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Alternative metrics of taxonomic richness: In analyses presented in the main text, we describe 

taxonomic richness using range-through (RT) richness, for which taxa are presumed to persist between 

their intervals of first and last occurrence. For completeness, we also estimated the pattern of taxonomic 

richness using two other common metrics of richness. The first is sampled-in-bin richness (SIB), which 

counts only taxa (i.e., families) actually preserved within an interval, regardless of whether they were 

preserved in earlier or later intervals. The second alternative richness metric we use is the three-timer (3T) 

correction (figures S1c,e and S2c,e). For 3T, SIB richness within an interval is adjusted by dividing by the 

sampling probability in that interval, which is calculated as the proportion of taxa preserved in the 

immediately earlier and immediately later interval that are preserved within the focal interval. 

For these alternative metrics, the number of taxa sampled within in an interval either entirely 

(SIB) or predominantly (3T) determines the apparent pattern of taxonomic richness. Sampling of the 

coleopteran fossil record varies greatly among intervals (see text figures 1a and c), and so has a variable 

impact on the inferred patterns of richness using these metrics. Our use of RT moderates the interval-to-

interval variation to an extent, so we think it provides the most accurate representation of the pattern of 

coleopteran family richness. 

 

Figure S1.  Patterns of beetle family richness using alternative richness metrics not using extant 

occurrences. Family richness of all Coleoptera within 25My intervals using A) range-through, B) 

sampled-in-bin, and C) three-timer richness metrics. Unstandardized (black dashed line) and sample-

standardized family richness curves (solid green line) are shown. Green-shaded envelope surrounding 

sample-standardized richness indicates 95% confidence intervals based on pseudoreplicate subsampling 

(see Methods). Unstandardized (dashed lines) and sample-standardized (solid lines) family richness 

within the suborder Polyphaga (purple) and non-polyphagan suborders (orange) within 25My intervals 

using D) range-through, E) sampled-in-bin, and F) three-timer richness metrics.  
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Figure S2. Patterns of beetle family richness using alternative richness metrics. These analyses included 

extant occurrences, and used rarefaction in sample-standardization procedures. All metrics, symbols and 

colors as in figure S1.  
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Pull of the Recent:  In analyses presented in the main text, we treated extant taxa as having an 

“occurrence” in the Recent. This practice artificially extends the ranges of 36 extant families that are 

preserved in the fossil record, but did not have an occurrence in our final interval. Because we used first 

and last occurrences to generate stratigraphic ranges to estimate richness and taxonomic rates, this 

practice can influence the results of our analyses. To determine the effect of the Pull of the Recent on our 

results, we also estimated taxonomic richness using all three richness metrics (i.e., RT, SIB, 3T) without 

extending the ranges of these extant taxa (figure S1). 

The early part of the RT richness curve for all coleopteran families (figure S1a) is identical, 

showing richness increasing at nearly constant rate. A more rapid increase in richness also is apparent in 

both curves during the latter part of the Early Cretaceous. The two curves predictably diverge after the 

Early Cretaceous, particularly in the final interval. Sampling in the final interval in our time-series is 

moderate in comparison with other intervals, but relatively poor in comparison with the preceding 

interval, which imparts an apparent decline in family richness in the final interval. It should be noted, 

however, that this apparent extinction is largely an artifactual “edge effect” (e.g., ref 4) due to our 

“window of observation” and incomplete sampling in our final fossil interval. Specifically, our study 

interval (i.e., the “window of observation”) continues to the Recent, so there is no later interval in which 

taxa could be preserved as fossils, and accordingly had their ranges extended beyond our final fossil 

interval. Our use of extant “occurrences” ameliorates this bias due to edge effects. 

Note that because SIB richness is not influenced by the Pull of the Recent, so figures S2b and S2e 

are identical to S2b and S2e, respectively. Similarly, the Pull of the Recent only influences the final 

interval for 3T richness, so figures S3c and S3f differ only slightly from Figures S1b and S1f, 

respectively. 

