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Conservation references have long been used in conservation biology to compare current biodiversity processes and states with past conditions. However, beyond the paucity of data for the construction of ancient, even prehuman, references, the relevance of these ancient references for studying ecosystems radically modified by human activities is questionable, particularly when the notions of conservation references and conservation objectives are confused and when several conservation ethics coexist that require distinct references. Because of this implicit heterogeneity in the nature of the references and their temporal baseline, conservation references not only have different meanings, but also deliver different messages. I propose establishing a common framework for conservation references to approach past biological systems and build comparable references between studies and projects. The selection of these references (distinct from conservation objectives) should be an early, explicit, standardized, and transparent milestone in any conservation process and these references should be based on state, pressure, or process dynamics, rather than fixed states. Finally, the importance of the diversity of temporal baselines used to build conservation references and to measure anthropogenic impacts should be recognized to understand the biodiversity crisis in its entirety.

en la conservación y para medir el impacto antropogénico para así entender la crisis de la biodiversidad en su totalidad.
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INTRODUCTION

The diagnosis and understanding of anthropogenic changes in the living world require the use of references (hereafter, conservation references) to perform comparisons with actual situations to assess these changes [START_REF] Jennings | Reference points and reference directions for size-based indicators of community structure[END_REF] . When studying a particular object (e.g., geographic area, taxonomic group), a conservation reference represents another object chosen to be used by scientists as a basis for comparison to assess changes in the study object resulting from human activities. Conservation practitioners can then use this assessment to make conservation decisions. The conservation reference is, therefore, the combination of a particular indicator used as a proxy for the type of change under study and a baseline used for comparison. Based on the choice of baseline, references are assumed to reflect past states, properties, pressures, or processes. The baseline can explicitly target a point in the past (when past conditions can be measured) or in the present according to the assumption that the chosen baseline is more reflective of past conditions than the study object. For example, such comparisons are performed between the taxonomic diversity of an anthropogenic geographic area and the diversity of another area that is assumed to be less anthropogenic [START_REF] White | Approximating nature's variation: Selecting and using reference information in restoration ecology[END_REF] . In a similar vein, some authors have compared the genetic diversity of threatened species with that of closely related but nonthreatened species used as references [START_REF] Spielman | Most species are not driven to extinction before genetic factors impact them[END_REF] .

Both the indicator and the baseline are choices made by conservation stakeholders. The variations of these choices confer a great diversity of meaning to conservation references. These choices can be organized along several axes, depending on whether the indicators are based on static states, dynamic states, or processes and depending on the facet of biodiversity considered. In addition to indicators based on actual states, processes, or pressures (Table 1), other indicators are based on potentialities, such as the evolutionary potential, extinction risk, conservation status, or option value [START_REF] Faith | A general model for biodiversity and its value[END_REF] . Still others are based on human perceptions of biodiversity, such as the biodiversity baseline assessment [START_REF] Corlett | The shifted baseline: Prehistoric defaunation in the tropics and its consequences for biodiversity conservation[END_REF] or the experience of nature [START_REF] Soga | Extinction of experience: The loss of humannature interactions[END_REF] .

The meaning of reference indicators depends crucially on their scale and the method of sampling. For example, for a quantity indicator, such as biomass, recent studies indicate that total plant biomass has declined approximately 2-fold since the start of human civilization; global biomass of mammals has increased approximately 4-fold over the same period; this biomass increase is explained by the increase of the biomass of humanity and its livestock; biomass of wild mammals has declined by a factor of 6 over this period [START_REF] Bar-On | The biomass distribution on Earth[END_REF]; and biomass of other groups, such as insects, has exhibited an even more drastic decrease [START_REF] Hallmann | More than 75 percent decline over 27 years in total flying insect biomass in protected areas[END_REF] ; but see [START_REF] Duchenne | Controversy over the decline of arthropods: A matter of temporal baseline?[END_REF] over a much shorter period (a few decades before present). When considering diversity indicators, such as taxonomic diversity, increasing temporal trends have been observed at the local scale over the last few decades, whereas the trend is moving toward taxonomic, functional, and phylogenetic biotic homogenization at a regional or global scale over the same period [START_REF] Primack | Biodiversity gains? The debate on changes in local-vs global-scale species richness[END_REF] . Similarly, to quantify the extinction phenomenon, the percentage of extinct vertebrate species since the year 1500 is estimated at <1% based on a conservative approach [START_REF] Ceballos | Accelerated modern human-induced species losses: Entering the sixth mass extinction[END_REF] . However, this estimate takes on a whole new meaning when extinction is considered as a rate of extinction per time unit, and even more dramatic differences are observed when considering the extinction rate of populations within species [START_REF] Ceballos | Biological annihilation via the ongoing sixth mass extinction signaled by vertebrate population losses and declines[END_REF] and when using a different or larger taxonomic sample [START_REF] Cowie | The Sixth Mass Extinction: Fact, fiction or speculation?[END_REF] . Thus, depending on the nature of the indicator and the scales and groups considered, conservation references not only have different meanings, but also deliver different messages.

