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Abstract
Genetic diversity is a fundamental component of biological diversity, and its conservation is considered key to ensure the 
long-term survival of natural populations and species. National and international legislation increasingly mandates a moni-
toring of genetic diversity. Examples are the United Nation’s Convention on Biological Diversity (CBD) Aichi target 13 and 
the current post-2020 negotiations to specify a new target for maintaining genetic diversity. To date, only a few pilot projects 
have been launched that systematically monitor genetic diversity over time in natural populations of a broad variety of wild 
species. The Swiss Federal Office for the Environment mandated a feasibility study in 2019 for implementing a national 
monitoring of genetic diversity in natural populations. To obtain information on whether stakeholders are interested in such a 
systematic monitoring, what they would expect from such a monitoring and where they see respective caveats, we conducted 
an online survey, which 138 (42% of those surveyed) Swiss stakeholders answered. We find that Swiss stakeholders are gen-
erally aware of the lacking evidence regarding the status of genetic diversity in wild populations and species. Accordingly, 
most stakeholders are interested in a monitoring of genetic diversity and see opportunities for the application of its results in 
their work. Nevertheless, stakeholders also expressed concerns regarding financial resources and that the results of a genetic 
diversity monitoring program would not benefit conservation practice. Our findings highlight the importance of stakeholder 
engagement and demonstrate the value of a detailed stakeholder analysis prior to developing and implementing a genetic 
diversity monitoring program. A powerful tool for examining the constellation and interactions of the different stakeholders 
are social network analyses (SNAs). Finally, it is particularly important to communicate transparently about the possibilities 
and limitations of a genetic diversity monitoring program as well as to closely involve stakeholders from the beginning to 
increase the acceptance of genetic diversity monitoring and facilitate its implementation.
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Introduction

Besides the diversity of species, ecosystems and their 
interactions, genetic diversity is key for maintaining spe-
cies diversity and essential for the long-term survival of 
populations and species (Hoban et al. 2013; Shafer et al. 
2015; Stange et al. 2020; Hohenlohe et al. 2021). This is 

particularly so in view of rapidly changing environments 
(Sgrò et al. 2011; Norberg et al. 2012; Pauls et al. 2013; 
Leigh et al. 2019; De Kort et al. 2021; Des Roches et al. 
2021). The United Nation’s Convention on Biological Diver-
sity (CBD) addresses the importance of protecting genetic 
diversity and asks for a reduction in genetic erosion in the 
Aichi Biodiversity Targets (2011–2020). Aichi Target 13 
specifically addresses the conservation of genetic diversity; 
the international communities’ first attempt to value the 
importance of the genetic component of biodiversity (Hoban 
et al. 2013). In a next step, the post-2020 target for the ero-
sion of genetic diversity is to be elaborated in more detail 
(Hoban et al. 2020), and the monitoring of genetic diversity 
over time should be included, not only for domesticated but 
also for wild species (Laikre et al. 2020).
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The genetic diversity of few selected, mostly emblematic 
or economically important species are monitored occasion-
ally (Bruford et al. 2017). However, very few countries have 
established a comprehensive monitoring program on genetic 
diversity that would inform conservation managers about 
standing levels and changes in genetic diversity of a broad 
array of populations of wild species over time. Moreover, 
the monitoring of the genetic diversity of multiple species 
has hitherto been hindered due to high costs. However, this 
no longer holds true, as next-generation sequencing (NGS) 
costs are decreasing, making a thorough monitoring of 
genetic diversity realistic (Allendorf 2017; Fischer et al. 
2017b; Fuentes-Pardo and Ruzzante 2017; Supple and Sha-
piro 2018; Meek and Larson 2019).

Switzerland is no exception: it implements the interna-
tional requested Aichi Biodiversity Targets, but lacks a bio-
diversity monitoring program that covers genetic diversity 
of wild populations to date. Indeed, Switzerland’s national 
biodiversity strategy includes several goals that target the 
prevention of genetic erosion of wild species as well as the 
development of a program to monitor changes in genetic 
diversity (FOEN 2012). Switzerland currently runs a general 
biodiversity monitoring program focused on changes in spe-
cies richness (FOEN 2012) and two monitoring programs 
that concentrate on changes in agricultural lands (Agroscope 
2015) and nationally important habitats (FOEN 2019) such 
as dry meadows, mires, alluvial ecosystems and amphibian 
spawning sites.