 

Alternative sample-standardization procedures: In analyses presented in the main text, we sought to 

minimize interval-to-interval variation in sampling using rarefaction of occurences. We also applied 

shareholder quorum subsampling (SQS; 3), which has some clear theoretical advantages over simple 



rarefaction. However, we are cautious about the application of SQS to our dataset for theoretical (with 

respect to our dataset) and empirical reasons. Specifically, in SQS, collections within intervals are drawn 

until a particular “coverage” level is reached. A taxon’s contribution to the coverage quota is the 

proportion of occurrences in the interval that belong to it. Essentially, this proportion is a measure of the 

taxon’s “commonness” among localities in the interval. However, the vast majority of published records 

of insect species are original descriptions, and subsequent finds of the same species rarely find their way 

into print. Therefore, a beetle species that is a relatively common fossil and one that is extraordinarily rare 

would both likely appear as single occurrences, thus diminishing the correspondence between the true 

“commonness” of species and their representation as published occurrences. The use of SQS under these 

conditions might serve to distort evolutionary patterns, rather than reveal them. In practice, the 

macroevolutionary patterns found using SQS do not differ qualitatively from those using rarefaction by 

occurrences (figure S3), although SQS generally results in larger confidence intervals for our data set. 

 

Figure S3. Patterns of beetle family richness using shareholder quorum subsampling (SQS) and extant 

occurrences. All metrics, symbols and colors as in figure S1. 
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Figure S4. Per-capita rates of beetle family diversification with all specimens preserved in 

amber removed from the analysis.  This figure can be compared to figure 4 in the main 

document.  A) Rate of net diversification for all beetle families within 25My intervals. Solid 

green line shows median rate from 1000 pseudoreplicate analyses, and surrounding green 

envelope indicates 95% confidence intervals.  B) Rate of net diversification for Polyphaga 

(purple) and non-polyphagan suborders (orange) within 25My intervals. C) Per-capita rate of 

family origination for Polyphaga (purple) and non-polyphagan suborders (orange) within 25My 

intervals.  Note that there is no longer a peak in origination rates in the early Cretaceous. D) Per-

capita rate of family extinction for Polyphaga (purple) and non-polyphagan suborders (orange) 

within 25My intervals. Again, there are no known extinct families within Polyphaga, so their 

extinction rate is 0.0 throughout. 
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Table S1. Maximum and minimum age estimates of first and last occurrences (dates in millions of years 
ago) for beetle families.  Citations document first occurrences of taxa.  
 
 

Suborder Family First 
Occurrence 

(max) 

First 
Occurrence 

(min) 

Last 
Occurrence 

(max) 

Last 
Occurrence 

(min) 

Citation(s) 