CONSERVATION REFERENCES FOR BIODIVERSITY PROTECTION AND RESTORATION

Beyond diagnosis, conservation references are also closely related to the approaches used to protect or restore biodiversity. Restoration approaches are in essence very dependent on past references [START_REF] White | Approximating nature's variation: Selecting and using reference information in restoration ecology[END_REF] . In the field of restoration ecology (i.e., the process of assisting the recovery of an ecosystem [START_REF] Clewell | The SER international primer on ecological restoration[END_REF]) , a general framework exists to define references based on historical data and contemporary reference sites while taking into account the spatial and temporal variation patterns of these references [START_REF] Hiers | The dynamic reference concept: Measuring restoration success in a rapidly changing no-analogue future[END_REF] . Nevertheless, reference choices in restoration ecology are still complex and arbitrary [START_REF] Hiers | The precision problem in conservation and restoration[END_REF] .

In conservation translocations (which typically focus on species recovery), there is no general framework for setting conservation references, which may vary with the scales of programs and their underlying motivations. To plan, justify, or criticize conservation translocation programs, a wide variety of conservation references can be used, including the historical range and abundance of the focal species, its ecological niche, genetic structure, metapopulation functioning, or ecological role (e.g., [START_REF] Andrews | Evaluating the success of functional restoration after reintroduction of a lost avian pollinator[END_REF] .

Unlike restoration approaches, biodiversity protection does not inherently aim to return to a past state, so the current target system can be its own implicit reference. Nevertheless, the protection of areas or species is often a response to identified threats, and the conservation reference may, therefore, correspond to a past or idealized ecological situation. At the species scale, references used for protection can be historical numbers or ranges or genetic diversity. For area protection, the most common references are the historical distribution of the focal natural community, the intensity of human disturbance, or the past ecological state of the area (e.g., [START_REF] Mairota | Using landscape structure to develop quantitative baselines for protected area monitoring[END_REF] ; current ecological states or pressures in protected areas can, in turn, be considered references for unprotected areas [START_REF] Arcese | The role of protected areas as ecological baselines[END_REF] .

TIME SCALES FOR REFERENCES AND PREHUMAN REFERENCES

Various temporal baselines are commonly used to compare current biodiversity states and processes to past references, for example, the Pleistocene, the year 1500, or the year 1970. One important criticism of such approaches is the idea that humans have been a major driver of change in many ecosystems over periods that exceed these baselines. Human societies have been modifying ecological and evolutionary processes across Earth for millennia with the spread of Homo sapiens out of Africa more than 50,000 years ago, which was followed by a major extinction wave. The transformations of the planet on a very large scale date back 12,000 years [START_REF] Ellis | People have shaped most of terrestrial nature for at least 12,000 years[END_REF] , which implies that the use of references that are more recent than a few tens of thousands of years cannot indicate pristine prehuman landscapes or undisturbed ecological systems [START_REF] Jackson | Ecological restoration in the light of ecological history[END_REF][START_REF] Corlett | The Anthropocene concept in ecology and conservation[END_REF] . Moreover, the past biodiversity states that may actually be estimated from available biodiversity monitoring data are unlikely to reflect the full impact of anthro-pogenic pressures on biodiversity [START_REF] Duchenne | Controversy over the decline of arthropods: A matter of temporal baseline?[END_REF] . This mismatch between available data and anthropogenic effects has been raised by many authors in relation to changing human perceptions of biological systems due to a loss of experience about past conditions, which could have negative consequences not only on the understanding of biodiversity, but also on motivation to conserve it [START_REF] Corlett | The shifted baseline: Prehistoric defaunation in the tropics and its consequences for biodiversity conservation[END_REF] . Nevertheless, the impact of human societies several thousand years ago is not at all proportional to the massive and global decline in biodiversity observed over the last few decades. In terms of magnitude, human effects on the environment and biological systems have experienced several waves of acceleration during the Neolithic transition, the industrial revolution from the 18th century onward, and the turn of the 1950s [START_REF] Steffen | The trajectory of the Anthropocene: The great acceleration[END_REF] . Moreover, even a period as long as 12,000 years represents <0.0005% of the history of life on Earth [START_REF] Bell | Potentially biogenic carbon preserved in a 4.1 billion-year-old zircon[END_REF] and constitutes only a tiny fraction of the average longevity of a species [START_REF] Prothero | Species longevity in North American fossil mammals[END_REF] .

