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Conservation paleobiology has coalesced over the last two decades since its formal coining, united by the goal of applying geohistorical records to inform the conservation, management, and restoration of biodiversity and ecosystem services. Yet, the field is still attempting to form an identity distinct from its academic roots. Here, we ask a deceptively simple question: What is conservation paleobiology? To track its development as a field, we synthesize complementary perspectives from a survey of the scientific community that is familiar with conservation paleobiology and a systematic literature review of publications that use the term. We present an overview of conservation paleobiology’s research scope and compare survey participants’ perceptions of what it is and what it should be as a field. We find that conservation paleobiologists use a variety of geohistorical data in their work, although research is typified by near-time records of marine molluscs and terrestrial mammals collected over local to regional spatial scales. Our results also confirm the field’s broad disciplinary basis: survey participants indicated that conservation paleobiology can incorporate information from a wide range of disciplines spanning conservation biology, ecology, historical ecology, paleontology, and archaeology. Finally, we show that conservation paleobiologists have yet to reach a consensus on how applied the field should be in practice. The survey revealed that many participants thought the field should be more applied but that most do not currently engage with conservation practice. Reflecting on how conservation paleobiology has developed over the last two decades, we discuss opportunities to promote community cohesion, strengthen collaborations within conservation science, and align training priorities with the field’s identity as it continues to crystallize.
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Introduction

Conservation paleobiology (CPB) has emerged as a named area of study in the last 20 years that aims to deepen the temporal perspective of conservation science (Dietl and Flessa, 2011; Dietl et al., 2015). Monitoring and instrumental records have documented the transformation of ecosystems over the last several decades, but they often follow in the wake of millennial-scale human impacts (Jackson, 1997; Dayton et al., 1998; Lotze et al., 2006). To track longer trends of environmental change, CPB uses an assortment of natural archives including tree rings, middens, cores, death assemblages, and other fossil deposits—also known as geohistorical data (National Research Council, 2005; Dietl and Flessa, 2011). For example, these records have been analyzed to reconstruct historical variability in ecosystems (Foster and Motzkin, 1998; Wolfe et al., 2001; Keane et al., 2009), disentangle the rates and drivers of degradation (Pandolfi et al., 2003; Lotze et al., 2006; Cramer et al., 2020), evaluate extinction risk (Harnik et al., 2012; Finnegan et al., 2015; Spalding and Hull, 2021), and measure biotic responses to stressors over decades to millions of years (Willis et al., 2010; Sibert et al., 2016; Fraser et al., 2021). Collectively, CPB research links our past and future: it can illuminate how ecosystems fared under previous environmental conditions, contextualize present-day ecosystem states, and inform predictions about future scenarios (Burnham, 2001; Davies and Bunting, 2010; Dietl and Flessa, 2011; Dietl et al., 2015; Dietl, 2019; Grace et al., 2019).

Although the field was formally named in 2002 (Flessa, 2002), research topics that might now be described as CPB have a long history of study. We refer to CPB as a field here for consistency but encourage ongoing discussion about its disciplinary status (Dietl, 2016). Thematically similar research occurred for several decades previous to and in parallel with CPB’s development as a field, pushed forward by allied disciplines such as archaeology, historical ecology, paleoecology, and paleolimnology (Vegas-Vilarrúbia et al., 2011). For example, these studies recorded the environmental effects of acid rain (Cumming et al., 1992; Smol, 1992; Wilson et al., 1996; Battarbee, 1999; Battarbee et al., 1999; Smol et al., 2002), fire disturbance (Heinselman and Wright, 1973; Swain, 1973; Wright, 1974; Timbrook et al., 1982; Clark, 1989, 1990), climate change (Wright, 1966, 1983, 1993; Graham, 1988; Davis, 1989; Delcourt and Delcourt, 1998), overharvesting (Betancourt and Van Devender, 1981; Pauly, 1995; Jackson, 1997; Grayson, 2001; Jackson et al., 2001), and extinctions (e.g., Pleistocene megafauna extinction, Martin and Wright, 1967; Barnosky, 1986; Martin and Klein, 1989) across lacustrine (Davis et al., 1986, 2000; Zabinski and Davis, 1989; Smol, 1992; Brenner et al., 1993; Cole et al., 1998), marine (Baumgartner et al., 1992; Dayton et al., 1998; Finney et al., 2000; Jackson, 2001), and terrestrial (Van Devender and Spaulding, 1979; Betancourt et al., 1990; Hadly, 1996, 1999; Jackson and Overpeck, 2000) habitats. The collection of studies showcased here is not exhaustive and represents only a fraction of the extensive body of work from which CPB has grown (for an overview of historical developments contributing to CPB, see: Swetnam et al., 1999; Vegas-Vilarrúbia et al., 2011; Birks, 2012; Dietl and Flessa, 2017; Wingard et al., 2017; Tyler and Schneider, 2018 and references within).

Following the field’s naming, research identifying itself as CPB remained sparse for the first decade as momentum was building (Figure 1). Even so, the conservation relevance of geohistorical records became increasingly recognized, fueled by their inclusion in prominent reports produced by international (e.g., Jansen et al., 2007) and government entities (e.g., National Research Council, 2005). In parallel, a conceptual (e.g., Willis and Birks, 2006; Jackson and Hobbs, 2009; Keane et al., 2009; Birks, 2012; Kidwell, 2015) and practical (e.g., Behrensmeyer et al., 2000; Kidwell, 2002, 2007, 2013; Terry, 2010; Behrensmeyer and Miller, 2012; Kidwell and Tomasovych, 2013; Rick and Lockwood, 2013) foundation of knowledge was assembled to interpret geohistorical data in the context of present-day conditions.
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FIGURE 1
 (A) Timeline of key events in CPB’s development following its coining in 2002, alongside (B) the number of publications in the literature review that used the term “conservation paleobiology” per year from 2002 to 2021 (Flessa, 2002; Cintra-Buenrostro, 2005; Foote and Miller, 2007; Simões, 2009; Dietl and Flessa, 2011; Louys, 2012; Dietl et al., 2015; Guerrero-Arenas and Jiménez-Hidalgo, 2015; Barnosky et al., 2017; Tyler and Schneider, 2018).


The late 2000s and early 2010s saw several key events that crystallized CPB (Figure 1). A 2009 short course sponsored by the Paleontological Society produced the first edited volume of paleobiological research under a unified CPB framework (Dietl and Flessa, 2009). Soon after, Dietl and Flessa (2011) published what continues to be a highly cited review of CPB. As knowledge continued to grow (e.g., Louys, 2012), a working group funded by the U.S. National Science Foundation was convened to integrate CPB with the broader academic community (Conservation Paleobiology Workshop, 2012). This working group culminated in an influential review outlining the utility and application of geohistorical analyses to conservation practice (Dietl et al., 2015). Subsequent years have seen additional reviews (e.g., Vegas-Vilarrúbia et al., 2011; Barnosky et al., 2017), perspectives (e.g., O’Dea et al., 2017; Dietl, 2019; Kelley et al., 2019), and edited works (e.g., Tyler and Schneider, 2018; Turvey and Saupe, 2019) that have advanced the field and increased its visibility. Today, CPB conference sessions and courses are commonplace across paleontological, and increasingly ecological, venues (Tyler and Schneider, 2018; Figure 1). Additionally, universities have recently begun to advertise calls for faculty positions in CPB.

As demonstrated by the increased usage of the term “conservation paleobiology” in recent years (Figure 1), a community of conservation-minded scientists has found a theoretical umbrella to call home as they seek to apply geohistorical records to mitigate threats to biodiversity. For example, the Conservation Paleobiology Network1 created a nucleus around which an international group of scientists spanning many disciplines (e.g., archaeology, ecology, paleontology, and restoration) has assembled. In turn, the field has expanded its disciplinary breadth and objectives. This growth can be attributed to several factors, including the urgency to address the biodiversity and climate crises as well as the diversity of geohistorical records available (Gorham et al., 2001; Sutherland et al., 2009; Dietl et al., 2015; Barnosky et al., 2017; Ripple et al., 2017; Fordham et al., 2020). However, the field’s identity is still forming, blurred by its deep roots in established disciplines and wide range of associated research.

