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Ecosystem disservices (EDS) highlight the negative effects of nature on human well-being. Like ecosystem services (ES), EDS impact economic and non-economic aspects of human life within social-ecological systems (SES). The concept of EDS has been much debated, with strongly differing opinions regarding its utility and implications. In this opinion paper, we emphasize its relevance and complementarity to the ES concept for analyzing SES, and advocate applying EDS to SES research more systematically. Firstly, we highlight that though EDS are now sometimes studied, they remain neglected compared to ES. Secondly, we propose five reasons why EDS and ES are complementary concepts. Thirdly, we suggest that EDS are critical to understanding stakeholders' behavior regarding ecosystems. Drawing on existing studies, we illustrate how stakeholders in SES simultaneously perceive and benefit or suffer from ES and EDS. We further suggest that, under certain conditions, EDS may influence people's behavior more than ES. Such 'EDS-biased behavior' implies that, under certain circumstances, targeting EDS reduction may be more effective than targeting ES increase to encourage nature-friendly behaviors. Finally, we provide five recommendations to further integrate ES and EDS in research, as a pathway towards improving the understanding of SES and the effectiveness of sustainability policies.

Ecosystem disservices: a debated concept

Ecosystem disservices (EDS) have been defined as "the ecosystem generated functions, processes and attributes that result in perceived or actual negative impacts on human wellbeing" [START_REF] Shackleton | Unpacking Pandora's Box: Understanding and Categorising Ecosystem Disservices for Environmental Management and Human Wellbeing[END_REF]. Like ES, EDS are co-produced by ecological and human factors within social-ecological systems (SES). Initially introduced in research on agricultural [START_REF] O'farrell | The influence of ecosystem goods and services on livestock management practices on the Bokkeveld plateau, South Africa[END_REF][START_REF] Swinton | Ecosystem services and agriculture: Cultivating agricultural ecosystems for diverse benefits[END_REF][START_REF] Zhang | Ecosystem services and dis-services to agriculture[END_REF] and urban systems [START_REF] Lyytimäki | Hopping on one leg -The challenge of ecosystem disservices for urban green management[END_REF], the EDS concept has since been strongly debated. On one hand, EDS were claimed to reinforce the tendency of human societies to pay too much attention to the negative impact of nature [START_REF] Shapiro | Accurate accounting: How to balance ecosystem services and disservices[END_REF] and to potentially undermine biodiversity conservation [START_REF] Villa | The misconception of ecosystem disservices: How a catchy term may yield the wrong messages for science and society[END_REF]. In addition, some authors argued that the EDS concept promotes a black-and-white approach that ignores the possibility that every ecosystem may contribute to either ES or EDS, depending on the context [START_REF] Saunders | Limitations of the ecosystem services versus disservices dichotomy[END_REF]. On the other hand, the EDS concept was advocated as a way to better balance the positive and negative effects of nature on human wellbeing and to better assess its net contribution [START_REF] Dunn | Global Mapping of Ecosystem Disservices:The Unspoken Reality that Nature Sometimes Kills us[END_REF][START_REF] Schaubroeck | A need for equal consideration of ecosystem disservices and services when valuing nature; countering arguments against disservices[END_REF]. For some authors, studying EDS may help minimize them without compromising the resilience of ecosystems [START_REF] Lyytimäki | Ecosystem disservices: Embrace the catchword[END_REF], and achieve more balanced policies for sustainability [START_REF] Schaubroeck | A need for equal consideration of ecosystem disservices and services when valuing nature; countering arguments against disservices[END_REF][START_REF] Shackleton | Unpacking Pandora's Box: Understanding and Categorising Ecosystem Disservices for Environmental Management and Human Wellbeing[END_REF].