The Swiss Federal Office for the Environment (FOEN) 
is aware of Switzerland’s lack of a genetic diversity moni-
toring of wild populations and has thus supported research 
to assess the feasibility of a genetic diversity monitoring 
program (Fischer et al. 2020). For such a feasibility study, a 
key component is the assessment of current levels of genetic 
diversity and the monitoring of changes in genetic diversity 
of species over time (Schwartz et al. 2007), covering a broad 
variety of wild species. As part of this feasibility study for 
the development of a monitoring program of genetic diver-
sity, we conducted a stakeholder analysis, which included 
the identification of the relevant stakeholders as well as 
their viewpoints on and demands towards a potential genetic 
diversity monitoring program. Additionally, we used social 
network analysis to study the constellation and interactions 
of different stakeholders.

Experience from natural resource management shows 
that performing a stakeholder analysis prior to implement-
ing such a program is crucial to get insights about potential 
conflicts (Prell et al. 2009; Paletto et al. 2015). Stakeholder 
analysis can also help with integrating genetic diversity 
knowledge in conservation management, hence helping to 
close the well-known conservation genetic gap (Hoban et al. 
2013; Mimura et al. 2017; Holderegger et al. 2019; Lund-
mark et al. 2019; Sandström et al. 2019). Further, already 

involving stakeholders in the development processes can 
improve the acceptance of a future genetic diversity monitor-
ing program, and enable more transparent and efficient com-
munication (Lindgren and Persson 2010). In line with the 
literature, our stakeholder analysis aims to shed light onto 
aspects to be considered for developing and implementing a 
genetic diversity monitoring program, with the potential to 
ultimately improve its acceptance and the participation of 
stakeholders in any genetic diversity monitoring program.

Materials and methods

In line with stakeholder analysis, we first mapped the land-
scape of potential stakeholders (Fischer et al. 2017a). We 
defined stakeholders as professionals, consisting of organi-
zations, companies or governmental authorities who have 
a legitimate interest in or are affected by the course or out-
come of a monitoring program of genetic diversity; in short, 
that they will likely use the monitoring data. We categorized 
the stakeholders into types that represent different profes-
sional backgrounds and, thus, diverse interests (Table 1). 
We decided not to survey the general public as we aimed at 
assessing the needs and interests of those directly involved 
in conservation management.

Following Fischer et al. (2017a), we worked at the level 
of organizations and identified a total of 331 stakeholders. 
These included national, regional and local authorities, uni-
versities, research institutions and research networks (e.g. the 
Swiss Academies of Science), environmental consultancies, 
museums, herbaria, national data centres for species occur-
rence data (www.infospecies.ch.), non-governmental organi-
sations (NGOs) and foundations. We identified stakehold-
ers through various documents, such as the list of addresses 
from the political consultation process on the Swiss Biodi-
versity Strategy and various lists of organisations active in 
nature conservation and environmental protection.

Second, and after the identification of stakeholders, we 
conducted interviews with seven experts in spring 2019. 
The experts were selected from the fields of regional (n = 2) 
and national authorities (n = 3), environmental consultan-
cies (n = 1), and research (n = 1). We used these expert 
interviews as a pre-step for developing our online question-
naire (Table 2) following established protocols and for-
mats (Fischer et al. 2017a). We designed the interviews in 
a semi-structured fashion, following the same order as the 
questionnaire (see Appendix 1). We used the interviews to 
check whether our survey questions are understandable and 
to see whether experts have additional pivotal points to be 
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addressed. We also asked the experts to verify the list of 
stakeholders to triangulate our identification.

In a third step, we designed the online survey for the 
systematic identification of the needs, interests and con-
cerns towards a genetic diversity monitoring program of 
as many Swiss stakeholders as possible (see stakeholder 

identification above). We contacted one person per iden-
tified organization and asked this person to represent the 
interests of their organization when filling the online sur-
vey. We sent a reminder 14 days after the launch of the 
online survey and completed data collection after 24 days.

