shift toward actions that influenced the root causes of bio-
diversity loss (i.e., deep leverage actions). In the qualitative assessment of how the actions
were proposed to be implemented, actions became more complex and effectiveness of
implementation increased, demonstrating a change within conservation action categories
toward deeper leverage points. This increasing transformative potential can be a catalyst
and a consequence of broader societal change driven by ongoing biodiversity loss. Red
lists could play a role in transformative change, but the engagement of actors across soci-
ety in devising action proposals must be inclusive and cover expertise from the social
sciences and humanities. Our results emphasize the importance of considering comple-
mentary dimensions of transformative change simultaneously to achieve a comprehensive
understanding of viable paths to societal change.

KEYWORDS

biodiversity policy, conservation actions, conservation interventions, leverage points, mainstreaming, paradigms,
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INTRODUCTION

Transformative change is needed to halt biodiversity decline
(IPBES, 2019). Despite decades of international treaties and
biodiversity goals and increasing awareness of biodiversity loss
and climate change, current development pathways remain
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largely unchanged (IPBES, 2019). The Intergovernmental
Science–Policy Platform on Biodiversity and Ecosystem Ser-
vices (IPBES) defines transformative change as “a fundamental,
system-wide reorganization across technological, economic, and
social factors, including paradigms, goals, and values” (IPBES,
2019). Yet, actors have rarely assessed conservation policies
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and actions from the perspective of transformative change until
recently (Arponen & Salomaa, 2023; Bulkeley et al., 2020; Davila
et al., 2021; Pascual et al., 2022; Salomaa & Arponen, 2023;
Wittmer et al., 2021). Understanding transformative change is
a high priority of the global biodiversity policy community,
addressed by, for example, the IPBES in their extensive Trans-
formative Change Assessment (IPBES, 2024) and the Global
Biodiversity Framework. A historical perspective on the trans-
formative potential of biodiversity policies can provide valuable
insight into the underlying reasons for failure or success.

There have been few attempts to empirically study transfor-
mative change—interlinked, cascading changes across sectors—
from the cross-sectoral perspective (Salomaa & Juhola, 2020).
Cross-sectorality refers to the interaction and collaboration
between different sectors of society—in our case, between
nature conservation and other sectors (e.g., agriculture, forestry,
regional planning, and construction). Mainstreaming of biodi-
versity across sectors throughout society (also known as policy
integration across governance sectors; Pröbstl et al., 2023) has
been proposed as a solution for halting biodiversity decline. In
2018, the Fourteenth Conference of the Parties of the Con-
vention on Biological Diversity (CBD) established a long-term
strategic approach to mainstreaming (CBD, 2018). Relevant lit-
erature recognizes integration across scales, places, issues, and
sectors as a key requirement for transformative governance,
together with inclusivity of rights holders, knowledge hold-
ers, and stakeholders (Pascual et al., 2022; Visseren-Hamakers
et al., 2021). Yet, mainstreaming has been identified as a major
challenge in the implementation of the CBD through national
biodiversity strategies and action plans (Cardona Santos et al.,
2023; Whitehorn et al., 2019) and has taken place in cycles sub-
ject to political dynamics instead of a steady increase (Reber
et al., 2022).

One possible reason for the weak effectiveness of main-
streaming is that changes in deep leverage points (i.e., in
complex systems, a point at which a small change can lead to
large changes), which touch on the goals and paradigms of sys-
tems, are inherently challenging (Meadows, 1999). Termeer et al.
(2024) identified three dimensions of transformative change—
quick, in depth, and system wide—but claim that not all can
be achieved simultaneously due to inherent trade-offs. The in-
depth dimension can be described through leverage points, and
system-wide approaches can be analyzed via cross-sectorality.

Meadows (1999) originally described leverage points as a
framework for systems analysis, although since then, there has
been mixed use of the concept (Leventon, Abson, et al., 2021).
Koskimäki (2021) described Meadows’ leverage points as “key
system properties where focused interventions can give rise to large
changes in the behavior of a system.” Meadows’ (1999) leverage
points framework did not explicitly consider cross-sectorality.
Nonetheless, researchers have studied multiple sectors as part
of one system and compared several systems (Fischer et al.,
2022). Further, researchers have noted the importance of under-
standing the nestedness of systems and the connections of the
study system to other systems (Leventon, Abson, et al., 2021)
and interactions among leverage points (Abson et al., 2017;
Dorninger et al., 2020) for advancing transformative change.

Hartel et al. (2019) identified leverage points for mainstream-
ing interventions, and Chan et al. (2020) viewed coordination
across sectors and jurisdictions as a lever in their framework.
However, the approach used by Chan et al. (2020) differs from
that of Meadows (1999) in that their leverage points are closer to
system outcomes than properties (Koskimäki 2021). Scott et al.
(2022) linked deeper leverage interventions with stronger main-
streaming, acknowledging their emphasis on collaborative work,
coproduction, and knowledge exchange. Indeed, interpretations
of the relationship between leverage points and cross-sectorality
vary, but it is evident that cross-sectorality is not fully cap-
tured by the leverage points framework. Instead, the approaches
complement each other, aligning with Termeer et al.’s (2024)
system-wide and in-depth dimensions of transformative change.

