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Abstract

:

Global agreements like the Sustainable Development Goals (SDGs) and Achi Biodiversity Targets (ABTs) aim to secure human well-being and to protect biodiversity, but little progress has been made in reaching these aims. The key role of biodiversity in securing human well-being is rarely considered a priority – instead short-term economic profits benefiting a few are prioritized. Particularly where local livelihoods rely on resources of protected areas for immediate survival, top-down enforced biodiversity conservation often increases social inequality, hunger and poverty and thus regularly fails. Identifying key knowledge gaps helps to adjust political priority setting and investment strategies to assess conservation threats and improve natural resource management. Since acting usually occurs at a local or regional scale, we focused on a priority conservation area in one of the world’s poorest countries — the dry deciduous forests of western Madagascar. We aimed to identify key knowledge gaps in this area which need to be filled to better protect biodiversity and simultaneously ensure well-being of the local poor. We consulted 51 predominantly Malagasy experts using questionnaires. These questionnaires listed 71 knowledge gaps we collated from the literature which the experts were asked to rank by importance. Experts were encouraged to list additional knowledge gaps. Averaging the scores of all experts, we identified the top 10 knowledge gaps. Two political knowledge gaps addressing the need to determine strategies which improve law enforcement and reduce corruption ranked highest, followed by an ecological one concerning appropriate restoration and a socio–economic one regarding economic benefits locals gain from biodiversity. The general knowledge gap perceived as most important addressed strategies for long-term funding. Only one additional knowledge gap was identified: the impact of climate change-driven human migration from southwestern to central western Madagascar on socio–economic problems and its impacts on natural resources We linked the identified top 10 knowledge gaps as well as the additional knowledge gap suggested by experts to the SDGs, ABTs and 2 °C target of the Paris Climate Agreement, and discussed why these gaps were considered a priority. This research highlights important ecological, socio–economic and political research priorities and provides guidelines for policy makers and funding organizations.
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1. Introduction


1.1. Theoretical Background


The Sustainable Development Goals (SDGs), the Aichi Biodiversity Targets (ABTs) and the 2 °C target of the Paris Climate Agreement all aim to secure human well-being in a sustainable world [1,2,3]. Even though human wellbeing essentially relies on the preservation of biodiversity to ensure ecosystem functioning [4,5], current global conservation efforts fail to halt biodiversity decline, which occurs at an unprecedented rate and will continue to do so due to ongoing as well as new threats [6,7,8]. This has extensive negative effects on economy and society due to ecosystem service losses [9] and clearly demonstrates that the key role of biodiversity for human well-being is not easily recognized by politicians aiming to achieve these global targets. Despite recent efforts to uncover the synergies and trade-offs between the goals and targets of these conventions [10,11,12,13], there remains a high risk that nations will cherry-pick a few goals suiting their priorities and fail to tackle those harder to accomplish [14]. Similarly, the ABTs have been criticized for their conflicting interests and lack of indicators, particularly concerning the drivers of biodiversity loss [15,16]. While new indicators are constantly being developed and others improved or upgraded regarding their availability for more countries [17], essential knowledge gaps remain, particularly concerning data from developing countries [18]. Identifying key knowledge gaps is important for assessing biodiversity threats [19] as well as for improving monitoring, management and investment strategies [20,21]. Approaching the end of the United Nations Decade on Biodiversity [22], we aim to identify key knowledge gaps concerning biodiversity loss in a particular priority conservation area as an example for many other priority conservation areas to be used by practitioners to streamline funds, resources and efforts to tackle the ongoing biodiversity crisis while simultaneously secure livelihoods.



Most people’s well-being predominantly depends on ecosystem services provided by terrestrial biodiversity. However, there are trade-offs between protection of life on land and human wellbeing. Strict area protection for conservation has frequently cut off the local poor from essential resources and thus led to famine and increased social inequality threatening their survival [23,24,25]. We therefore have focused our knowledge gap search on the protection of “Life on land” (SDG 15) and major trade-offs of this central goal with SDG 2 (zero hunger—directly connected to food security through agricultural land use), and SDG 10 (reduced inequalities) (Figure 1). The predominant trade-off between SDG 2 and SDG 15 is the expansion of agricultural areas to reduce hunger (SDG 2) resulting in competition for land with SDG 15 aiming to protect natural ecosystems like forests and their biodiversity [15]. Progress in achieving SDG 15 has often reduced that of SDG 10 [26,27,28]. Social and material inequality have been shown to be harmful to the environment and thus to people’s health and well-being [29,30].