Table 1  Overview of the assignment of stakeholders to specific types, and numbers of stakeholders identified and responding to the survey

Stakeholder type Description Stakehold-
ers identi-
fied

Answers (in %)

Research Researchers with a focus on genetic diversity of wild species, research networks 
that cover genetic diversity/biodiversity

33 22 (67%)

Collections/museums Botanical gardens and museums with samples of wild species, data centers of 
species occurrence data

47 27 (57%)

NGOs/foundations Civil society organizations that include genetic diversity/biodiversity in their work 74 24 (32%)
Environmental consultancies Private sector organizations that include genetic diversity/biodiversity in their 

work
72 23 (32%)

Regional and local authorities Regional and local authorities responsible for nature conservation and the preser-
vation of biodiversity

97 39 (40%)

Federal authorities Federal authorities responsible for aspects of nature conservation and the preser-
vation of biodiversity

8 2 (25%)

Table 2  List of topics that were addressed in the expert interviews and the online survey with different stakeholders

Topics Operationalization (in stakeholder survey)

Importance of biodiversity loss Assess the urgency of different environmental problems (climate change, water 
pollution, loss of biodiversity etc.) on a Likert scale between not urgent at all 
and very urgent

Importance of genetic diversity Rank the four levels of diversity (species diversity, diversity of ecosystem, 
genetic diversity, diversity of interactions) from most important (rank 1) to 
least important (rank 4)

Use of data on genetic diversity Indicate in how many of projects/tasks of daily work data on genetic diversity 
would be useful (from less than 10% to 90% and more). In a second question: 
Indicate in how many projects/tasks genetic information is currently used 
(from less than 10% to 90% and more)

Reasons for a genetic diversity monitoring program over time Indicate which reasons (e.g. adaptability for the future, measuring connectiv-
ity etc.) are important for the introduction of a genetic diversity monitoring 
program (multiple choice)

Fields of application and important indicators Indicate applications for which the results of a genetic diversity monitoring 
program (e.g. habitat quality improvement, measuring connectivity etc.) are 
important (multiple choice)

Content of a genetic diversity monitoring program Which taxonomic groups should be included in a genetic diversity monitor-
ing (multiple choice). Additionally, name up to three species, that should 
be included in a genetic diversity monitoring program (open question) and 
what further considerations would be relevant for the design of a monitoring 
program of genetic diversity (open question)

Participation in the development of a genetic diversity moni-
toring program

Potential interest in participating in the development of a genetic diversity 
monitoring program (yes/no)

Network of important stakeholders and their interaction From a list of all the stakeholders identified, participants had to indicate those 
whom they perceive as important for the development and implementation of 
a genetic diversity monitoring program. Second, they were asked to indicate 
the stakeholders with which they are already in contact regarding the topic 
of genetic diversity. Some stakeholders were grouped into sub-types (e.g. 
research institutions in general rather than specific research institution)
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The survey included single and multiple-choice questions 
as well as questions on relational data between different 
stakeholders (Creswell 2012). The survey covered several 
topics, ranging from the perceived urgency of environmen-
tal problems (climate change, water pollution, biodiversity 
loss) to the participation in the development of a monitor-
ing program of genetic diversity and the perceived impor-
tance of actors as well as who exchanges information with 
whom (see exhaustive list of topics in Table 2 and the entire 
survey in the supporting information Appendix 1). For the 
latter questions on network constellation, we grouped cer-
tain stakeholders into sub-types (seven sub-types containing 
overall 297 stakeholders), while keeping others as distinct 
stakeholders (34), resulting in a selection of 41 stakeholders 
and sub-types.

We used descriptive statistics to compare and analyse the 
answers of the different stakeholders. As only two out of 
eight national authorities filled out the survey, we decided 
to exclude them from further analysis. However, as other 
stakeholders identified the federal authorities as important 
or as information exchange partners in the survey, the federal 
authorities remain in the network analysis.

For questions regarding the constellation of stakeholders, 
we applied social network analysis (SNA), which entails the 
study of relationships between different stakeholders (who 
are represented by nodes) and the distribution of the con-
nections between them (Wasserman and Faust 1994). In our 
case, this includes the identification of stakeholders who are 
perceived as important for developing and implementing a 
genetic diversity monitoring program as well as stakeholders 
considered as key partners for the exchange of information 
on genetic diversity. Based on the survey data, we designed 
two networks, one mapping which stakeholder perceives 
other stakeholders as important, and one network display-
ing existing information exchange on the topic of genetic 
diversity between the stakeholders. We used in-degree cen-
trality, which is the number of times a survey participant 
mentioned a stakeholder (Borgatti et al. 2018), to identify 
the stakeholders perceived as most important and as the most 
popular partner for information exchange. To compare the 
two networks, we used network density, which we calculated 
as the number of connections between the nodes divided by 
the number of all possible connections (Borgatti et al. 2018).

