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As a species, we have reached a tipping point for Earth derived from our unsustainable resource use. While conservation efforts occurred early in human civilization, it was not until 1980 that the full force of environmental destruction, including the Santa Barbara oil spill in the 1970s, culminated in the new discipline of conservation biology focused on the biosphere. Similarly, conservation paleobiology, named two decades later, brings the unique perspective of the fossil record to conservation efforts, uniting biosphere and geosphere scientists. To date, conservation history does not include paleontological or geological perspectives. Further, each discipline has a different benchmark—near time—for when Earth’s ecosystems were modified by humans. Accordingly, the history of conservation efforts leading up to conservation biology and conservation paleobiology was examined from a geological and ecological framework. To provide a benchmark for near time, the hominin record and their geo-environmental modifications were also examined and revealed that by the start of the Holocene, all continents except ice-covered Antarctica and Greenland had human-modified ecosystems. Therefore, near time is dispensable when the Holocene Epoch is universally understood and precisely defined as a time when H. sapiens dominated environments. Lastly, a conservation corps is urgently needed, following the long tradition of F.D. R.’s Civilian Conservation Corps of the 1930s and J.F. Kennedy’s Peace Corps of the 1960s, to promote a global network connecting all students and practitioners of conservation disciplines to focus on biotic resilience, recovery, and solutions for the world’s most pressing environmental problems.
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“The green mantle of Earth is now being ravaged and pillaged in a frenzy of exploitation by a mushrooming mass of humans and bulldozers. Never in this 500 million years of terrestrial evolution has this mantle we call the biosphere been under such savage attack.”—M. Soulé and B. Wilcox, 1980.
“All conservation issues are embedded in time”–C. Meine, 1999.
INTRODUCTION
Hominins (family Hominidae, subfamily Homininae, Tribe Hominini: archaic and modern humans and their closest ancestors; Almécija et al., 2021) have modified their environments and ecosystems starting ∼3 million years ago, a record that began when they selected and extracted stones from riverbeds or rock outcrops and worked them into tools indicative of cognitive innovations. At the start of the Holocene (11.7 ka), hunter-gathering niches were replaced by agricuture and farming that necessitated a less nomadic lifestyle and the development of settlements (Rowley-Conwy and Layton, 2011; Boivin et al., 2016). It is at this time that human populations greatly increased (Bocquet-Appel, 2011) and their effects on ecosystems became globally widespread producing an altered terrestrial biosphere that occurred much earlier than the Industrial Revolution (Ellis, 2011; 2021; Ruddiman, 2013; Boivin et al., 2016; Ellis et al., 2021). By 12,000 years ago, Homo sapiens had dispersed to all continents except Antarctica (Ruddiman, 2003; 2013; Stephens et al., 2019; Ellis, 2021; Ellis et al., 2021). In no other group of mammals had just a single species changed every ecosystem they had lived in from polar to tropical regions. Certainly, megaherbivorous dinosaurs had affected the evolution and diversification of plants (Onstein et al., 2022) and other megafauna altered marine and terrestrial systems (Estes et al., 2016; Malhi et al., 2016) but not to the extent of hominins, especially H. sapiens.
In 2022, the world’s population reached 8 billion people. We have passed our carrying capacity for Earth (Barrett and Odum, 2000) and are now facing the consequences of our runaway population and resource use (Ehrlich and Ehrlich, 2009; Barnovsky et al., 2012; Forman and Wu, 2016). Although we created a “Used Planet”, there are areas of recovery and resilience (Ellis et al., 2013; Morikawa and Palumbi, 2019; Gold and Vermeij, 2023; Schug et al., 2023). Recovery and resilience is what science needs to focus on with all hands on deck, melding all conservation efforts from bio-, geo-, paleo- and archaeological realms.
Conservation biology is a “crisis-based” science (Soulé, 1985) having to act even in the face of uncertainty before all the data are in—like the medical field adapting to its first global bat virus pandemic—to solve pressing environmental, ecological, and natural resource problems for a sustainable Earth. While conservation biology focuses on mostly modern biodiversity issues, it does not necessarily work on modern death assemblages or the fossil record. A related discipline, conservation paleobiology, examines the entire record from modern habitats and death assemblages to the fossil record (Figure 1; Flessa, 2002; Kowalewski, 2004; Dietl and Flessa, 2011; Dietl et al., 2015; Kidwell, 2015; Kosnik and Kowlewski, 2016; Tyler and Schneider, 2018; Dillon et al., 2022).
[image: Figure 1]FIGURE 1 | Temporal time frame of conservation biology and conservation paleobiology. Conservation biology works mostly on modern life associations and conservation paleobiology works not only with the life assemblage but also modern death assemblages and the fossil record.
Conservation paleobiology was formulated two decades after Soulé and Wilcox’s (1980) seminal call to arms for the conservation movement. Because it is relatively new, there is still a debate about whether it is a discipline or a subdiscipline of conservation biology (Dietl, 2016; Tyler and Schneider, 2018; Dillon et al., 2022). Herein, it is referred to as a discipline: a particular branch of science with its own epistemic goals and training methods (Mazzocchi, 2019).
Conservation paleobiology is a discipline because its development as a science is comparable to the development of conservation biology and it has its own unique goals and tool kit. Stemming from the pressing global biodiversity crisis, Soulé and Wilcox (1980) immediately invoked conservation biology as a discipline in their first edited volume, bringing together ecologic, genetic, and later, management and economic fields. Similarly, conservation paleontology is interdisciplinary, spanning biology, archaeology, paleogenomics, paleoecology, geology, fisheries/forestry, among others (e.g., Bottjer et al., 2006; Rick and Lockwood, 2013; Dietl et al., 2015; Hofman et al., 2015; Kosnik and Kowalewski, 2016). Paleobiology focuses on the entire fossil record of biodiversity crises, such as species originations, extinctions, and recovery from extinctions. Indeed, biodiversity “catastrophes” (extinctions) were first recognized by the vertebrate paleontologist, Georges Cuvier, in the late 1700s long before biologists recognized this concept (Ager, 1993). Lastly, conservation paleobiologists have their own unique tool kit adapted and modified from paleobiology, geology, biology, information sciences and economics, to uniquely use the fossil record for conservation goals.
Here, I review the historical underpinnings of conservation up to the conception of conservation biology and paleobiology, the latter of which is not currently in conservation textbooks. Second, the hominin record of resource is also reviewed to determine when this activity became a global phenomenon that all continents shared, except Antarctica which has the most recent hominin modifications (refer to Figure 1.1 in Ehrenfeld, 1970). That review will provide a prospectus on whether the term near time is needed in the conservation disciplines. Finally, a plea is rendered for more deep-time studies to help solve conservation issues; such studies are largely overlooked in conservationn paleobiology (Dillon et al., 2022). Additionally, the establishment of an interdisciplinary Conservation Corps is needed to solve the world’s pressing environmental problems. Such a corps builds on the work of Franklin Delano Roosevelt’s original WWII conservation efforts and John F. Kennedy’s Peace Corps of the 1960s.
CONSERVATION BIOLOGY AND CONSERVATION PALEOBIOLOGY: A GEOHISTORICAL PERSPECTIVE
Historical treatments for conservation biology are readily available in textbooks and journal articles (Dasmann, 1958; Meine et al., 2006; Cardinale et al., 2020; Sher, A., 2022) but the geologic and paleoecologic context for that history is lacking. Unlike conservation biology, conservation paleobiologists work with the fossil record of life on Earth starting ∼3.8 billion years ago, providing modern conservation studies a rich legacy of past biodiversity in relation to environmental and climatic change. Geologists and paleobiologists have studied these major changes for nearly five centuries, starting with Nicholas Steno in the 1600s, James Hutton and Alexander von Humboldt in the 1700s, Charles Lyell in the 1830s, and Charles Darwin, Alfred Russel Wallace, among many others, in the 1830s–1890s.
In this section, I provide a timeline of critical bio-geohistorical events that led to the modern conservation movement in the 1970s that set the stage for the emergence of conservation paleobiology in the 1990s. The section’s theme is that humans have invoked conservation efforts numerous times over their history, but ultimately, they were not successful in implementing them until the 1970s. Conservation efforts of the 1970s were hard won and always occurred after major crises. Those foundational efforts are still at risk of being repealed by the politicization of bio- and geospheric resources without sustainable solutions. Going forward, humans need to be vigilant, diligent and not ambivalent about fiercely defending a sustainable Earth.
∼10,000 BC–AD 1000s: nature for the spirit and human use
Indigenous peoples had land ethics, but also land modifications, dating to ∼10,000 ka in North and South America (Chapman et al., 1982; Denevan, 1992; Jostad et al., 1994; Martin and Szuter, 1999; Fluery et al., 2014; Piperno et al., 2021) and much earlier in Europe, Africa and Australia (Rose, D.B., 1988; Ikuenobe, P.A., 2014; Ellis et al., 2021; Fletcher et al., 2021). In Asia, conservation had ancient roots in philosophy and spiritual practices of living harmoniously with nature dating back ∼7,000 years (Cardinale et al., 2020; Taylor, 2020; Van Dyke and Lamb, 2020). Plato and other Greek philosophers were the first to write about how humans disrupted nature, specifically soil erosion related to deforestation; the Romans also contributed to extensive deforestation (Hughes, 2011). Thousands of years of land alteration through deforestation also occurred in the Middle East, where oak, cedar and fir forests were altered to scrubland or desert (Mikesell, 1969; Yasuda et al., 2000; Kaplan et al., 2009; Deckers and Pessin, 2017). Unfortunately, these activities continue to this day (Bayram and Öztürk, 2020).
During this time, preservation of nature only occurred for spiritual reasons (Ormsby and Bhagwat, 2010; Brandt et al., 2013) or for hunting or other resource cultivating activity (Schuster et al., 2019; Armstrong et al., 2021). The first known preserved land for hunting started ∼ AD 1000 in England and China but were reserved for the nobility and not for the populace (Van Dyke and Lamb, 2020).
AD 1600–AD 1800s: knowledge of human’s destruction on earth and ineffective laws