1.2. Regional Focus Area: the Dry Deciduous Forests of Western Madagascar


As countries and regions differ in their demographics, geographies and governance [31], and are differently affected by climate change and biodiversity threats [32], we selected one regional example which promises high conservation payoff (in terms of biodiversity protection): the dry deciduous forest in western Madagascar. Madagascar is one of many developing countries rich in biodiversity and natural resources, but economically highly disadvantaged [33]. It is one of the poorest countries on Earth, where malnutrition is prevalent and where about 80% of the population lives below the poverty line [33,34]. Despite a growth in GDP, poverty has been increasing [35] and over half of the population faces food insecurity [36]. Madagascar’s population has increased by 400% over the last five decades to about 23.5 million [37,38]. This massive population growth, demanding an increasing share of land for agriculture, can be considered the major indirect driver of dry forest loss in western Madagascar [39]. However, political turmoil, insecurity and corruption are also major issues in Madagascar. Environmental crimes encompass illegal land clearance for large-scale agricultural expansion, illegal timber and wildlife trade, and mining [40]. Political crises occur on an almost decadal basis, preventing transparency and accountability of governmental actions [33,41,42]. Currently, Madagascar is listed at fifth position in the global ranking of increased risk of notable changes to the Global Peace Index [43], dropped severely in the Rule of Law Index [40], and only ranks 155th out of 180 nations in the International Corruption Perception Index [44]. Moreover, Madagascar ranks in the bottom 10 of 51 African countries assessed for their performance in reaching the SDGs [45]. Due to successful international awareness-raising of the uniqueness of and threats to Madagascar’s biodiversity, the country has seen a quadrupling in protected areas since 2003, with about 10% of the country being protected for conservation [46,47]. However, like in many tropical countries, conservation has focused on rainforests in the east of Madagascar, while the diverse dry forests in the west and south have rather been neglected [39,48,49]. But even where protected areas had been declared, these largely failed to prevent forest loss and degradation [33,50,51] due to a lack of law enforcement and high levels of corruption [33,40,42,47]. At least 13 protected areas are considered mere “paper parks” as they are totally devoid of management [47]. Generally, many knowledge gaps remain in Madagascar for achieving fair and equitable biodiversity conservation [52]. We chose the highly threatened dry deciduous forest of western Madagascar because forest losses predominantly caused by slash-and-burn agriculture and illegal logging are still dramatic there despite some national and international conservation attempts. Almost three quarters of the population live from subsistence farming practicing slash-and-burn agriculture [46,53] due to lack of alternatives but also because this farming practice is part of the people’s cultural identity [54,55]. Slash-and-burn agriculture is conducted in two stages: during the dry season (June to September), woody undergrowth is cut and stacked around trees; at the beginning of the growth season (October) these piles of undergrowth are ignited, resulting in the destruction of all vegetation except for a few dead blackened tree trunks [56]. This form of agriculture requires little labor and—because of the ashes—requires no addition of nutrients for two to five years [57]. Afterwards, the land needs to be left fallow for several years (at least 20 years within the dry forest—see [58]). A reduced or lacking fallow period results in severe nutrient loss and too frequent burning favors the establishment of introduced and invasive species, preventing native species regeneration [58,59]. A growing need for agricultural land of the rapidly increasing population hinders sustainable management that would allow for sufficient regeneration time of soils in agricultural fields. Thus, the rate of turning primary forests into agricultural fields by slash-and-burn practices to generate fertile farmland is increasing. About 40% of the forest have been lost since 1970 [39]. Fragmentation has been immense, so that few areas of primary forest larger than 800 ha remain – too small to contain viable populations of many species like larger lemurs [60]. Fragmentation also hinders animals to disperse and migrate to cope with climate change conditions [61,62]. The largest remaining area of dry deciduous forest occurs in central-western Madagascar [63]: Menabe Central ranks among the hottest biodiversity hotspots in the world [60], particularly due to its exceptionally high rate of endemism and intense anthropogenic threats [64]. While the total number of species is lower in the dry than in the humid forests, species richness is exceptionally high by global comparison with other dry forests [39]. Madagascar’s dry forests harbor several locally endemic vertebrate species such as Madame Berthe’s mouse lemur (Microcebus berthae), the giant jumping rat (Hypogeomys antimena), the narrow-striped mongoose (Mungotictis decemlineata), and plenty of other endangered species [65,66,67,68]. M. berthae, the smallest primate in the world, is particularly vulnerable to anthropogenic disturbances and restricted to core habitats of this biome [66,69,70]. Without immediate protection of its habitat, this species will likely be extinct by 2050 [63], just as many other vertebrate species of lemurs, rodents or tenrecs have already been driven to extinction [39]. This is of concern due to the roles these species play for ecosystem functioning, its regeneration abilities and hence long-term persistence which for example depends on the seed dispersing role of lemurs [71]. Western Madagascar’s dry deciduous forests are also considered of high conservation importance by a range of other approaches identifying priority conservation areas, for example the “Global 200” ecoregions [72] due to many endemic and endangered species and the Key Biodiversity Areas with a high biological value and intense anthropogenic pressure [73,74].



With respect to the people inhabiting this priority conservation area, social inequality is a huge issue hampering sustainable resource utilization as well as human well-being. Despite ambitious intentions, limited understanding of social–economic and ecological contexts prevented the realization of an effective protected area network [47]. For example, in spite of plans to involve communities in decision-making processes under the Durban Vision aiming to triple the amount of protected areas [47], conservation decisions have mostly been top-down enforced, sharply restricting or banning the use of local resources on which the local population relied [48,75]. This led to increased hunger, poverty and inequality of the already poor population as well as widespread criticism of the prioritization of the survival of lemurs over the survival of people [ibid.]. Due to funding, personnel and time restrictions of this project, we were unable to involve local community members in the collation and ranking of knowledge gaps in this study and therefore had to rely on predominantly academic experts for our knowledge gap ranking. To increase the chance of locals’ needs to be considered in the ranking of knowledge gaps, we asked our participants whether they had work experience with local people.



A range of attempts have been made to identify knowledge gaps or important research questions, e.g., in the reports of the Intergovernmental Platform for Biodiversity and Ecosystem Services (IPBES) or by the yearly scan for the most important 100 ecological research questions at the time (see [21] at the global scale, and [76] at the national (UK) scale). However, acting usually occurs at the regional or local level and thus considering the specific local or regional conditions and needs of people at this level is important [77]. By choosing a regional example (i.e., the western dry deciduous forest of Madagascar) and conducting a consultation exercise using questionnaires with professionals from various fields (including subsistence farming and forest biodiversity, human development, governance, etc.), we followed an inclusive approach to “overcome the limitations of a consultation exercise of global aspirations” (Oldekop et al. 2016).




1.3. Aims of Our Study


We aimed to provide practitioners, politicians and funding bodies with a top 10 list of knowledge gaps concerning the slash-and-burn problematic in western Madagascar which need to be filled most urgently. This top 10 list is intended to be used as a guideline for decision making in research efforts and funding distribution. We undertook the following steps to pinpoint these key knowledge gaps:




	(1)

	
Identify knowledge gaps concerning biodiversity conservation with a focus on SDGs 2, 10 and 15 at the global scale to spot knowledge gaps relevant to the slash-and-burn problematic in western Madagascar.