Biodiversity assessments contribute to shaping biodiversity
policy. Recently, there have been calls for policy-prescriptive
or solution-oriented environmental assessments to advance
transformative change (Beck et al., 2022). Red lists (RLs) are
biodiversity assessments that provide information on the num-
bers of threatened species and ecosystems in an area, often a
nation (IUCN, 2012). RLs are used to guide national legislation
and various policies in many countries (Bland et al., 2019; Botts
et al., 2020). They can potentially contribute to public policies
(Alaniz et al., 2019) and the implementation of the Global Bio-
diversity Framework (Nicholson et al., 2024) in a number of
different ways, but they have not yet been assessed from the
perspective of impacting transformative change. Generally, RLs
provide one perspective on biodiversity loss, but they are chal-
lenging to harness directly for policy and practice. The need for
a tool summarizing their results led to the development of the
International Union for Conservation of Nature (IUCN) Red
List Index, which shows trends in the overall conservation sta-
tus of sets of species as an indicator of trends in biodiversity
(Bubb et al., 2009; Butchart et al., 2007). RL indices are used, for
example, to monitor extinction risk in different ecosystems at
national scales (Juslén et al., 2013, 2016; Raimondo et al., 2023).
However, even RL indices do not specifically address the ques-
tion of what should be done to reverse these negative trends. In
Finland, RL assessments have always contained concrete pro-
posals for action that are devised based on the threat assessment
(e.g., Hyvärinen et al., 2019; Kontula & Raunio, 2018). Australia,
Norway, and Sweden have also devised recommendations for
action based on RL classifications (Eide et al., 2020; Kyrkjeeide
et al., 2021; Walsh et al., 2013), but Finnish action proposals
provide a unique chance to study a four-decade-long histori-
cal perspective. We assessed the development of transformative
change at the Finnish science–policy interface and the extent to
which the proposals reflect the development of conservation
science and the broader development of conservation policy
and practice.

We sought, first, to develop an analytical approach based
on Meadows’ (1999) leverage point framework and cross-
sectorality that is applicable to assessing the transformative
potential of any policy, strategy, or other document that
describes conservation actions. Second, we sought to provide
a historical perspective on the contribution of RLs to transfor-
mative change by analyzing, to our knowledge for the first time,
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RL action proposals. We hypothesized that increasing scientific
understanding of the socioecological complexity of biodiversity
loss is connected with increasing cross-sectorality and deeper
leverage in action proposals. Our research questions were do
leverage points associated with action proposals become deeper
over time, do cross-sectorality and the complexity of action
proposals increase over time, and does the composition of
action proposals change. We assessed these questions quanti-
tatively across action categories and qualitatively within action
categories concerning their proposed implementation.

METHODS

We considered all cross-taxon RL assessments published in Fin-
land up to 2019, which included two species assessments (Rassi
et al., 1986, 1992) done following national criteria prior to the
publication of the assessment protocol of the IUCN (2001)
and three species assessments following the IUCN protocol
(Hyvärinen et al., 2019; Rassi et al., 1986, 1992). There were
also two assessments of ecosystems (Kontula & Raunio, 2018;
Raunio et al., 2008). The latter ecosystem assessment followed
the IUCN protocol for the Red List of Ecosystems (RLE)
(Bland et al., 2017), and the former predated the existence of
the protocol. We refer to both as RLEs for simplicity. Pre- and
post-IUCN protocol assessments have different criteria for clas-
sifications, and the results are not directly comparable. However,
the action proposal sections are not dependent on the crite-
ria used. The latest species assessment (Hyvärinen et al., 2019)
contained a section on action proposals but referred to a pre-
viously published national action plan for species conservation
(Ministry of the Environment, 2017) as a more comprehensive
source of action proposals that the assessment fully supported.
Thus, we merged the proposals from the action plan with the
2019 assessment. All assessments were remarkably extensive.
Coverage of species assessments increased from 370 vertebrates
and altogether nearly 15,000 species in 1986 to 379 vertebrates
and 22,418 species in 2019, amounting to 47% of known species
in Finland. The RLEs covered 368 and 388 ecosystems at the
most detailed levels of classification in 2008 and 2018. Details
about the expert groups conducting the assessments can be
found in Appendix S1.

Study system

Our study system is the Finnish social–ecological system, with a
special focus on the knowledge system (RLs) and biodiversity
conservation. Finland is a sparsely populated Nordic coun-
try largely covered by boreal forests (ca. 75%; Forest News,
2025), scattered by peatlands and numerous lakes. In 2019,
11.9% of the assessed species were threatened, mainly by for-
est management activities, the overgrowing of open ecosystems,
and changes in arable land use (Hyvärinen et al., 2019). Of
ecosystems, 48% were assessed as threatened; the most threat-
ened ones occur among traditional rural biotopes, forests, and
wetlands (Kontula & Raunio, 2018).

Analytical framework

Figure 1 shows our analysis structure for the transformative
potential of conservation actions. The body of our analyti-
cal framework was a combination of two categorizations: the
Conservation Actions Classification 2.0 of the Conservation
Measures Partnership (2016) (Table 1) and the leverage points
framework (Meadows, 1999) (Table 2). We used Arponen and
Salomaa’s (2023) assessment of conservation actions, which
links each action to its potential leverage points (Table 2) (a
full table of associations is in Appendix S2), to determine the
transformative potential of each action. Meadows’ (1999) lever-
age points have been used in the past for qualitative coding in
diverse contexts (Carey & Crammond, 2015; Dorninger et al.,
2020; Lidgren et al., 2006; Manlosa et al., 2019; Rosengren et al.,
2020). By definition, the transformative potential of an action
implies the action may not deliver the desired effect for many
reasons, and an action category may contain heterogeneous
actions with varying leverage points (e.g., outreach varies from
press releases to immersive stakeholder engagement methods).
Leverage points vary from shallow (i.e., those that treat symp-
toms without changing the system) to deep (defined above).
Shallow leverage points are easier to influence but have a weaker
impact on the system as a whole. A typical example would be
site stewardship measures (Action Category 1.1). Deep lever-
age points may take time and effort to reach, but they address
the root causes of biodiversity decline through, for example,
outreach that reinforces nature connectedness (Arponen &
Salomaa, 2023).