From the 1600s–1800s, humans tried to adopt laws to limit environmental destruction (Clepper, 1966; Egerton, 2012). In colonial America, for example, increased population, deforestation, land use and targeting vulnerable sea and land animals led to near ecological collapse in many local and regional areas (Clepper, 1966). Regulations were inacted locally to preserve timber, land animal and fish stocks, but none of those laws were effective because tobacco and fish were major exports, leading to more deforestation, soil erosion, river damming, pollution and, consequently, the fishes’ regional extinction (Clepper, 1966).
In the late 1700s and early-to-mid-1800s, scientists had differing views concerning population increases and resource use. Malthus (1798) acknowledged that the human population needed to be maintained “to the level of means of subsistence” (his p. iii). He further discussed that population increased geometrically, but food only arithmetically. Malthus saw the dangers of increased population but did not think that humans would control this increase although he hoped they would. Even though influenced by Malthus for his natural selection tenets, Darwin (1874, p. 706) did admit, as Malthus did, that human’s “natural rate of increase” led to “obvious evils”, but unlike Malthus, Darwin thought that human population should be left unfettered to allow competition to occur. Darwin’s ideas on population and resource use also differed from his contemporary, Charles Lyell. In his Principles of Geology (1837), Lyell discussed how “the growth of human population cannot take place without diminishing the numbers, or cause the entire destruction, of many animals” (his p. 252). Lyell was also one of the first to address the temporal scope of climate change and the extirpation of many indigenous species after the arrival of Europeans.
Consequently, by the 1800s, it was well known that humans altered the landscape, but conservation efforts were not common, and if instituted, were not enforced. For example, despite the inception of the U.S. Fish Commission in 1871, Pacific salmon were severely exploited at that time and are now facing collapse (Clepper, 1966; Miller et al., 2014; Dadswell et al., 2021). Similarly, wild Atlantic Salmon are nearly extinct today likely from illegal-unreported-and-unregulated high seas fisheries and fitness reduction from interbreeding with farmed salmon (McGinnity et al., 2003; Dadswell et al., 2021). Salmon are critical keystone species in marine and freshwater ecosystems (Hyatt et al., 2000) and their dead carcasses are integral to terrestrial and aquatic ecosystems (Cederholm et al., 1999). Often the solutions to conservation issues are tradeoffs between social, ecologic, and economic factors (Harrison and Gronsleth Gould, 2022), but if this issues dates back nearly 200 years, why have we not protected the salmon?
Starting in the 1840s in eastern North America, sport hunters were the first real conservationists as they began to enforce game protection (Clepper, 1966). These hunters were behind legislation that enacted fish and wildlife protections in the 1860s that led to an increase in conservation societies, laws, and parks such as the first conservation society, the American Fisheries Society in 1870, the 1872 Wild Bird Protection Act in England, and the first conservation park in the United States, Yellowstone Natural Park, in 1872 (Clepper, 1966).
A groundbreaking book, Man and Nature by Marsh (1864), was the first to illustrate humans’ global assault on nature, from introduced species to the complete destruction of landscapes (Ehrenfeld, 1970). In 1886, the Division of Forestry at the U.S. federal level was enacted to manage forest resources (Clepper, 1966). Nevertheless, it was not until the 1900s that conservation laws became actionable.
AD 1900s: environmental crises ushered in conservation movement
In the early 1900s, Aldo Leopold was the main proponent of forestry and wildlife management. By 1940, numerous federal agencies, such as the U.S. Fish and Wildlife Service, were instituted (Clepper, 1966; Meine, 2022). Additionally, the exploitation of fisheries and marine mammals since the 1700s led to regional and international laws in the early 1900s but were not successful. For example, a law in 1911 to protect the Northern Fur Seal from being captured at sea did not protect them on land. This pinniped was previously hunted by Russians starting in the 1780s, then exploited by the United States up to 1984, and today, the seal is still captured on land by indigenous peoples despite population decreases (Veltre and McCartney, 2002; Young, 2009). It was not until after the combined disasters of the Dust Bowl, the Great Depression and World War II that the conservation and environmental movement in the United States was started in earnest.
AD 1930–AD 1940s: compounded crises: the dust bowl, great depression and WWII
The great poverty, human displacement, and environmental deterioration from the Dust Bowl (∼1934–1940) was caused by a series of severe droughts acting on farming methods that did not preserve the topsoil, leading to extensive wind erosion (Cook et al., 2009; McLeman et al., 2014). The Dust Bowl crisis and the Great Depression occurred at the same time, compounding their effects (Crafts and Fearon, 2010). To remedy the poverty and environmental destruction from both crises, the Civilian Conservation Corp (CCC; 1933–1944) was formed. The CCC was the brainchild of Franklin Roosevelt’s New Deal that employed roughly three million men to remediate depleted farm, agricultural and timbered landscapes by planting over three billion trees, emplacing erosion control dams, and building hundreds of state parks (Maher, 2008). The CCC set the seed for remediation and conservation efforts in the 20th and 21st century.
While ancient cultures were likely the first to practice soil conservation using terraces, it is not known if their intent was to prevent soil erosion (Dotterweich, 2013). It was only after the Dust Bowl that major soil conservation efforts began, including the first journal on Soil and Water Conservation (Baveye et al., 2011). Unfortunately, massive soil degradation still occurs across the globe today and needs urgent study, mitigation, and restoration (Baveye et al., 2011). Soil erosion not only affects terrestrial ecosystems but also the health of aquatic ecosystems and the air organisms breathe.
WWII had the first aerial bombardments in Earth’s history that destroyed coastal and inland environments and infrastructure in Europe, North Africa, Britain, Japan, and the Pacific Island region (Leaning, 2000). Also for the first time in Earth’s history, nuclear weapons were used in WWII with horrific consequences for nature and its biotic occupants. Despite that knowledge, nuclear bomb detonation continued after the war with ∼423 atmospheric tests between 1945 and 1957 that devastated Pacific islands where the tests occurred, rendering them unlivable; Caribbean Islands like Puerto Rico were also used as testing grounds (Tate and Hull, 1964; Leaning, 2000; Gerrard, 2015; Thomson and Samuels-Jones, 2020). These islands continue to face the legacy of WWII’s environmental fallout to this day because bioturbation continuously redistributes the radionuclides from these nuclear tests (McMurtry et al., 1985; Thomson and Samuels-Jones, 2020).
The first college textbook on conservation was a direct outgrowth of the environmental devastation of WWII, responding to a need to promote the “wise management of natural resources” for future generations. That textbook, Raymond Dasmann’s Environmental Conservation (1958), covered topics such as soil, water, land and aquatic resource conservation and also advocated limitations on population growth. The increase in human populations was also strongly argued as devastating to the environment a decade later by Anne and Paul Ehrlich, 1968 popular book, The Population Bomb. Criticisms aside (see Ehrlich and Ehrlich, 2009), their book was prescient: The Earth has a finite carrying capacity for humans and their per capita demand for resources (Barrett and Odum, 2000). Barrett and Odum (2000) discovered that the Earth had already reached its carrying capacity for humans by 2000. Although currently debated when Earth’s environmental tipping point will occur (Dakos et al., 2019), Earth already has or will soon likely surpass it (McKay et al., 2022; World Meteorological Organization, 2023).
AD 1969: Santa Barbara oil spill, California
Carson (1962) Silent Spring instilled in the public the harms of unregulated pesticides such as DDT as well as polluting industries. Her work spurred grassroot efforts to rectify those issues and later in that decade, the journal, Biological Conservation, was founded, focused on sociological and economic aspects of conservation. Despite those efforts, California had big city smog and raw sewage spewed into coastal waters where children played (Walker, pers. experience). Along U.S. Route 101 near Ventura and Santa Barbara, open-flame methane burned from oil field off gassing and crop dusters sprayed DDT on citrus groves closely associated with residential areas. But, it was not until the Santa Barbara oil spill in January 1969 that was the watershed moment for conservation action.
The Santa Barbara oil spill was an unmitigated disaster, turning miles of coastal beaches black with tar and oil and killing untold thousands of marine organisms and seabirds (Clarke and Hemphill, 2019). Ironically, its environmental effects were never adequately documented (Spezio, 2018), but for the public, the Santa Barbara oil spill was the final straw. Within a year, the first Earth Day was proclaimed on 22 April 1970, ushering in the environmental decade with tougher federal laws to preserve Earth’s finite resources and environmental health.
AD 1970–AD 1980: the environmental decade
Ten years after the publication of Silent Spring and 2 years after the Santa Barbara oil spill, Apollo 17 astronauts photographed the Earth in color for the first time (the “Blue Marble”; Wuebbles, 2012). The Blue Marble image was a stark reminder that Earth is the only planet with known life in our entire Solar System. Consequently, that image became the iconic symbol of the conservation movement (Wuebbles, 2012) and galvanized grassroot efforts calling for federal environmental regulations.
Nixon’s “Environmental Decade” (1970–1980) inacted the first major federal acts and agencies to protect species (including humans) and the environment. As a direct response to the Santa Barbara oil spill, the National Environmental Policy Act and the Environmental Protection Agency (EPA) was founded in 1970. Soon followed the Safe Drinking Water Act, Comprehensive Environmental Response, Compensation and Liability Act, the Clean Air Act, the Coastal Zone Management Act, the Marine Protection Research and Sanctuary Act, the Endangered Species Act, the Wild and Scenic Rivers Act, and the Marine Mammal Protection Act, among many others (Freeman, 2002; Spezio, 2018). Still, although the EPA banned DDT in the United States in 1972, it continues to be used in other regions of the world to detrimental affects (Padayachee et al., 2023).