	(2)

	
List knowledge gaps relevant for the slash-and-burn problematic threatening the dry deciduous forest in western Madagascar and sort into categories (ecological, socio–economic, political and general knowledge gaps).




	(3)

	
Identify the top 10 knowledge gaps which need to be tackled most urgently to enhance biodiversity conservation success while securing local livelihoods in our focal region (dry deciduous forests of western Madagascar) by using the help of experts via questionnaires.




	(4)

	
Identify links of these key knowledge gaps to our focal and any other goal and target of the SDGs and ABTs as well as the 2 °C target of the Paris Climate Agreement as these goals and targets are highly interrelated [10,12,78].




	(5)

	
Discuss previous attempts to fill some of these knowledge gaps in Madagascar (e.g., by checking Madagascar’s National Biodiversity Strategy and Action Plan (NBSAP).









In this paper, we will present and discuss the expert-identified top 10 priority knowledge gaps, link them to the SDGs, ABTs and 2 °C target of the Paris Climate Agreement and examine the effects of experts’ backgrounds on the ranking to check whether a particular type of characteristic (e.g., profession, age, gender) influenced the ranking scores.





2. Materials and Methods


2.1. Knowledge Gap Identification at the Global Scale and Sorting into Categories


In a first literature-based step, knowledge gaps related to the trade-offs between SDG 15 (life on land) and SDG 2 (zero hunger) as well as SDG 10 (reduced inequality) were identified at a global scale to spot knowledge gaps that are not directly addressed in the regional literature dealing with the slash-and-burn problematic in western Madagascar. We conducted a modified “snowball principle” based literature search using any paper which yielded relevant knowledge gaps to identify further relevant papers, as well as to check for subsequent citing publications [79,80]. Papers studied for knowledge gaps were restricted to those from the last 10 years, as recommended for a snowball literature search [81]. Further knowledge gaps were added by the authors based on their own professional experience.



Knowledge gaps relevant for the slash-and-burn problematic in dry deciduous forests of western Madagascar were listed (n = 71). Most of the literature sourced to select relevant knowledge gaps for this area concerned the core area of Menabe Central. Again, we used the snowball principle for our literature search as well as judgement of relevance by author LS who has extensive work experience in central western Madagascar. We separated these 71 knowledge gaps into ecological (n = 26), socio–economic (n = 24), and political categories (n = 14), because these categories relate to the different spheres of sustainability (i.e., economic, social, environmental and political, see [82] and because it is necessary to identify solutions that have “traction in the social, economic, and political arenas in which conservation action must take place” [83]). In addition, we listed the category “general” (n = 7)—comprising knowledge gaps that apply to any of the other categories (see Questionnaire in the Supplementary Material S1).




2.2. Identification of Key Knowledge Gaps through Expert Ranking


Knowledge gaps relevant for the slash-and-burn problematic in western Madagascar were listed in a questionnaire (see S1) designed following the guidelines of McLafferty [84]. To keep the questionnaire short, we combined some knowledge gaps which were closely linked. After discussion of the questionnaires with some experts of our focal area in Madagascar, the questionnaires were refined and then sent to representatives from universities and other research institutions as well as NGOs that have a long professional experience in Madagascar (via Email or LinkedIn). For time and logistic reasons, we could not include local people in the consultation process. However, to make sure that their perspective was represented, we have consulted experts that had been predominately working with rural people. We used snowball sampling [85] to recruit further experts by asking those contacted to spread the questionnaires further via their own personal networks.



The questionnaires consisted of two parts. Part I asked experts about their background (position/ occupation, institution/ organization, nationality, age) and Madagascar work experience, i.e., what type of work related to the slash-and-burn problematic they have done, for how long they have worked in this field, whether they have worked with locals and if so, in which context. We checked these background variables to check whether they qualified as experts and to determine potential bias in ranking scores. For example, people which feel strongly attached to a place, younger people, as well as women are often more environmentally concerned than those with little place attachment, older people, and men, respectively [86]. Age and work experience were divided into categories (age: <25 years, between 25–35 years, 36–45 years, 46–65 years and > 65 years; work experience: <1 year, 1–5 years, 6–10 years, >10 years). Additionally, participants could provide any other background information about themselves they considered relevant to define their expertise. In part II, experts were introduced to the ranking scheme and then asked to rank the knowledge gaps by importance to pinpoint key knowledge gaps. The ranking categories reached from 0 (no priority) to 3 (extremely high priority). To accommodate for the lack of expert engagement in compiling the list of knowledge gaps, experts were given the opportunity to suggest additional knowledge gaps which they considered more important than those they ranked as a knowledge gap of category 3. A copy of the full questionnaire, including the cover letter and a last page with options for comments, optional email provisioning to receive information about the project outcome, thanks, and the declaration of consent can be found in the Questionnaire provided in S1.



Questionnaires were created in Adobe Acrobat professional. The ranking categories were fixed to the ranking scheme (0–3), text sections allowed unlimited words and no grammar correction was chosen to avoid false auto-correction. The survey was conducted in February and March 2019. To keep the identity of our experts anonymous, responses of individuals are not presented in a personalized way but only in non-assignable categories (Table S2a,b).



Results of this survey are of mainly descriptive nature. We ranked knowledge gaps by their mean (highest to lowest). Most background variables were unsuitable to use for statistical tests as we did not have enough scores for each category (position/occupation, institution/organization, nationality, age, years of work experience in western Madagascar) or because almost all participants belonged to just one category, i.e., 82% had >10 years of work experience and 96% had work experience with locals. The variables “position/occupation” and “institution/organization” had too many levels to be tested. Other variables with several levels were merged together in the following way: The five age groups were merged into young (>25 and 25–35), medium age (36–45) and old (46 –65, >65) age. The variable ‘nationality’ was reduced to two levels: Malagasy and other nationalities. Background variables with sufficiently even distribution were tested for their influence in ranking the knowledge gaps using Kruskal–Wallis tests with Holm’s adjusted p-values controlling for family-wise Type I errors [87,88]. All analyses were performed in R 3.6.1 [89]. Due to well-known interlinkages of our focal SDGs (2, 10 and 15) to other SDGs, various ABTs and the 2 °C target, e.g., [10,12], we linked our top 10 knowledge gaps to other relevant targets of these agreements, thus pointing out which targets of these agreements will be better reached when filling these priority knowledge gaps.