In this opinion paper, we argue that EDS are very likely to influence real-world SES. Thus, empirical research should test the relevance and utility of the EDS concept for putting ES into practice (see Special Issue "Putting ES into practice", Ecosystem Services, Volume 26B, available August 2017). We first highlight that the EDS concept remains poorly investigated in the peer-reviewed literature. We then emphasize that EDS, in combination with ES, can help elucidate important dimensions of SES. Drawing on existing studies, we further suggest that EDS may have more influence than ES on stakeholders' behavior toward ecosystems. Finally, we propose five recommendations for the better integration of EDS in ES research and policy.

An expanding, yet understudied, concept

The number of papers and citations on EDS illustrates that this concept is gaining momentum in the literature (Table 1). Although the conceptual framework is not yet entirely stabilized [START_REF] Campagne | Looking into Pandora's Box: Ecosystem disservices assessment and correlations with ecosystem services[END_REF], the EDS concept has been applied to a diversity of SES (e.g. urban, [START_REF] Gómez-Baggethun | Classifying and valuing ecosystem services for urban planning[END_REF]agricultural, Ango et al., 2014;forest, Agbenyega et al., 2009;and aquatic, Limburg et al., 2010). It has also been used for a diversity of purposes, in particular to understand people's perceptions [START_REF] Teixeira | Perceived ecosystem services (ES) and ecosystem disservices (EDS) from trees: insights from three case studies in Brazil and France[END_REF], to identify bundles of ES and EDS [START_REF] Campagne | Looking into Pandora's Box: Ecosystem disservices assessment and correlations with ecosystem services[END_REF], to assess EDS-related financial costs [START_REF] Mackenzie | Elephants in the garden: Financial and social costs of crop raiding[END_REF] and to inform management in conservation areas [START_REF] Hansen | Generalizable principles for ecosystem stewardship-based management of social-ecological systems: lessons learned from Alaska[END_REF]. Based on this empirical research, EDS conceptual frameworks and classifications have progressively gained substance [START_REF] Lyytimäki | Hopping on one leg -The challenge of ecosystem disservices for urban green management[END_REF][START_REF] Shackleton | Unpacking Pandora's Box: Understanding and Categorising Ecosystem Disservices for Environmental Management and Human Wellbeing[END_REF][START_REF] Von Döhren | Ecosystem disservices research: A review of the state of the art with a focus on cities[END_REF].

The consideration of EDS remains however extremely limited compared to the consideration of ES (Table 1). In particular, EDS are absent from most recent ES conceptual advances [START_REF] Costanza | Twenty years of ecosystem services: How far have we come and how far do we still need to go?[END_REF][START_REF] Haines-Young | Common International Classification of Ecosystem Services (CICES) V5.1 and Guidance on the Application of the Revised Structure[END_REF], and are insufficiently taken into account in the framework of nature's contributions to people (NCP, [START_REF] Díaz | Assessing nature's contributions to people[END_REF]. Whereas NCP are acknowledged to be either positive or negative according to the context, none of the 18 NCP listed by [START_REF] Díaz | Assessing nature's contributions to people[END_REF] correspond to a negative NCP. This suggests that ES and EDS have yet to be integrated within a single and operational framework. 

Integrating EDS within ES frameworks will help in understanding important socialecological interactions

ES research has proven effective to elucidate important dimensions of SES, such as how people perceive and behave towards ecosystems (e.g. [START_REF] King | Trade-offs in ecosystem services and varying stakeholder preferences: Evaluating conflicts, obstacles, and opportunities[END_REF][START_REF] Martín-López | Uncovering ecosystem service bundles through social preferences[END_REF]. In particular, ES research has highlighted that different stakeholders value ES differently [START_REF] Jacobs | A new valuation school: Integrating diverse values of nature in resource and land use decisions[END_REF]. Because of antagonisms between ES (one ES may increase at the expense of another, [START_REF] Deng | A review on trade-off analysis of ecosystem services for sustainable land-use management[END_REF], a given management choice may therefore benefit certain stakeholders and be detrimental to others [START_REF] Barnaud | Ecosystem services, social interdependencies, and collective action: a conceptual framework[END_REF]. However, ES research generally overlooks the negative impact of ecosystems with regard to human well-being, which was emphasized by the introduction of the EDS concept [START_REF] Dunn | Global Mapping of Ecosystem Disservices:The Unspoken Reality that Nature Sometimes Kills us[END_REF]. We here summarize the main reasons why EDS and ES are distinct from and complementary to each other, in order to better understand SES:

1. EDS encompass the diversity of the adverse impact of ecosystems. EDS have different manifestations [START_REF] Shackleton | Unpacking Pandora's Box: Understanding and Categorising Ecosystem Disservices for Environmental Management and Human Wellbeing[END_REF] and origins [START_REF] Campagne | Looking into Pandora's Box: Ecosystem disservices assessment and correlations with ecosystem services[END_REF]. They may be manifested via a direct negative impact on human well-being (e.g. animal attacks on humans, [START_REF] Silwal | When, where and whom: assessing wildlife attacks on people in Chitwan National Park, Nepal[END_REF], or via a negative impact on an ES supply (e.g. pests affecting crop production, [START_REF] Wielgoss | Interaction complexity matters: disentangling services and disservices of ant communities driving yield in tropical agroecosystems[END_REF]. Moreover, EDS may be generated by ecosystem functioning (e.g. volatile organic compounds emitted by forests, [START_REF] Kesselmeier | Atmospheric volatile organic compounds (VOC) at a remote tropical forest site in central Amazonia[END_REF], or by the response of ecosystems to human practices (e.g. resistant weed invasion following pesticide spraying, [START_REF] Barot | Ecosystem services must tackle anthropized ecosystems and ecological engineering[END_REF].

EDS and regulating ES are driven by distinct processes.

In response to the claim that regulating ES already account for the EDS they regulate [START_REF] Villa | The misconception of ecosystem disservices: How a catchy term may yield the wrong messages for science and society[END_REF], we argue that studying drivers of EDS differs from studying drivers of ES. For example, crop pathogen dissemination and mutualism between crop-damaging species are governed by processes that are not necessarily the same as processes that govern species involved in the regulation of these crop-damaging species [START_REF] Wielgoss | Interaction complexity matters: disentangling services and disservices of ant communities driving yield in tropical agroecosystems[END_REF]. Furthermore, in some cases, EDS regulation seems to more effective through the implementation of adequate human infrastructures rather than through the promotion of regulating ES (e.g. fences to limit crop damage caused by large mammals, [START_REF] Harich | People and wildlife: Conflicts arising around the Bia Conservation Area in Ghana[END_REF]. The joint understanding of EDS and of regulating ES is therefore necessary to identify the most suitable mitigation strategies.

EDS allow better integration of a multiplicity of values. ES research now emphasizes the

importance of integrating people's subjectivity and different value systems in ES assessments [START_REF] Dendoncker | Integrating Ecosystem Services values for sustainability? Evidence from the Belgium Ecosystem Services community of practice[END_REF][START_REF] Jacobs | A new valuation school: Integrating diverse values of nature in resource and land use decisions[END_REF]. Such inclusive valuations must acknowledge that some people perceive something as a service, while others see it as a disservice (e.g. wildlife, [START_REF] Rescia | Reformulating the social-ecological system in a cultural rural mountain landscape in the Picos de Europa region (northern Spain)[END_REF][START_REF] Silwal | When, where and whom: assessing wildlife attacks on people in Chitwan National Park, Nepal[END_REF]. Coupling ES and EDS will enable better inclusion of different visions and understanding of associated social conflicts [START_REF] Barnaud | Ecosystem services, social interdependencies, and collective action: a conceptual framework[END_REF].

