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Mapping the Frontiers of the Marine Fossil Record Reveals
Where Undiscovered Prehistoric Species Still Hide

Ecology & Evolution * Biodiversity

A comprehensive 540-million-year synthesis published in Science Advances by

pal eontologists Thomas A. Neubauer and Mathias Harzhauser maps the physical and
geographic boundaries of the shallow-marine animal fossil record, revealing both
where centuries of collecting have nearly saturated known rock outcrops and where
unexplored strata still hold high potential for discovering new prehistoric species.
By cross-referencing massive georeferenced fossil occurrence datasets against global
stratigraphic databases such as Macrostrat, the study creates a quantitative

"treasure map" for future paleontological fieldwork and museum collection
digitization.

Understanding how completely scientists have sampled Earth's ancient oceansis one
of paleobiology's foundational challenges. Apparent rises and fallsin prehistoric
biodiversity across the Phanerozoic eon -- the 540-million-year span of complex
multicellular animal life -- can reflect genuine evolutionary radiations and mass
extinctions, or simply uneven rock preservation, regional collecting bias, and

uncatal oged museum drawers.

Merging Global Fossil Occurrences With Exposed Rock Strata

To separate true biological patterns from sampling gaps, Neubauer and Harzhauser
integrated global records of shallow-marine metazoan (multicellular animal) fossil
collections with spatial maps of exposed sedimentary rock formations preserved
across each geological stage. Rather than asking only how many fossil species have
been named in a given period, the researchers evaluated how much of the Earth's
surviving, accessible shallow-marine rock area has aready been sampled by

pal eontologists.

Modeling historical discovery curves against available outcrop area showed that for
amajority of Phanerozoic timeintervals, geographic coverage is approaching
saturation. In heavily studied regions such as Western Europe and North America,
additional field expeditions into classic marine formations are projected to yield
diminishing returnsin spatial coverage, even though rare or microscopic taxa may
till emerge through intensive resampling.

| Analytical Dimension | | Scope/ Data Integration | | Key Finding in Science
Advances |

| Temporal Span | | ~540 million years (Phanerozoic eon) | | Evaluates
shallow-marine metazoan fossil completeness |

| Geological Baseline | | Macrostrat global stratigraphic database | | Quantifies
accessible vs. sampled sedimentary rock area |

| Sampling Trajectory | | Historical collection accumulation models | | Most
geological intervals show diminishing geographic returns |
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| High-Potential Frontiers | | Under-sampled accessible marine strata | | Includes
surprisingly young Cenozoic and Miocene intervals |

Why Younger Cenozoic Strata Still Hold Major Surprises

One of the most counterintuitive results of the analysisis that the greatest

untapped potential for paleontological discovery does not lie exclusively in the
deepest, oldest Cambrian or Paleozoic beds. Instead, Neubauer and Harzhauser
identified surprisingly high proportions of under-studied, geologically accessible
shallow-marine rock in relatively younger Cenozoic intervals, including parts of the
Miocene epoch.

Several historical and logistical factors explain why younger marine strata can
remain under-sampled relative to their total outcrop area. Classic paleontological
campaigns disproportionately targeted iconic mass- extinction boundaries, early
Cambrian evolutionary radiations, or Mesozoic marine-reptile and ammonite bedsin
accessible temperate regions. Meanwhile, extensive Neogene and Cenozoic coastal
deposits across parts of the tropics, the Southern Hemisphere, and less-surveyed
continental margins have received far less systematic taxonomic inventory relative
to thelr vast surface exposure.

Separating Preservation Bias From Evolutionary History

Distinguishing between geological availability and biological diversity is essential
for interpreting deep-time macroevolution. If ageological stage appears unusually
species-poor simply because few marine basins from that age are exposed above sea
level -- or because exposed rocks liein politically or logistically remote terrain

-- paleobiologists risk mistaking a sampling deficit for an ancient ecol ogical

crisis.

By explicitly staking out the physical limits of surviving shallow-marine rock, the
Science Advances framework gives researchers an empirical baseline for normalizing
diversity curves. When scientists compare fossil richness across two geological
epochs, knowing whether one interval has reached near-complete outcrop saturation
while another remains largely unexplored allows statistical subsampling models to
correct for unequal geographic effort.

A Strategic Roadmap for Fieldwork and Museum Audits

Beyond theoretical macroevolution, the study offersimmediate practical guidance for
funding agencies, field teams, and natural history museums. Rather than dispersing
limited field budgets across already-saturated classic localities, expedition

planners can use the mapped frontier zones to target accessible, fossil-bearing

marine strata that remain unrepresented in global occurrence databases.

Equally important, the authors highlight the role of "dark data" aready sitting

inside museum cabinets. In many cases, fossils from under-represented regions or
younger Cenozoic intervals have already been collected by regional geological
surveys or legacy expeditions, yet remain uncatal oged, un-digitized, or omitted from
international paleobiology repositories. Pairing targeted new fieldwork in mapped
frontier rocks with systematic digitization of existing collections offers the

fastest path toward completing Earth's 540-million-year marine archive.
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