3. Results


3.1. Background Information of Participants


A total of 51 participants returned the questionnaires (Table S2a), 67% of them were male. Most respondents were between 25–35 years old (37%), followed by those between 36–45 (29%) and 46–65 years (26%) which corresponded well to the young Malagasy society. Younger than 25 and older than 65 years were, in both age groups, only 4% of all participants. 77% of all participants were of Malagasy origin. The spectrum of positions covered various backgrounds. Most were researchers (25%), followed by students and managers (14% each), technical staff and coordinators (8%), lecturers (6% each), and others (<5% each). Accordingly, participants were associated with a range of organizations. Most were from universities (29%), followed by NGOs (26%), research centers (10%), and the UN (6%). All others contributed less than 5% each (e.g., governments, associations, etc.; see Table S2b for details). 82% had more than 10 years of work experience in western Madagascar while no participant had <1-year experience. Over 96% had work experience with locals.




3.2. Top 10 Knowledge Gaps across Categories


In two cases, knowledge gaps had equal mean scores, so that twelve knowledge gaps made it into the top 10 (Table 1). These consisted of four political, three ecological, three socio–economic and two general knowledge gaps (Table 1, Figure 2). With a mean of 2.68, more knowledge about “Strategies on how to improve justice/fairness/enforcement of laws/rules” was considered most important by a majority of participants. The knowledge gap with the second highest mean (2.67) was “Role of corruption in illegal activities (also beyond logging) and ways to reduce corruption”. In the third position ranked the ecological knowledge gap “Appropriate forest restoration methods in conjunction with biodiversity protection and sustainable use” (mean 2.65). The fourth highest ranking knowledge gap was a socio–economic one: “Economic benefits for local small-holder farmers from biodiversity, e.g., potential of ecotourism, payment for ecosystem services (PES), and other off-set schemes on their well-being” (mean 2.61). The political knowledge gaps “Strategies on how to improve security from violence/theft/corruption” (mean 2.59) and “Strategies to improve long-term funding” (mean 2.50) ranked fifth and sixth. Rank seven was shared by an ecological (“Appropriate livestock management practices and fire regimes”) and a socio–economic (“Effectiveness of education and awareness-raising on biodiversity conservation”) knowledge gap (mean 2.45). The eight highest ranking knowledge gap was an ecological one: “Ecosystem services (ES) at risk from slash-and-burn as well as associated extractive activities” (mean 2.44). Two knowledge gaps shared rank nine (mean 2.43), a socio–economic (“Traditional knowledge about sustainable natural resource use”) and a general one (“Frequent and regular scenario updates based on long-term monitoring”). The lowest ranking knowledge gap of the Top 10 list was a general one: “Interdisciplinary work to generate most comprehensive data sets” (mean 2.41). In Table S3 we provide the ranking of all 71 knowledge gaps.




3.3. Links of the Top 10 Knowledge Gaps to the SDGs, ABTs and 2 °C-Target of the Paris Climate Agreement


While we focused on SDG 2, 10 and 15 when identifying our knowledge gaps at the global scale, we are aware of the interlinkages of these SDGs with other SDGs, various ABTs and the 2 °C target [10,12]. Therefore, we linked the knowledge gaps identified for our focus area to other relevant SDGs, ABTs and the 2 °C target (Table 1, Figure 2). Ecological knowledge gaps identified within the top 10 knowledge gaps were related SDG 12 (Responsible consumption and production), SDG 13 (Climate change) and to SDG 15 (Life on Land), ABT 7 (Sustainable agriculture, aquaculture and forestry) and the 2 °C target (Table 1, Figure 2). Political knowledge gaps were most closely related to SDG 10 (Reduced inequalities), SDG 12 (Responsible consumption and production) and SDG 16 (Peace and justice, strong institutions), as well as ABT 4 (Sustainable production and consumption) and ABT 20 (Mobilizing resources from all sources) (Table 1, Figure 2). Socio–economic knowledge gaps were linked to SDG 4 (Quality education), SDG 8 (Decent work and economic growth), SDG 10 (Reduced inequalities) and SDG 15 (Life on land), as well as to ABT 1 (Awareness of biodiversity increased), ABT 11 (Protected areas), ABT 14 (Ecosystem services), ABT 18 (Traditional knowledge) and ABT 19 (Sharing information and knowledge) (Table 1, Figure 2). General knowledge gaps are linked to SDG 17 (Partnerships for the goals), ABT 7 (Sustainable agriculture, aquaculture and forestry), ABT 19 (Sharing information and knowledge) and ABT 20 (Mobilizing resources from all sources).




3.4. Effects of Gender, Nationality and Age on Ranking Knowledge Gaps


Most knowledge gaps were ranked similarly by male and female participants (Table S4a). This was true for all socio–economic and ecological, and all but one general (“Better data quality/reliability”), as well as two political knowledge gaps (“Strategies on how accountability of institutions/governments can be strengthened”, “Effects of conservation activities and sustainable use of biodiversity on political achievements”) which were ranked higher by women than men (Table S4a, Figure S1a). However, this affected none of the top 10 knowledge gaps (Table 1).



Rankings of knowledge gaps by Malagasy and other nationalities only differed for one general knowledge gap: “Frequent and regular scenario updates based on long-term monitoring”) which was ranked higher by participants of Malagasy origin than those of other nationalities (Table S4b). We could not detect any differences in the ranking of knowledge gaps for different age groups (Table S4c, Figure S1c).