Adephaga Carabidae 201.5 196.5 0 (extant) 0 (extant) (5) 
Adephaga Colymbotethidae 230 203.6 230 203.6 (6) 
Adephaga Coptoclavidae 236 201.5 125 112 (7, 8) 
Adephaga Dytiscidae 201.5 196.5 0 (extant) 0 (extant) (9, 10) 
Adephaga DytiscoidFam1 252.3 247.2 252.3 247.2 (11) 
Adephaga Gyrinidae 203.6 176 0 (extant) 0 (extant) (12) 
Adephaga Haliplidae 130 125 0 (extant) 0 (extant) (13) 
Adephaga Hygrobiidae 28.4 23 0 (extant) 0 (extant) (14) 
Adephaga Liadytidae 183 175.6 125 99.6 (15, 16) 
Adephaga Parahygrobiidae 161.2 155.7 161.2 155.7 (5) 
Adephaga Trachypachidae 259 252.3 0 (extant) 0 (extant) (17) 
Adephaga Triaplidae 236 230 136.4 130 (5, 18) 
Adephaga Tritarsidae 55.8 48.6 55.8 48.6 (19) 
Archostemata Ademosynidae 272.5 268 130 125 (20, 21) 
Archostemata Catiniidae 236 230 125 112 (22, 23) 
Archostemata Cupedidae 272.5 268 0 (extant) 0 (extant) (24) 
Archostemata Jurodidae 161.2 155.7 0 (extant) 0 (extant) (15) 
Archostemata Magnocoleidae 236 201.5 236 201.5 (25) 
Archostemata Micromalthidae 125 112 0 (extant) 0 (extant) (26) 
Archostemata Obrieniidae 236 230 161.2 155.7 (27) 
Archostemata Ommatidae 236 230 0 (extant) 0 (extant) (23) 
Archostemata Schizophoridae 236 230 145.5 140.2 (23) 
Myxophaga Asiocoleidae 272.5 268 236 230 (23, 24) 
Myxophaga Hydroscaphidae 130 125 0 (extant) 0 (extant) (28) 
Myxophaga Lepiceridae 106 100 0 (extant) 0 (extant) (29, 30) 
Myxophaga Schizocoleidae 268 265 236 201.5 (24, 31) 
Myxophaga Sphaeriusidae 106 100 0 (extant) 0 (extant) (32) 
Myxophaga Tricoleidae 236 230 236 230 (33) 
Polyphaga Acanthocnemidae 112 93.5 0 (extant) 0 (extant) (5) 
Polyphaga Aderidae 106 100 0 (extant) 0 (extant) (32) 
Polyphaga Agyrtidae 171.6 164.7 0 (extant) 0 (extant) (34) 
Polyphaga Alloioscarabaeidae 164.7 155.7 164.7 155.7 (35) 
Polyphaga Anthicidae 125 112 0 (extant) 0 (extant) (26) 
Polyphaga Anthribidae 161.2 155.7 0 (extant) 0 (extant) (36) 
Polyphaga Artematopodidae 48.6 40.4 0 (extant) 0 (extant) (37) 
Polyphaga Attelabidae 203.6 201.5 0 (extant) 0 (extant) (10, 38) 
Polyphaga Belidae 125 112 0 (extant) 0 (extant) (39) 



Polyphaga Berendtimiridae 48.6 40.4 48.6 40.4 (40) 
Polyphaga Biphyllidae 48.6 40.4 0 (extant) 0 (extant) (41) 
Polyphaga Bostrichidae 34.01 33 0 (extant) 0 (extant) (42) 
Polyphaga Bothrideridae 48.6 40.4 0 (extant) 0 (extant) (43) 
Polyphaga Brachyceridae 70.6 65.5 0 (extant) 0 (extant) (44) 
Polyphaga Brachypsectridae 16 16 0 (extant) 0 (extant) (45) 
Polyphaga Brentidae 93.5 89.3 0 (extant) 0 (extant) (46) 
Polyphaga Buprestidae 236 230 0 (extant) 0 (extant) (47) 
Polyphaga Byrrhidae 201.5 196.5 0 (extant) 0 (extant) (10, 48) 
Polyphaga Cantharidae 164.7 155.7 0 (extant) 0 (extant) (49) 
Polyphaga Cerambycidae 150.8 145.5 0 (extant) 0 (extant) (12) 
Polyphaga Cerophytidae 161.2 155.7 0 (extant) 0 (extant) (50) 
Polyphaga Cerylonidae 145.5 140.2 0 (extant) 0 (extant) (10) 
Polyphaga Chelonariidae 34.01 33 0 (extant) 0 (extant) (42) 
Polyphaga Chrysomelidae 203.6 176 0 (extant) 0 (extant) (51) 
Polyphaga Ciidae 106 100 0 (extant) 0 (extant) (32) 
Polyphaga Clambidae 125 112 0 (extant) 0 (extant) (26) 
Polyphaga Cleridae 130 125 0 (extant) 0 (extant) (52) 
Polyphaga Coccinellidae 167.7 164.7 0 (extant) 0 (extant) (10) 
Polyphaga Corylophidae 25.3 23.8 0 (extant) 0 (extant) (53) 
Polyphaga Cryptophagidae 145.5 99.6 0 (extant) 0 (extant) (54) 
Polyphaga Cucujidae 106 100 0 (extant) 0 (extant) (32) 
Polyphaga Curculionidae 236 230 0 (extant) 0 (extant) (10) 
Polyphaga Dascillidae 236 230 0 (extant) 0 (extant) (33) 
Polyphaga Dermestidae 236 230 0 (extant) 0 (extant) (33) 
Polyphaga Derodontidae 3.6 2.6 0 (extant) 0 (extant) (55) 
Polyphaga Dryophthoridae 58.7 55.8 0 (extant) 0 (extant) (56) 
Polyphaga Dryopidae 58.7 55.8 0 (extant) 0 (extant) (57) 
Polyphaga Elateridae 236 201.5 0 (extant) 0 (extant) (58) 
Polyphaga Elmidae 48.6 40.4 0 (extant) 0 (extant) (59) 
Polyphaga Elodophthalmidae 125 112 125 112 (26) 
Polyphaga Endomychidae 130 125 0 (extant) 0 (extant) (60) 
Polyphaga Erotylidae 58.7 55.8 0 (extant) 0 (extant) (57) 
Polyphaga Eucinetidae 145.5 140.2 0 (extant) 0 (extant) (61) 
Polyphaga Eucnemidae 106 100 0 (extant) 0 (extant) (32) 
Polyphaga Geotrupidae 150.8 145.5 0 (extant) 0 (extant) (62) 
Polyphaga Glaphyridae 130 125 0 (extant) 0 (extant) (52) 
Polyphaga Glaresidae 201.5 196.5 0 (extant) 0 (extant) (62) 
Polyphaga Helotidae 24.2 13.5 0 (extant) 0 (extant) (63) 
Polyphaga Heteroceridae 145.5 140.2 0 (extant) 0 (extant) (61) 
Polyphaga Histeridae 106 100 0 (extant) 0 (extant) (64) 
Polyphaga Hybosoridae 161.2 155.7 0 (extant) 0 (extant) (65) 
Polyphaga Hydraenidae 183 175.6 0 (extant) 0 (extant) (15) 



