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With “gap-omission” 
approach 

(implemented in this 
study)

Without “gap-omission” 
approach

Foraminifera 3437 3039

Calcareous 
Nannofossils

4756 4189

Radiolarians 5522 4853

Diatoms 4767 3962

Table S1. The difference in the number of species-bin pairings with 
usable occupancy change and standing occupancy values for each data set 
binned to 1 million years, excluding occurrences occurring in bin = 1.

Bin size (Ma): 0.1 0.2 0.5 1.0

Foraminifera multiplicative multiplicative multiplicative multiplicative

Calcareous 
Nannofossils

multiplicative multiplicative multiplicative  multiplicative

Radiolarians multiplicative multiplicative multiplicative multiplicative

Diatoms multiplicative multiplicative multiplicative multiplicative

Table S2. The AIC-selected model formula for each group and bin size combination, on data 
that was processed without the “gap-omission” approach. “multiplicative” refers to the model 
with the formula: ex ~ oc * ch * p ,and “additive” refers to the model with the formula: ex ~ 
oc + ch + p.  “ex” represents the binary response variable extinction, “oc” represents the 
occupancy term, “ch” represents the occupancy change term, and “p” represents three-timer 
sampling probability.
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Simple Completeness Metric

Bin Size 
(million years)

0.1 0.2 0.5 1.0

SCM SMC SCM SCM

Foraminifera 0.378  ± 0.007 0.470 ± 0.008 0.578  ± 0.012 0.664 ± 0.015

Calcareous 
Nannofossils

0.401  ± 0.006 0.493 ± 0.007 0.617  ± 0.010 0.711 ± 0.012

Radiolarians 0.372  ± 0.006 0.485  ± 0.007 0.641  ± 0.009 0.749  ± 0.011

Diatoms 0.291 ± 0.006 0.388 ± 0.007 0.530 ± 0.010 0.640 ± 0.012

Table S3. Simple completeness metric (SCM, Benton 1987) calculations for each data set at 
each of the four examined bin sizes. Shown with standard error. 

Bin size 
(Ma):

0.1 0.2 0.5 1.0

Foraminifera multiplicative multiplicative multiplicative multiplicative

Calcareous 
Nannofossils

multiplicative multiplicative multiplicative multiplicative

Radiolarians additive additive multiplicative multiplicative

Diatoms multiplicative multiplicative multiplicative additive

Table S4. The AIC-selected model formula for each group and bin size combination, on 
extinct-only data. “Multiplicative” refers to the three-term, multiplicative model. “Additive” 
refers to the three-term additive model.
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Pearson correlation between total number of occupied Longhurst provinces and total number 
of occupied cells (corrected for autocorrelation)

Bin Size (million 
years)

0.1 0.2 0.5 1.0

Foraminifera 0.839 0.841 0.875 0.898

Calcareous 
Nannofossils

0.878 0.857 0.892 0.915

Radiolarians 0.713 0.736 0.792 0.822

Diatoms 0.810 0.809 0.826 0.860

Table S5. Pearson correlation values between the total number of occupied Longhurst 
provinces and the total number of occupied cells for each taxonomic group at each bin size. 
All correlation coefficients were highly significant (p< 10^-5).
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Figure S1A. Number of foraminifera occurrences in each geographic cell. Cells assigned 
according to each occurrence’s modern geographic coordinates. White areas correspond to 
cells without records.
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Figure S1B. Number of calcareous nannofossil occurrences in each geographic cell. Cells 
assigned according to each occurrence’s modern geographic coordinates. White areas 
correspond to cells without records.
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Figure S1C. Number of radiolarian occurrences in each geographic cell. Cells assigned 
according to each occurrence’s modern geographic coordinates. White areas correspond to 
cells without records.
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Figure S1D. Number of diatom occurrences in each geographic cell. Cells assigned 
according to each occurrence’s modern geographic coordinates. White areas correspond to 
cells without records.
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Figure S2. D2 values (bars) and AIC values (numbers displayed above each bar) for each 
examined model formula using proportional occupancy of Longhurst provinces and change 
in proportional occupancy of Longhurst provinces. Shown for each of the NSB data sets 
with bin size = 1 million years. The lowest AIC value for each data set is shown in red. 

Figure S3. D2 values (bars) and AIC values (numbers displayed above each bar) for each 
examined model formula using latitudinal range and change in latitudinal range. Shown for 
each of the NSB data sets with bin size = 1 million years. The lowest AIC value for each 
data set is shown in red. 
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Figure S4. Range through diversity for each of the four NSB datasets and the Triton dataset, 
using a bin size of 1.0 million years. Notice how the Triton dataset has consistently lower 
diversity than the other four datasets. Also note the decrease in diversity approaching the 
present, suggesting sampling issues at the tops of drill cores.
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Figure S5A. Histogram of occurrence frequency of NSB calcareous nannofossils. 
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Figure S5B. Histogram of occurrence frequency of NSB foraminifera.
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Figure S5C. Histogram of occurrence frequency of NSB diatoms.
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Figure S5D. Histogram of occurrence frequency of NSB radiolarians.
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Figure S6. D2 values (bars) and AIC values (numbers displayed above each bar) for each 
examined model formula using the Triton dataset at each of the four analyzed bin sizes. The 
lowest AIC value for each data set is shown in red. 
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