Here, we ask a deceptively simple question: What is CPB? To address this question, we present an overview of CPB’s research and development through the lens of a community survey and systematic literature review spanning the last 20  years. In particular, we compare survey participants’ perceptions of what CPB is and should be as a field—both in terms of its research scope and applications to conservation practice—with work that is self-described as CPB. We then discuss where the field might be heading in the future based on our analysis of past and current research trends. Our inventory of CPB is timely: interest in the field is expanding, as are efforts to slow the alarming rate of environmental change and biodiversity loss. To better support these efforts, we need to coordinate our diverse research agendas, demonstrate their applied value to conservation decision-makers, and train conservation paleobiologists with relevant skills to contribute to conservation successes. This next stage of development begins with a mutual understanding of what CPB is as an area of study and how the community’s vision will shape the field’s identity and direction as it comes of age.



Materials and methods

To examine CPB’s research and development as a field, we used a two-pronged approach. First, we surveyed the scientific community that is familiar with CPB. Simultaneous to the survey, we systematically reviewed the scientific literature that describes itself as CPB. We synthesized these complementary perspectives to outline the research scope of CPB and compare what the field is currently with what survey participants thought it should be.


Community survey

We developed an Internet-based survey to understand the state of CPB from the viewpoint of researchers, practitioners, and instructors who have thought about the intersection between conservation and paleobiology. We aimed to capture the perspectives of scientific professionals working inside and outside of academia who represent a variety of backgrounds in terms of their disciplines, career stage, training, location, and level of engagement with CPB. Participation was solicited through listservs (Conservation Paleobiology Network, PaleoNet, Paleontropica, and ECOLOG-L), social media (Facebook and Twitter), and personal networks (see Supplementary material for the solicitation letter).

The survey was written in English and distributed through the Qualtrics platform. The Ethics Commission of the Friedrich–Alexander University Erlangen–Nürnberg (Application Number: 22-68-ANF) granted the survey exempt status due to its low or minimal risk to subjects. Participation was voluntary, and no incentive was offered in exchange for partaking in the survey. The survey was open for responses from March 7–27, 2022.


Survey structure and analysis

We structured the survey around three themes: (1) participants’ professional backgrounds; (2) their CPB work (if applicable); and (3) their perceptions of CPB’s research scope and application to conservation practice. We defined conservation practice to incorporate all aspects of conservation, management, and restoration. The survey consisted of 44 optional questions presented in several formats, including multiple-choice, checkbox, Likert scale, and short-answer (see Supplementary material for the survey questions).

We first asked participants about their professional backgrounds to quantify who interacts with CPB and to evaluate potential biases in our survey sample. We included questions about participants’ disciplinary affiliations, career stage, highest degree, workplace, geographic location, and whether they conduct work that they consider to be CPB. By surveying a broad cross-section of scientific professionals working in disciplines utilized by CPB, we obtained responses from participants who did (henceforth “conservation paleobiologists”) and did not conduct work that they considered to be CPB. This sampling design was used to (1) characterize who works in CPB and (2) facilitate comparisons between survey participants who did and did not directly work in the field. The survey responses were further disaggregated by career stage to explore whether participants who began engaging with CPB at different points in its development perceive the field differently. When consistent, we share perspectives from the full survey sample.

Conservation paleobiologists who participated in the survey were asked additional questions about their past or current CPB work. These questions pertained to the types of data they use as well as the timescales, organisms, habitats, and regions they study. We also asked participants about conservation issues to which their work could contribute. To evaluate their engagement with conservation decision-makers, we asked participants how often they work with, or are mentored by, individuals outside of academia (defined as conservation practitioners, elected officials, resource managers, or policymakers). We used these questions to describe the range of research conducted by conservation paleobiologists who participated in the survey.

Lastly, we evaluated survey participants’ perceptions of the research scope, objectives, and applications of CPB to conservation practice. These questions touched on five topics: (1) CPB’s definition; (2) disciplines from which CPB can incorporate information and how it differs from them; (3) temporal and spatial scales of CPB research; (4) CPB’s relevance to contemporary conservation issues; and (5) challenges and opportunities for the field’s development. We used these questions to assess participants’ perspectives about what the field should be.

We categorized the responses from certain questions prior to analysis to enable comparisons across the survey data. These included the questions pertaining to disciplines and career stages as well as the short-answer questions. Disciplines were grouped into the following categories: “anthropology and archaeology,” “biology and ecology,” “conservation science,” “conservation paleobiology,” “geosciences,” “paleoclimatology,” and “paleontology.” Career stages were grouped into early, middle, and late stages. The early career stage included students and early career scientists with up to seven years of experience after their highest degree; the mid-career stage included scientists with seven to 12 years of experience after their highest degree; and the late career stage included scientists with over 12 years of experience after their highest degree, in addition to retirees. We extracted key themes from the short-answer questions to summarize the breadth of responses. Two or more authors determined the categories for each short-answer question and ascribed categories to each response. Details about how the survey responses were categorized are provided in the Supplementary methods. A table of the survey responses can be downloaded at: https://doi.org/10.5281/zenodo.7023651.




Literature review

To investigate the scope of published CPB research since the field’s naming, we conducted a systematic literature review of publications that were self-described as CPB. We focused only on publications using the term to track its usage through time and reduce subjectivity when assigning research outputs to the field. This approach inherently excluded formative literature that preceded the term’s coining as well as publications that might be considered to be CPB but were not labeled as such. It yielded a structured collection of “self-conscious” CPB research (see Szabó, 2015).


Literature selection

To capture a broad set of peer-reviewed publications, we acquired bibliographic records from 2002–2022 through keyword searches in Scopus, Web of Science, and Google Scholar (Supplementary Figure S1). The searches were conducted on March 3rd, 2022. We used the Scopus and Web of Science platforms to query for publications written in English that contained the search terms “conservation paleobiology” or “conservation palaeobiology,” which returned 571 publications. Google Scholar was used to query for documents in Spanish (search term: “paleobiología de la conservación”), Portuguese (search term: “paleobiologia da conservação”), and French (search term: “paléobiologie de la conservation”). These searches yielded an additional three publications. The keyword search in Scopus also returned one publication written in Japanese with an English abstract that was omitted due to the lack of a Japanese speaker on the author team. We did not include theses or conference proceedings in the search results (see Supplementary methods, Supplementary Figure S2).

Following the PRISMA methodology (Preferred Reporting Items for Systematic Reviews and Meta-Analyses; Moher et al., 2009), we reviewed the full text of the 574 publications yielded from the keyword searches to remove duplicates and determine whether they met the inclusion criteria (Supplementary Figure S2). To be included, publications had to use the term “conservation paleobiology” (or one of the aforementioned variations of the term) in the title, keywords, abstract, or main text (n = 148). Many publications (n = 426) were eliminated because CPB was only mentioned in the references. To avoid double-counting data (i.e., multiple publications derived from the same data), we only included original research and meta-analyses in the final synthesis (n = 94; see Supplementary material for the list of publications). None of the non-English publications met the inclusion criteria (Supplementary Figure S2).



Literature coding

Information extracted from the eligible publications was designed to mirror the survey (and vice versa) to enable comparison. We collected metadata from each publication, specifically author affiliations, title, journal, publication year, and article type. Additionally, we coded each publication’s contextual information, which included the research location, data type, whether the data came from the near- or deep-time record (using the end of the Quaternary Period, 2.58 million years, as a cutoff; Dietl et al., 2015), maximum age of the data, temporal resolution, and spatial scale. We also coded the ecological focus (taxonomic group, taxonomic resolution, and habitat type) as well as the conservation focus (conservation issue). Finally, we recorded any definitions of CPB. Details about the coding methodology are provided in the Supplementary methods.

Two or more authors coded each publication to ensure quality control. To standardize this process, all coders first extracted data from a training set consisting of three randomly selected publications. Following consensus on the training set, publications were randomly allocated to coders in batches of 10–15. We held group discussions after each round of coding to review categories or publications that were difficult to code. Each coded publication was then reviewed by at least one other coder, and any discrepancies were discussed and mutually agreed upon between coders to establish inter-coder reliability. All analyses were performed in R version 4.2.1 (R Core Team, 2022).