Results and discussion

Of the 331 stakeholders that received the survey, 138 returned 
it. This response rate of 42% is rather high compared to other 
studies using online surveys in the realm of biodiversity topics 
(Braunisch et al. 2012). Whenever we use the term stakeholder 
in the presentation of the results, we refer to the sampling of 
138 stakeholders who participated in the survey. As we were 

interested in different stakeholder types (Table 1), many of our 
results were aggregated at the level of these types (research, 
collections/museums, NGOs/foundations, environmental con-
sultancies, authorities), with response rates ranging from 25% 
(federal authorities) to 67% (research; Table 1).

Importance of the loss of biodiversity and genetic 
diversity

Almost 90% of the stakeholders considered biodiversity 
loss to be a very important topic, while about 70% of the 
respondents also perceived climate change as highly rel-
evant. Water pollution, soil degradation and air pollution 
were considered as less urgent. The stakeholders most often 
ranked genetic diversity third among the four levels of bio-
diversity. When comparing different stakeholder types, we 
observed that respondents from the types research and col-
lections/museums ranked genetic diversity higher (> 20% 
ranked it second or first) than other stakeholder types did. 
Many stakeholders commented that the task of ranking the 
different levels of diversity was difficult or inappropriate, 
because the levels of biodiversity influence each other. Oth-
ers explained the lower ranking of genetic diversity by stat-
ing that investments in the diversity of ecosystems or species 
will also have positive effects on genetic diversity and/or that 
stable and large population sizes will also benefit genetic 
diversity.

Use of information on genetic diversity

The stakeholders considered the principal need for genetic 
data in their work as much higher than its actual use (Fig. 1). 
We found that for 34% of the stakeholders, genetic data 
would be relevant in 10–30% of their projects and tasks, 
and for 41% of the stakeholders such data would be relevant 
in 50–90% of their projects. However, more than 60% of the 
stakeholders stated that they actually use genetic data in less 
than 10% of their projects and tasks (Fig. 1b). The propor-
tion of stakeholders who reported a use of genetic data in 
50–90% of their projects was only 20%.

There is thus a clear discrepancy between desired data 
availability, the actual availability and the current use of 
genetic data by stakeholders. However, this discrepancy 
is not the same for all stakeholder types. It is greatest for 
regional and local authorities and environmental consultan-
cies, while it is—not surprisingly—comparatively small in 
research (Fig. 1).

Reasons for the introduction of a genetic diversity 
monitoring program

More than 50% of the stakeholders stated that adaptability to 
future conditions, adaptation to climate change, connectivity 
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(gene flow), and long-term survival of species are important 
reasons for introducing a genetic diversity monitoring pro-
gram (Fig. 2). Other reasons such as measuring the fitness of 
a species (high genetic diversity and no inbreeding), prevent-
ing inbreeding and hybridisation or effects of translocations 
were mentioned by more than 20% of the stakeholders. Sur-
prisingly, breeding and stocking were mentioned the least.

Connectivity seems to be of great concern for the 
stakeholders. The Swiss Biodiversity Strategy (FOEN 
2012) and the related Action Plan (FOEN 2017) require 

the implementation of an ecological infrastructure, i.e., a 
national network of natural and semi-natural habitats that 
consists of core areas for biodiversity and areas that connect 
them. Thus, many Swiss stakeholders are currently working 
on connectivity issues (e.g. setting up wildlife corridors or 
stepping-stone habitats), which may explain their interest in 
this topic. Consequently, aspects related to connectivity will 
have to be a prominent focus of a genetic diversity monitor-
ing program in Switzerland. However, the effectiveness of 
connectivity measures is a difficult task for a monitoring 

Fig. 1  a Projects and tasks in 
which genetic data would be 
relevant for stakeholders. b 
Projects and tasks in which 
genetic data are currently used 
by stakeholders
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program of genetic diversity, as it needs to have specifically 
targeted sampling designs. When implementing such a mon-
itoring one has to be aware of this challenging expectation 
and clearly report on possible limitations.

Another often named reason why a genetic diversity mon-
itoring program should be implemented was to measure the 
adaptability of species to future environmental conditions 
and to climate change. Interestingly, climate change had 
very low priority for stakeholders in a study on biodiversity 
by Braunisch et al. (2012), which surveyed a very similar 
stakeholder audience in Switzerland. The stakeholders who 
responded to the survey of Braunisch et al. (2012) had to sort 
44 research questions according to their importance. The 
two questions concerning climate change were ranked as 
32nd and 43rd only. In contrast, our survey reflected a much 
higher awareness of climate change with stakeholders, which 
can probably be explained by the currently intensive climate 
change debate in society (Marris 2019).