3.5. Additional Knowledge Gaps Suggested by Participants


For each knowledge gap category, the participants were given the option to list additional knowledge gaps which they considered of greater importance than those they gave the highest-ranking score. About one third of the participants used this option. Only one entirely new knowledge gap was listed as an ecological as well as a socio–economic knowledge gap by three participants: the impacts of climate change-driven human migration from southwestern to western Madagascar on socio–economic problems and its impacts on natural resources.





4. Discussion


The background information provided by our 51 experts demonstrates that they qualified as such given their backgrounds including work experience. The experts’ backgrounds also shows that our sourced experts cover a wide range of positions and institutions so that bias towards interests of a particular group of researchers or decision makers is unlikely. Our top 10 list of key knowledge gaps addresses knowledge gaps from all three spheres of sustainability consisting of three ecological, three socio–economic knowledge gaps, four political, as well as two general knowledge gaps. None of the identified top 10 knowledge gaps was directly related to SDG 2 (Reduce Hunger), only four to SDG 10 (Reduce inequality) and three to SDG 15 (Life on Land). In the following paragraphs, we will first discuss the top 10 knowledge gaps by linking them to all SDGs, ABTs and the 2 °C target of the Paris Climate Agreement and then show recent local or larger scale attempts starting to address these knowledge gaps. Acknowledging the implications of our study and its limitations, we will provide suggestions for further work.



4.1. Top 10 Knowledge Gaps


The first two overall top priority knowledge gaps address the need to find “strategies to improve justice, fairness, enforcement of laws/rules” and to “gain more knowledge about the role of corruption as well as how to reduce it”. Both knowledge gaps are strongly linked to another knowledge gap in the top 10 ranking: “Strategies to improve security from violence/theft/corruption” (rank 5). All three are addressed in SDG 16—one of the nine SDGs Madagascar failed to achieve according to the Africa SDG Index and Dashboard Report 2018 [45]. The issue of justice and fairness is also related to SDG 10 (Reduced inequalities), yet for African countries, no metrics exist for the achievement of this SDG [45]. So far, the issue of corruption has been completely lacking from the ABTs [15]. Lack of law enforcement, Zebu cattle theft and burglaries remain important issues for the rural population and the attempts to reduce corruption via an Anti-corruption Commission in 2002, Anti-Corruption Agency in 2004, or a governmental decree to ban illegal logging in 2005 have not helped to significantly reduce illegal activities [39,90]. Achieving better law/rule enforcement and fighting corruption is difficult as politicians, higher officials and local elites are often themselves involved in bribery or put no efforts in law enforcement for monetary, social or other benefits [91,92,93,94]. Corruption considerably undermines the protection of nature [95] as it reduces law enforcement and investments by international conservation agencies [91,95]. Since poor people often rely on the extraction of resources from protected areas to secure protein supply or to cover other subsistence needs, conservation laws and rules are often perceived as unfair and have been internationally criticized as “green-grabbing” [23,96,97]. This issue is addressed in the socio–economic knowledge gap “Economic benefits for local small-holder farmers from biodiversity” ranking 4th overall (see further below).



Internationally, the most well-known type of corruption in Madagascar is probably associated with the illegal trade of precious wood species (particularly Dalbergia spp.) due to the involvement of politicians and international media attention. Madagascar’s new president Andry Rajoelina who was elected in December 2018 promised to make the fight against corruption a priority [98]. However, given his past involvement in illegal rosewood trade, his agreement to reinstate the ban of rosewood trade that lacked any reinforcement [41], and government corruption levels which spiked under his de facto presidency between 2009 and 2013, many, particularly the international community, doubt his promise to curb corruption [99].



Since the illegal rosewood trade occurs predominantly in eastern Madagascar [100] and also because it is only one of many corruption issues, we deliberately included “corruption beyond logging” in this knowledge gap. Corruption affects all sorts of sectors, for example funds destined for education [101], the church [102], undermining of local land rights, and access associated with agribusinesses and mining operations [39]. Political instability and multiple political crises have resulted in difficulties to establish or monitor new policies [54]. This has been accompanied by an increase in deforestation for agriculture [63] as well as in other types of illegal resource exploitation [33,42,69,100]. Those trying to fight corruption (e.g., local forest guards, environmental groups, members of watchdog organizations, researchers) live dangerous lives as they have to fear being evicted as “rebellions” or being confronted with death threats to them and their family members [96,103].



Corruption indicators used to evaluate the SDG 16 (e.g., number of victims of intentional homicide, conflict-related deaths per 100,000 population, proportion of children who experienced any physical punishment and/or psychological aggression) lack many of the above described components of corruption issues in Madagascar [104]. The International Corruption Perception Index relies on experts’ opinions regarding transparency, accountability and corruption in the public sector [44], even though Transparency International experts are mainly business people who seem ill-suited to represent locally affected residents. Involving the local communities via questionnaires or interviews as done by Gore et al. (2013) for a different conservation area in Madagascar would give a better understanding of the “hotspots” of corruption activities and thus easier ways to tackle these issues right where they occur. More general strategies to fight corruption would be fair wages, stringent accounting procedures and management partnerships [95]. Media coverage of corruption activities and the work of brave activists to fight them may also be helpful [101], as is pressure from the international community [91].



The highest ranking ecological knowledge gap (third highest overall rank) directly addresses the need to know more about appropriate restoration beneficial to the protection and sustainable use of biodiversity. Restoration is key to providing essential ecosystem services (ABT 14) and has been given increased attention by the Global Partnership for Forest Restoration and the Bonn Challenge (e.g., Ockenden et al. 2018). Ecosystem restoration and resilience is explicitly mentioned in ABT 15, but not in the targets of SDG 15. It is linked to SDG 12 and ABTs 4 and 7 due its consequences for sustainable production in terms of most sustainable reforestation methods. Technological advances (Perring et al. 2015), green finance options (FAO and Global Mechanism of the UNCD, 2015) and compensation measures, particularly in regards to telecoupling effects, can all support restoration activities (e.g., Ockenden et al. 2018). Restoration projects require long-term efforts of monitoring as well as associated adjustments to effectively protect biodiversity and enable sustainable use of resources within restored areas. Given that some species will be unable to cope with even slight anthropogenic disturbance, some restoration areas, particularly corridors enabling migration between remaining habitat patches, will have to meet the needs of these sensitive species. Other restoration areas allowing for human resource utilization may still provide habitats for a number of less sensitive species. “Strategies to secure long-term funding” (rank 6) will be necessary to ensure that restoration will be sustainable.