Polyphaga Hydrophilidae 201.5 196.5 0 (extant) 0 (extant) (9, 10)  
Polyphaga Kateretidae 125 112 0 (extant) 0 (extant) (26) 
Polyphaga Laemophloeidae 48.6 40.4 0 (extant) 0 (extant) (66) 
Polyphaga Lampyridae 48.6 40.4 0 (extant) 0 (extant) (67) 
Polyphaga Latridiidae 201.5 196.5 0 (extant) 0 (extant) (48) 
Polyphaga Leiodidae 236 230 0 (extant) 0 (extant) (33) 
Polyphaga Limnichidae 48.6 40.4 0 (extant) 0 (extant) (68) 
Polyphaga Lucanidae 161.2 155.7 0 (extant) 0 (extant) (69) 
Polyphaga Lycidae 48.6 40.4 0 (extant) 0 (extant) (70) 
Polyphaga Lymexylidae 125 112 0 (extant) 0 (extant) (71) 
Polyphaga Megalopodidae 48.6 40.4 0 (extant) 0 (extant) (72) 
Polyphaga Melandryidae 112 93.5 0 (extant) 0 (extant) (73) 
Polyphaga Meloidae 58.7 55.8 0 (extant) 0 (extant) (74) 
Polyphaga Melyridae 106 100 0 (extant) 0 (extant) (32) 
Polyphaga Mesocinetidae 150.8 145.5 136.4 130 (75, 76) 
Polyphaga Mordellidae 161.2 155.7 0 (extant) 0 (extant) (77) 
Polyphaga Mycetophagidae 201.5 196.5 0 (extant) 0 (extant) (9) 
Polyphaga Mycteridae 48.6 40.4 0 (extant) 0 (extant) (78) 
Polyphaga Nemonychidae 161.2 155.7 0 (extant) 0 (extant) (5) 
Polyphaga Nitidulidae 201.5 196.5 0 (extant) 0 (extant) (48) 
Polyphaga Nosodendridae 48.6 40.4 0 (extant) 0 (extant) (66) 
Polyphaga Ochodaeidae 164.7 155.7 0 (extant) 0 (extant) (79) 
Polyphaga Oedemeridae 106 100 0 (extant) 0 (extant) (32) 
Polyphaga Omethidae 48.6 40.4 0 (extant) 0 (extant) (67) 
Polyphaga Parandrexidae 161.2 155.7 130 125 (80, 81)  
Polyphaga Passalidae 125 112 0 (extant) 0 (extant) (82) 
Polyphaga Phalacridae 33.9 28.4 0 (extant) 0 (extant) (83) 
Polyphaga Pleocomidae 145.5 140.2 0 (extant) 0 (extant) (5) 
Polyphaga Praelateriidae 201.5 196.5 201.5 196.5 (84) 
Polyphaga Prionoceridae 55.8 48.6 0 (extant) 0 (extant) (85) 
Polyphaga Psephenidae 34.01 33 0 (extant) 0 (extant) (86) 
Polyphaga Ptiliidae 106 100 0 (extant) 0 (extant) (32) 
Polyphaga Ptilodactylidae 48.6 40.4 0 (extant) 0 (extant) (87) 
Polyphaga Ptinidae 203.6 201.5 0 (extant) 0 (extant) (88) 
Polyphaga Pyrochroidae 125 112 0 (extant) 0 (extant) (89) 
Polyphaga Pythidae 34.01 33 0 (extant) 0 (extant) (86) 
Polyphaga Ripiphoridae 112 99.6 0 (extant) 0 (extant) (90) 
Polyphaga Salpingidae 106 100 0 (extant) 0 (extant) (32) 
Polyphaga Scarabaeidae 183 175.6 0 (extant) 0 (extant) (91) 
Polyphaga Schizopodidae 48.6 40.4 0 (extant) 0 (extant) (92) 
Polyphaga Scirtidae 145.5 140.2 0 (extant) 0 (extant) (12) 
Polyphaga Scraptiidae 145.5 140.2 0 (extant) 0 (extant) (93) 
Polyphaga Septiventeridae 130 125 130 125 (94) 