Results and discussion

We synthesized data from the survey and literature review to capture past, present, and forward-looking perspectives about CPB. These perspectives provided a foundation for ongoing discussion about what CPB is as an area of study. The survey data consisted of 196 responses (n = 122 who conducted work that they considered to be CPB, n = 74 who did not). Most participants accessed the survey through the Conservation Paleobiology Network (38%, n = 72) and PaleoNet (27%, n = 52) listservs or through Twitter (17%, n = 31). Survey participants spanned a variety of career stages (undergraduate students to retirees), although participation was skewed toward early career scientists (Supplementary Figure S3). The pool of participants represented many disciplines adjacent to and including CPB: paleontology (31%, n = 144), biology and ecology (26%, n = 117), conservation paleobiology (11%, n = 50), geosciences (11%, n = 48), conservation science (10%, n = 45), anthropology and archaeology (6%, n = 28), and paleoclimatology (3%, n = 13; Figure 2). Around a quarter (24% n = 46) of participants worked outside of academia (Supplementary Figure S4), which not only illustrates the communication gap between academics and conservation practitioners (e.g., many resource managers might not subscribe to the listservs through which the survey was distributed) but biases the perspectives shared in this inventory of the field. Thirty-six countries were represented across the survey responses, although participation was dominated by scientists employed or trained in the United States (46%, n = 190) and Europe (35%, n = 144; Figure 3A and Supplementary Figure S5). We acknowledge, however, that the survey was only distributed in English, which might have skewed the survey population that we were able to reach.
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FIGURE 2
 Disciplinary affiliations of survey participants who did (yellow) and did not (green) conduct work that they considered to be CPB. Participants were able to select up to three disciplines to describe their expertise. Disciplines were grouped to facilitate visualization (see Supplementary methods for the grouping methodology). Disciplinary affiliations overlapped between these two groups of participants.


[image: Figure 3]

FIGURE 3
 (A) Map of countries in which survey participants who self-identified as conservation paleobiologists were based, compared with author affiliations in the literature review. (B) Map of countries in which CPB research was conducted in the survey and literature review. Colors correspond with the proportional representation of authors per country in the survey versus the literature review, discretized into nine bins. Countries shown in white were not represented in either the survey or literature review. CPB is predominantly conducted by scientists based in the United States, Europe, and Australia, although their research spans most continents.


Whereas the survey assessed participants’ research and perceptions of CPB, the literature review provided a record of completed research. The literature review consisted of 94 peer-reviewed publications that were self-described as CPB and presented either original data (89%, n = 84) or a meta-analysis (11%, n = 10). Articles were published in a variety of paleontological, geological, ecological, and conservation biology journals. Publication dates spanned a 17-year period between 2005 and 2022, with a majority (77%, n = 72) of articles published since 2015. The literature review did not include the article that coined the term “conservation paleobiology” (Flessa, 2002) because the quarterly magazine in which it was published (American Paleontologist) no longer exists and is not indexed on the Scopus or Web of Science platforms.


Who does conservation paleobiology, and where?

To describe the backgrounds of scientific professionals in CPB, we examined both survey participants who self-identified as conservation paleobiologists and author metadata in the literature review. Of the conservation paleobiologists who responded to the survey, participation was highest among early career scientists, consistent with the full participant pool. Undergraduate students, graduate students, and other early career professionals comprised 55% (n = 65) of the self-identified conservation paleobiologists, with mid- (17%, n = 20) and late career (28%, n = 33) participants attaining modest representation. The level of experience specific to CPB also varied across participants: 46% (n = 54) had been conducting work that they considered to be CPB for at least five years, and 25% (n = 28) had done so for at least 10 years (Supplementary Figure S3). At the same time, 54% (n = 64) of participants had only started working in the field over the last four years, and this group of newcomers included all career stages (Supplementary Figure S3). This distribution of career stages and experience levels demonstrates that the field skews young and is set to expand, particularly given the high buy-in from early career scientists who typically hold optimistic opinions about the application of paleontological research to conservation problems (Kiessling et al., 2019).

Conservation paleobiology’s cross-disciplinarity (sensu Tress et al., 2005) was reflected in the survey responses (Supplementary Figure S6). Most participants who self-identified as conservation paleobiologists carried out their work in paleontology (29%, n = 85), biology and ecology (24%, n = 72), and the geosciences (10%, n = 29; Figure 2 and Supplementary Figure S7). Only 17% (n = 50) included conservation paleobiology in the list of disciplines used to describe their expertise (Figure 2 and Supplementary Figure S7), suggesting that CPB might be a secondary priority for many. Affiliations with conservation science (e.g., conservation biology and restoration ecology) were conspicuously low (8%, n = 25), possibly because of how the survey solicitation was phrased or where it was distributed. Participants who carried out their work in archaeology and anthropology (7%, n = 23) or in paleoclimatology (3%, n = 10) were also rare. Most conservation paleobiologists received their highest degree in the geosciences (31%, n = 39), biology and ecology (27%, n = 34), paleontology (26%, n = 32), and anthropology and archaeology (10%, n = 13). This diverse distribution of disciplines overlapped with the participant pool that did not self-identify as conservation paleobiologists (Figure 2), such that a participant’s disciplinary background alone did not correspond with whether they had worked or are working in CPB.

Conservation paleobiology research is concentrated in certain geographic regions. Around a quarter (27%, n = 51) of survey participants conducted their CPB work in the United States, a geographic bias that was mirrored in the literature review (Figure 3B). European countries (collectively 35%, n = 58) and Australia (3%, n = 8) comprised much of the remainder, with little research conducted in Latin America and the Caribbean, Asia, the Pacific Islands, and Africa in both the survey and literature review (Figure 3B and Supplementary Figures S5, S8). This pattern was further amplified when we examined the institutional affiliations of survey participants and authors in the literature review (Figure 3A). The uneven geographic distribution of CPB research echoes that of related disciplines, such as conservation biology (Trimble and van Aarde, 2012; Di Marco et al., 2017), paleontology (Raja et al., 2022), and ecology (Martin et al., 2012; Nuñez et al., 2021), which are largely practiced in northern America and western Europe. These geographic patterns might stem from variation in the term’s usage or spread across regions, bias in the survey distribution or language, inequities in the allocation of research funding, and spatial variation in sampling effort or data availability (Close et al., 2020; Benson et al., 2021; Stefanoudis et al., 2021; Raja et al., 2022), rather than reflecting areas of high conservation priority or biodiversity (e.g., Lawler et al., 2006; Halpern et al., 2008; Harfoot et al., 2021). For example, the term “conservation paleobiology” originated in the United States before spreading to other countries through conference sessions (Tyler and Schneider, 2018) and the Conservation Paleobiology Network (Figure 1), contributing to its disproportionate popularity in the United States. Indeed, work that could be called CPB was widely conducted before the field’s coining, so the apparent geographic bias of self-described CPB research likely tracks the dispersion of the term in combination with the uneven spatial distribution of paleontological research.



What is the scope of conservation paleobiology research?

The diverse suite of research that CPB now encompasses has expanded yet blurred the field’s boundaries. These research trends shape the direction of its disciplinary growth and the extent to which it provides relevant information to meet the needs of the conservation community. To describe CPB’s research scope, we quantified the data types, taxonomic groups, habitats, and spatiotemporal scales of research reported in the survey and literature review. We then evaluated this landscape of research in light of its perceived conservation relevance and threats to biodiversity, highlighting emergent topics.


Datasets and research topics

Conservation paleobiology can incorporate retrospective insight from many different geohistorical records. Research reported in the survey and literature review used a variety of data types, including presence-absence, abundance, trait, geochemical, climate, and spatial data (Supplementary Figure S9). This diversity of data types suggests that conservation paleobiologists collectively possess a wide range of methodological and analytical skills. When asked about opportunities for CPB’s development, many survey participants emphasized the importance of maintaining the field’s rich academic foundation in primary research (e.g., proxy development, geochronology, taxonomy, and taphonomy), which underpins its applications to conservation.

Geohistorical records have the potential to inform a variety of conservation issues. In the survey, conservation paleobiologists indicated that their work could contribute to our understanding of climate change (19%, n = 59), habitat change (16%, n = 50), biodiversity loss (13%, n = 40), ecosystem resilience (11%, n = 36), extinction risk (9%, n = 30), and biotic interactions (9%, n = 28), among other issues (Supplementary Figure S10). These conservation issues span both species-level (e.g., extinction risk and biotic interactions) and ecosystem-level (e.g., climate change and habitat change) stressors and play out over various scales. A similarly broad range of topics appeared in the literature review: 19% (n = 18) of publications focused on habitat change, 11% (n = 10) on climate change, 10% (n = 9) on biodiversity loss, and 7% (n = 7) on extinction risk, among other issues (Supplementary Figure S10). Some publications were method-based and did not address a specific conservation issue (19%, n = 18).