We considered proposals that covered sectors outside the
core conservation realm (e.g., agriculture, forestry, regional
planning, or construction) as cross-sectoral (Figure 1). Our def-
inition of cross-sectoral included any activity that reached beyond
the borders of the environmental sector in any way, ranging
from administration across ministries to engagement of stake-
holders across sectors. Due to our focus on change, we did not
consider hunting cross-sectoral because of the long, shared his-
tory of conservation and the population management aspect of
hunting in Finland (Vuorisalo & Laihonen, 2000) and because
of hunters’ long-term participation in wildlife monitoring (Helle
et al., 2016).

Coding

We used Atlas.ti 23 software for qualitative data analyses. It
enables a hierarchical coding structure well suited for our
analysis framework, which had the lower level of action cate-
gories (codes) and higher level of leverage points (code groups)
(Figure 1; Table 2; Appendix S2). We also coded the con-
tents according to the sections of RLs. Action proposals in
species-specific text sections were coded as species specific,
and proposals in separate proposal chapters and those in RLEs
were coded as general proposals. When proposed actions were
directly linked with other actions, we coded them under each,
as recommended by Arponen and Salomaa (2023). For exam-
ple, a law proposal (7.1) to provide economic support (5.4) for
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”Strengthen the position 
of small water bodies 
through legislation”

”Increase available 
methods for 

management, 
e.g. by channeling 

employment aid and...” 

Species-specific

General / 
habitat-specific

   2 Paradigms

   3 Goals

   4 System structure

   5 Rules

   6 Information

   7 Driving loops

   8 Control loops

   9 Delays

   10 Stock structure

   12 Parameters

   5.4 Direct economic
   incentives

   7.1 Laws, regulations
   and codes 

   8.1 Basic research and
   status monitoring

   10.4 Financing
   conservation

Cross-sectoral

”Continue research on 
the species’

reproductive biology”

   11 Buffers

   1.2 Ecosystem process  
   (re)creation

   1 Transcendence

Action
proposals

Action categories

Leverage points
CODES CODE GROUPSQUOTATIONSDATA

Red lists

FIGURE 1 Overall analysis structure and coding hierarchy in Atlas.ti used to analyze the contents of the red lists. Action proposals from the Finnish Red Lists
are coded as species specific or general or ecosystem specific (general proposals and ecosystem-specific proposals are pooled because they resembled each other).
They can contain multiple action categories and include cross-sectoral coding. An action category can be associated with multiple leverage points (i.e., point at which
a small change can lead to large changes). Individual action proposals can be linked to a leverage point through multiple pathways. A full list of action categories is in
Table 1, and descriptions of leverage points with examples of actions are in Table 2. The full list of action categories and their associations with the leverage points is
in Appendix S2.

the management of herb-rich forests (1.1) was coded under all
three categories because we wanted to distinguish between dif-
ferent kinds of laws and make visible chains of leverage and
their expected impacts. We checked the quotations code by code
in a second round of coding. The final choices for ambigu-
ous proposals were based on discussions among all coauthors
(Appendix S1).

Analyses

We quantified the trends in the proportional shares of action
proposals per action category and in the leverage points linked
to the action proposals over time. We used a nonparametric
Mann–Kendall trend test to check for trends in individual action
proposals or leverage points and fitted linear models to test
for the scale of overall temporal change in the proportional
shares of action proposals. We also fitted linear models to test
for trends in the number of codings (action categories) per
quotation from the RL as an indicator of proposal complex-
ity and interactions among actions and in the cross-sectorality

of action proposals. We performed all analyses with R 4.4.1
(R Core Team, 2024). We used the Kendall package 2.2.1
(McLeod, 2022) for the Mann–Kendall trend tests. For details,
see Appendix S3.

We also qualitatively assessed the proposed actions for tem-
poral trends within each action category and noted actions that
were persistently emphasized across the study period. Where
quantitative results are not referred to, the results are based on
a qualitative assessment.

RESULTS

We coded 2289 action proposals as separate quotations in
the dataset, which were associated with 4448 action category
codings. The species-specific action proposals were strongly
biased toward the 1986 assessment (54%), and the distribution
of action categories also differed from the general proposals
(Appendix S4). As our main question was to examine tem-
poral trends, we decided to focus on the general proposals
that formed a more coherent dataset (proposals in general
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TABLE 1 Action categories from conservation action classification of the Conservation Measures Partnership.

A. Target restoration or stress reduction

1. Land or water management 1.1 Site or area stewardship
1.2 Ecosystem and natural process (re)creation

2. Species management 2.1 Species stewardship
2.2 Species reintroduction and translocation
2.3 Ex situ conservation

B. Behavioral change or threat reduction

3. Awareness raising 3.1 Outreach and communications

4. Law enforcement and prosecution 4.1 Detection and arrest
4.2 Criminal prosecution and conviction
4.3 Nuoncriminal legal action

5. Livelihood, economic, and moral incentives 5.1 Linked enterprises and alternative livelihoods
5.2 Better products and management practices
5.3 Market-based incentives
5.4 Direct economic incentives
5.5 Nonmonetary values

C. Enabling condition

6. Conservation designation and planning 6.1 Protected area designation and/or acquisition
6.3 Land- or water-use zoning and designation
6.4 Conservation planning

7. Legal and policy frameworks 7.1 Laws, regulations, and codes
7.2 Policies and guidelines

8. Research and monitoring 8.1 Basic research and status monitoring
8.2 Evaluation, effectiveness measures, and learning

9. Education and training 9.1 Formal education
9.2 Training and individual capacity development

10. Institutional development 10.1 Internal organizational management and administration
10.2 External organizational development and support
10.3 Alliance and partnership development
10.4 Financing conservation

Note: Only the categories for which we had data are listed.

sections of species assessments and ecosystem-specific propos-
als [hereafter, proposals]; total 706 action proposals and 1613
action codes) and to present the results for the species-specific
proposals in Appendices S4–S14 and S19–S22 only. For simplic-
ity, we did not include in the body of the article action categories
that did not reach 5% of the total action proposals for any
year (10 action categories) (Appendix S15), leaving us with 1551
coded action proposals (Figure 2).