Areas of application and indicators

In accordance to what has been stated above, over 70% of 
the stakeholders selected connectivity as an important area 
of application of a genetic diversity monitoring (Fig. 3). In 
contrast, only about 30% of the stakeholders chose urban 

sprawl effects, which is one of the main factors leading 
to fragmentation in the Swiss landscape (Schwick et al. 
2018). Another area of application that was frequently 
selected in the survey (> 50% of the respondents) was the 
implementation of the Swiss Biodiversity Strategy (FOEN 
2012). This shows how important these national biodiver-
sity strategies and action plans (as required by the CBD) 
are for the stakeholders and hence the relevance of the cur-
rent CBD post-2020 negotiations are (Hoban et al. 2020; 
Laikre et al. 2020).

Also with regard to the four indicators that a genetic 
diversity monitoring program could provide, the indicator 
for connectivity clearly stood out: it was chosen by more 
than 70% of the stakeholders (Fig. 4). In principle, however, 
all four proposed indicators were described as important by 
50% or more of the stakeholders (Fig. 4).

The stakeholders also had the opportunity to state addi-
tional areas of application of information on genetic diver-
sity. Corresponding topics included hybridisation (e.g. 
between wildcat and domestic cat), the identification of 
native and invasive species, and the ex-situ propagation 
and reintroduction of rare plant species. The fact that many 
stakeholders mentioned additional fields of application 
shows that there are concrete ideas about what type of data 
or indicators a genetic diversity monitoring should deliver.

Fig. 3  A genetic diversity 
monitoring program’s areas of 
application from a stakeholders’ 
point of view
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In contrast, some of the results also indicate that the 
concepts underlying genetic diversity and its monitor-
ing are not clear to all stakeholders and require careful 
explanation. For example, the difference between species 
identification with genetic tools, e.g., barcoding or eDNA 
metabarcoding (e.g. Bohmann et al. 2014; Deiner et al. 
2017; Porter and Hajibabaei 2018), and a monitoring of 
genetic diversity across time were not entirely clear to 
all stakeholders. In consequence, some possible appli-
cations suggested by the stakeholders, such as the iden-
tification of native and non-native species, rather refer 
to species identification than to a monitoring of genetic 
diversity. Transparent communication about the possi-
bilities and limitations of a genetic diversity monitoring 
program already during its developmental phase is hence 
important.

Content and implementation of a potential 
monitoring of genetic diversity

Regarding the species selection for a genetic diversity moni-
toring program, stakeholders most frequently chose amphib-
ians and insects (> 70% of respondents; Fig. 5), followed by 
seed plants, fishes and mammals (> 50% of respondents). 
Less than 40% of the respondents selected birds, and only 
20% or less stated other groups of organisms like crustaceans 
or flatworms. In principle, the preferences of different stake-
holder types were similar. Only the stakeholder type collec-
tions/museums was overrepresented among the least pre-
ferred species groups. The prominent preference for insects 
among stakeholders is probably due to insect decline being 
widely discussed in the broader society since the publication 

of the landmark paper of Hallmann et al. (2017) and other 
articles on the topic (e.g. Seibold et al. 2019). Furthermore, 
we assume that museums and scientific collections still have 
scientists with broad species knowledge and specific interest 
in organismic groups such as flatworms or spiders; knowl-
edge that has otherwise vanished from many research institu-
tions, universities or NGOs (Shaffer et al. 1998).

Moreover, stakeholders expressed their opinions regard-
ing further elements that a genetic diversity monitoring 
program should consider: Both rare and common spe-
cies as well as species with high or low mobility should 
be included. Additionally, the selection of species should 
be representative of certain habitat types or ecosystems, 
e.g., those of national importance (FOEN 2019). Many 
stakeholders stated that the selection of species and the 
design of a genetic diversity monitoring should be geared 
to answering questions of actual importance for conserva-
tion management. It was also stated that a genetic diversity 
monitoring should provide indicators for the vulnerability 
of populations.