Climate change has emerged over the past two decades as an important opportunity for academic growth within CPB. A recent survey of marine conservation biologists identified climate change as the most pressing threat to biodiversity for which geohistorical data could be used to understand the impacts (Smith et al., 2018). Similarly, a survey of the paleontological community found the fossil record to be best suited for addressing priority questions in conservation science related to climate change (Kiessling et al., 2019). Funding for climate science is also expanding, in turn driving research agendas (e.g., Overland et al., 2021; AbdulRafiu et al., 2022; Sovacool et al., 2022) and increasing the availability of high-resolution (paleo)climate data (e.g., Brown et al. 2018). Given overlap between the urgent need to tackle the climate crisis and CPB research on this topic (Supplementary Figure S10), framing data outputs in relation to climate stressors, when appropriate, might increase the perceived conservation relevance of geohistorical records (e.g., Smith et al., 2018). Additionally, efforts could be made to bolster connections between the CPB and climate research communities (e.g., Fordham et al., 2020; Yasuhara et al., 2020), particularly given the longstanding contributions of paleoecology to climate reconstructions (Davis, 1989; Huntley, 1990; MacDonald et al., 2008).



Taxonomic groups

Both the survey and literature review revealed that CPB research is not evenly distributed across taxa, with most of the research focusing on a few taxonomic groups. Survey participants who self-identified as conservation paleobiologists primarily studied marine invertebrates (27%, n = 57) and terrestrial or freshwater vertebrates (19%, n = 41), although many taxonomic groups were represented across their work (37% invertebrates [n = 79], 32% vertebrates [n = 69], 15% plants [n = 32], and 13% microorganisms [n = 28]; Figure 4A). More specifically, molluscs (20%, n = 50) and mammals (18%, n = 44) emerged as common focal taxa in the survey. Publications in the literature review also concentrated on these taxonomic groups, with 43% focusing on marine invertebrates (n = 40; primarily molluscs) and 32% focusing on terrestrial or freshwater vertebrates (n = 30; primarily mammals; Figure 4B). Research on these groups has undoubtedly been aided by the availability of preservable hard parts, given that some taxa and environments are better preserved in the rock record than others (Kidwell and Flessa, 1996; Foote and Sepkoski, 1999; Shaw et al., 2020). Their taphonomy has also been well-studied (e.g., Behrensmeyer, 1978; Behrensmeyer et al., 2000; Kidwell et al., 2001; Kidwell, 2002, 2007, 2013; Kosnik et al., 2009; Terry, 2010; Behrensmeyer and Miller, 2012; Miller et al., 2014; Tomašových et al., 2016), facilitating inferences about how these organisms respond to environmental stimuli. In contrast, microorganisms received less attention than most other groups (Figure 4) despite their importance in climate research (e.g., Yasuhara et al., 2020).
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FIGURE 4
 Relative proportions of taxonomic groups and habitats studied by (A) survey participants who self-identified as conservation paleobiologists and (B) publications in the literature review. Four survey participants worked on taxa that were not included in the categories provided (e.g., terrestrial fungi). Marine and terrestrial (including freshwater) habitats received similar attention across CPB research, although marine invertebrates and terrestrial vertebrates were disproportionately studied relative to other taxonomic groups. Graphics were obtained from the PhyloPic image library and are attributed to: K. S. Collins, T. J. Cunha, Y. Wong, N. Vitek, H. N. Eyster (CC BY 3.0), D. W. Bapst (modified from Figure 1 of Belanger (2011) PALAIOS; CC BY 3.0), I. Contreras (CC BY 3.0), and T. M. Keesey and Tanetahi (CC BY 3.0).


Our findings highlight the taxonomic scope of self-described CPB research, although it represents a subset of the work that could be classified as CPB. In contrast, a review of a more expansive set of publications that applied geohistorical data with the intent of informing conservation, management, and restoration (broadly CPB, but not necessarily using the term) had a different taxonomic skew. Over half of these studies focused on plants, with vertebrates and invertebrates receiving relatively less attention (Groff et al., 2022). This discrepancy likely stems from differences in how scientists describe their work. For example, many palynologists might not explicitly refer to their research using the term “conservation paleobiology,” decreasing the representation of plants in the self-described CPB literature. Although both sets of publications have the potential to influence conservation decisions, the term’s usage will directly shape the body of research that is emblematic of the field.

We compared the taxonomic focus of CPB research with the number of threatened and data-deficient species in each taxonomic group (IUCN, 2022) as one indicator of conservation relevance (although see Cowie et al., 2017). In particular, we assessed whether taxonomic groups with higher threat levels commanded more attention in the CPB literature. We focused on the literature review as it represents published studies that could be accessed by conservation practitioners, although it is more taxonomically skewed than the survey. We found a mismatch between the taxonomic focus of CPB research and the proportion of threatened taxa in each group that have been assessed within the IUCN Red List. Molluscs and mammals appeared to be overrepresented in the self-described CPB literature relative to their extinction risk whereas most other groups—especially amphibians, elasmobranchs, crustaceans, plants, and corals—tended to be understudied (Figure 5). Additionally, many threatened or data-deficient molluscs are found in habitats that received less attention in the literature review (i.e., freshwater bivalves and non-marine gastropods; Figure 5), so even CPB research on well-studied taxa might not match some of the most urgent conservation needs. Conservation biologists, on the other hand, disproportionately study mammals and birds relative to their extinction risk (Di Marco et al., 2017). Given the divergent taxonomic skews of CPB and conservation biology research, conservation paleobiologists could collaborate with conservation biologists and paleobiologists (e.g., Groff et al., 2022) working on different taxa to better align their collective research efforts with the taxonomic distribution of threatened biodiversity.
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FIGURE 5
 Taxonomic representation of publications in the literature review relative to extinction risk. For each taxonomic group, we compared the percentage of publications in the literature review that focused on that group (top) with the percentage of threatened species (center) and the percentage of data-deficient species (bottom) assessed by the IUCN Red List (IUCN, 2022). Molluscs and mammals were overrepresented in CPB research relative to their extinction risk.


We also assessed the taxonomic resolution of CPB research in the literature review. Despite challenges associated with identifying fossil specimens to species (de Queiroz, 2005; Allmon, 2013; Barrowclough et al., 2016; Cowie et al., 2017; Tschopp et al., 2022), 87% of publications in the literature review reported results at the species level (n = 82). This focus on species is comparable to the conservation biology literature (Di Marco et al., 2017). It might have stemmed from various factors, including researchers’ affinities toward working with taxa that have readily identifiable skeletal remains or how species are defined (Tschopp et al., 2022). Additionally, we found that presence-absence and abundance data were more commonly used than trait data within CPB research (Supplementary Figure S9). Yet, taxon-free metrics could increase the flexibility of geohistorical records in conservation contexts by emphasizing ecological function over taxonomic identity (Eronen et al., 2010; Pimiento et al., 2017, 2020; Smith et al., 2020), especially as ongoing environmental change drives communities to acquire novel configurations (Barnosky et al., 2017; Smith et al., 2022).

Finally, we reviewed the habitats studied by conservation paleobiologists. Half of the research documented in the survey (51%, n = 135) and literature review (51%, n = 48) was conducted in marine systems (Figure 4). Terrestrial systems comprised most of the remainder, with relatively little research focusing on freshwater systems in the survey (9%, n = 38) and literature review (17%, n = 16; Figure 4). In contrast, conservation biology (Di Marco et al., 2017) and management-oriented historical ecology (Beller et al., 2020) research predominantly focuses on terrestrial systems, as did the body of literature reviewed by Groff et al. (2022) that used geohistorical data with the intent of informing conservation, management, and restoration. Amidst calls to increase marine conservation research given the ocean’s large area and escalating threats (Lawler et al., 2006; Halpern et al., 2007; Friedman et al., 2020), CPB could help fill data gaps in marine systems (see Kiessling et al., 2019). Furthermore, there is great potential to leverage existing synergies between paleolimnology and CPB (Smol, 1992, 2017; Czaja et al., 2019) to increase research in freshwater systems given their high vulnerability to human stressors (Strayer and Dudgeon, 2010).