An important textbook by David Ehrenfeld (1970), Biological Conservation, inspired the teaching and training of students to work toward a sustainable Earth. Ehrenfeld soon followed with a popular book, Conserving Life on Earth (1972), presenting conservation efforts to the public and answering critics who called the new conservation movement “elitist” (Ehrenfeld, 1972, p. xii). In 1974, the Foundation for Environmental Conservation published the first conservation journal, Environmental Conservation. Even though forestry journals date back to the 1800s, the first ecosystem-based journal was started in 1976, Forest Ecology and Management. Nevertheless, it was not until the 1980s that conservation biology became respectable as a discipline, a profession and fundable through granting agencies.
AD 1980s: conservation biology, a full-fledged discipline
Conservation biology immediately became a discipline with the publication of the college textbook, an edited volume, Conservation Biology, by Michael Soulé and Wilcox, (1980). Their goal was to preserve “biological diversity and its evolutionary potential”, which was the first time that conservation biology had an evolutionary basis with a focus on extinction dynamics pertaining to modern species. Their book concerned the tropics because they argued those regions were more prone to environmental devastation. We now know that the entire Earth is experiencing major effects of anthropogenic activities, with the polar regions warming three to four times faster than any other region on Earth (Clem et al., 2020; Rantanen et al., 2022; Hörhold et al., 2023; Molina et al., 2023). Antarctica and Greenland are warming at an alarming rate (Wang et al., 2022; Hörhold et al., 2023; Kusahara et al., 2023). In particular, the Taylor Dry Valley (Figure 2A) is experiencing mass loss of glaciers and land ecosystems are changing (Hoffman et al., 2017; Andriuzzi et al., 2018) and the southern part of Greenland (Figure 2B) is melting at above average rates (Hörhold et al., 2023).
[image: Figure 2]FIGURE 2 | Polar regions are heating up faster than any other region of the world. (A), Taylor Dry Valley, Antarctica, in 2008; (B), southern Greenland in 2022.
Soulé and Wilcox’s approachable style and emotional appeal actuated scientists and the public around the world to work in the conservation field (Meine et al., 2006; Noss, 2006; Taylor, 2020). Soulé continued to advocate for conservation science throughout his career (Soulé, 1985; Meine et al., 2006; Taylor, 2020). They justified conservation biology with a cogent call to arms: Because “many habitats, especially tropical ones, are on the verge of total destruction and many large animals are on the verge of extinction”, the intrinsic need for applied applications to save biodiversity is not only necessary but vital. They further changed the mindset about scientific funding, which funded “pure” science at that time but not “applied” subjects like saving habitats and animals. Their new discipline also provided a basis for teaching students, the future stewards for a sustainable Earth. Lastly, they argued that scientists had to engage in science outreach concerning conservation, which was not popular in academia at the time.
The journal Conservation Biology was founded in 1987 with a focus on conserving Earth’s biodiversity through conservation methods and science. Conservation Letters was added much later in 2007. Both journals and the earlier journal, Biological Conservation, are published under the auspices of the Society for Conservation Biology that was established in 1985 after the international success and influence of Soulé and Wilcox 1980 seminal book.
With relatively few exceptions, conservation biology focuses on modern species and ecosystems, allowing species to evolve as naturally as possible as a means to preserve biodiversity and to prevent extinctions (Soulé and Wilcox, 1980; Soulé, 1985). However, evolution does not take place in an ecological vacuum (Boucot, 1983) and the need for an evolutionary-ecological fossil perspective—a geohistorical perspective (Smith and Dietl, 2016)—was needed to also address modern conservation issues.
AD 1990s to today: conservation paleobiology, a full-fledged discipline
Prior to naming conservation paleobiology in 2002, fossils had a long history in conservation efforts. For example, micropaleontologists have used plant pollen to document the fossil and modern history of environmental change (Von Post, 1916; 1924; Janssen, 1967; Brewster-Wingard and Ishman, 1999; Owens, 2020), while others have used singled-celled protists, such as diatoms and foraminifera, and tiny animals such as ostracodes, to reconstruct past aquatic environments, document pollution, and chart the history of sea level and climate change (e.g., Ehrenberg, 1829; Cleve, 1894; Patrick, 1957; Alve, 1991; Culver and Buzas, 1995; Hallock, 2000; Karlsen et al., 2000; Martin, 2000; Zachos et al., 2001; Cronin et al., 2003; Smol, 2009; Smol and Stoermer, 2010). Freshwater mollusks are also used to examine the history and effects of pollution in rivers and lakes starting in the 1800s (Ortman, 1909; Baker, 1922; van der Schalie, 1936; Ingram, 1957) and continues to this day (Dettman and Lohmann, 1993; Goewert et al., 2007; Lundquist et al., 2019; Kusnerik et al., 2022). The first application of stable isotopes (δ18O) for obtaining paleotemperature and climatic records was tested with marine mollusks (Urey et al., 1951; Epstein and Lowenstam, 1953; Valentine and Meade, 1960; Krantz et al., 1987) and as the ability to sample smaller organisms improved, deep-sea foraminifera have given us the best record of Cenozoic climate change (Zachos et al., 2001). Vertebrate paleontology, as well, presented the overkill hypothesis which focused on humans as major hunters of megamammals, leading to their extinction during the Late Pleisotocene (Martin, 1967; 1990) although there were other contributing factors, like climate change (Nagaoka et al., 2018). With the long history of conservation work using fossils—often published in many disciplines like environmental geology, historical geology, paleoecology, and micropaleontology—it was just a matter of time that conservation paleobiology, as a discipline, was coined.
Conservation paleobiology was named by the paleobiologist, Karl Flessa (Flessa, 2002). Along with Michał Kowalewski, his Ph.D. student in the 1990s, (Figure 3), they focused on the historical ecosystem related to the collapse of the Colorado River’s estuary resulting from the lack of freshwater caused by upstream dams and diversions that began in the 1930s. To understand the major changes to the estuary’s ecosystems, they examined fossil shells on the shores of the northern Gulf of California (Figure 4; Kowalewski et al., 2000; Kowalewski, 2001; 2004). Based on the mountains of fossil shells preserved near San Felipe, Baja California, Mexico, they started an extensive research program to “put the dead to work” (after David Jablonski, see Dietl and Flessa, 2011), by using modern death assemblages and fossils to understand the past ecosystem history of the Colorado River’s estuary.
[image: Figure 3]FIGURE 3 | Karl Flessa and Michał Kowalewski in San Felipe, Mexico, Feb. 15, 1992. Karl coined conservation paleobiology and together, they provided an early framework for the discipline based on their work on the Colorado River Delta, Mexico.
[image: Figure 4]FIGURE 4 | Extensive molluscan deposits represent the Colorado River Delta’s former free-flowing water and productivity, San Felipe, Mexico, Feb. 15, 1992. (A), Karl Flessa and Michał Kowalewski working on the extensive shell deposits; (B), Close up of the fossil mollusks that were common in the estuary prior to the damming and diversions of the Colorado River.
Conservation paleobiology uses geohistorical data to complement the modern focus of conservation biology (Kowalewski, 2001; 2004; 2009; Flessa, 2002; Dietl and Flessa, 2009; 2017; Dietl et al., 2015; Kidwell, 2015; Dietl, 2016; Smith and Dietl, 2016; Barnovsky et al., 2017; Tyler and Schneider, 2018; Dillon et al., 2022). Both are multidisciplinary and focus on reducing biodiversity loss, mitigating human alteration of ecosystems, and providing data for sustainable resource management. But there are differences, and that is specifically the use of the fossil record (Kowalewski, 2009; Dietl and Flessa, 2011). Conservation paleobiology bridges the entire record from today to before the time that hominins first perturbed their environment. That is, while conservation biology focuses mostly on living ecosystems, conservation paleobiologists focus on the whole package: from living to fossil assemblages (refer to Figure 1).
Charles Lyell discussed how important it was to examine fossil processes to understand the present. In his Principles of Geology (1837, Vol. 1), he stated, “by these researches into the state of the earth and its inhabitants of former periods, we acquire a more perfect knowledge of its present conditions … ” and further, “…if we enlarge our experience of the present economy of nature, we must investigate the effects of her operations in former epochs” (his p. 1–3). Hence, environmental topics have deep roots in the geological sciences.
TEMPORAL RECORD OF HOMININS AS GEO- AND ECOLOGICAL AGENTS ON LAND AND SEA
Based on genomic data, hominins diverged from apes between ∼9.3 and ∼6.5 mya in the late Miocene (Figure 5; Moorjani et al., 2016; Almécija et al., 2021). Intense debate is still raging concerning when the hominin lineage split from apes (Moorjani et al., 2016; Almécija et al., 2021). One of the earliest known hominins, Australopithecus, dates to ∼3.5 mya from Chad (Brunet, 1995), but another bipedal hominin from Lake Chad, Sahelanthropus, now extends the hominin fossil lineage to the Late Miocene (∼7 mya; Daver et al., 2022). Our species, H. sapiens, originated in Africa ∼315 ka (Figure 5; late Middle Pleistocene; Hublin et al., 2017) and remarkably, within ∼200,000 years, was on every habitable continent (Figure 6).
[image: Figure 5]FIGURE 5 | Temporal scope of the hominin fossil record and antiquity of their geo-ecosystem perturbations. Time is in millions of years (Ma); references are in text for timing of events.
[image: Figure 6]FIGURE 6 | Global map with the timing of Homo sapiens and other hominins (mostly archaic humans except for Africa’s 7 Ma hominins) as they arrived around the world. The Earth was untouched by hominins sensu lato prior to their origination and migration into other regions; however, it was the adoption of agriculture and pastorialism at the start of the Holocene Epoch that changed Earth systems forever (see text). References for Homo sapiens first known dates: Africa ∼315 Ma (Richter et al., 2017); Middle East and Europe ∼200 ka (Late Pleistocene; Slimak et al., 2022; Hublin et al., 2017; Hershkovitz, et al., 2018; Scerri et al., 2018; Harvati et al., 2019); Asia (West, East and North Asia combined: ∼120 ka (Liu et al., 2015; 2021; Bae et al., 2017; Freidline et al., 2023); Indonesia ∼70 ka (van den Bergh et al., 2016); Australia ∼65 ka (Clarkson et al., 2017); Papua New Guinea ∼56 ka (Shaw et al., 2020); Philippines ∼50 ka (Ingicco et al., 2018; Arenas et al., 2020); Tasmania ∼43 ka (Turney et al., 2008); United Kingdom ∼44 ka (Higham et al., 2011); Japan ∼38 ka (Ikawa-Smith, 2022); North America ∼23 ka (Goebel et al., 2008; Bennett et al., 2021); South America ∼18 ka (Dillehay et al., 2008); Scandinavia ∼11.7 ka (Günther et al., 2018; Manninen et al., 2021); Madagascar ∼10.5 ka (Hansford et al., 2018); Greenland ∼2.5 ka (Jensen and Gotfred, 2022); Iceland ∼ AD 924 (Sveinbjörnsdóttir et al., 2016); New Zealand ∼ AD 1280 (Wilmshurst et al., 2008); Antarctica had no indigenous hominin population, but reached by Homo sapiens in the 1800s and early 1900s for exploration (Borchgrevink, 2014). Archaic humans arrived in the Arabian Peninsula in the early Pleistocene ∼2 Ma (Foulds et al., 2017); in southern Europe by ∼ 1.6 or 1.8 Ma (including Dmanisi, Georgia) and in northernEurope and the United Kingdom by ∼ 500–800 ka (Key and Ashton, 2022). They may have also occupied Asia and Indonesia by ∼ 1.8 Ma (Forestier et al., 2022; Husson et al., 2022) and the Philippines by 709 ka (Ingicco et al., 2018; Arenas et al., 2020).