Recent research further indicates that human land use prior to the 20th century was spatially and temporally heterogeneous, such that locally strong influences did not necessarily scale up to the regional level [START_REF] Roos | Indigenous fire management and cross-scale fire-climate relationships in the Southwest United States from 1500 to 1900 CE[END_REF] . Thus, depending on the spatial and time scale of the considered baseline, conservation references can correspond to environments strongly degraded by recent high-intensity economies, to biodiverse cultural landscapes shaped and sustained by prior societies, or to prehuman environments [START_REF] Amiot | Temporal and sociocultural effects of human colonisation on native biodiversity: Filtering and rates of adaptation[END_REF][START_REF] Ellis | People have shaped most of terrestrial nature for at least 12,000 years[END_REF] .

CONCEPTUAL ISSUES AND NECESSITIES OF OLD REFERENCES

A major conceptual problem with old references is that ecological patterns across Earth can no longer be approached and understood without considering human processes [START_REF] Ellis | Ecology in an anthropogenic biosphere[END_REF] . Biotic and abiotic environments are drivers of human evolution [START_REF] Field | Detection of human adaptation during the past 2000 years[END_REF] , whereas human activities are now the main drivers of environmental changes [START_REF] Corlett | The Anthropocene concept in ecology and conservation[END_REF] and biodiversity evolution [START_REF] Hendry | Evolutionary biology in biodiversity science, conservation, and policy: A call to action[END_REF], through agriculture and domestication, harvesting, species propagation, habitat degradation, and ongoing climate change. The coevolutionary dynamics of human societies and their environments have led to the emergence of the concepts of sociosystems, human sociocultural niche construction, and transformational ecology as important fields of Anthropocene research (e.g., [START_REF] Jackson | Transformational ecology and climate change[END_REF]. In these fields of research, the major conceptual difficulty lies in the impossibility of removing the human from the system using a prehuman reference because humans are not only a part of the system but also a major force that has contributed to its construction. For example, even in the case of ecological systems that have spontaneous and self-organized dynamics, the issue of the absence of a reference arises if the existence of these systems is a response to anthropogenic impacts. Such cases are observed with novel ecosystems [START_REF] Hobbs | Defining novel ecosystems[END_REF] , which contain many non-native or native species that thrive on anthropogenic disturbances. These ecosystems do not, by definition, have prehuman references.

Nevertheless, these conceptual difficulties are not sufficient to dispense with nonhuman references, which remain an epistemological necessity for comprehensively diagnosing anthropogenic changes in the living world. For example, acknowledging that human perceptions of biological systems are changing due to a loss of experience does not preclude the existence of a theoretical reference against which current biodiversity can be compared, even if this reference is inaccessible. The mere understanding that one's perception of nature is shifting requires temporal comparisons in perceived or actual biodiversity states. In the case of novel ecosystems, references cannot be used to assess the state or functioning of such ecosystems. However, assessing the novelty of any ecological system is itself based on non-novel system references [START_REF] Radeloff | The rise of novelty in ecosystems[END_REF] . Without sufficiently old references, even theoretical references, the notions of transformation, change, crisis, conservation, restoration, novelty, and Anthropocene have ambiguous meanings.