EDS are different from ES trade-offs. Because of antagonisms between ES, some ES may

decline due to the increase of other ES. Such antagonisms result in a "we cannot have it all" situation where stakeholders may have to choose which ES to promote [START_REF] Turkelboom | When we cannot have it all: Ecosystem services trade-offs in the context of spatial planning[END_REF]. In addition, due to synergies between ecological processes, ES and EDS may simultaneously increase (or decrease). For example, pathogen transmission or attacks on humans may increase as wildlife spreads [START_REF] Caron | Relationship between burden of infection in ungulate populations and wildlife/livestock interfaces[END_REF][START_REF] Silwal | When, where and whom: assessing wildlife attacks on people in Chitwan National Park, Nepal[END_REF]. Such cases reflect an "everything has a cost" situation where stakeholders may have to choose whether to promote an ES or to mitigate an EDS. These trade-offs between ES and EDS differ from trade-offs between ES, and should be better accounted for in research and environmental policies [START_REF] Shackleton | Unpacking Pandora's Box: Understanding and Categorising Ecosystem Disservices for Environmental Management and Human Wellbeing[END_REF].

EDS emphasize that adverse impact is co-produced by humans and ecosystems. ES result

from a co-production process between human and ecological factors that allow them to flow towards the society [START_REF] Costanza | Twenty years of ecosystem services: How far have we come and how far do we still need to go?[END_REF][START_REF] Palomo | Disentangling the Pathways and Effects of Ecosystem Service Co-Production, 1st ed[END_REF]. For example, timber production depends on ecological factors underlying tree growth, and on forest management practices such as tree planting, nursing, and harvesting. Similarly, and contrary to the claim that EDS mainly result from mismanagement [START_REF] Villa | The misconception of ecosystem disservices: How a catchy term may yield the wrong messages for science and society[END_REF], EDS are co-produced by humans and ecosystems [START_REF] Lyytimäki | Nature as a nuisance? Ecosystem services and disservices to urban lifestyle[END_REF]. For example, cultural EDS (and ES) associated with birds depend on the abundance and richness in bird species populations as well as on human population density, which jointly influence human-avian interactions [START_REF] Cox | Covariation in urban birds providing cultural services or disservices and people[END_REF]. It is only by understanding EDS co-production processes that we will identify ways to mitigate them.

Stakeholders' actions may be more influenced by EDS than by ES

In addition to the five points mentioned above, we argue that it is critical to include EDS in ES research because, under some circumstances, EDS may influence people's actions more than ES do. This 'EDS-biased behavior' hypothesis is supported by several studies and for different types of stakeholders. For instance, mangroves in Thailand were drained to limit diseases, despite the strong recognition of mangrove-related ES [START_REF] Friess | Ecosystem Services and Disservices of Mangrove Forests: Insights from Historical Colonial Observations[END_REF]. In South-Africa, some transhumant herders' movements were driven by the will to avoid EDS (such as poisonous plants and boggy areas), rather than to seek ES [START_REF] O'farrell | The influence of ecosystem goods and services on livestock management practices on the Bokkeveld plateau, South Africa[END_REF]. In Canada, residents listed more ES (N=11) than EDS (N=10) associated with urban trees [START_REF] Conway | Assessing residents' reactions to urban forest disservices: A case study of a major storm event[END_REF]). Yet, they started cutting trees down after having experienced tree falls. In France, farmers similarly associated more ES (N=17) than EDS (N=6) with farm trees [START_REF] Blanco | Social drivers of rural forest dynamics: a multiscale approach combining ethnography, geomatic and mental model analysis[END_REF]). Yet they removed many trees partly because of EDS such as the extra labor required to manage hedgerows and impediments to mechanization that trees may represent.

These examples show that people value both ES and EDS. However, some of their actions are driven by their perceptions of EDS rather than by their perceptions of ES. Thus, people's actions may be biased towards EDS reduction, though they realize this will impact the ES supply. Yet, because personal motivations, background, culture and experiences influence people's decisions regarding environmental conservation [START_REF] Amacher | Econometric analyses of nonindustrial forest landowners: Is there anything left to study?[END_REF][START_REF] Chouinard | Will Farmers Trade Profits for Stewardship? Heterogeneous Motivations for Farm Practice Selection[END_REF][START_REF] Home | Motivations for implementation of ecological compensation areas on swiss lowland farms[END_REF], we may expect a wide variability in how EDS influence individual behavior patterns.