If wisely done, reforestation can be extremely beneficial for biodiversity by providing suitable habitat connected by corridors or stepping stones [105,106]. Madagascar committed to the Bonn Challenge to reforest four million hectares of forest, but little progress has been made and the benefits only address the economy and climate [40,107]. Madagascar’s National Biodiversity Strategy and Action Plan (NBSAP) lists restoration of at least 15% degraded habitats as one of its five strategic goals (Objective 15 in [108], p. 89). As a solution it mentions agro–ecological techniques as “effective tools for the degraded vegetation” but does not provide any details on what these tools to restore degraded vegetation are. Similarly, “appropriate strategies are set up to safeguard these ecosystems […] for human well-being especially local communities through restoration activities” are mentioned, but actual strategies on how this can be achieved are only vaguely mentioned: “Tools or Handbook of conservation and/or Ecological restoration of various existing tropical forest types are developed” [ibid.] (p. 106) and “Number of recovery programs for protected areas of degraded ecosystems is developed and implemented” [ibid.] (p. 114). The knowledge gap concerning appropriate restoration strategies is also linked to SDG 13 and the 2 °C target of the Paris Climate Agreement as restoration will help mitigate climate change due to increased carbon storage, a decreased albedo and associated effects caused by revegetation measures [105,109,110].



The socio–economic knowledge gap considered most important (overall rank 4), “Economic benefits for local small-holder farmers from biodiversity”, is directly related to SDG 8 (Decent work) in combination with the protection of biodiversity (SDG 15, ABT 11) and ecosystem services (ABT 14) and explicitly addressed as important in Madagascar’s NBSAP [Objective 2 in 108] (p. 70f). Herein, it has been acknowledged that a fair distribution of benefits of ecosystem services requires more research, and where payment schemes for ecosystem services have been successful these approaches should be used as a guideline and adjusted to local contexts [65,111,112,113]. To date, most of these payments never covered the opportunity costs locals had to endure for the conservation of biodiversity, patrols were reluctant to convict fellow community members of illegal actions, and positive trends were reported although forest degradation actually increased [111,114,115].



Payments for ecosystem services like those within the REDD program (Reduced Emissions from Deforestation and Forest Degradation) can only be successful under certain conditions [115]. MacKinnon et al. (2017) reported that the amount of money reaching a community differed strongly between methods and that projects directly compensating for the loss of forest resources (e.g., by fish farming or bee keeping) were the most successful. Anticipated and promoted benefits for local people through tourism [69] rarely materialized [48,116], although there have been some cases of livelihood benefits from eco-tourism in a few tourism hotspots [114]. However, usually these benefited only a few people and not whole communities [102,117].



More knowledge regarding “strategies to improve security from violence/theft/corruption” has been the fifth highest ranking knowledge gap. This comes as no surprise, as Malagasy people have also ranked crime and insecurity as top priority issues for the government [118]. This knowledge gap concerns aspects of inequality (SDG 10) as poor people are most affected by these issues, but also to SDG 16 as strong institutions are necessary to tackle these issues. To avoid cattle theft, which is considered as “extremely worrisome” [119] cattle are kept hidden in forests, which promotes forest degradation and hampers forest regeneration [39]. People who have no choice but to continue to use forest resources for their survival also fear violence and fines from forest police [119]. Since law enforcement is largely lacking, laws are no deterrent for committing crimes in Madagascar, but an increase in law enforcement personnel locally and at least temporally decreases cattle theft (see [120] and references therein). Residents from villages with missions, police or military presence feel safer [119]. However, in remote areas, governmental control is particularly weak (or even completely lacking) [103]. While cattle theft is usually practiced by well-organized groups which cooperate with local authorities, burglaries and crop theft are rather associated with poverty and hunger of the rural poor as a coping strategy under high survival risk [120].



“Identification of strategies to improve long-term funding” has been identified as the 6th highest ranking knowledge gap and relates to all four spheres of sustainability [82]. Limited and short-term funding have been impeding long-term monitoring and successful participatory strategies [119]. Securing long-term funding for research, environmental as well as human aid projects is a global problem which is why this issue is picked up in ABT 20 (Mobilizing resources from all sources). It is strongly tied to the issue of short election cycles, awareness of the benefits of long-term funding instead of funding invested in many short-term projects and an issue of changes in staff when running long-term projects.



We combined the aspects of appropriate livestock management (here zebu cattle farming) and fire regimes in one knowledge gap (see Table 1, rank 7) as both have experienced little research and both are closely interrelated: grasslands, woodlands and forests are burnt to provide fresh pastures for zebu cattle and even where fire is not deliberately set, these pasture fires often escape unintentionally and burn adjacent habitats [39,121,122,123]. This knowledge gap is linked to the protection of biodiversity (SDG 15, ABT 7), sustainable management (SDG 12, ABT 4 and 7) and also to climate change (SDG 13, 2 °C target) as fire and cattle farming increase atmospheric CO2-levels. Research needs for “appropriate management of livestock and fire regimes” are only partly addressed in Madagascar’s National Biodiversity Strategy and Action Plan [108]: “programs aimed at strengthening the control of bush fires” and those that minimize fire impacts in areas with significant biodiversity by creating effective buffer zones around protected areas and more training of fire extinguishing personnel are explicitly mentioned [ibid.] (p. 107). Appropriate and more sustainable livestock management are not addressed though, indicating that this issue has not even gained due attention.