STATIC AND DYNAMIC STATE REFERENCES AND PROCESS REFERENCES

The concept of a reference state may seem grounded in the idea of a stable state, which contradicts modern ecological concepts, which indicate that ecosystems are unstable, open, and scaled and patterns of biological diversity are shaped by speciation, extinction, and character evolution. To avoid this pitfall, the first level of analysis consists of integrating these dynamic notions in the definition of references rather than static states. Historical and dynamic approaches to past ecological systems constitute a major part of the understanding of current systems [START_REF] Jackson | Ecological restoration in the light of ecological history[END_REF] , which is also observed in other sciences, such as geology and astronomy [START_REF] Swetnam | Applied historical ecology: Using the past to manage for the future[END_REF] . In the field of historical ecology, one important requirement is a sufficiently long-time sequence of ecological records such that meaningful information can be gained about the range of variation of ecological systems during times when ecosystems were less affected by humans [START_REF] Swetnam | Applied historical ecology: Using the past to manage for the future[END_REF] . In natural resources management, such a range of variation can be used to define a form of ecological integrity [START_REF] Schuurman | Navigating ecological transformation: Resist-accept-direct as a path to a new resource management paradigm[END_REF] .

The second level of analysis consists of studying not only dynamic patterns associated with a state or property, but also the evolutionary and ecological processes associated with these dynamics. These processes include species extinction, speciation, hybridization, genotypic adaptation, phenotypic plasticity, dispersal, niche shift and replacement, population growth, decline, and extirpation. The most emblematic example of a reference for biodiversity conservation based on a dynamic state and its associated processes is the extinction dynamics of taxa and lineages over very long time scales. According to fossil records, the vast majority of species that once lived on Earth are no longer extant [START_REF] Stearns | Watching, from the edge of extinction[END_REF] . Over geological times, the rate of species extinction has been estimated at ∼0.1 extinction per million species per year outside of periods of et al., 2015]) and several orders of magnitude higher during a few mass extinction episodes. Studies of this long-term dynamic pattern of biodiversity are associated with an understanding of the processes that shape it: extinction per se, species longevity, mass extinctions and their drivers, extinction selectivity, and diversification and rediversification processes. These reference processes provide the basis for understanding the mechanisms of the current species decline, for interpreting this decline as a mass extinction crisis comparable (or not) to crises in the past [START_REF] Cowie | The Sixth Mass Extinction: Fact, fiction or speculation?[END_REF] , and for diagnosing the Anthropocene from a biodiversity perspective [START_REF] Corlett | The Anthropocene concept in ecology and conservation[END_REF] .

CONSERVATION ETHICS AND CONSERVATION REFERENCES

Biodiversity conservation relies on a diversity of motivations, which have been dichotomized as either based on the intrinsic value of nature or its utilitarian value. The intrinsic approach primarily values life for its own value, whereas the utilitarian approach is championed by the benefits provided by nature to humanity. Although the intrinsic and utilitarian approaches may overlap, they are associated with objectives that have different impacts on current and future biodiversity [START_REF] Sarrazin | Evolution in the Anthropocene[END_REF] . So, while this diversity of motivation is a source of richness for conservation, it has led to controversies over, for example, the proportion of the planet that should be left to nature, the rights of local peoples living in protected landscapes, and the impact of ecosystem services on biodiversity.

A possible cause of confusion in the message given by conservation scientists and practitioners is related to the choice of ad hoc conservation references, which are directly linked to the values given to biodiversity but without recognition or explicitness of this link. The utilitarian approach values particular ecological functions or ecosystem properties associated with identified services, but it also values local diversity per se, which promotes certain identified services and global biodiversity, which promotes future, unknown services [START_REF] Faith | A general model for biodiversity and its value[END_REF] . The intrinsic approach values either one or more components of biodiversity (e.g., species and lineages) or diversity per se, but it also attributes a negative value to the human ecological and evolutionary footprint by defining itself as a response to the global impact of humans on biodiversity. Intrinsic conservation is, therefore, based on references that are generally not substitutable: if it is the existence of a particular species that is valued, it is not possible to replace it with another species (species or genetic lineages are not substitutable [START_REF] Moritz | Strategies to protect biological diversity and the evolutionary processes that sustain it[END_REF]) . In contrast, on the local scale, one can replace a given biological system with another system of similar species richness or biomass, providing similar ecological services to the original system. Thus, intrinsic and utilitarian approaches are based on conservation references that differ in terms of the substitutability of the valued components and processes.