Scientists, depending on their discipline, have many terms for the historic record, from environmental history, historical ecology, historical biology, conservation archaeobiology, paleobiology, and so on (see also Rick and Lockwood, 2013). But from a conservation standpoint, none have identified the time when hominins altered their environments such that no “pristine” environments existed on any continent. Knowing and justifying when such a time occurred on the different continents would provide a temporal and spatial framework for conservation studies prior to hominin environmental modifications, especially those of H. sapiens.
Determining the first occurrence of hominin activities is challenging because those occurrences are diachronous across a global landscape (Thompson et al., 2021; Gibbard P. L. et al., 2022). Often, the earliest records are considered regional in scope without global effects (Ellis et al., 2013). Nonetheless, all human perturbations start at the local level and build outward as populations and their resource needs increase. Forensic evidence such as stone tools, burnt artifacts, changes in pollen types across landscapes and anthroturbation (bioturbation by humans, such as mining; Zalasiewicz et al., 2014), among many other factors, all provide clues to the antiquity of hominin-environmental interactions.
In this section, I review the hominin fossil record to determine: 1) When they started modifying their environment from a geologic perspective (among other factors); and 2) when this activity became a global phenomenon that all continents shared.
Rock and mineral extraction
The oldest evidence for hominin-environmental interaction and the oldest hominin artifacts are stone tools discovered in East Africa (Kenya) that were presumably used for hunting and processing animals and/or wood that date to the Pliocene Epoch, 3.3 Ma (Harmand et al., 2015; Lewis and Harmand, 2016). Stone tool technology was widespread in the East Africa Rift Valley starting ∼3 Ma (as Oldowan tools), and by ∼ 2.0 Ma, stone tools were also present in northern and southern Africa (Toth and Schick, 2006; de la Torre, 2011; Plummer et al., 2023). Oldowan stone tools are hammer stones, choppers and scrapers and were a major cognitive breakthrough in stone technology (Toth and Schick, 2006). Hominins had sufficient cognitive ability to select geologically utilitarian rocks and minerals like chert, quartz, and fine-grained volcanics (Stout et al., 2005). In effect, these early hominins were able to discern hardness and composition long before Carl Freidrich Mohs defined the hardness scale for minerals in the early 1800s. Stone tool manufacture also capitalized on another geological characteristc of chert-bearing rocks: conchoidal fracture that produced sharp edges through knapping (de la Torre, 2011). Selecting rocks and tool use occurs in other primates, like Capuchin monkeys and Chimpanzees (Mercader et al., 2002; Falótico et al., 2019). But, unlike hominins, stone tools by other primates is restricted to localized areas and are distinct from hominin worked stone (Boesch and Boesch, 1984; Mercader et al., 2002; Toth and Schick, 2006; de la Torre and Hirata, 2015; Boesch et al., 2019; Falótico et al., 2019).
Out-of-habitat rock transport
Early hominins were transporting stones on a relatively large scale, more so than other non-hominin primates, out of their original collecting region, in some cases up to 13 km (Stout et al., 2005). Out-of-habitat transport also mixed rock types and this became extensive across East Africa starting ∼2.6 Ma (after Stout et al., 2005). Hominins also brought their stones and technology with them as they migrated across the globe. Based on early settlements in Israel, H. sapiens likely brought the Levallois stone tool technology—using stone hammers to produce sharp-flaked tools—out of Africa to northern regions (Prévost and Zaidner, 2020; Slimak et al., 2022). Unfortunately, we still have limited understanding of the amount of stone transported out of habitat in the different geographic regions. If this geoinformation were known, it would provide quantitative estimates for out-of-habitat transport by hominins that brought exotic rocks and minerals into new environments as they migrated and established populations.
Lithic landscapes: the first proposed anthropogenic landscape
Lithic landscapes, environments dominated by a high mount of hominin-worked stone, can have as many as 40,000 lithics per km2 in Plio-Pleistocene archaeological sites (i.e., Koobi Fora; Isaac and Harris, 1981) and more in other hominin-dominated localities (Foley and Mairazón Lahr, 2015). The Messak region of the Central Sahara is one of the first entirely altered anthropogenic landscapes, comprising multiple layers of lithic artifacts dating to the Middle Pleistocene (∼100 ka) and covering an area of ∼15,000 km2 (Foley and Mairazón Lahr, 2015). However, a comprehensive review of ancient lithic landscapes is needed to understand the full extent of how early hominins altered the Earth’s surface as they migrated throughout Africa and elsewhere in the world with their stone repertory.
Mining/quarrying and earliest mining pollution
Anthroturbation (Zalasiewicz et al., 2014) likely started when hominins first extracted rocks from stream beds or outcrops to use in tool making ∼3.3 Ma. Their effects on the environment would likely compound especially if they quarried or mined the same area over thousands or more years forming quarryscapes (e.g., Heldal, 2009). In this manner, hominins are major geologic and geomorphic agents (Hooke, 1994; 2000; Wilkinson, 2005; Price et al., 2011), a process that likely started as soon as they extracted stone to make tools and moving boulders and stone to make seasonal living areas (Hooke, 2000).
The earliest rock quarries were likely chert quarries ∼1.65 Ma in East Africa (Stout et al., 2005). However, major rock quarrying starts ∼300 ka (Verri et al., 2004) and was globally extensive by the beginning of the Holocene (∼11 ka) when hominins were transitioning from hunter-gathers to an agrarian society and needed more sophisticated stone tools and building stones for agriculture, farming, and pastoralism (Zalasiewicz et al., 2014; Grosman and Goren-Inbar, 2016). Massive rock quarrying to build pyramids and other large-scale edifices began in earnest ∼3000 BC (Weiss, 2022). In toto, the antiquity and geographic distribution of ancient rock quarries is still not completely known.
Metals, like copper, were likely used for bead manufacture starting ∼11 ka (Radivojević and Rehren, 2016), but whether these first metals were mined or extracted from river sediments or rock outcrops is unknown. Metal minining may have occurred in Turkey by ∼10 ka (Roberts et al., 2009). Metallurgy (metal smelting using ores from which metals are extracted) began independently in multiple locations in Asia, Europe and Africa between 8 and 6 ka (Höppner et al., 2005; Radivojević and Rehren, 2016; Holl, 2020; but see Roberts et al., 2009). The oldest metal mine, a copper mine, dates to ∼5400 BC in the Balkans (Radivojević and Rehren, 2016) and many others in Europe are known from 4,500–3650 BC (Höppner et al., 2005; Maggie and Pearce, 2005). The amount of copper used, estimated from artifacts, was considerable. For example, the Vinča culture in the Balkans probably used 5 tonnes (5,000 kg) of copper between ∼7.4 and 6.4 ka (Radivojević and Rehren, 2016).
Extraction and transportation of lead, gold, silver, and tin bronzes also occurred across the Middle East, Europe and Asia between ∼8 and 6 ka. The artifacts made from these precious metals could occur “many hundreds of kilometers from the nearest sources of metals” indicating extensive trade (Roberts et al., 2009). The earliest use of iron dates to 5.2 ka in Egypt (hammered iron beads from a meteorite; Rehren, et al., 2013), with many African iron-producing sites known from ∼5 ka (Holl, 2020). Nonetheless, the full extent of metal mining and its detrimental effects on the environment during the early to mid-Holocene are just starting to become known.
The first environmental pollution from toxic metals began when hominins learned to extract precious metals from ores, especially if they selected ores, like copper-arsenic, to make jewelry and eating utensils. Some Eurasian cultures bartered for copper/arsenic alloys (Roberts et al., 2009) and along with lead, these metals were absorbed during the smelting process (Grattan et al., 2002) or entered bone through diagenesis generated by metal offerings during burial (Özdemir et al., 2010). Metals preserved in bones can be used as an environmental indicator of early air, land, and water pollution (Grattan et al., 2002, 2007). These toxic metals from ancient smelting sites are still bioavailable to wildlife today and ancient archaeological sites need to be assessed for their chemical toxicity (Camizuli et al., 2018).
Land modifications from fire to farming and agriculture
Human land use is one of the most fundamental characteristics that has completely altered Planet Earth, affecting ecosystems, water, air and land quality, climate, and biodiversity, making the Earth a very “Used Planet” (Ellis et al., 2013). But when did land removal and modifications by hominins start in the geologic record? Some claim that these modifications started as soon as hominins picked up stones (Price et al., 2011), but hominins became a much larger eco-geological force when they combined stone tools with fire as their populations increased and they migrated across Africa in the Late Pliocene and Early Pleistocene (∼2.8 and 1.5 Ma; Gunz et al., 2009; Ellis, 2011). As they migrated out of Africa multiple times starting ∼1.8 Ma (Prat, 2017), they cleared landscapes of vegetation, hunted, and may have contributed to megafaunal extinctions as the climate changed during the Ice Ages (Kaplan et al., 2010; Ellis, 2011).
In general, biomes modified by humans started to change ∼12 ka when human hunter-gathers cleared land using fire leading to ∼60% seminatural anthromes (Ellis et al., 2020). Seminatural anthromes are defined as inhabited by hominins, but with minor perturbations from densely settled regions and agriculture (Ellis et al., 2020, their Table 1). Between ∼10 and ∼8 ka, agriculture, and pastoralism along with dense human inhabitations became geographically extensive (Ellis et al., 2020). Today, few wild biomes are left that have not been altered by humans (Ellis, 2011; Ellis et al., 2020).
Fire
Fire for cooking dates to the early Pleistocene (∼1.5 Ma; Goren-Inbar et al., 2004; Gowlett, 2016) but was geographically limited. Fire used in landscape modification and for manipulating and capturing food, among other behaviors, is evident by the Middle Pleistocene (∼1.0–0.7 Ma; Bema et al., 2012; Gowlett, 2016). By the Late Pleistocene (∼0.4 Ma), fire artifacts (burnt cobbles, grass, seeds, bone, shells, flint, soil, and large hearths) were globally widespread (Gowlett, 2016) indicating cultural interchange that happened relatively quickly among the populations (MacDonald et al., 2021). In Europe at that time, Neanderthals had excellent technical knowledge on how to use fire to make tools (Roebroeks and Villa, 2011) and may have known how to make fire using the “strike-a-light” method of percussing pyrite on flint (Sorensen et al., 2018).