Quantitative results for leverage points and
cross-sectorality

In our quantitative analysis, all leverage points were included in
all assessments. The quantitative data lacked a clear trend toward
deeper leverage over time. However, the cumulative share of
the seven nonincreasing (i.e., Kendall’s τ ⪬ 0.5) (Appendix S3)
leverage point associations decreased from 72.5% to 65.4%
(p < 0.001, F1,3 = 55.09, R2 = 0.9168) (Figure 3), indicating
a statistically significant but small change over time (Appendix
S3). Roughly 70–85% of proposals addressed at least one of the
shallowest parameter leverage points (10–12), and the percent-
age of proposals reaching the deep leverage points (1–3) related

to paradigms and goals of the system ranged from 10–40%
(Appendix S16). Rules (leverage point 5) were addressed in the
postmillennial general proposals more frequently than before
(p < 0.05) (Appendix S8).

There was an increasing temporal trend in the cross-
sectorality of the action proposals (R2 = 0.934, F3,7 = 33.1,
p < 0.001) (Figure 4; Appendix S11). In 1986 only 15% of
the proposals were cross-sectoral, whereas in all postmillen-
nial assessments, approximately half were cross-sectoral, being
highest in the RLEs (Appendix S15, second-to-last row). Cross-
sectorality was self-evidently associated with land-use zoning, as
well as with livelihood and economic incentive actions, which
were concentrated in the postmillennial assessments. How-
ever, cross-sectorality increased over time in the majority of
the action categories (Appendix S17). It was also visible in
conventional conservation actions, for example, in the 2010 rec-
ommendation to focus conservation programs of species under
strict protection to “the most endangered species only, the con-
servation of which involves several parties and complicated
issues, and for which the programs are therefore necessary.”

Action proposals also became more complex over time
(R2 = 0.837, F3,7 = 12.0, p< 0.01) (Figure 4), addressing
multiple actions. The mean number of action codings per pro-
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TABLE 2 Meadows’ (1999) conceptual framework of leverage points for sustainability and practical examples of it in the context of conservation actions from
Arponen and Salomaa (2023).

Leverage point (decreasing order of effectiveness, from deep to

shallow leverage)a Example (Arponen & Salomaa, 2023)

1. Power to transcend paradigms (transcendence) Well-designed outreach (3.1) through transdisciplinary, participatory
approaches could enlighten the target audience regarding coexistence and
value of worldviews beyond their own, inducing transcending paradigms.

2. Mindset or paradigm out of which the system—its goals, structure, rules,
delays, and parameters—arises (paradigms)

Alliance and partnership development (10.3) can change paradigms to
reconstruct power relations, build relationships, and change mental models.

3. Goals of the system (goals) Outreach (3.1) that reinforces nature connectedness also has the potential
to influence the system paradigm and goals.

4. Power to add, change, evolve, or self-organize system structure (system
structure)

Providing a more diverse set of alternatives for livelihoods (5.1) could give
room for the system structure to self-organize.

5. Rules of the system (rules) Environmental markets (5.3) represent new rules, as do certification
schemes at a different level.

6. Structure of information flows (information) Formal education (9.1) addresses information flows.

7. Gain around driving positive feedback loops (driving loops) Outreach (3.1) concerning conservation success stories that have brought
benefits to the local community can encourage more active participation,
forming a reinforcing feedback loop around the conservation action itself.

8. Strength of negative feedback loops relative to the impacts they are trying
to correct (control loops)

Environmental markets (5.3, carbon markets, ecological compensation
schemes) would provide controlling feedback loops through internalizing
costs.

9. Length of delays relative to the rate of system change (delays) Actively restoring (1.2) instead of letting nature take its course reduces
delays in recovery (e.g., when infilling ditches in drained peatlands instead of
just stopping their maintenance).

10. Structure of material stocks and flows (stock structure) Structure is critical for creating processes (1.2), from structural components,
such as retention trees, to overall age structure of a forest or spatial
connectivity of an ecosystem.

11. Sizes of buffers and other stabilizing stocks relative to their flows
(buffers)

Maintaining viable populations of species in captivity (2.3) and gene
banking represent a type of buffering approach by definition.

12. Constants, parameters, numbers (parameters) Site or area stewardship (1.1) includes small-scale actions with a physical
character; enhancing viability or mitigating stress implies changing a
quantity.

Note: Short names for the leverage points used in Figure 1 are in parentheses.
aDefinitions: deep leverage points influence root causes of biodiversity loss; shallow leverage points treat symptoms without changing the system.

posal increased from 1.92 to 3.3 (Appendix S15). For example,
where the earlier assessments would provide recommenda-
tions to protect a valuable site, more recent assessments would
give guidance on available funding instruments, division of
responsibilities, and outreach to stakeholders to more effectively
maintain and restore ecosystem quality.

