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But How Good is The Fossil Record?
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Humans Impact the Fossil Record of Anthropogenic Changes

Somewhat
analogous to the
Heisenberg
Uncertainty
Principle, the
very same
human-driven
processes that
have been
altering
ecosystems also
affect our ability
to reconstruct
these changes
based on
geohistorical
data.
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Figure 1. A conceptual framework for understanding how human impacts can affect the quality of
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aeochemical (C) disturbances to marine ecosystems. The four parameters controllina the
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Extinction — A total disappearance of a species. Also referred to as “global extinction”
(Estes et al., 1989).

Extirpation — A local or regional disappearance of a species still occurring elsewhere
(“local extinction” sensu Estes et al., 1989). Extirpations can lead to the fragmentation of
geographic ranges and range contractions

Ecological Extinction — Ecological decline of a species that is still present but no longer
plays a significant ecological function or interacts significantly with other species
(McConkey and O’Farrill, 2015). Ecological extinction can be driven by “decimation”, a
dramatic decline in population density, in which case harvesting is no longer economically
viable (“commercial extinction”; Carlton et al., 1999; McCauley et al., 2015). Ecological
extinction can also be due to changes in functional traits of a species.

Extinction Debt — This conceptual addendum to the extinction terminology posits that
biodiversity loss lags anthropogenic environmental pressures (e.g., Tilman et al., 1994).

Modified from:
Kowalewski et al., 2023,
Cambridge Prisms: Extinction




Extinctions in Marine Realm (IUCN “Red List”)
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Extinctions in Marine Realm (IUCN “Red List”)

Table 1. The list of marine species currently classified as 'extinct’ according to the IUCN Red List (IUCN, 2023b)

Species

Class

Common name

Vanvoorstia bennettiana

Floridoephyceae

Seaweed

Neomonachus tropicalis Mammalia Caribbean Monk Seal
Zolophus faponicus Mammalia Japanese Sea Lion
Hydrodamalis gigas Mammalia Steller’s Sea Cow
Neovison macrodon Mammalia Sea Mink
Camptorhynchus lobradorius Aves Labrador Duck
Prosobonio cancellata Aves Christmas Sandpiper
Bulweria bifax Aves Small Saint

Urile perspicillatus Aves Spectacled Cormorant
Zapornia monasa Aves Kosrae Crake
Pterodroma rupingrum Aves Large Saint Helena Petrel
Hoematopus meadewaldoi Aves Canarian Oystercatcher
Pinguinus impennis Aves Great Auk

Mergus australis Aves Merganser

Prototroctes oxyrhynchus Actinopterygii New Zealand Grayling
Psephurus glodius Actinopterygii Chinese Paddlefish
Collisella edmitchelli® Gastropoda Limpet

Lottio alveus Gastropoda Eelgrass Limpet
Omphalotropis plicosa Gastropoda

Littoraria flammea Gastropoda Periwinkle

Lottio edmitchelli is currently recognised as the valid name for this limpet species,

Kowalewski et al., 2023,
Cambridge Prisms: Extinction



Extinctions — Conservation Paleobiology Perspective
a b C
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Extinctions — Conservation Paleobiology Perspective
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Extinctions — Conservation Paleobiology Perspective

a Empty shells: A hidden record of Holocene extinctions?

extinctions
* Empty shells of mollusks, a major source of biodiversity data, are routinely included in

taxonomic studies and biodiversity surveys. Most of the new bivalve species named

e ® between 2000 and 2009 were described from empty shells (Mikkelsen 2011)
gze T
Vg . . . .
© gg g ® * During 25 years of research in New Caledonia, as many as 73% of 1,409 turrid gastropod
*:‘g ° species were only documented by empty shells, and 34% were known from a single
T o d L] specimen (Bouchet et al., 2009).

time

+ * Dead-only species of benthic foraminifers may represent ~5% out of the ~2,140

® documented species (Murray, 2007) .

preindustrial

* The present-day estimates of geographic or bathymetric ranges often include skeletal
remains, including mollusks (Dijkstra and Maestrati, 2010), brachiopods (Bitner and
Logan, 2016) and bryozoans (Di Martino and Rosso, 2021).

geohistorical records

Are all species known from empty shells still around or are they extinct or extirpated? This
qguestion is difficult to resolve because the prevalence of “empty shell species” may reflect a
long tail of rare species or the yet unacknowledged record of hidden extinctions.