Spatial scales

CPB research spans all spatial scales, ranging from local to global, but typically focuses on smaller scales. In the literature review, 86% of publications were conducted at local (28%, n = 26) or regional (58%, n = 55) scales, with larger spatial scales examined primarily through meta-analyses (Figure 6). Moreover, only 19% (n = 38) of survey participants conducted their CPB research on a global scale (Supplementary Figure S8). This emphasis on local and regional scales is echoed within the conservation biology (Di Marco et al., 2017) and management-oriented historical ecology (Beller et al., 2020) literature. Likewise, survey participants perceived smaller spatial scales to be most relevant for understanding contemporary conservation issues, with local and regional scales receiving more support than larger spatial scales (i.e., basin, continental, and global; Figure 6 and Supplementary Figure S11). At the same time, the most common survey response was “all of the above” (29%, n = 85), demonstrating a common perception that CPB research can be applied to conservation regardless of its spatial scale or an appreciation of the multiscalar nature of conservation problems.
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FIGURE 6
 Comparison of the expected versus published spatial and temporal scales of CPB research. To assess expectations, we asked survey participants which scales they consider to be most relevant to CPB. To summarize published research, we recorded the scales of publications in the literature review. Similar coding criteria were used to ensure compatibility across the survey responses and literature review. Near-time records collected over local to regional scales overwhelmingly characterized CPB research despite a widespread perception that the field can encompass all time periods and spatial scales (i.e., no combination of spatial and temporal scales was selected by fewer than 45% of respondents to both questions). Note that the literature review data points are jittered to prevent complete overlap; there is no higher resolution implied beyond the categories listed in the X- and Y-axes.


Threats to biodiversity and conservation interventions both occur at nested spatial scales (Cumming et al., 2006; Nams et al., 2006; Pressey et al., 2007; Boyd et al., 2008; Guerrero et al., 2013; Bellwood et al., 2019). Place-based management at small scales is often emphasized due to jurisdictional constraints and variability in local threats and conditions. Yet, conservation should take place at multiple spatial scales given the severity of global climate stressors and high connectivity across coupled human–natural systems (Cumming et al., 2006; Hobbs et al., 2014; Lawler et al., 2015; Bellwood et al., 2019). The fossil record is spatially averaged and patchy, hindering data collection or spatially explicit analyses with high resolution in all locations (Benson et al., 2021). Nonetheless, publications in the literature review described baselines at local to regional scales (e.g., Terry, 2018; Barbieri et al., 2020; Hesterberg et al., 2020; Dillon et al., 2021) and investigated the interplay of ecological processes across different spatial scales (Bennington and Aronson, 2012; Cramer et al., 2021; Louys et al., 2021). Such studies, at least in theory, are primed to contribute to the escalating spatial scales over which resource managers are challenged to act.



Timescales

Conservation paleobiologists investigate ecological and evolutionary processes that operate over long timescales. To assess the field’s temporal scope, we asked survey participants to identify the time periods from which CPB can use data. We then compared their perceptions with the time periods represented in the literature review and participants’ own CPB research. Survey participants rated all time periods—from the Precambrian to the modern day—as applicable to CPB research, but data from the Recent through the Holocene and Pleistocene Epochs (i.e., decades to 2.58 million years ago, collectively called near-time records) were considered to be the most applicable (Figure 6 and Supplementary Figure S12). These intervals were heavily represented in the literature review, with 87% (n = 82) of publications relying on near-time records. More specifically, 19% (n = 18) of publications used data from the last few decades to centuries, 33% (n = 31) used data from the Holocene (including data coded as the last millennium to few millennia), and 28% (n = 26) used data from the Pleistocene (Figure 6). A similar focus on the Quaternary Period emerged when survey participants were asked about their own CPB research: 29% (n = 183) used data from the last few decades to centuries, 29% (n = 180) used data from the Holocene (including responses coded as the last millennium to few millennia), and 11% (n = 66) used data from the Pleistocene (Supplementary Figure S12). A third of survey participants (33%, n = 35) and 4% (n = 4) of publications in the literature review used records from both near and deep time, effectively crossing this temporal divide. Taken together, CPB research is overwhelmingly characterized by near-time records despite a widespread perception that the field can encompass most of ecological, historical, and geological time.

After establishing the temporal scope of CPB research, we asked survey participants to assess which timescales are most useful for informing conservation practice. Although CPB can incorporate data from both near and deep time, participants did not rate them equally in terms of their conservation relevance. Just over half of participants (58%, n = 77) agreed that near- and deep-time records are equally important to convey to conservation practitioners (Figure 7 and Supplementary Figure S13). When evaluated separately, the relevance of the near-time fossil record to conservation issues was strongly supported across all survey participants (93%, n = 122), whereas the deep-time fossil record was less likely to be perceived as relevant (63%, n = 85; Figure 7 and Supplementary Figure S13). This finding is consistent with a previous survey of the paleontological community, in which near-time records were thought to be better suited for addressing priority questions in conservation (Kiessling et al., 2019). The survey responses were similar across career stages (Supplementary Figure S14), such that experience did not necessarily make participants more pessimistic about the use of deep-time records in conservation (c.f. Kiessling et al., 2019). The responses were also consistent with a review of the research–implementation gap in CPB, in which all publications that informed conservation action used near-time records (Groff et al., 2022). Near-time records are therefore not only more common in CPB research but are perceived to be more relevant to conservation issues. Nevertheless, given the valuable parallels that deep-time records offer with today’s extinction and climate crises (e.g., Jackson and Erwin, 2006; Finnegan et al., 2015; Pimiento and Antonelli, 2022), their lower perceived relevance might instead result from the greater psychological distance of deep time (Dietl et al., 2019) or data reporting formats that are incompatible with conservation practice (Buxton et al., 2021).
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FIGURE 7
 Mean participant responses to survey questions about the conservation relevance of different timescales (top) and the application of CPB to conservation practice (bottom). Conservation practice was defined as all aspects of conservation, restoration, and management. The responses were recorded on a Likert scale from 1 (strongly disagree) to 5 (strongly agree). The points and error bars show the mean and 95% confidence intervals of responses to each question, colored by whether a participant self-identified as a conservation paleobiologist. See Supplementary Figure S13 for a full breakdown of the Likert responses.


Survey participants were also asked to compare the conservation relevance of the fossil record with real-time monitoring data. The fossil record was considered to be of equal value to data collected in real time (74% support, n = 98), with its value increasing when real-time data are unavailable (83% support, n = 110; Figure 7 and Supplementary Figure S13). Yet, the high value placed on the fossil record by survey participants is likely inflated relative to the perceptions of many conservation practitioners and neontologists. Although conservation biology is distinguished by long timescales (Soulé, 1985), practitioners often think of long-term data as observational records spanning years to decades and might not be aware or accepting of the fossil record’s utility in conservation (Willis et al., 2010; Rull and Vegas-Vilarrúbia, 2011; Durham and Dietl, 2015; Smith et al., 2018). Monitoring data, however, can be expensive and time-consuming to collect in real time and is limited in its temporal extent (Strayer et al., 1986; Lindenmayer et al., 2012; Likens and Lindenmayer, 2018). While the fossil record is no silver bullet, there is great potential to integrate paleontological records with observational data to extend the timescales over which conservation practitioners are accustomed to setting baselines and measuring ecological changes (Willis and Birks, 2006; Rick and Lockwood, 2013; Dietl and Smith, 2017). Combining these records is important given that conservation issues operate over multiple temporal scales (Dietl, 2019; Dietl et al., 2019; Kiessling et al., 2019). This potential has yet to be realized, though, as retrospective studies remain underutilized in practitioners’ toolboxes (Durham and Dietl, 2015; Smith et al., 2018).