Quantitative results for the action proposals

The composition of the proposed actions changed over time in
the species assessments. The cumulative share of the 14 non-
increasing action proposal categories decreased from 70.7%
to 35.1% over time (p < 0.001, F1,3 = 344.1, R2 = 0.9914)
(Figure 3). Basic research and status monitoring (8.1) was the
most frequent action category in the full dataset (32% of quo-
tations) and consistently among the top three categories across
all assessments (Figure 2; Appendix S15). Ecosystem and natu-
ral process creation or re-creation (1.2), alliance and partnership
development (10.3), and different incentives (5.1–5.5) increased

over time (Figure 2; Appendix S6). Ecosystem assessments
were excluded from the quantitative analyses of temporal trends
because they differed from species assessments in terms of their
action category and associated leverage point composition and
there were too few (two) points for a separate analysis.

Land, water, and species management actions

Land and water management actions were among the most
frequent action proposals across assessments (Actions 1.1–
1.2 in Appendix S15). Ecosystem and natural process creation
or re-creation (1.2) rapidly grew from a minor category
to the largest one in 2019. The emphasis changed from
identifying which site management actions were needed to
improving their implementation (see also Appendix S18). The
proposals increasingly discussed spatial planning, cost effective-
ness, new policy instruments (e.g., ecological compensation),
funding sources, stakeholder and community engagement, orga-
nizational management issues, responsibilities, cross-sectoral
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CONSERVATION BIOLOGY 7 of 15

FIGURE 2 Numbers of (a) general (i.e., not species specific) conservation action proposals and (b) numbers and types (colors) of action category codes
(Table 1) across seven Finnish Red Lists (1986–2019) (details in Appendix S3). For readability, in (b) results are for the action categories with ≥5% share of the total
number of action proposals in at least 1 red list (1551 action proposals) (numerical results in Appendix S15).

collaboration, and monitoring of their effectiveness. The major-
ity of these aspects help reach deeper leverage points than
these actions would reach alone (Appendix S2). Species manage-
ment actions operate mainly at shallow leverage points (leverage
points 9–12) (Appendix S2), but, here too, the trend was toward
broader proposals regarding, for instance, their funding and
organization.

Outreach

The percentage of proposals with an outreach aspect was fairly
constant but peaked in 2019 at 18% (Figure 3; Appendix
S15). The quantitative assessment gave credit to all outreach
activities in representing all leverage points (Appendix S2),
but the qualitative assessment again revealed some temporal
trends toward deeper leverage. The early assessments focused
on spreading information about threatened species to the gen-
eral public and engaging nature enthusiasts in collecting data
(both aspects linked with research 8.1 [Appendix S18]). Later
assessments emphasized outreach to different stakeholders
and suggested professional counseling for various stakehold-
ers whose activities have an impact on biodiversity, especially

regarding alternative management practices, novel policies, and
opportunities for conservation. Encouraging the general public
to participate in voluntary activities and take care of their local
environment (e.g., through the removal of invasives) was a rising
trend with potentially deep leverage impacts.

Livelihood and economic incentives

Apart from one proposal in 1986 to develop osprey-friendly
deterrent devices for fish farms, the better products and
management practices (5.2) category appeared only starting
in 2008. Although these actions are of shallower leverage
than other types of incentives, these proposals were all cross-
sectoral. Direct economic incentives (5.4) were more common
in the postmillennial assessments, and their purposes and
sources became more diverse over time, for example, with
the appearance of EU agricultural subsidies and new volun-
tary policies. Since 2008, suggestions to develop new incentives
to support entrepreneurial activities and innovation have
emerged. Their focus extends beyond the context of agricul-
ture and forestry (e.g., investigating the potential for ecological
compensation).
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8 of 15 ARPONEN ET AL.

FIGURE 3 Proportion of (a) actions and (b) leverage points of general (i.e., not species specific) conservation action proposals in the five Finnish Red Lists of
species by the year of publication and sorted in decreasing order within each year by Kendall’s tau of the category. The black line shows the change in cumulative
proportion of nonincreasing categories over time (range 0.71–0.35 for action and 0.73–0.65 for leverage categories) (details in Appendices S3 & S6). For readability,
results are shown only for action categories with ≥5% share of the total number of action proposals per year in at least 1 red list (1551 action proposals) (Appendix
S15).

Conservation designation and planning

Protected area designation or acquisition (6.1) was consistently
proposed across the assessments. The first two assessments
addressed the development and implementation of national
conservation programs underway at that time. Recommen-
dations to increase the area protected received attention
throughout the assessments, but the postmillennial proposals
became more diversified, addressing, for example, protected
area management and restoration, adequacy of funding, and
incentives for establishing voluntary protected areas. These
were often coupled with proposals regarding conservation
planning (6.4) in which cost-effective modeling and spatial
prioritization, remote data, cross-sectoral stakeholder collabora-
tion, and the training of planners became salient over time (see
also Appendix S18). Therefore, even though conservation plan-
ning in isolation is considered to influence information flows
only (leverage point 6), the associated actions showed a trend
toward deeper leverage and cross-sectorality. Similar trends were
observed in the land- or water-use zoning and designation (6.3)
proposals.

Laws and policies

Laws, regulations, and codes (7.1) had a decreasing trend over
time (Appendix S6). The assessment in 1986 addressed the
revision of the Nature Conservation Act that had been under-
way since the 1960s, making many detailed proposals regarding
its contents. In 1986, several acts regarding forestry were also
addressed, and the 1992 assessment mentioned that all laws
regarding the use of natural resources and land use should
consider conservation and sustainability. Over time, the focus
shifted from action proposals for restrictions, quotas, and
licensing to cross-sectoral issues, such as pollution, construc-
tion, infrastructure, transport, and agrienvironment scheme
development. These proposals addressed drivers of biodiver-
sity loss and thus corresponded to deeper leverage points than,
for instance, regulation regarding a specific protected area. In
addition, proposals for impact evaluation of legal frameworks
and proposals to simplify regulations that delay conservation
emerged in the latest assessments. Proposals for policies and
guidelines (7.2) were more heterogeneous than law codings but
had a similar overall trend toward increasing cross-sectorality.
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CONSERVATION BIOLOGY 9 of 15

FIGURE 4 (a) Complexity and (b) cross-sectoral scores (filled circles) of conservation action proposals in seven Finnish Red Lists for two types of assessments
over time (lines, fitted linear model; shading, 95% confidence intervals). These models include the species-specific action proposals that were omitted from the
“RESULTS” section (full results in Appendices S3–S14).