To prevent these diverse motivations for conserving nature from causing scientific controversies, conservation references must be explicitly, systematically, and structurally linked to the FIGURE 1 Observed and hypothetical (counterfactual) states of biodiversity and metrics associated with state differences (blue arrows): (a) most general case [START_REF] Akçakaya | Quantifying species recovery and conservation success to develop an IUCN Green List of Species[END_REF] and (b) a scenario promoting ecosystem services.

values underlying conservation objectives. On the one hand, if a protected area is designed to ensure the long-term viability of identified species, the references used should be based on the past dynamics of these species. If, on the other hand, the protected area is designed to ensure the continuity of identified services, a relevant reference is the quantification of these local services at some point in the past.

Beyond the level of substitutability of references, the diversity of motivations can also lead to divergent choices in terms of counterfactual baselines, which confuses the diagnosis of the integrity of the systems studied and that of the ambition of conservation actions on these systems. To assess species recovery, [START_REF] Akçakaya | Quantifying species recovery and conservation success to develop an IUCN Green List of Species[END_REF] proposed using counterfactual current states (i.e., what would have happened without any conservation action) to assess the current conservation legacy. More generally, counterfactuals are theoretical references that reflect what would have been true under different circumstances, and these circumstances can include the absence of conservation action (counterfactual 2 in Figure 1a) and the absence of human impact on biodiversity (counterfactual 1 in Figure 1a) (see [START_REF] Faurby | Historic and prehistoric human-driven extinctions have reshaped global mammal diversity patterns[END_REF] , who considered large-scale biodiversity counterfactuals). In Figure 1a, counterfactual 1 corresponds to a past reference but also to a perfect conservation scenario (based on the total minimization of impacts). Both types of references (counterfactuals 1 and 2) are necessary to properly formalize conservation issues, especially when several conservation ethics coexist (Figure 1b). In the context of utilitarian conservation, counterfactuals 1 and 2 in Figure 1b illustrate that it is possible to compare the effects of management based on the promotion of ecosystem services with different types of counterfactual references. However, these references must be carefully justified for the comparison to be meaningful. For example, when attempting to identify spatial outcomes that enhance both ecosystem services and biodiversity conservation [START_REF] Wilson | How to avoid underselling biodiversity with ecosystem services: A response to Silvertown[END_REF] , perfect conservation references should be used instead of the usual no-conservation-at-all references to understand and measure what is truly gained and what is lost and to formalize nonambiguous trade-offs between nature conservation and development.

REFERENCES VERSUS OBJECTIVES

Reference conditions may help guide management (as in the resist-accept-direct conceptual framework [START_REF] Schuurman | Navigating ecological transformation: Resist-accept-direct as a path to a new resource management paradigm[END_REF]) and have been used as political norm-setting concepts [START_REF] Jennings | Reference points and reference directions for size-based indicators of community structure[END_REF] or to evaluate restoration success [START_REF] White | Approximating nature's variation: Selecting and using reference information in restoration ecology[END_REF] . However, while the indicator and baseline that constitute the reference should be chosen based on the overall objectives being pursued and the reference in turn can help refine the objectives, the reference and objective should remain distinct. Such distinction should help scientists and practitioners clarify the ambition of the objectives and free themselves from normative discourses and feasibility constraints [START_REF] Cafaro | Three ways to think about the sixth mass extinction[END_REF] . Climate science and stewardship illustrate the compatibility of distinct references and objectives. Climate scientists use references based on climate dynamics measured when humans had little or no impact on climate to appropriately assess anthropogenic climate change. Although returning to preindustrial levels of anthropogenic CO 2 and methane or aerosol emissions is not a realistic objective, these emission levels are a useful measure for understanding climate change [START_REF] Carslaw | Aerosols in the pre-industrial atmosphere[END_REF] .