The motivation of stakeholders to participate in devel-
oping a genetic diversity monitoring program was high. 
Overall, 67% of the stakeholders expressed interest in being 
involved. However, there were differences between stake-
holder types. Regional and local authorities (57.9%) and 
NGOs/foundations (54.2%) had a below-average willingness 
to participate as compared to stakeholders from research 
(94.7%), environmental consultancies (82.6%) or collec-
tions/museums (80.8%).

The stakeholders most frequently specified the expected 
costs as the obstacle for developing and implementing a 
genetic diversity monitoring program. Stakeholders were 
concerned that administrations will not have the time and 
financial resources to be involved in and contribute to a 
genetic diversity monitoring program. Furthermore, some 
stakeholders were concerned that an additional monitoring 
program might generate large amounts of data that would not 
be used in practice, because tools and detailed knowledge 
to translate the results of a genetic diversity monitoring into 
concrete recommendations for conservation activities are 
(currently) missing. Hence, there is a need for more applied 
research to fill this gap. Specifically, research would need 
to consult and work with the stakeholders to elaborate how 
to make the data and derived indicators from such a moni-
toring directly applicable for practitioners. In addition, the 
monitoring program itself could interface more directly with 
stakeholders and work on making the data accessible, easy 
interpretable and directly usable.

Network of stakeholders

Our social network analysis identified stakeholders who were 
perceived as important for developing and implementing a 
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national genetic diversity monitoring program as well as 
those who were considered as key partners for the exchange 
of information on genetic diversity. The social network 
graph in Fig. 6A displays who perceives whom as impor-
tant for the implementation of a genetic diversity monitoring 
program. Each node in the figure represents a stakeholder 
or a subtype of stakeholders, colored by stakeholder type 
(according to Table 1). The size of the node indicates the 
centrality of the stakeholder. Arrows indicate who named 
whom as being important. We only specified the names 
of those stakeholders that were most central in Fig. 6. The 
stakeholder most often named was the federal authority, that 
is, the Swiss Federal Office for the Environment (FOEN). 
This indicates the central role of the federal authority for 
developing a monitoring program. However, also stake-
holders from research, collections/museums and regional 
authorities were amongst the top five central stakeholders 
indicated as being important.

When comparing the network of the importance of 
stakeholders (Fig. 6A) to that displaying current informa-
tion exchange between stakeholders (Fig. 6B), one observes 
several differences. The density of the network of important 
stakeholders (0.6; Fig. 6A) was 3-times higher than that of 
the information exchange network (0.2; Fig. 6B). This means 
that many more stakeholders were named as being important 
than actually being involved in information sharing. This 
is not surprising, as it takes more resources to exchange 

information than to be perceived as important. Interestingly, 
research institutions rather than the federal authority are the 
most frequently named stakeholders for current exchange 
on genetic diversity issues. This shows the pivotal role of 
research institutions for sharing information in the context of 
a genetic diversity monitoring program. Moreover, regional 
authorities for nature and landscape conservation were more 
prominent than federal authorities or collections/museums. 
It is interesting to note that the stakeholders perceived as 
important (Fig. 6A) did not fully match those that were 
partners for information exchange (Fig. 6B). The different 
roles of stakeholders could be important here: the perceived 
high importance of, but lack of information exchange with 
federal authorities could originate from them being mainly 
responsible for legal framing and distribution of funds, while 
they are not primarily involved in the specific implementa-
tion of results of a genetic diversity in conservation manage-
ment. Nevertheless, federal authorities play a crucial role 
in establishing guidelines for conservation management for 
regional authorities, which applies to many countries outside 
Switzerland. Furthermore, certain stakeholder types such as 
environmental consultancies were neither prominent in the 
network of important stakeholders nor in the information 
exchange network and, thus, were placed in rather periph-
eral positions in the networks (Fig. 6). However, 82.6% of 
the stakeholder type environmental consultancies expressed 
their interest in participating in the further development of 
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a genetic diversity monitoring program and especially so 
in the implementation of the monitoring (e.g. collection of 
samples; see above), among other reasons driven by eco-
nomic interests.