Lastly, we assessed the temporal resolution of CPB research, as it can hinder efforts to overlay long-term paleontological data onto shorter-term ecological dynamics. In the literature review, temporal resolution varied substantially across studies and was not clearly reported in over a third of the publications (37%, n = 35). When reported, studies had temporal resolutions spanning years (14%, n = 8), 10s of years (20%, n = 12), 100s of years (25%, n = 15), 1,000 s of years (17%, n = 10), and even 10,000s of years (14%, n = 8) or longer (10%, n = 6; Supplementary Figure S15). These resolutions are constrained by the time-averaged nature of the fossil record and age-model uncertainty (Kowalewski et al., 1998; Olszewski, 1999; Kidwell, 2013). When survey participants were asked which temporal resolutions are most relevant for understanding contemporary conservation issues, their responses overlapped with the literature review. Participants indicated a variety of resolutions spanning years (13%, n = 56), 10s of years (16%, n = 71), 100s of years (19%, n = 86), 1,000s of years (21%, n = 95), and 10,000s of years (16%, n = 69; Supplementary Figure S15). Resolutions greater than 10,000s of years received little support, and few participants thought that all resolutions were relevant (6%, n = 28). Temporal resolutions vary across geohistorical records, likely shaping survey participants’ responses. Yet, participants’ affinities toward centennial- and millennial-scale resolutions might be at odds with the rapid pace of global change and conservation action, which are often measured over decades, years, or even finer timescales.




Is conservation paleobiology an applied science?

As defined in the literature, CPB aims to apply geohistorical records to guide the conservation, management, and restoration of biodiversity and ecosystem services (Dietl and Flessa, 2011; Dietl et al., 2015). This applied, value-laden dimension emerged as an integral attribute of the field in both the survey and literature review (Supplementary Figure S16), akin to conservation biology’s delineation as a “crisis discipline” (Soulé, 1985; Meine et al., 2006). However, also like conservation biology, a consensus on how applied CPB should be in practice has been slow to develop (Dietl, 2016; Dietl and Flessa, 2018).

To assess current views on this topic, we first asked survey participants whether CPB is an applied science. Of the conservation paleobiologists who participated in the survey, 38% (n = 33) responded that the field is predominantly applied in its current form, but many were undecided (32%, n = 28), and a notable proportion disagreed (31%, n = 27; Figure 7 and Supplementary Figure S13). Still, a majority (61%, n = 54) agreed that CPB should be applied to conservation practice (Figure 7 and Supplementary Figure S13). Early career scientists were the most optimistic about the field’s potential applications (Supplementary Figure S17), consistent with Kiessling et al. (2019). At the same time, conservation paleobiologists were divided about whether a study should be considered to be CPB only if it can be applied to conservation practice (46% agreed n = 41, 41% disagreed n = 37; Figure 7 and Supplementary Figure S13), showing the perceived value of fundamental research relative to its practical implementation. Although similarly conflicted, survey participants outside of CPB were more inclined to think that the field should be primarily academic, with a secondary emphasis on application (Figure 7 and Supplementary Figure S13). The survey results demonstrate a fundamental split in how CPB’s purpose is envisioned, both within the field and in the broader scientific community. Despite CPB’s definition explicitly stating its application to conservation problems (Dietl et al., 2015), there is a dichotomy between those who perceive CPB as a primarily academic pursuit and others who view it as an applied science, mirroring debates within conservation biology (Soulé, 1985; Jacobson and Robinson, 1990; Barry and Oelschlaeger, 1996; Noss, 2007; Kareiva and Marvier, 2012).

We then asked survey participants about their connections with conservation practice. Here, we report just the responses from the self-identified conservation paleobiologists, as these questions are most relevant to their work. Only 41% (n = 37) responded that conservation paleobiologists should be actively involved in conservation practice as it relates to their professional expertise (Figure 7 and Supplementary Figure S13). Likewise, around half (54%, n = 45) acknowledged the importance of engaging with practitioners as part of their work. However, few did so in practice; only 19% (n = 21) consistently worked with conservation practitioners or other stakeholders outside of academia, and a third (32%, n = 35) had never engaged (Supplementary Figure S18). The rarity of such collaborations was echoed in the literature review, in which only 14% (n = 13) of publications included authors with conservation affiliations. Additionally, less than a third (29%, n = 24) of conservation paleobiologists indicated that they discuss project goals with conservation practitioners before beginning their research—despite 60% (n = 52) reporting that CPB research goals should be aligned with conservation priorities (Figure 7 and Supplementary Figure S13). Indeed, when asked about conservation goals to which CPB could best contribute, many participants provided vague statements or buzzwords (e.g., “baselines,” “biodiversity,” “mitigation”). Although not all conservation paleobiologists thought that building relationships with conservation practitioners is important, for those who did, the disconnect between their intentions and actions might stem from a lack of training (e.g., Jacobson, 1990; Noss, 1997; Blickley et al., 2013; Pietri et al., 2013; Kelley et al., 2018).

Another mismatch arose when we asked conservation paleobiologists about how they communicate research outputs. Most placed value on sharing their research in venues that extend beyond academia, with only 28% (n = 25) indicating that the main role of a conservation paleobiologist is to disseminate knowledge through peer-reviewed publications (Figure 7 and Supplementary Figure S13). Yet, even within academic publishing, just 11% (n = 10) of publications in the literature review appeared in mainstream conservation journals (e.g., Conservation Biology, Biological Conservation, and Biodiversity and Conservation), where practitioners might intuitively search for data and from which conservation evidence is synopsized to support implementation (Sutherland et al., 2019). Although the survey was primarily completed by academics and thus reflects their research practices, our results suggest a lack of crosstalk between conservation paleobiologists and practitioners. Survey participants further confirmed this communication barrier when asked about the challenges facing CPB.

To explore perceptions of CPB’s actual contributions to conservation, we asked survey participants about examples in which CPB research has influenced conservation outcomes. Participants collectively pointed to a handful of examples such as Everglades ecosystem restoration (Marshall et al., 2014; Wingard et al., 2017), efforts to restore pulse flows in the Colorado River Delta (Zamora-Arroyo and Flessa, 2009; Hallett et al., 2017), and species management scenarios (e.g., Faith, 2012). Despite providing examples, some participants were skeptical. One commented, “This is the problem—conservation [paleobiology] remains largely an academic exercise and still is not adequately integrated into ‘real’ conservation practice.” Groff et al. (2022) assessed the research–implementation gap in CPB and found that only about 10% of 444 publications that used geohistorical data with the intent of informing conservation, management, and restoration had real-world impact. In its current state, CPB’s applications to conservation appear to be more aspirational than tangible.

A reality check is called for at this stage of CPB’s development. The survey revealed that the field is not overwhelmingly perceived as applied in its current form despite claiming to be an applied science. Nor is most CPB research informing conservation action (Groff et al., 2022). Indeed, survey participants who self-identified as conservation paleobiologists did not share a unified vision for how the field should advance its applications to conservation (Figure 7 and Supplementary Figure S13). At least two outlooks emerged: some thought that conservation paleobiologists should engage with conservation practitioners and align their research goals with conservation needs, whereas others viewed the field as a separate, more academic undertaking with theoretical implications for conservation. The apparent variation across participants’ responses might have arisen from differences in their motivations, which likely included translational work designed to address conservation problems, method development to support such work, and occasional contributions to the field by scientists who might not label themselves as conservation paleobiologists. Their divergent responses suggest that participation at the front line of conservation implementation is not viewed as a prerequisite for being a conservation paleobiologist, consistent with the spectrum of pure to applied research that exists within conservation science (Soulé, 1985; Kareiva and Marvier, 2012). Nevertheless, many survey participants saw the field’s applications to conservation as an important challenge and highlighted the need to improve training, resources, and incentive structures to support conservation paleobiologists who strive to participate in conservation practice.



What is conservation paleobiology?

Conservation paleobiology is undergoing introspection about what it is and what it should be as a field. The crux of CPB has not shifted much since the term’s initial coining (Flessa, 2002) and subsequent definition in widely-cited publications (Dietl and Flessa, 2011, 2017; Conservation Paleobiology Workshop, 2012; Kidwell, 2013; Dietl et al., 2015; Barnosky et al., 2017; Supplementary Figure S1). However, its definition has widened over time. For example, definitions recorded in the literature review included additional conservation issues (e.g., ecosystem restoration, multiple stressors, and climate change) and ecosystem properties (e.g., ecosystem services) over time, likely as they became more frequently studied within the field (Supplementary Figures S16A–C). At present, CPB is popularly defined as the “application of the methods and theories of paleontology to the conservation and restoration of biodiversity and ecosystem services” (Dietl et al., 2015). Here, we examine how survey participants described CPB and assess whether the field’s current stage of development is consistent with those definitions.