Fire also allowed the movement of hominins into karstic landscapes, such as caves. What we would now consider cave defacement through breakage of speleothems (stalactites and stalagmites; in archaeology, speleofacts) and graffiti (cave paintings), fire use allowed hominins to move deeper into cave regions. Neanderthals, for instance, broke and then rearranged speleothems to make regular repeating sculptures associated with fire pits deep within Bruniquel Cave, France (Middle Pleistocene ∼176 ka; Jaubert et al., 2016). Cave paintings date to ∼65 ka and are also attributed to Neanderthals (Hoffmann et al., 2018), but the full extent of deep cave modifications is still relatively unknown.
Hunting
Hominins started exterminating large mammals first in Australia in the late Pleistocene ∼50 ka and then later in other localities (Africa, Eurasia, the Americas, Oceania; Ellis et al., 2013). Once large mammals became scarce, hominins broaden their diets to include smaller mammals (Ellis et al., 2013), and as they migrated across the globe, hunting down the food web became more common. Combined with climate change, hominins greatly accelerated the coextinctions of allied organisms and the alteration of their ecosystems (Burney and Flannery, 2005; Ellis et al., 2013; Galetti et al., 2017).
Seed dispersal and farming/agriculture
Because of the loss of megamammal seed dispersers in the Late Pleistocene, plants may have evolved traits like fleshy fruits to attract humans (Spengler, 2020). At that time, hominins transported seeds out of their original habitats and planted them where they settled (Ellis et al., 2013). The earliest cultivated plants by human-hunter gathers date to 23 ka based on an excavated campsite near the Sea of Galilee, Israel (Snir et al., 2015). Over 140 seed species including “proto-weeds” were discovered at that site, considered the earliest disturbed area used for cereal cultivation. Nevertheless, the earliest record of plant and animal husbandry started in the early Holocene (∼11.5 ka; Zeder, 2011).
Homo sapiens made a large impact on the Earth during the adoption of farming and agriculture (Ellis, 2011; Price et al., 2011; Doughty, 2013; Ellis et al., 2013; 2021; Waters et al., 2016). The earliest evidence for farming is known from the Middle East ∼23 ka, where cereal grains were processed and presumably cultivated at seasonal shelters (Snir et al., 2015). By ∼11 ka, farming and agriculture became well established with fruit tree cultivation and animal domestication (Smith, 2007). Large scale burial mounds were also being built starting at ∼11 ka (Ellwood et al., 2022), and by ∼6 ka, urbanized areas began in Mesopotamia and Egypt; these regions also had the first canals for irrigation (Hooke, 2000; Mays, 2010). As farming and agriculture spread across the globe ∼10 ka, so did human populations and their consumption of resources (Gowlett, 2016; Freeman et al., 2018). These activities not only led to deforestation, but also widespread soil erosion (Hooke, 2000; Owens, 2020).
Greenhouse gases
With the intensification of agriculture and pastoralism, anthropogenic CO2 built up in the atmosphere ∼8 to 7 ka (Ruddiman, 2003; 2013). Deforestation was much more extensive than in pre-industrial times, contributing to an increase in greenhouse gases, especially around 7 ka (Ruddiman, 2013). Rice farming in Asia also contributed to anthropogenic CH4 beginning ∼5 ka (Ruddiman, 2003). Extensive human land use and ecosystem alteration began in earnest during the Industrial Revolution (∼AD 1760–AD 1860; Price et al., 2011), which led to burning of coal (Price et al., 2011). Greenhouse gases further accelerated during and after the first and second World Wars (Ellis, 2011; Price et al., 2011).
Altered aquatic ecosystems
It is debated whether early hominins may have relied solely on terrestrial organisms for food and later developed the need for aquatic food resources (Walter et al., 2000; Marean et al., 2007). The earliest record of hominins butchering freshwater hippopotamuses occurred in Kenya ∼3.0 to 2.5 Ma (Plummer et al., 2023). Remains of freshwater fish, turtles, frogs, crocodiles, and mollusks appear at hominin sites in the African Rift Valley ∼2.3 to ∼1.1 Ma (Erlandson, 2001). From ∼700 to ∼300 ka, remains from freshwater fish and mollusks became geographically widespread at hominin sites in Eurasia (Erlandson, 2001). In the Americas, coastal and freshwater archaeological deposits date to ∼16.5 ka (Monte Verde, Chile; Dillehay et al., 2008) and by ∼12 to ∼8 ka, freshwater fish, waterbirds, and small mammals (beavers and river otters) occurred in hominin sites in both North and South America (Erlandson, 2001).
For marine systems, the earliest and best evidence comes from coastal South Africa ∼162 ka, where intertidal mollusk remains were found in association with stone tools (Marean et al., 2007). Stone artifacts (bifacial hand axes, obsidian tools) are also reported from Red Sea reef terraces (∼125 ka, Eritrea; Walter et al., 2000). At that locality, the artifacts are near land mammal bones and oyster beds, suggestive of a food processing site. Neanderthals ate intertidal crabs, selecting the larger specimens for cooking (∼50 ka in Portugal; Nabais et al., 2023). Seafood, especially mollusks, became more common at hominin sites in northern Africa and Europe ∼15 ka (Erlandson, 2001, his Table 1). Early hominins appeared to favor easy-to-obtain intertidal mollusks such as mussels (Perna) and gastropods (Turbo; whelks; limpets; Marean et al., 2007; Marean, 2014). Early hominins also may have scavenged whale blubber (Jerardino and Parkinton, 1993). Hominin migrations into and out of Africa through the Red Sea region and eventually into Indonesia and Australia were likely sustained by foraging for marine food resources in estuaries, mangroves and other intertidal zones (Walter et al., 2000; Bulbeck, 2007; Steneck and Pauly, 2019).
Early hominins fed on intertidal species that were easy to catch, but when fishing hooks were created, they could catch larger fish in the open ocean. The oldest preserved fishhooks date to ∼42 ka and are found in association with pelagic tuna remains, indicating that hominins caught these fish using watercraft (O’Conner et al., 2011). Transportation over the open ocean greatly expanded hominins accessibility to other continents and new resources (Kaifu et al., 2020). They must have invented marine transportation by at least 65 ka, enabling them to settle in Australia (Clarkson et al., 2017). Fishing up the food web for tuna or cod using new improved boats and fishing technologies soon led to depletions of favored fish stock, which led to fishing down the food web; these changes were evident from food items preserved in Caribbean archaeological deposits prior to the arrival of Columbus in AD 1492 (Jackson, 1997; Steneck and Pauly, 2019).
Large ocean-going vessels carried extensive plant, animal and other resources between Egypt and its trading partners ∼6 ka, but the Industrial Revolution increased over-ocean transport of resources on a global scale (Carlton, 1999). Coal-fired ships from which fish were caught in all regions and depths of the ocean led to fisheries collapse especially in the 1920s and 1940s (Steneck and Pauly, 2019). Globalization of fishing fleets with long lines and other destructive methods have further devastated fish stocks culminating in major depletions of marine organisms, from whales to kelp, altering oceanic ecosystems (Estes et al., 1998; 2016; Steneck and Pauly, 2019). Environmental effects of shipping also include oil spills, bilge waste release, noise pollution, strikes on marine mammals and birds, and the introduction of invasive marine species (Carlton, 1999; Fabry et al., 2008; Erbe et al., 2019; Walker et al., 2019). Combined with warming seas and ocean acidification, the fate of sea creatures is bleak unless we set limits on the uncontrolled exploitation of marine resources (after Jackson, 1997).
THE CONUNDRUM OF NEAR TIME
Conservation biology and paleobiology both use historical records to understand how Earth’s environments have changed by hominin use (Meine, 1999; Flessa, 2002; Kowalewski, 2004; Dillon et al., 2022). The term near time was first invoked by conservation biologists to denote the time when H. sapiens originated, the singular species that has caused global extinctions, while deep time refers to all pre-human time (after Meine, 1999). At the time Meine (1999) wrote his article, H. sapiens arose between ∼40,000 and 120,000 years ago. Recent evidence indicates that H. sapiens had a pan-African origin between ∼300,000 and 200,000 years ago, with the oldest fossils discovered in Morocco ∼315, 000 years ago (Hublin et al., 2017). However, the origin of H. sapiens by itself does not justify erecting the term near time unless the term is also connected to the record when humans greatly modified their geo-ecological environments across most continents.
Near time is still not well defined in conservation paleobiology. Early work in conservation paleobiology suggested that the “fossil record of the very recent past (the last centuries to millennia) can serve as an unprecedented baseline for studying ecological changes over time scales not accessible by studying modern conditions alone” (Kowalewski, 2004). This time frame is valuable to compare changes over the last centuries or few millennia for specific questions, however, several millennia is still within the time frame of when H. sapiens had major global affects on Earth—in fact “pristine” or “wilderness” environments likely do not exist for the Holocene (Ellis et al., 2021; Fletcher et al., 2021).
Alternatively, conservation paleobiologists suggested that near time starts at or during the Pleistocene either 2.5 or 2.0 Ma (Dietl et al., 2015; Dietl and Flessa, 2017). The justification for using the Pleistocene as the start of near time is to have “similar species and ecosystems as today” (Tyler and Schneider, 2018 their p. 6, and references therein). Yet, the Pleistocene was very different than today, with climate oscillating between glacial and interglacials that likely exacerbated oceanic and terrestrial extinctions (Raffi et al., 1985; Hayward, 2001; Blois et al., 2010; Kiessling et al., 2012). Near time has also been defined as the Pleistocene, Holocene and Recent (Dillon et al., 2022, p. 12), but without justification. To move forward, both conservation biologists and paleobiologists need to determine what near time represents and whether that term is necessary. To accomplish this, the hominin record and their geo-ecological modifications need to be discussed in relation to when their modifications became global (refer to the temporal record of hominins as geo- and ecological agents on land and sea earlier in this paper).