While further research should test the generality of this phenomenon across a wide range of contexts, this could have significant impacts on ES research and policy. This 'EDS-biased behavior' hypothesis implies that the lack of awareness on ES may not be the main driver of nature-unfriendly behaviors, contrary to a widely accepted view [START_REF] Buij | Balancing ecosystem function, services and disservices resulting from expanding goose populations[END_REF][START_REF] Shapiro | Accurate accounting: How to balance ecosystem services and disservices[END_REF]. To encourage nature-friendly societies, targeting EDS reduction may be more effective than targeting ES increase.

Five recommendations to reinforce the EDS concept in research and policy

We support the claim formulated by previous authors that an integrated assessment of ES and EDS will help towards a more holistic understanding of the role of nature with regard to human well-being, and towards more effective and innovative sustainability policies [START_REF] Lyytimäki | Ecosystem disservices: Embrace the catchword[END_REF][START_REF] Schaubroeck | A need for equal consideration of ecosystem disservices and services when valuing nature; countering arguments against disservices[END_REF]. We further argue that developing place-based research and building a grounded body of knowledge on EDS represents the main avenue towards operationalizing this concept. Building on knowledge gaps identified in the literature, we propose five recommendations for a better ES/EDS integration in research:

1. Build an operational and locally-adaptable EDS classification. ES classifications [START_REF] Haines-Young | Common International Classification of Ecosystem Services (CICES) V5.1 and Guidance on the Application of the Revised Structure[END_REF][START_REF] Landers | Final Ecosystem Goods and Services Classification System[END_REF] have proven instrumental to develop place-based research and build a substantial body of knowledge. Despite several proposals [START_REF] Gómez-Baggethun | Classifying and valuing ecosystem services for urban planning[END_REF][START_REF] Lyytimäki | Bad nature: Newspaper representations of ecosystem disservices[END_REF][START_REF] Shackleton | Unpacking Pandora's Box: Understanding and Categorising Ecosystem Disservices for Environmental Management and Human Wellbeing[END_REF], we still lack an operational EDS classification that would fit to a broad range of SES. The pursuit of ES/EDS research in various SES will allow the development of robust EDS classifications.

2. Include EDS and ES in both biophysical and socio-cultural assessments. The combination of different disciplines and methods to represent multiple values of nature is increasingly advocated for formulating ad-hoc policies [START_REF] Dendoncker | Integrating Ecosystem Services values for sustainability? Evidence from the Belgium Ecosystem Services community of practice[END_REF][START_REF] Jacobs | A new valuation school: Integrating diverse values of nature in resource and land use decisions[END_REF].