When asked to define CPB using keywords or phrases, survey participants provided answers that are consistent with the existing definition (Supplementary Figure S16D), suggesting that the term does not need to be redefined. Their responses fell under five broad themes. CPB: (1) seeks to inform conservation, management, and restoration; (2) links timescales by combining modern, historical, and fossil data; (3) uses a variety of data types (e.g., fossil occurrences, stable isotopes, DNA) and analyses (e.g., time-series reconstructions, modeling, natural experiments); (4) measures biotic responses to environmental and anthropogenic stressors; and (5) is cross-disciplinary. Although ecological baselines (e.g., Pauly, 1995) were not frequently mentioned in definitions provided by participants, they were reported as an outcome of CPB studies.

We also explored how CPB is described in terms of the disciplines it encompasses. CPB has coalesced from the melding of disciplinary boundaries, but it sits at the interface of more than just paleobiology and conservation. When asked about the scope of its disciplinarity, survey participants indicated that CPB can incorporate information from a wide range of disciplines spanning conservation biology, ecology, historical ecology, paleoecology, paleobiology, paleoclimatology, biogeography, and archaeology (Supplementary Figure S19). When these disciplines were grouped, the largest intersection of responses occurred among paleontology, conservation science, and biology and ecology (Figure 8), positioning them at the field’s core. However, the breadth of participants’ responses demonstrates how diverse, albeit amorphous, CPB has become.
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FIGURE 8
 Cross-disciplinary scope of CPB, as perceived by the survey participants. Survey participants were asked from which areas of study CPB can incorporate information. Participants were able to select up to five disciplines that they considered to be most important. Disciplines were grouped to facilitate visualization (see Supplementary methods for the grouping methodology; paleontology and paleoclimatology were further grouped within the geosciences to aid interpretation). Colors in the Venn diagram correspond to the amount of support for each nested combination of disciplines. The largest intersection of responses occurred among the geosciences (particularly paleoecology), conservation science, and biology and ecology.


This cross-disciplinarity might act as a double-edged sword. It diversifies CPB’s toolkit for asking novel research questions and addressing conservation problems but also diminishes its cohesion by creating overlap with many other disciplines. For example, most self-identified conservation paleobiologists who participated in the survey conducted their research in disciplines beyond CPB and did not use the term to classify their expertise (Figure 2). Accordingly, there was not a clear divide across many of the survey questions between participants who did and did not conduct work that they considered to be CPB. Indeed, research in disciplines such as historical ecology and paleoecology is similar to studies that are described as CPB and, in many respects, the only difference is what the researchers call themselves. This conceptual overlap was further illustrated when we asked survey participants to provide examples of important papers in CPB; 68% (n = 40) of the 59 articles named that were published after 2002 do not include the term.

When asked to differentiate CPB from the disciplines it draws on for information, many survey participants pointed to its integrative nature. One noted, “it is not set apart from them, [rather] a combination of them.” Other participants referred to CPB as a holistic discipline aggregator because “very few claim to wear all of those hats, so [conservation paleobiology] usually requires a team with diverse skill sets.” Participants also regarded CPB’s timescales and research goals to be different from related disciplines. CPB synthesizes data over long timescales (e.g., longer than historical ecology or conservation biology but similar to paleontology and archaeology) and is often motivated by a goal of practical application (e.g., unlike paleontology, biogeography, or archaeology but similar to conservation biology and historical ecology; c.f. Soulé, 1985; Dietl and Flessa, 2011; Szabó, 2015). Because CPB shares these attributes, at least in part, with other disciplines, it is the configuration of constituent disciplines, rather than their individual attributes, that sets CPB apart. Some participants argued against delimiting the field’s boundaries altogether to avoid isolating it from potentially valuable contributions from other disciplines. Similar perspectives have been conveyed within conservation, exemplified by calls to soften, or even redraw, the traditional boundaries between conservation biology and disciplines that examine the human dimensions of conservation (Jacobson and McDuff, 1998; Meffe, 1998; Daily and Ehrlich, 1999; Balmford and Cowling, 2006; Travers et al., 2021).

Nonetheless, some attributes that distinguish CPB from conceptually related disciplines might still be aspirational. Self-described CPB research matched the definition provided by survey participants in terms of its datasets, scales, and topics. For example, we found that CPB uses diverse data types (Supplementary Figure S9) spanning decades to millions of years (Figure 6 and Supplementary Figure S12) to study a variety of stressors (Supplementary Figure S10). But, the field is currently not as applied as many survey participants suggested it should be (Figure 7 and Supplementary Figure S13), counter to its definition. Additionally, although CPB can incorporate information from many different disciplines (Figure 8 and Supplementary Figure S19), survey participants who self-identified as conservation paleobiologists were largely affiliated with paleontology or biology and ecology (Supplementary Figures S6, S7). More work is needed for conservation paleobiologists to fully transcend disciplinary boundaries (e.g., Kelley et al., 2018, 2019; Kelley and Dietl, 2022). As CPB grows into its definition, it might become increasingly distinct from its disciplinary roots.

Taken together, perspectives shared in the survey positioned CPB as a bridge between established disciplines rather than a truly separate field of study. However, it is unclear whether CPB research and training programs will remain largely siloed within paleontology and the geosciences or whether they will fuse with conservation biology as the field progresses (Dietl, 2016). This is particularly true given differences in how survey participants viewed CPB’s purpose as an applied science (Figure 7 and Supplementary Figure S13). The CPB community has not yet reached a consensus on what it means to be a conservation paleobiologist, nor have we wholesale adopted the term to refer to our academic identity or research. As we continue to reflect on CPB’s development, the survey responses highlighted a key challenge: how do we form a recognizable identity that balances community cohesion (e.g., moving toward an institutionalized field with a unified training curriculum) with the flexibility to incorporate diverse disciplinary perspectives (e.g., assembling scientists from allied disciplines as an umbrella term)? Alternatively, does the CPB community even desire to assemble in this way?



How will conservation paleobiology develop over the next 20 years?

CPB is nearing a crossroads. It is still evolving as an area of study and, if the survey participants’ opinions are any indication, there will continue to be some interest in making it a cross-disciplinary, applied field with real-world impact. Participants, however, shared a variety of perspectives about what this might look like in practice. Their responses emphasize both the need to advance scientific knowledge within the field and improve its applications to conservation practice. A strong academic foundation in geology, biology, communication, resource management, and environmental policy will always underpin CPB, although this foundation could be developed with a vision of implementation in mind to better align CPB practice with how the survey participants suggested we see ourselves. Success in this regard will be evident when data and methods from CPB become some of the many tools used in conservation. Other subfields within conservation biology, such as conservation genetics, conservation physiology, and conservation biogeography, are still developing as conservation tools in the two to three decades since their emergence (Whittaker et al., 2005; Hohenlohe et al., 2021; Tomlinson et al., 2021). But, they have established themselves as well-recognized approaches for solving conservation problems over this time frame, so they might be instructive examples of how CPB could mature. As we look ahead to the next two decades of CPB’s development, the survey responses suggest a need for efforts to promote community cohesion, strengthen collaborations within conservation science, and develop training programs that reflect the field’s identity as it continues to crystallize.


Development as a cross-disciplinary field

Survey participants described CPB as an integrative field that incorporates information from a wide array of disciplines with different academic origins and knowledge bases (Figure 8). However, many individual studies and research groups do not transcend disciplinary boundaries (Kelley et al., 2018; Supplementary Figure S6). Thus, one direction in which CPB might shift in the coming years is toward the tighter integration of disciplines from which the field draws knowledge. This could be achieved by assembling teams of transdisciplinary thinkers who are trained in specific disciplines but have complementary expertise (Soulé and Press, 1998; Daily and Ehrlich, 1999; Balmford and Cowling, 2006; Pooley, 2014; Kelley and Dietl, 2022). For example, an important addition to CPB teams would be researchers in the social sciences, economics, and policy—who had little representation in the survey (Supplementary Figure S7)—to address both the biological and human contexts in which conservation takes place (Jacobson and McDuff, 1998; Kelley et al., 2018; Kelley and Dietl, 2022). These teams could act as a springboard to help future conservation paleobiologists traverse disciplinary boundaries, approach research questions more creatively, and consider the diverse perspectives that underpin conservation decision-making (Benda et al., 2002; Boulton et al., 2005; Evely et al., 2010; Díaz et al., 2015; Chan et al., 2018). Pursuing these collaborations would also likely place greater emphasis on training future conservation paleobiologists to communicate across disciplines and engage in arenas outside the immediate sphere of paleontology.