Based on the review of hominins as geo- and ecological agents in the preceeding section and Figure 5, there are five temporal scenarios for near-time designations that are linked to the following: 1) When hominins evolved; 2) when stone tool use and homiinins became pan-African in distribution along with when the Homo lineage evolved; 3) when lithic assemblages and tool use became common out of Africa in the Middle East and Eurasia; 4) when population growth increased and Homo species started settling across the globe; and 5) when H. sapiens became major geo- and ecosystem engineers through agriculture, farming, and the generation of greenhouse gases across the globe (Table 1).
TABLE 1 | Scenarios for the designation of near time for conservation biology and conservation paleobiology. The author favors the last one, starting at the beginning of the Holocene Epoch. Refer to references in the paper and Figures 5, 6 for background rationale for these scenarios.
[image: Table 1]If the evolution of hominins is a priority for a near-time definition, then it would start ∼7 Ma in Africa, as before that time, all continents were hominin free (Table 1: scenario 1). If near time begins at ∼2.5 Ma when stone tool using was ubiquitous across Africa and the Homo lineage evolved, then at that time all continents except Africa were pristine (Table 1: scenario 2). Near time could also start when the Homo lineage migrated out of Africa (∼2.0 and 1.5 Ma) and spread throughout the Middle East and Eurasia bringing their stone tool use and fire technology to modify environments. During that time, North and South America, and Australia were free of hominins (Table 1: scenario 3). Near time could occur when Homo species spread across the globe but would vary depending on when they first occurred on the different continents, from ∼315 ka in Africa to ∼18 ka in South America (Table 1: scenario 4). Those last two scenarios ensure that near time is a diachronous definition for conservation biology and paleobiology practitioners and therefore not universally equivalent across the globe for conservation studies. Lastly, near time could start at the beginning of the Holocene (∼11.7 ka) when agriculture and pastoralism were common across the globe (Table 1: scenario 5). This is also a time of major geolandscape modification, deforestation, megamammal extinctions, metal pollution and anthropogenic greenhouse gas increase, and is the best candidate for near time.
If the Holocene designation is accepted as a substitute for near time, then the use of near time is moot, as the beginning of the Holocene is universally understood and validated. Using the Holocene is also consistent with the decadal to millennial approach of Kowalewski (2004), the prehistoric and historic approach of Flessa (2002), and allows scientists on all continents to have a universally accepted date for the time of extensive hominin modifications to the Earth. This is not an argument for whether the Anthropocene is an Epoch or Event or when it occurred (e.g., Waters et al., 2016; Gibbard P. et al., 2022), rather, it defines a time when hominins were universally modifying the Earth across the globe. Anthrome maps also confirm that ∼60% of the terrestrial surface was semi-natural at ∼ 12 ka (Ellis et al., 2020; 2021), further indicating hominins extensive affects on Earth’s biomes at the start of the Holocene. Conservation scientist can then specify what time of the Holocene they work in, designating today’s environments as the present (with a given time). Deep time would then refer to the pre-Holocene fossil record back to when life evolved on Earth, which is currently known as ∼ 3.8 Ga.
THE NEED FOR DEEP-TIME STUDIES IN CONSERVATION PALEOBIOLOGY
In a recent survey, Dillon et al. (2022) discovered that many conservation paleontologists work in the Holocene Epoch. Fewer conservation scientists work in older time periods. The relative lack of deep-time studies may be related to temporal scale, as most conservation paleontological efforts focus on familiar time scales from decadal to a few millennia within the Holocene. However, this is the same time that conservation biologists have worked in, as well as paleontologists in the past who have not called themselves conservation paleontologists. That makes sense as the time scales of modern studies are much more comparable to the last few thousand years. Whereas the larger magnitudes of deep time are yet to be adequately scaled to address conservation problems (Kiessling et al., 2019). Perhaps this is a tangible issue for some, but it really depends on the question that is addressed. Paleontologists have the sweep of the entire fossil record to examine the ebb and flow of biodiversity in relation to climate and environmental change which can be adapted to understand resiliency in Earth’s biota.
Flessa (2002) noted that one does not have to argue where the shifting baseline is if the fossil record is used. The fossil record provides nearly 3.8 billion years of ecosystems, while H. sapiens arose only in the last ∼300,000 years. The fossil record has all the data and evidence needed to understand present conservation issues because it is a great repository of physical, chemical, and biotic data waiting to be tapped for conservation efforts. Additionally, all modern organisms have roots in deep time: The majority of animal phyla and plant groups arose at the beginning of the Phanerozoic Eon and microfossils such as cyanobacteria and radiolarians hail from the Archean and Proterozoic Eon, respectively. We need to retool our questions concerning spatial and temporal scale to address the pressing issues that we face (see Benson et al., 2021).
Indeed, paleontology has a long history of using deep time to understand modern biospheric changes. For example, Lyell (1837) discussed how species with broad geographic distributions are less prone to extinction, a topic that today’s paleontologists and conservation biologists work on (e.g., Jablonski, 1986; Payne and Finnegan, 2007; Runge et al., 2015). Lyell (1837) also observed that younger strata have more recent mollusk species than older strata. He, among others, used these observations and data from Deshayes to develop a “numerical proportion of recent to extinct species of fossil shells” for defining time intervals in the Cenozoic Era (Lyell, 1837, Vol. III, p. 373–374; Stanley et al., 1980). His work using “Lyellian percentages” is still foundational for examining extinctions among different geographic regions from the tropics to polar regions (Stanley et al., 1980; Stanley, 1986; Krug et al., 2010) and can be co-opted for conservation paleobiology efforts.
Valentine (1973), like Lyell, argued whole heartedly that the past is the key to the present: Though deep-time organisms may differ, the natural laws that affected them were no different than today. Even though the fossil record might not have all the pieces of past ecosystems, it still has the data to inform on how ecosystems are affected by climate and sea level change and how organisms respond to gradual or rapid change, as well as surviving and recovering from mass extinctions (Valentine, 1989; Valentine and Jablonski, 1991). Using fossil data from the entire Cenozoic Era, temperature change increases extinction rates (Edie et al., 2018), which does not bode well for our animal species, Homo sapiens.
Micropaleontologists use foraminifera to reconstruct major climatic change for the Cenozoic Era, providing scientists with a 65-million-year history (Zachos et al., 2001). Microfossils also reveal rapid climatic change in the past, often combined with major reorientation of oceanographic circulation (Zachos et al., 1993). Foraminifera are also excellent pollution indictors for modern estuarine and coral ecosystems (e.g., Alve, 1995; Hallock, et al., 2003), and some of these changes are known from the fossil record (Alve, 1995). In fact, deep-time microfossils are invaluable for solving many of our current conservation issues (Culver and Rawson, 2000, and references therein).
Lastly, the fossil record provides data on past ecosystem’s carrying capacities, although that topic needs to be addressed. It would be important to know the carrying capacity for different ecosystems through time, especially for changing climate and extinction dynamics. Carrying capacity, in general, is the number of organisms that a habitat can sustain without damage, although there are many ways to define and study it (Barrett and Odum, 2000; Chapman and Byron, 2018). This information is essential for living sustainablity on Earth and could become part of the conservation paleobiology toolkit working alongside of conservation biologists going forward.
CONSERVATION PALEOBIOLOGY IN THE ANTHROPOCENE
Crutzen (2002) christened the term Anthropocene as the most recent time when global greenhouse gases (CO2, CH4) increased in polar ice cores starting in the late 1700s. Today, it is hard to find anything on land or in the oceans that has remained unaltered by human activities (Woodwell et al., 1983; Jackson, 1997; Carlton, 1999; Carlton et al., 1999; Ellis et al., 2020). In fact, Boivin et al. (2016) suggests that the “default expectation” for Earth’s environments is one of anthropogenic alteration even if those habitats appear pristine.
It has yet to be settled as to whether the Anthropocene should be a new geologic age (a new epoch or stage) or an event (Waters et al., 2016; Bauer et al., 2021; Gibbard et al., 2022a; b; Head et al., 2023). For some, an event is more realistic than naming an epoch, given the vagaries in temporal and spatial scale of direct and indirect human-caused perturbations that defy a single golden spike (after Bauer et al., 2021; Gibbard et al., 2022a; b). From a geological perspective—for a Global Stratigraphic Position and Point to mark the start of the new geologic age—there must be an observable and easily assessable stratigraphic area that records fossil species change (e.g., first occurrence of species; extinction of species) without tectonic or chemical alteration, and with a nearly continuous record that can be globally recognized and correlated (Bradner, 1997). However, the GSPP for the beginning of the Holocene does not fit that definition. It took many decades to find the golden spike for the start of the Holocene, which is the end of the Younger Dryas found in the NGRP2 Greenland Ice core, not a sedimentary deposit (Gibbard and Head, 2020). An interdisciplinary group including geologists, paleontologists, geographers and ecologists, have proposed reference sections for the Anthropocene Epoch (Waters et al., 2023), and we may know soon if the Anthropocene Epoch becomes a reality.
Conservation paleobiologists have a unique geohistorical perspective that can help clarify and resolve issues that conservation biologists have about what is a natural state (Dietl and Flessa, 2017) and can facilitate discussions on the Anthropocene going forward. On that note, conservation paleobiologists are pursuing new funding streams (Dietl and Flessa, 2017) and this must continue across scientific societies, industries, and private foundations. We also need more undergraduate and graduate classes offered in conservation paleobiology (see Kelley and Dietl, 2022) that are cross listed with ecology and biology departments. We also need to promote and support a Conservation Biology and Paleobiology Corps (like the Peace Corp of the 1960s and the CCC of the 1930s) that connect researchers from all over the world to work on conservation efforts using the coupled modern and fossil record. Finally, we also need to examine Earth’s fossil biota from a resilience perspective in the face of environmental change (Gold and Vermeij, 2023), and therein lies hope for a sustainable future for Planet Earth.
SUMMARY