While EDS research has so far been dominated by qualitative approaches [START_REF] Von Döhren | Ecosystem disservices research: A review of the state of the art with a focus on cities[END_REF], reinforcing quantitative assessments of EDS is necessary to achieve integrated ES/EDS valuations (e.g. [START_REF] Campagne | Looking into Pandora's Box: Ecosystem disservices assessment and correlations with ecosystem services[END_REF]Dorresteijn et al., 2017). 3. Consider ES/EDS bundles, trade-offs among EDS, and between ES and EDS. Considering multiple ES and EDS is critical to identify ES/EDS bundles [START_REF] Campagne | Looking into Pandora's Box: Ecosystem disservices assessment and correlations with ecosystem services[END_REF], and potential antagonisms and synergies among EDS and between ES and EDS [START_REF] Barot | Ecosystem services must tackle anthropized ecosystems and ecological engineering[END_REF]. Highlighting these relationships will improve our understanding of conflicting or shared interests among stakeholders, and will further help facilitate negotiations and provide a basis for the conception of ad-hoc management and policy instruments [START_REF] Barnaud | Ecosystem services, social interdependencies, and collective action: a conceptual framework[END_REF]. 4. Consider spatial and temporal variations in EDS supply and demand. Changes in the supply and demand make ES and EDS spatially and temporally variable. For instance, crop raiding varies across seasons and in function of the distance to forests [START_REF] Warren | Patterns of crop-raiding by wild and domestic animals near Gashaka Gumti National Park, Nigeria[END_REF]. Forests were associated with fear and anxiety in medieval times, whereas they now provide inspiration and recreation [START_REF] Pilli | Connecting time and space to assess nature's contributions to people. An interdisciplinary example integrating forest science, geography and history[END_REF]. Similarly, ES and EDS are context-dependent as they depend on where people live [START_REF] Dorresteijn | Disaggregating ecosystem services and disservices in the cultural landscapes of southwestern Ethiopia: a study of rural perceptions[END_REF], their livelihood, or their beliefs and traditions [START_REF] Lyytimäki | Nature as a nuisance? Ecosystem services and disservices to urban lifestyle[END_REF]. Developing research on the spatial and temporal dimensions of ES/EDS will contribute to a better understanding of multi-scale SES dynamics. 5. Accounting for ES/EDS co-production processes in research and policy. ES and EDS are coproduced by ecosystems and human societies [START_REF] Bennett | Linking biodiversity, ecosystem services, and human well-being: three challenges for designing research for sustainability[END_REF][START_REF] Palomo | Disentangling the Pathways and Effects of Ecosystem Service Co-Production, 1st ed[END_REF]. Yet, operationalizing this co-production concept remains a critical challenge [START_REF] Fischer | Coproduction of ecosystem services as human-nature interactions-An analytical framework[END_REF]. In particular, distinguishing the respective roles of human and ecological factors in the co-production of EDS may be difficult. For example, floods result from the interaction between rainfall events and inappropriately designed human infrastructures; wildfires depend on the interaction between human activities and ecosystem attributes. The multiple implications of ES/EDS co-production processes still need to be tackled in order to improve ES/EDS conceptual and operational frameworks.

To conclude, the ES concept is gaining momentum as an analytical research framework and as an operational tool for decision and policy making [START_REF] Grêt-Regamey | Review of decision support tools to operationalize the ecosystem services concept[END_REF]. Since the Millennium Ecosystem Assessment, its application to a diversity of contexts has triggered repeated and profound reworking of the initial framework [START_REF] Costanza | Twenty years of ecosystem services: How far have we come and how far do we still need to go?[END_REF][START_REF] Díaz | Assessing nature's contributions to people[END_REF][START_REF] Haines-Young | Common International Classification of Ecosystem Services (CICES) V5.1 and Guidance on the Application of the Revised Structure[END_REF]. There is now growing evidence that EDS need to be equally considered to improve our understanding of people's views and actions with regard to ecosystems. In addition, we believe that investigating who suffers from EDS, how people react to EDS and how this impacts ES opens up stimulating research avenues for the ES community. An integrated ES/EDS framework will not only contribute to achieving a more holistic understanding of SES, but will also contribute to the better integration of the perspectives of different stakeholders and practitioners. By including a wider range of different values, ES/EDS research will eventually provide valuable insights for rethinking policies for sustainability towards greater effectiveness and equitability.

Table 1 :

 1 Literature on ES and EDS between 1976 and 2018 in Web of Knowledge core collection [literature search performed on March 5 th 2019 with the queries TS=(service* NEAR (ecosystem* OR landscape*)) for ES literature and TS=((disservice* OR dis-service* OR dys-service* OR disservice*) NEAR (ecosystem* OR landscape*)) for EDS literature].Queries are meant to show the gap between ES and EDS literature. Yet we acknowledge that both ES and EDS have been the focus of research long before these terms were coined. This indicator suggests that EDS papers are more cited than ES papers not only because of the late emergence of EDS literature (and the continuous increase of publications and citations with time), but also because they address an important topic for SES research.

	ES literature	EDS literature