Polyphaga Silphidae 230 203.6 0 (extant) 0 (extant) (95) 
Polyphaga Silvanidae 106 100 0 (extant) 0 (extant) (96) 
Polyphaga Sinisilvanidae 55.8 48.6 55.8 48.6 (19) 
Polyphaga Sphindidae 25.3 23.8 0 (extant) 0 (extant) (53) 
Polyphaga Staphylinidae 171.6 167.7 0 (extant) 0 (extant) (15) 
Polyphaga Synchroidae 34.01 33 0 (extant) 0 (extant) (97) 
Polyphaga TenebFam1 164.7 155.7 164.7 155.7 (98) 
Polyphaga Tenebrionidae 236 230 0 (extant) 0 (extant) (33) 
Polyphaga Tetratomidae 112 93.5 0 (extant) 0 (extant) (73) 
Polyphaga Throscidae 201.5 196.5 0 (extant) 0 (extant) (48) 
Polyphaga Trogidae 55.8 40.4 0 (extant) 0 (extant) (62) 
Polyphaga Trogossitidae 183 175.6 0 (extant) 0 (extant) (10) 
Polyphaga Ulyanidae 136.4 130 136.4 130 (99) 
Polyphaga Vesperidae 24.2 13.5 0 (extant) 0 (extant) (63) 
Polyphaga Zopheridae 106 100 0 (extant) 0 (extant) (32) 
Stem Labradorocoleidae 99.6 93.5 99.6 93.5 (23) 
Stem Oborocoleidae 290 284 290 284 (100) 
Stem Permocupedidae 284 279.5 265 260.5 (101, 102) 
Stem Permosynidae 255 252.3 145.5 140.2 (9, 103) 
Stem Rhombocoleidae 272.5 268 130 99.6 (13, 24, 104) 
Stem Sojanocoleidae 272.5 268 272.5 268 (20) 
Stem Taldycupedidae 268 265 175.6 161.2 (18, 23) 
Stem Triadocupedidae 236 230 230 203.6 (105) 
Stem Tshekardocoleidae 290 284 125 112 (100, 106) 
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