1) Conservation efforts have a long history, but it took nearly 7,000 years for humans to inact conservation laws that worked and for the disciplines of conservation biology and conservation paleobiology to be initiated.
2) Conservation biology and conservation paleobiology are complementary disciplines that were formulated after the culmination of a long historical record of geo- and biotic environmental alterations by humans and especially after several major tipping-point crises. The former focuses on modern biota and ecosystems, while the latter also focuses on the fossil archive of biota and paleoecosystems to inform conservation issues.
3) Conservation paleobiology is essential for conservation as the historical record—during hominin’s reign on Earth and before—is housed in the fossil record.
4) Conservation biology and conservation paleobiology overlap as both use the modern and historical record. To that end, both have invoked the term near time but have not justified the term to be useful across disciplines. To provide a justfication, the hominin fossil record and the antiquity of their major geo- and ecologic modifications was reviewed. Based on that review, the author argues that near time is defined as the base of the Holocene, when H. sapiens geo-ecological effects occurred across the globe.
5) Deep-time studies (pre-Holocene and older) are crucial for understanding geo-ecologic change prior to major hominin ecosystem perturbance in the Holocene.
6) Soulé and Wilcox (1980) stated that “the hardest thing to grasp is the geological and historical uniqueness” of what humans are doing to Planet Earth. And now, conservation paleobiology can facilitate that understanding, especially regarding the longevity and resiliency of biota that respond to environmental crises as archived in the fossil record. As we work together, creating interdisciplinary graduate and undergraduate classes in conservation paleobiology, we can also formulate a new interdisciplinary Conservation Biology and Paleobiology Corps that works across the globe to achieve a sustainable future for the Earth’s biota.
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Proposed temporal start for near
Scenario 1