Research and monitoring

Basic research and status monitoring (8.1) was considered in
26–50% of proposals each year (Figure 3; Appendix S15). Con-
stant worries concerned the lack of data on species, ecosystems,
and the effectiveness of conservation actions, the need for con-
tinuous monitoring, and securing future RL assessments. Over
time, more diverse and timely research questions were identified
for basic research, as well as evaluation, effectiveness mea-
sures, and learning (8.2). Rising topics since 2008 concerned,
for example, diverse human impacts on biodiversity and the
effectiveness of various solutions, such as financial incentives.
Development activities and piloting were in a growing role,
including research on ecological compensation. There were spe-
cific recommendations to extend the funding for research on
deficiently known and threatened species and ecosystems and
to take advantage of new methods, such as remote sensing or
spatial prioritization.

Organizational management actions regarding coordination
and responsibilities for research became more frequent over
time, as did cross-sectoral collaboration in research and knowl-
edge sharing (Appendix S18). The need for a biodiversity
data repository was already recognized in 1986, but action
proposals became more frequent and detailed over time, empha-
sizing knowledge availability to all stakeholders and, since

2017, addressing the development of the Finnish Biodiversity
Information Facility (FinBIF) (established in 2017).

Individual and institutional capacity building

Training and individual capacity development (9.2) propos-
als first emphasized the training of public authorities and
nature enthusiasts regarding conservation management and
species identification. These were later accompanied by largely
cross-sectoral action proposals (Appendix S17) regarding train-
ing for the use of the newly opened data sources, as well
as counseling and capacity-building for stakeholders. Internal
organizational management (10.1) proposals concerned the first
environmental administration and research organizations. The
postmillennial assessments dedicated attention to data avail-
ability and the division of responsibilities across organizations.
Alliance and partnership development (10.3) was suggested
increasingly cross-sectorally (Appendix S17) and internationally,
and it was seen to have a key role in developing and running
the biodiversity data repository. Action proposals about financ-
ing conservation (10.4) were always linked to other actions
to be funded, and the trends therefore reflected the general
trends described above. These were almost exclusively about the
distribution of public funds, apart from 2019, when the possi-
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10 of 15 ARPONEN ET AL.

bilities for the participation of private businesses were briefly
recognized.

DISCUSSION

Our most prominent observation was that the cross-sectorality
and complexity of action proposals increased dramatically over
time. In the qualitative assessment, we found changes in the
ways the actions were proposed. More complex ensembles of
actions in the recent assessments addressed how to imple-
ment actions more effectively with different objects of action,
reaching deeper leverage points and broader cross-sectorality.
The quantitative leverage points analysis did not capture many
significant temporal trends because the most frequent action
categories remained relatively stable over time, and because
most actions were associated with several leverage points—
any changes that did take place blended into the large mass of
shallow leverage point associations.

With respect to the three governance pathways of Termeer
et al. (2024), it appears that system wide was the easiest dimen-
sion to advance in the context of Finnish RLs, but it would
require stronger engagement of an additional dimension to
achieve one of Termeer et al.’s (2024) suggested pathways for
transformative governance: the “rule change” pathway through
system wide and quick change or the “big plans” pathway
through system wide and in-depth dimensions. The observed
increase in cross-sectorality aligns well with, for example, the
CBD goals and the present scientific understanding of how
to address the wicked problems driving biodiversity loss. The
cross-sectoral codings address not only a governance structure
perspective but also the increasing importance of partnerships
and collaborations and engaging different stakeholders, repre-
senting the plurality and inclusiveness that are characteristic to
much of the transformations and transitions literature (Bodin,
2017; Chambers et al., 2022; Leventon, Duşe, et al. 2021; Miller
& Wyborn, 2020; Pascual et al., 2021; Zafra-Calvo et al., 2020).

Potential drivers behind the observed changes

Disentangling a genuine transformative shift in thinking from
other impacts on the proposed actions is challenging. Some
trends may have been influenced by grasping the low-hanging
fruit in the early stages; hence, remaining actions could be
inherently more complex, rather than reflecting an intentional
shift in strategy. The results were clearly partly driven by trends
reflecting current, sometimes even singular, events in policy and
research, which may or may not be part of a broader transfor-
mative paradigm shift. These include, for example, changes in
environmental administration structure (Ministry of the Envi-
ronment, 2007) and active development and adoption of spatial
conservation prioritization methods in decision making in Fin-
land (Moilanen et al., 2019). Diverse new national and EU
legislation was implemented over the study period (Sairinen,
2003, p. 200). Apart from new agricultural policies visible in pro-
posals concerning subsidies and the counseling of landowners,

EU legislation was not frequently mentioned in the proposal.
Instead, the assessment in 1986 gave extensive recommenda-
tions regarding the revision of the Nature Conservation Act,
which had been underway since 1960 (Rassi et al., 1986). Full
revision of the law entered into force in 1997, which led to
a reduction in law-related proposals and, consequently, partly
explained the absence of trends in deep leverage impacts in
the quantitative analysis. It is noteworthy that there was also a
change in operating culture, as later on, the mandate of these
working groups did not include proposing explicit changes to
laws (E. Hyvärinen, personal communication, 2024).