As a result, CPB could become embedded within conservation biology as part of a holistic conservation problem-solving approach (Soulé, 1985; Kareiva and Marvier, 2012; Dietl, 2016; Barnosky et al., 2017). This path of development would be akin to that of conservation genetics (Shafer et al., 2015; Funk et al., 2019; Hohenlohe et al., 2021) and conservation physiology (Wikelski and Cooke, 2006; Tomlinson et al., 2021). In this version of CPB’s future, memberships in conservation science societies and attendance at their conferences might become commonplace, or perhaps even expected, among conservation paleobiologists. In turn, they might participate in conservation biology training programs, publish in conservation journals, and contribute to community-driven resources such as the Conservation Evidence repository2 or the Conservation Measures Partnership.3 In addition to strengthening connections within the conservation science community, conservation paleobiologists might invest more time and effort into building partnerships with conservation practitioners. Such partnerships could normalize CPB research programs that are oriented around conservation decisions and ultimately lead to more direct employment of conservation paleobiologists by resource management organizations.



Development as an applied field

A large motivation for many, but not all, conservation paleobiologists is to contribute to conservation practice (Figure 7 and Supplementary Figure S13). Applications to conservation were touted by survey participants as a defining attribute of the field, consistent with its established definition (Dietl and Flessa, 2011; Dietl et al., 2015). However, only a fraction of conservation paleobiologists who participated in the survey regularly worked with conservation practitioners (Supplementary Figure S18). Although this lack of engagement might signal a training gap, inconsistencies across their responses revealed that opinions about CPB’s development as an applied science have yet to converge. For example, conservation paleobiologists disagreed about how closely they should work with conservation practitioners or whether they should be directly involved in conservation practice (Figure 7 and Supplementary Figure S13). As the CPB community discusses what “applied” should look like and what researchers’ roles should be if the field becomes more applied, we could draw lessons from conservation biology. Here, we reflect on two alternative futures informed by the survey responses.

Over half of the survey participants indicated that CPB should become more applied (Figure 7 and Supplementary Figure S13). If the field progresses in this direction, more emphasis on building relationships with conservation practitioners will likely be needed. More specifically, this could entail sourcing research questions from resource managers to identify where their needs overlap with available geohistorical records as well as co-producing data and co-authoring publications (Cash et al., 2006; Cook et al., 2013; Hulme, 2014; Cvitanovic et al., 2015; Beier et al., 2017; Bertuol-Garcia et al., 2018; Savarese, 2018; Kadykalo et al., 2021). Other developments could include embedding conservation paleobiologists in resource management organizations, training knowledge brokers within the CPB community, and working with external boundary organizations to facilitate knowledge exchange between conservation paleobiologists and conservation practitioners (e.g., Cvitanovic et al., 2015). Strengthening these practices within CPB would require both individual action—in terms of how and when researchers interact with stakeholders (Knight et al., 2008; Hulme, 2014; Beier et al., 2017; Boyer et al., 2017; Flessa, 2017; Savarese, 2018)—and structural changes that incentivize reciprocal knowledge exchange (Cvitanovic et al., 2015; Durham and Dietl, 2015; Toomey et al., 2017; Kelley et al., 2018). One step toward instituting these changes would be to train conservation paleobiologists like conservation biologists so they can more effectively contribute to applied conservation contexts (Kelley et al., 2018; Kelley and Dietl, 2022). Not only would training allow individuals to grow their skill sets for doing conservation but would encourage more members of the CPB community to participate in such work. This trajectory could increase CPB’s real-world impact over the next two decades, propelling the field forward as a subfield of conservation science.

Alternatively, CPB might maintain the status quo. If the field follows its current trajectory, some conservation paleobiologists would continue to seek out partnerships with conservation practitioners, and many would proceed with their primary research as usual. Although this research would bolster CPB’s conceptual foundation, conservation action is never a result of scientific endeavors alone. If efforts are not made to navigate the complex human realities of conservation (Laurance et al., 2012; Game et al., 2014), plan for implementation (Knight et al., 2008; Toomey et al. 2017), and communicate results with decision-makers in actionable formats (Laurance et al., 2012; Walsh et al., 2015; Savarese, 2018; Sutherland et al., 2019; Smith et al., 2020), CPB might continue to fall short of influencing conservation outcomes. Without adjusting training or research practices, the survey responses suggest that the field will more likely follow this trajectory, which might have less of a recognizable applied footprint.

Regardless of the trajectory that CPB follows, the field will likely retain a mixture of researchers with varying levels of interaction with conservation practice. This is inevitable and necessary because methodological advances underpin CPB’s conservation applications as they do in conservation biology (Soulé, 1985). The survey responses suggest that researchers do not need to engage with conservation practice to be a conservation paleobiologist. Researchers will find their place along the spectrum of pure to applied research within CPB given their comfort level and training. Moving forward, how inclusive the field’s definition becomes and, ultimately, how it is distinguished from other, less applied disciplines, will likely depend on where the CPB community falls along this spectrum.



Training the next generation of conservation paleobiologists

At the heart of CPB’s future is training. But, how do we equip conservation paleobiologists with relevant skills as the field’s identity continues to evolve? The disconnect between survey participants’ aspirations and actions (Figure 7 and Supplementary Figure S13) underscored the role of training in steering conversations about what CPB is and should be as a field. As CPB graduate programs, short courses, and workshops are developed, training objectives could provide conservation paleobiologists with a toolkit to do the types of applied, cross-disciplinary work that most survey participants hoped will embody the field in the future. Most conservation paleobiologists who participated in the survey were trained in geoscience, biology and ecology, and paleontology departments. However, they saw potential not only in expanding the field’s pure research but also its conservation applications, collaborations, outreach, and education—necessitating a growing list of skills that extends beyond discipline-specific training. Variation across the survey responses also demonstrates that there is no one pathway to becoming a conservation paleobiologist or a single CPB archetype. CPB training is chasing a moving target as the field grows to meet the community’s aspirations.

Preparing students with an accumulation of competencies to meet evolving needs is no simple feat. In addition to learning research methods and disciplinary knowledge, training for conservation paleobiologists will likely need a stronger emphasis on “soft skills” than most traditional academic degree programs given their association with success in conservation settings. These skills include decision-making, fundraising, project management, leadership, teamwork, relational practices, and teaching (Muir and Schwartz, 2009; Schmidt et al., 2012; Blickley et al., 2013; Pietri et al., 2013; Langholz and Abeles, 2014; Toomey et al., 2017; Kelley et al., 2018, 2019). Pedagogical perspectives in CPB have also spotlighted the importance of transdisciplinary problem-solving and practical experience (Kelley et al., 2018, 2019; Kelley and Dietl, 2022), drawing from the conservation science curricula (Jacobson, 1990; Jacobson and Robinson, 1990; Moslemi et al., 2009; Newing, 2010). Building from these established pedagogies, CPB training objectives could be iteratively updated to track the spectrum of pure to applied research within the field as it moves from the prospect of application to more routinely contributing to conservation (see Kelley et al., 2018). Indeed, this adaptive process might eventually become self-perpetuating as the first generations of intentionally trained conservation paleobiologists come of age and begin training students of their own. Additionally, training objectives could be collective, with the aim of catering to individual interests while equipping teams—and more broadly, the CPB community—with diverse but complementary skill sets to tackle complex conservation problems (e.g., Wiek et al., 2011; Kelley and Dietl, 2022). As we look to CPB’s future, ongoing introspection about what we are as a field could guide training priorities as they, in turn, influence what we become.



Looking ahead

Two contrasting themes appeared in the survey: (1) enthusiastic and well-grounded optimism about CPB’s potential impacts and (2) uncertainty about what the field encompasses. CPB’s future will not be charted by this survey, by publications, or by academic commissions alone. A better sense of what CPB is will emerge from its practitioners over the next 20 years. Their efforts will define the field—and determine its success—through contributions to helping conserve, manage, and restore nature. It’s time to get to work.
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