Zebu farming has a negligible role as a protein source, but cattle have important cultural value (slaughtered for special cultural occasions) and herd size indicates social status [39,122,124]. Zebu cattle are also used for agricultural labor and transport [125] and as an insurance asset to buffer income loss during times of hardship like droughts or low crop market prices [119,122,126]. The cultural importance of zebu cattle is particularly high for temporary Antandroy migrants from the south who use slash-and-burn agriculture for cash crops (particularly corn) to purchase cattle and thus increase their social status when returning home [119,125]. Climate change has already induced higher frequency and intensity of droughts in southern Madagascar which has led to increased migration of Antandroy from southern Madagascar into central western Madagascar severely increasing the pressure on the dry forests [39,122]. Traders involved in illegal corn and peanut plantation farms actively lure these migrants in for illegally clearing the forests for them by promising them quick and easy payment for each hectare of forest cleared as well as covering their travel and accommodation costs [127]. This climate change-induced migration issue has been the only additional knowledge gap suggested by several experts in our study. We agree that more knowledge about this issue and strategies to mitigate it via prosecution of and high fines for traffickers have a very high priority and that it should be on the priority list of current decision makers [40].



The third highest ranking ecological knowledge gap (overall rank 8) concerned ecosystem services at risk from slash-and-burn farming. Like the previous ecological knowledge gap concerning livestock and fire management, it is linked to biodiversity (SDG 15, ABT 7) and ecosystem service loss (ABT 14), as well as to consequences of fire on CO2-levels and hence climate change (SDG 13, 2 °C target). We principally know that dry forests provide essential ecosystem services and that these are at risk from slash-and-burn farming but ranking this knowledge gap so high indicates that our understanding of which ecosystem services are affected with what potential cascading consequences is not yet perceived as being sufficient. Madagascar’s NBSAP is strongly committed to ensure future provisioning of ecosystem services through the protection of 10% of terrestrial ecosystems, sustainable management (including certification), sustainable tourism, compensation activities like restoration, as well as additional studies to develop and implement appropriate strategies [108].



This knowledge gap has direct consequences for the sociological knowledge gap concerning the effectiveness of education and awareness-raising on biodiversity conservation linked to SDG 4 (Quality education) and ABT 1 (Awareness of biodiversity has increased). People who understand the implications of their actions are less likely to undertake them if they anticipate negative consequences for themselves or their families. Creating this understanding is particularly difficult when the effects of actions are complex and only visible in the more distant future. Better education may increase chances of income diversification [128] and improve community forest management [113]. Both, education and awareness raising are essential for the protection of biodiversity as they can lead to more understanding of ecosystem services nature provides [129]. For example, Reibelt, et al. [130] have shown that in south–western Madagascar, awareness of local people rises through direct contact with endangered species on which they rely for subsistence.



One of the two knowledge gaps at rank 9 concerns the improvement of sustainable methods by “more frequent and regular scenario-updates based on long-term monitoring”. This general knowledge gap is of course directly related to the protection of biodiversity (SDG 15, ABT 7). Building the necessary trust for participatory approaches, negotiating rules and calculating long-term costs and benefits of biodiversity loss are all time-consuming activities. The efforts required for collecting solid data at realistic temporal scales need to be considered in biodiversity strategies and action plans (ABT 17). We considered this knowledge gap to be a general one as long-term monitoring for more frequent and regular scenario updates is also important in socio–economic and political planning, like long-term costs and successes of education programs (SDG 4) or the effectiveness of PES on political decisions.



Demonstrating how interrelated our identified key knowledge gaps are, the knowledge gap concerning appropriate strategies for restoration (overall rank 3) also relies on long-term monitoring—which again depends on long-term funding (rank 6), and consequently they all are strongly linked to ABT 20 (“Mobilizing resources from all sources”).



The other knowledge gap at rank 9 “Traditional knowledge about sustainable natural resource use” belongs to the socio–economic sphere of sustainability and is directly linked to ABT 18 (Traditional knowledge): “In 2015, the initiatives put in place to protect traditional knowledge, innovations and practices of local communities relevant to biodiversity. The traditional sustainable use of biodiversity and their contribution to conservation are respected, preserved and maintained” which has been given funding priority by Madagascar’s NBSAP when compared to restoration (Objective 15) and the evaluation of ecosystem services for PES schemes (Objective 2) (both in [108], (p. 154f)).



We need to become aware of traditional knowledge before it will be lost and to find out how traditional conservation values overlap with those of scientists [131]. Local people’s knowledge has been shown to provide important insights for sustainable land management and use of resources in south-western Madagascar [132]. Several authors have shown that to achieve effective conservation in Madagascar, every ethnic group should be integrated from the start [133,134]. More use should be made of existing forms of traditional, local agreements and institutions, because such local rules are generally more adhered to [133,135].



The lowest ranking knowledge gap within our top 10 list “Interdisciplinary work to generate most comprehensive data sets” is strongly linked with the higher-ranking ones. It is in some ways addressed in SDG 17 (Partnerships of the goals) and ABT 19 (Sharing information and knowledge) as well as ABT 20 (Mobilizing resources from all sources). In 2015, the journal Nature dedicated a special issue on the topic of interdisciplinarity demonstrating why “scientists must work together to save the world” [136]. However, interdisciplinarity should go beyond that of scientists and–in a transdisciplinary way–include knowledge from other sources like that of local/indigenous people or organizations with long-term on the ground experiences. Interdisciplinary work has been considered particularly important for studying the ecological impacts of climate change [137]. Finding ways to deal with environmental challenges associated with such impacts and their consequences for human well-being requires incorporating social and human-centered approaches by using participatory approaches [ibid.].