Another likely driver explaining some of our results is
the decreasing funding of environmental administration. The
funding of the Ministry of Environment (excluding housing
expenditure) decreased over the study period from ∼1% of
the national budget to around 0.3–0.5% in the 2000s (Min-
istry of Finance, 2024). This austerity probably contributed to
fewer proposals for costly conservation programs and the over-
arching emphasis on cost-effectiveness, engaging the private
sector, as well as to the continuous appeals for ensuring funding
for conservation, research, and the RL assessments themselves,
perpetuating an undertone that biodiversity research and con-
servation measures must constantly justify their existence and
resource use in society.

A noteworthy trend was the shift from top-down conserva-
tion to voluntary measures. The implementation of the EU’s
Natura 2000 program caused severe resistance among stake-
holders in Finland and contributed to the development of
voluntary policies (Hiedanpää, 2005), visible also in our results.
The development of voluntariness reflects the principles of just
transformation, with increased inclusivity, legitimacy, and shifts
in power relations (Fougères et al., 2022; Lempinen & Vainio,
2023; Massarella et al., 2021; Paloniemi & Vainio, 2011). Numer-
ous proposals gave advice on the implementation of the Forest
Biodiversity Program of Southern Finland (METSO), which
since 2008 has played a key role in mitigating tensions in the
forest conservation arena, bringing together all the major stake-
holders from nature conservation, forest biodiversity science,
administration, and forestry.

The numerous action proposals related to biological research
may reflect the assessors’ and steering group members’ educa-
tional backgrounds, which are typically in natural, rather than
social, sciences. Hence, knowledge production may be seen as a
way to shift paradigms and engage deeper leverage points (1–3)
through improved awareness. An obvious reason for the endur-
ing prevalence of land and water management actions (1.1–1.2)
and conservation area designation and planning (6.1–6.4) is that
land-use change remains the most important direct driver of
biodiversity loss (IPBES, 2019). In the short term, these actions
are an ecological precondition for the survival of threatened
species and ecosystems. This has received much attention in the
international policy arena in the form of different area-based
targets (Gurney et al., 2023). However, the composition of the
steering group responsible for the general proposals was more
diverse for the action plan of 2017. It had representatives of sev-
eral ministries, forest industries, conservation nongovernmental
organizations, municipalities, and associations of farmers and
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forest owners. This probably contributed to the higher spread
among action categories and most cross-sectoral proposals
among species assessments, reflecting the increasing societal
aspirations for mainstreaming. Even though cross-sectorality
was increasing prior to the last assessment, higher inclusivity
in drafting the proposals should increase their legitimacy and
actionability (Lemos et al., 2018; Matuk et al., 2020; Moser,
2016; Visseren-Hamakers et al., 2021). One long-term RLE
assessor reported in an interview that their employer had halted
efforts to include recommendations explicitly concerning trans-
formative change because these were not commissioned from
the assessment (Salomaa & Arponen, 2023).

The role of RLs in transforming society

There is an ongoing discussion on the demand for policy-
prescriptive science and increasing calls for scientists to actively
participate in transforming society. Beck et al. (2022) suggest
that, for assessments (e.g., by IPBES) to be solution-oriented
and advance transformative change, they and the institutions
performing them must transform themselves. The IUCN has
been recognized as a boundary organization (Lidskog, 2014)
that leads the adoption of policies, analyses, and norms of
the worldwide conservation community (Stuart et al., 2017).
However, RLs are rather different in character from the global
assessments referred to by Beck et al. (2022). They have a nar-
rower scope and specific scientific criteria, and their detachment
from policy has been emphasized as a requirement for their
strategic significance (Lidskog, 2014). Clearly, the threat assess-
ment process should rely on ecological expertise and remain
independent. Nonetheless, engaging actors across society even
more broadly and, importantly, including scientific expertise,
especially in policy research and societal change in the process
of devising the action proposals, could improve their actionabil-
ity. It is also critical to acknowledge that biodiversity loss takes
place locally and gradually; transformative change is also needed
in local-scale policies to ensure timely, preventive actions (Small
Wins pathway) (Termeer et al., 2024).

The diverse impacts of RLs are noted in the literature. RLs
of ecosystems are used to guide national legislation, land-use
planning, land management, monitoring, and reporting in many
countries (Bland et al., 2019; Botts et al., 2020). The U.S.
Endangered Species Act contains a similar approach to listing
species according to their extinction risk, which has influenced
legislation and policies in many countries (Gronewold, 2023).
Researchers have identified a plethora of potential uses for RLs,
ranging from natural capital accounting to informing business
decisions (Alaniz et al., 2019; Bland et al., 2019). Nicholson et al.
(2024) found that RLs can have important roles in 16 of the
23 targets that contribute to the implementation of the Global
Biodiversity Framework, covering many threat reduction, meet-
ing needs, and mainstreaming targets. RLs guide conservation
funding (Betts et al., 2020) and contribute to the perception of
biodiversity loss as a global crisis (Betts et al., 2020; Lidskog,
2014). Although none of these impacts have been explicitly

assessed from the perspective of transformative change, they
align with our findings at the level of conservation actions.