early human

biodiversity
e Modified from: Kowalewski et al., 2023, Cambridge Prisms: Extinction



Extinctions — Conservation Paleobiology Perspective

b ) Geohistorical data can also aid in assessing the potential role
' ! Let) econstructed annuzal £) q o ® . .
extirpations T s sen, cultivited i) of humans in driving extirpation events

§] 15 ()
L | |

— | — __ * Ancient DNA and radiocarbon dating revealed that Atlantic
s | grey whale declined in the mid-Holocene long before the

onset of intensive commercial whaling. This decline was

likely due to Holocene climate changes (Alter et al., 2015).
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* Historical records (archaeological middens, death
assemblages, and sediment cores) indicate that oyster reefs
0 50000 100000 underwent extirpation in the late 19t and 20t centuries in
grazing livestock . .
(AUE) many temperate regions: Australia (Ford and Hamer, 2016),
Tasmania (Edgar and Samson, 2004), Scotland (Thurstan et

al., 2013) and the Adriatic Sea (Gallmetzer et al., 2019).

carrying capacily

time

calendar date (ALY
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* Death assemblages revealed that scallops and brachiopods
were abundant on the California shelf in the late Holocene
B R PR S but went locally extinct due to the nineteenth-century
(black) in 1‘;'1{.“,?L";‘;}‘;'fl:;'””],i“‘{‘,_m _ increase in sedimentation and turbidity triggered by
agricultural land use (Tomasovych and Kidwell, 2017).
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Extinctions — Conservation Paleobiology Perspective

Geohistorical data can aid in assessing the past declines in populations (decimations)

ecological extinctions

decimations

ubiquity

functional shifts Field surveys and 4C dating of shells in the Colorado River Delta indicated that the
. population density averaged at least 50 mollusks per m?in the last millennium. The
modern intertidal zone average 3 mollusks per m? (Kowalewski et al., 2000).

. * In the Chesapeake Bay, the density of live oysters in the Pleistocene was an order of
magnitude higher than in modern oyster populations. The Pleistocene estimates
notably exceeded the threshold density of 50 oysters per m? used in Chesapeake Bay
as a benchmark for a fully recovered population (Lockwood and Mann, 2019)

The denticle accumulation rates standardized for reef accretion rates suggested that
sharks were over three times more numerous before humans began using marine
resources in Caribbean Panama (Dillon et al., 2021).
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Extinctions — Conservation Paleobiology Perspective

C Geohistorical data can assessing the past functional losses

ecological extinctions

decimations  functional shifts * The Pleistocene fossil record in the Chesapeake Bay indicates that past oyster

populations included a higher proportion of large individuals. The largest size classes
exceed the largest live oysters observed today (Lockwood and Mann, 2019).

* Pleistocene oyster estimates suggest that filtration rates were an order of magnitude
higher in the Pleistocene than today — a direct estimate of the decline in ecosystem
services due to shifts in functional traits.
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Extinctions — Conservation Paleobiology Perspective

* Geohistorical archives can provide a comprehensive global coverage at coarser observational
scales and document species that were common in the last millennia.
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* Geohistorical data exist for many marine organisms (mollusks, corals, ostracods, foraminifera, fish,
mammals) that are a substantial fraction of local communities and can serve as surrogate proxies.
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* Rapid advances in instrumentation allow for dating smaller aliquots at a faster pace and lower
costs. Age dating of skeletal materials will continue to uncover recent extinctions and help us to
assess if humans may have played a significant role in those events.
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* Geohistorical studies indicate that marine ecosystems have declined in taxonomic diversity, spatial
continuity, and functional ecology. Marine ecosystems have been accumulating a human-driven
extinction debt for centuries or even millennia.




Extinctions — Conservation Paleobiology Perspective

* Despite various limitations that underlie conservation palaeobiology strategies, geohistorical
archives represent a wealth of data that can play an important role in assessing extinctions,
extirpations, ecological extinctions, extinction debts and extinction threats.



Conservation Paleobiology Network

Applying Historical Data to Aid Conservation and Management of Nature

M5O\ Conservation
Paleobiology https://conservationpaleorcn.org/
Network

823 members from 43 countries (data from 4/14/2024)

members

512
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