~7 Ma, when fossil hominins first arose
Scenario 2

~2.5 Ma, when tool-use became ubiquitous with the pan-African distribution of
hominins; Homo lineage evolves in Africa

Scenario 3

~20-15 Ma, when lithic assemblages and tool-use were more common out of Africa in
the Middle East, Europe, and Asia

Scenario 4

~18 ka, starting when the Homo lineage and their populations grew and migrated
across the globe (see Figure 6)

Scenario 5

~117 ka, starting when agriculture and pastoralism were common across the globe;
early on, human-caused greenhouse gases were also increasing

Justificati

If the goal s to have a “bascline” of pristine environments prior to the evolution
‘hominins, then near time would start at ~ 7 million years ago. Prior to this time, Earth’s
continents would be considered hominin free, especially Africa

I tool using, out-of-habitat transport of stone, and migrations across Africa are
important, then near time could start at ~2.5 mya for conservation studies in Africa. All
other Earth’s continents would be considered hominin free at this time

1£2.0 million years is chosen as the start of near time, then this would only be important
for Africa, the Middle East, Europe, and Asia based on the record of hominin tool uses
elsewhere would be relatively pristine as hominins had not settled in those regions

For conservation studies, the diachronicity of Homo populations would warrant
different start times for near time based on when the continents were especially peopled
by H. sapiens

Although the earliest evidence for farming is ~23 ka, farming and agriculture became
well established during the transition to the Holocene. Large scale burial mounds,
extensive mining for metals and stones, extensive deforestation and fire use, a greatly
increased H. sapiens population across the globe and megamammal extinctions leading
to hunting down the food web define this interval. Likely, coastal and open-ocean
resources were impacted as well, but this is not as well documented. Starting
~7,000 years ago, the atmospheric effects of human activities began, with the increase
of anthropogenic CO;
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