A central tenet of transformative change is a profound
paradigm shift in society (IPBES, 2024; Meadows, 1999; Ray-
mond et al., 2021; West et al., 2020). Rather than merely
transmitting scientific knowledge to the society, RLs are cocre-
ated between scientists and the society (Jørstad & Skogen,
2010; Salomaa & Arponen, 2023). The trends we observed
here similarly reflect broader changes in society and paradigms
of conservation (Mace, 2014). The failure to halt biodiversity
loss despite positive developments may stem from the marginal
position of a holistic understanding of humans as part of nature,
often described as a potential way out of the current unsustain-
able development pathway (Chan et al., 2016; Mattijssen et al.,
2020; Raymond et al., 2021; West et al., 2020). Indeed, not even
the more progressive action proposals (e.g., novel economic
instruments) reach the deepest leverage points. Instead, they
align with a dualistic thinking of nature and society, appealing to
neoliberal institutions and actors that are inherently resistant to
transformative change (West et al., 2020), thereby possibly even
inhibiting a paradigm shift. This is also supported by our obser-
vation that nonmonetary values that could promote a shift from
economy-driven thinking were not proposed as incentives, apart
from a single mention in 2019. Even though some actions capa-
ble of producing paradigm-level effects were present, they may
not have the desired impact unless they are harnessed for a shift
specifically toward a more sustainable paradigm. In addition, a
simple delay between conception and wide-scale adoption of
new ideas may manifest as ineffectiveness of proposals, lacking
the quick dimension in Termeer et al.’s (2024) framework.

Even though we assessed only action proposals and not their
fulfillment, our results indirectly reflect the realized develop-
ment because proposals were repeated only when they had not
been (adequately) addressed or were considered to have become
unnecessary or unrealistic. Many action proposals have been put
into practice (Hyvärinen et al., 2019; Juslén & Sirkiä, 2013; Kon-
tula & Raunio, 2018; Rassi et al., 2010). It appears that the RL
has had a role in the development and mainstreaming of bio-
diversity conservation in Finland, which is also supported by
the perceptions of RL assessors (Salomaa & Arponen, 2023).
However, some specific issues recognized in the assessments
nearly four decades ago are only now starting to get the neces-
sary attention or are still not being addressed. Moreover, some
actions reaching deep leverage were almost or totally absent
from our data. For example, nonmonetary incentives, systemic
litigation, and consideration of the rights of nature under legal
frameworks could provide opportunities for deeper leverage
of action proposals or other strategies and recommendations
developed based on them.

RLs do have a role in transformative change, but because
they were not designed to promote it, other complementary
tools and processes are needed where transformative change is
an explicit goal. For example, the development of the National
Biodiversity Strategy and Action Plan should account for it,
and there have been efforts to promote transformative think-
ing in that context in Finland (Hyysalo et al., 2019). The IPBES
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transformative change assessment is also expected to make a
global contribution toward advancing transformative policies
and thinking (IPBES, 2024).

Limitations of our approach

The first cross-sectoral action proposals in the RLs emerged
before biodiversity mainstreaming became a political priority
(e.g., CBD, 2018) and may be more coincidental than inten-
tional promotion of transformative change. We considered the
importance of cross-sectorality to stand regardless of the under-
lying motives, but our simple assessment may not accurately
reflect the development of transformative ambitions. Similarly,
the overall shift to actions with higher transformative potential
may simply be a consequence of observing that prior actions
have been insufficient (Hilton et al., 2023), rather than a strategic
shift to transformative principles. Nonetheless, we do not see
this as a major limitation because the concept of transformative
change itself was conceived as a response to the ineffectiveness
of prior action (IPBES, 2019).

It is also possible that the increased complexity of propos-
als is partly a consequence of wanting to reduce the number
of action proposals to shorten the book sections, but this is
unlikely to explain the entire trend, as it coincides with increas-
ingly cross-sectoral proposals. We also acknowledge a trade-off
between perfectly comprehensive and highly ambitious versus
actionable proposals. Although complexity can ideally mean
that the implementation of an action is improved by integrat-
ing it with others (e.g., ensuring the acceptance and correct
implementation of an action through outreach and training), it
is also possible that it can lead to overly complicated situations
and reduced feasibility. Assessing the feasibility of increasingly
complex actions goes beyond the scope of our study.

Our analyses were limited to a single case study country,
and many of the individual findings were clearly case specific.
Finland is a relatively distinctive case with a long history of
extensive RL assessments, although long series of assessments
are also found, for example, in Norway, South Africa, and Swe-
den (NBIC, 2021; SANBI, 2024; SLU Artdatabanken, 2020).
Nonetheless, we think that the Finnish dataset provides a unique
occasion for a comprehensive historical perspective that is not
easily achievable in other contexts. We also believe that the
general findings hold beyond country borders because they
are supported by previous research on the role of RLs in the
science–policy interface.

Concerning our analytical framework, some action categories
are highly heterogeneous regarding their leverage (Arponen &
Salomaa, 2023), and for future studies, the approach would ben-
efit from a further level of subcategories. This would be most
critical for different outreach approaches and types of legisla-
tion that have a wide spread in their leverage points. This issue,
together with the fact that most action categories are associated
with multiple leverage points, makes the approach rather coarse
and could be a partial reason why the trends in leverage points
were weak in our quantitative analyses.

We observed a gradual development in RL action proposals
toward deeper leverage and cross-sectorality over four decades.
This trend is probably both a driver and a consequence of
the same trend in society as a whole, driven by the ongoing
loss of biodiversity. Despite a positive direction, the transfor-
mative potential has not materialized to an extent that could
turn the tide for biodiversity. Cross-sectorality has increased but
often without reaching the deepest leverage points and at an
inadequate pace; hence, it has not led to truly transformative
changes.

We conclude that RLs play a role in transformative changes,
but it can be further amplified. Although we focused on one
country, where the devising of action proposals has already
taken a step toward higher inclusiveness, we emphasize that,
regardless of location, complementary processes are required to
facilitate the broader adoption of such proposals and to enable
transformative change. The value of our analytical approach
extends beyond the context of RL assessments to analyzing,
for example, conservation projects, policies, and strategies. Our
results also accentuate the importance of considering comple-
mentary dimensions of transformative change simultaneously
to achieve a comprehensive understanding of viable paths to
societal change.
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