Understanding anthropogenic effects on biodiversity requires a similarly clear distinction between conservation references (prehuman or not) and conservation objectives (e.g., [START_REF] Mcnellie | Reference state and benchmark concepts for better biodiversity conservation in contemporary ecosystems[END_REF] . The determination of conservation objectives can be facilitated by using the general framework of decision science, which enables the formulation of decisionmaking protocols that structure thinking so that decisions are informed, transparent, and defensible [START_REF] Hemming | An introduction to decision science for conservation[END_REF] . Within this framework, alternative objectives can be defined, which often involves consideration of trade-offs [START_REF] Converse | Introduction to multi-criteria decision analysis[END_REF] . It is important that trade-offs and potentially competing objectives are themselves explicitly associated with different references relevant to these objectives. For example, in the context of the conservation of species threatened by climate change, the objective may be to conserve species in their historical range or to enable species to shift their range to maximize global viability (Figure 2). These 2 objectives are distinct and the means of achieving them are potentially conflicting (e.g., [START_REF] Thomas | Anthropocene Park? No alternative[END_REF] . In contrast, the multiple references used to support these objectives are not conflicting, allow for complementary diagnoses, enable the calibration of performance measures for each objective, and represent an enrichment for understanding the effects of climate on biodiversity.

CONCLUSION AND RECOMMENDATIONS

Conservation references have long been used in research and management, implicitly or explicitly, at all temporal, spatial, and organizational scales to compare current biodiversity processes and states with past conditions. The establishment of a common and operational framework for conservation references could optimize their use, make them more transparent, and facilitate comparisons between studies and conservation actions for the benefit of conservation science and practice. To establish such a framework, I recommend the following.

First, the selection of conservation references should be an early, explicit, standardized, and transparent milestone in any conservation process. The inability to establish or obtain references should also be clearly stated. Second, a framework of standardized indicators should be established to approach different types of states and processes in the past and build comparable references between studies and projects. Ambitious and harmonized frameworks already exist to track shortand medium-term biodiversity changes, such as essential biodiversity variables [START_REF] Pereira | Essential biodiversity variables[END_REF] . Developing a similar framework that allows conditions to be approached far into the past is an important step in conservation reference research. Third, conservation references based on indicators of dynamic states and processes, rather than static states, should be preferred. Fourth, the importance of the diversity of temporal baselines used to measure anthropogenic impacts should be recognized. Conservation baselines need not be prehuman, but the use of very long-term baselines in the past is necessary to understand the biodiversity crisis in its entirety, especially at large spatial and organizational scales. Fifth, a clear distinction must be made between the conservation references used as objects of scientific knowledge and the approaches, values, and objectives pursued to conserve living nature.
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FIGURE 2

 2 FIGURE 2Links between conservation references and multiple objectives in the case of the conservation of a species threatened by climate change.

TABLE 1

 1 Diversity of conservation references on biodiversity states, biodiversity processes, and human pressures.*

Organizational scale State references Process and property references Abiotic pattern/human pressure references

  

	Organism	morphology, body condition,	metabolism and oxidative stress, stress	resources used by humanity
		pollutant concentration in tissue	physiology, body growth, immune gene expression, animal movement, animal	human appropriation of net primary production
			behavior	human population, biomass, and density
	Population and species population size, species range,	phenology, life history traits, cognitive	economic growth
		ecological niche, genetic diversity,	abilities, demographic rates, population	anthromes
		dietary niche	and metapopulation dynamics, microevolution, range shift, extirpation	land cover
	Lineage and multispecies assemblage	biomass, biomass trade-off, species loss, phylogenetic diversity	extinction selectivity, extinction dynamics, speciation	artificialization and fragmentation of natural habitats
	Community	taxonomic diversity, species	phenology, community formation,	climate
		dominance, body size distribution,	community dynamics, species interactions,	chemical composition of atmosphere and oceans
		structure of interaction networks indices, functional redundancy, trophic, specialization and thermal	properties of interaction networks	pollution of air, water, and land thermal, noise, light, radioactive and chemical
	Ecosystem	biomass, diversity	productivity, stability, resistance and	perturbation regime
			resilience, energy fluxes, nutrient fluxes,	
			functions, services	
	*A table with bibliographical references is provided in Appendix S1.		
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