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Global vs. regional diversity

e Some authors argue that ‘global’
diversity is meaningless Maastrichtian

o Spatial sampling biases are
pervasive and must be 50
corrected for

0
e In this session, we will focus on
temporal global diversity to
- -50
better understand this argument
and spatial diversity will be
covered in other modules ~100 0 100

Benson et al (2021) Curr. Biol.



https://www.cell.com/current-biology/pdf/S0960-9822(21)01061-7.pdf
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Close et al. (2018) Methods Ecol. Evol.



https://besjournals.onlinelibrary.wiley.com/doi/10.1111/2041-210X.12987

Sampling standardisation

e An early approach was to standardise samples by size

e e.g. Classical rarefaction

O

O

Fixes estimates to sample size
Can result in information being lost

Rare taxa can be underrepresented in estimates
when evenness is low




Hypothetical sampling scenario

Sampling i.e. no. of fossils

Interval 1 Interval 2 Interval 3



Hypothetical sampling scenario

Classical rarefaction

- draws samples DOWN
to the level of the
least-well-sampled

Sampling i.e. no. of fossils
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Hypothetical sampling scenario

Sampling i.e. no. of fossils

Classical rarefaction

- draws samples DOWN
to the level of the
least-well-sampled

- Lots of potentially useful

Interval 1 Interval 2 Interval 3



Coverage-based methods

e Subsample to a fixed coverage

e Better at dealing with rare taxa than rarefaction




Coverage-based methods

e Subsample to a fixed coverage

e Better at dealing with rare taxa than rarefaction

Shareholder Quorum Subsampling (SQS)
e Developed by John Alroy (2010a, 2010b)

e Interpolation method (i.e. estimates from known data)

e Ecologists implement a very similar method: coverage-based rarefaction


https://onlinelibrary.wiley.com/doi/10.1111/j.1475-4983.2010.01011.x
https://pubmed.ncbi.nlm.nih.gov/20813951/

Hypothetical sampling scenario

Sampling i.e. no. of fossils

Interval 1 Interval 2 Interval 3



Hypothetical sampling scenario

Coverage-based methods

- draw samples UP based on
an inference from the
known data

Sampling i.e. no. of fossils

Interval 1 Interval 2 Interval 3



Hypothetical sampling scenario

SQS

- Computes sample
‘coverage’ using Good’s u

- This is based on species
frequencies to give an
estimate of how
‘complete’ a bin is

Sampling i.e. no. of fossils

Interval 1 Interval 2 Interval 3



Hypothetical sampling scenario

Coverage-based rarefaction

- Computed using the
equations of Chao & Jost
(2012) (analogous to SQS)

- and extrapolation based on

the Chao1 estimator (Chao
1984)

Sampling i.e. no. of fossils

Interval 1 Interval 2 Interval 3


https://esajournals.onlinelibrary.wiley.com/doi/full/10.1890/11-1952.1
https://www.jstor.org/stable/4615964
https://www.jstor.org/stable/4615964

Case study: Early tetrapods

Was early tetrapod
(terrestrial vertebrate)
diversity impacted by the
Carboniferous ‘rainforest
collapse’ (CRC)?

How does sampling impact
our understanding of this?

Dunne et al. (2018) Proc Royl Soc B



https://royalsocietypublishing.org/doi/full/10.1098/rspb.2017.2730

Case study: Early tetrapods

e Raw (face-value) species richness
tracks proxies for sampling

e (learly evident sampling biases

o More sampling = greater
species richness
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Dunne et al. (2018) Proc Royl Soc B



https://royalsocietypublishing.org/doi/full/10.1098/rspb.2017.2730

Case study: Early tetrapods

e Raw (face-value) species richness
tracks proxies for sampling

e Clearly evident sampling biases g
. § Quorum level
o More sampling = greater g 8oz
species richness g Sos
. . % Method
e (Coverage-rarifed richness g ety
. . o A Observed
implemented through iNEXT R 2

package (Hsieh et al. 2016)

e Standardises diversity across time
bins as described previously

Dunne et al. (2018) Proc Royl Soc B
s



http://chao.stat.nthu.edu.tw/wordpress/paper/120_pdf_appendix.pdf
https://royalsocietypublishing.org/doi/full/10.1098/rspb.2017.2730
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Hannisadal et al. 2012 Glob. Change Biol.



https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12007
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12007
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.12007
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https://www.cambridge.org/core/journals/paleobiology/article/abs/on-four-measures-of-taxonomic-richness/A14D9D987CCB3734185CA4287745C02B
https://www.cambridge.org/core/journals/paleobiology/article/abs/on-four-measures-of-taxonomic-richness/A14D9D987CCB3734185CA4287745C02B
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e Speak to Rachel Warnock

Warnock et al. 52020= Pa/eobiolo%


https://www.cambridge.org/core/journals/paleobiology/article/assessing-the-impact-of-incomplete-species-sampling-on-estimates-of-speciation-and-extinction-rates/8D82C01066E7E2A24F2A4A8ACAC2B69F

Which method is the best?
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e Most popular for temporal diversity
= SQS / coverage-based rarefaction

>
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Middle Triassic

e Can use more than one method
(e.g. Allen et al. 2020; Henderson et al.
2022: Schnetz et al. in review)

Early Triassic

e Mostimportant step is exploring
and understanding your data

e Remember that ‘standardised’
estimates are not automatically

lcorrect’l - "0 50 100 150 200 0 200 400 600 O S50 100 150
. raw species richness squares diversity interpolated diversity

Allen et al {2020} Proc. Ro%/. Soc. B.

Late Permian



https://royalsocietypublishing.org/doi/10.1098/rspb.2020.1125
https://royalsocietypublishing.org/doi/full/10.1098/rspb.2022.0916
https://royalsocietypublishing.org/doi/full/10.1098/rspb.2022.0916
https://royalsocietypublishing.org/doi/10.1098/rspb.2020.1125