Most knowledge gaps which focused on generating more data within their own discipline received the lowest mean scores (Table S3), potentially indicating that our experts consider it more important to make use of existing data by using it in an interdisciplinary way than investing money into research of deficient, but highly specific research fields. A focus on improving decision-making and a call for more action rather than further investment in data collection has also been proposed by others [138]. However, we agree with Stuart et al. [139] that investing into more data generation, particularly those concerning threatened and data deficient species, remains important for conducting appropriate actions and adjusting management strategies as needed.




4.2. Effects of Different Expert Backgrounds on Ranking Scores


Our study showed that our top 10 list of key knowledge gaps would not have differed, would we have conducted this study without experts from other countries, only with women or only with experts of a certain age group, except for the knowledge gap concerning frequent and regular scenario updates which was considered of higher importance by Malagasy than other nationalities (Table S4, Figure S1b). Given the influence of place attachment, gender and age on the judgement of conservation related issues which has been pointed out by others [86], we are pleased about predominantly Malagasy experts ranking our knowledge gaps, about the relatively even gender ratio and that the bulk of our experts were medium and older aged and had long working experience in the area.




4.3. Limitations, Implications and Recommendations for Future Work


We are aware of the limitations of this study. To keep the questionnaire short, some knowledge gaps were already combined. Ideally, knowledge gaps should be kept separate and maybe in addition also presented in combination to give participants the option to score whether they found the combination more important than its parts. We tried to accommodate for this by giving the opportunity to express this in the comments sections or by listing additional highest priority knowledge gaps. Network sampling of experts as well as expert consultations in a relatively short time frame, which are typical for many projects, always have limitations as they are rarely comprehensive [84]. Our questionnaires were in English; future studies should include versions in French and potentially even Malagasy to be more inclusive. For other case studies, particularly those with more time and resources as well as those with a narrower, i.e., local focus, we recommend involving experts as well as local people right from the beginning, i.e., when the questions to be ranked are gathered [21]. To avoid translation problems when involving local people, highly skilled translators will be necessary. These need to be trained not only in translating western conservation ideas into local language and values, but also and most likely more importantly, the locals’ values, beliefs and proverbs into concepts that can be integrated into conservation policy [116]. Even participatory approaches involving community members cannot claim to be the gold standard [140]. Since not every community member can be involved, participation is usually only possible for high ranking representatives of communities. These are usually elderly men so that a gender and age bias in selecting key knowledge gaps may become an issue. However, we agree that, given more time and resources, a Delphi-like process (i.e., at least two rounds of questionnaires, each accompanied by accumulation of responses and anonymous feedback to participants) should be used to prioritize knowledge gaps [21]. Ideally, representatives of local communities should be involved, particularly when attempting knowledge gap prioritization at a local level. We tried to accommodate for the lack of expert engagement from the start by providing an option to list additional knowledge gaps. We also acknowledge that the number of participants was relatively low and dominated by academics due to the networks of the authors. Despite those limitations, we hope that our work substantially contributes to pinpointing the most urgent knowledge gaps which need to be addressed to secure local livelihoods and better protect biodiversity in the dry forests of western Madagascar–and hence better achieve the SDGs, ABTs and the 2 °C target of the Paris Climate Agreement. Our priority list of knowledge gaps should be considered a first attempt of identifying most urgent research needs and help funding bodies to streamline investments at the regional level (i.e., the dry forests of western Madagascar). Like the global research questions identified for example by Oldekopp et al. (2016), the knowledge gaps identified for the slash-and-burn problematic in western Madagascar can be used at a regional level as a starting point for research project designs, collaborations and debates between academics, practitioners, politicians and stakeholders.





5. Conclusions


In our study on the identification of priority knowledge gaps to better protect biodiversity and simultaneously secure local livelihoods, we focused on the loss of dry forests by subsistence agriculture in western Madagascar. However, we are aware that large international agribusinesses and the mining industry, as well as oil extraction practices, may locally present a bigger threat to this biome than slash-and-burn farming [39], particularly seeing how these industries has wiped forests from other countries like for example Ghana [141]. It is of great concern that Madagascar’s president Andry Rajoelina’s recently announced cabinet mainly consists of technicians and business leaders [98] and that he declared to follow Ghana in its recent advances in economic development [142]. Conservationists are highly concerned about his priority of short-term economic gains over long-term security of natural resources and ecosystem services [99,143,144]. Scientists including ourselves therefore call on the new president to keep to his promise aiming to curb corruption and to make Madagascar a model for conservation, while simultaneously urging the international community to continue its financial support of protecting biodiversity in Madagascar [40,143,145,146,147].



Not surprisingly given the interlinkages of the goals and targets of the SDGs, ABTs and 2 °C target of the Paris Climate Agreement [10,12,78], the results of our study demonstrate that even though we started with a focus on SDGs 2, 10 and 15, the priority knowledge gaps identified concern a wide range of other SDGs and address issues necessary to be solved to better reach several ABTs as well as the 2 °C target.



Many characteristics of the problems and challenges found in Madagascar are comparable to those in other biodiversity-rich but economically disadvantaged countries [33]. We hope that our idea of focusing the search for key knowledge gaps on a regional scale (i.e., the dry forests of western Madagascar) and using expert involvement via questionnaires can be used as a blue-print, inspiring and aligning most urgent research projects, streamlining research funds and resources to local needs.
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Figure 1. Trade-offs between Sustainable Development Goal (SDG) 2, SDG 10 and SDG 15. 
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Figure 2. Overview of the expert-identified top 10 knowledge gaps (wording shortened for display) concerning the slash-and-burn problematic in the dry deciduous forests of Western Madagascar grouped by category (ECOL, POLITICAL, GENERAL, EOCEC) and linked to the SDGs (SDG symbols), Achi Biodiversity Targets (ABTs) (ABT symbols) and 2 °C target of the Paris Climate Agreement (COP 11 logo as symbol). ECOL: Ecological; SOCEC: Socio-economic. The full wording of the knowledge gaps can be seen in Table 1. The numbers of the thin tiles represent the ranking position within the top 10. 
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