Conclusions

Our stakeholder analysis aimed at inferring the interests and 
needs of stakeholders regarding a potential genetic diversity 
monitoring program in Switzerland. Our findings show that 

Fig. 6  A Network of stakeholders perceived as important. The den-
sity of the network of important stakeholders is 0.6. B Network of 
information exchange on genetic diversity among stakeholders. The 
density of the information exchange network is 0.2. The nodes are 
color-coded by stakeholder type. The size of the nodes represents 

the in-degree centrality, i.e., the amount of times a survey participant 
named a stakeholder or a sub-type of stakeholders as important for 
the implementation of a genetic diversity monitoring program. Only 
the most important stakeholders are given by names
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stakeholders have a clear interest in a monitoring of genetic 
diversity. Although they ranked the importance of genetic 
diversity below species or ecosystem diversity, stakeholders 
emphasized the lack of knowledge about the extent and loss 
of genetic diversity and the associated urgency to act. In 
the absence of specific information, enhancing species and 
ecosystem diversity were considered beneficial for genetic 
diversity. Furthermore, we identified a clear discrepancy 
between the need for and the current availability or use of 
genetic data, which may impede conservation management 
for sustaining genetic diversity of populations and species. 
Consequently, many stakeholders see a genetic diversity 
monitoring as a potential benefit for their work and formu-
lated specific expectations.

Although many of the stakeholders are in favour of 
genetic diversity monitoring, authorities see many obsta-
cles and uncertainties for the implementation of the results 
of a genetic diversity monitoring. They fear high costs in 
terms of time and money, but limited results that are useful 
for conservation action. This is especially problematic, as 
regional authorities were named as important stakeholders 
as well as important information exchange partners in the 
social network analysis. For implementing a genetic diver-
sity monitoring transparent communication about the poten-
tial, but also the limitations of a genetic diversity monitoring 
is needed (Walsh et al. 2015; Enquist et al. 2017; Gosselin 
et al. 2018; Holderegger et al. 2019).

While we studied Swiss stakeholders, our results are 
likely relevant for developing a genetic diversity moni-
toring in other contexts for several reasons. First, despite 
the importance of genetic diversity for the long-term per-
sistence of species and ecosystems (Reusch et al. 2005; 
Breed et al. 2019; Stange et al. 2020), very few countries 
are systematically monitoring the levels of genetic diver-
sity in natural populations of a wide variety of wild spe-
cies to date (Mimura et al. 2017). However, the mandate 
for genetic diversity monitoring will probably be further 
accentuated in the post-2020 process (Laikre et al. 2020), 
as new CBD genetic indicators are currently under discus-
sion: These may have far-reaching consequences, as they 
will guide conservation actions and reporting for mem-
ber countries until 2050 (Hoban et al. 2020). To set up 
a genetic diversity monitoring program, stakeholder and 
social network analyses are powerful tools to derive the 
most relevant stakeholders as well as tailor communica-
tion channels and outreach strategies (Bodin and Crona 
2009). While our results are Swiss specific, our approach 
is applicable for developing monitoring programs in other 
contexts. Social network analysis sheds light on how key 
stakeholders could be used as knowledge brokers, distrib-
uting information to their larger networks, while periph-
eral stakeholders could, if needed, be targeted specifi-
cally (Bodin and Crona 2009). For example, our network 

analysis indicated that environmental consultancies are 
currently in peripheral positions in the networks, but that 
a large percentage of this stakeholder type wants to partici-
pate in the development of a genetic diversity monitoring 
program and especially in the implementation. This hence 
provides insight to the federal authority that they need to 
specifically target this actor type during the development 
and implementation process.

Second, our analysis shows that regional and local author-
ities are important to include in a potential genetic diversity 
monitoring program. Our stakeholder analysis shows where 
action is required to engage these actors, as the regional and 
local authorities had a below-average willingness to partici-
pate as compared to other stakeholders. At the same time, 
the regional authorities were amongst the top five central 
stakeholders indicated as being important in the network 
analysis. Again, this indicates where the federal authority 
should focus its energy when mobilizing the stakeholders 
to participate.

Finally, our stakeholder analysis shows the importance 
of connecting national authorities, who have the political 
mandate to coordinate national conservation programs with 
research institutions that have the knowledge and technol-
ogy to develop and perform a genetic diversity monitoring 
program. Our results show that links to data centers and sci-
entific collections are viewed as important for species selec-
tion and sampling. Our social network analysis showed that 
the wide collaboration and information exchange between 
research institutions, federal and regional authorities as well 
as collections and museums is critical for the implemen-
tation of a national monitoring of genetic diversity. Using 
stakeholder analysis results for targeting actors or learning 
about the critical links between actors is a valuable insight 
for other national authorities when developing and imple-
menting a genetic diversity monitoring program.
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