Science Advances

AVAAAS

Supplementary Materials for

The end-Cretaceous mass extinction restructured functional diversity but
failed to configure the modern marine biota

Stewart M. Edie et al.

Corresponding author: Stewart M. Edie, edies@si.edu

Sci. Adv. 11, eadv1171 (2025)
DOI: 10.1126/sciadv.adv1171

This PDF file includes:

Supplementary Text
Figs. S1to S5
References



Supplementary Text

Sensitivity test: analyzing shifts in functional structure using only those genera in the Recent

biota with a known fossil record

Compared to the end-Cretaceous fossil biota, the different configuration of the relatively richer
Recent biota might reflect, in part, stronger taxon sampling, molecular genetic data, and direct
observations of life habits. However, only two functional groups in the Recent biota are
composed entirely of genera lacking a known fossil record (group numbers 47 and 48; Fig. S3A);
no extinct genera occurring within the Cenozoic are known to occupy these life habits, and each
contains a single genus (Dacosta and Vadumodiolus, respectively), each restricted to a limited
geographic area, implying that they have likely evolved only very recently. The 272 genera
occurring in the Recent biota that lack a known fossil record are distributed throughout the rank
order of functional groups, but most are concentrated in the richest groups (Fig. S3A). Genera
within the Galeommatoidea (i.e. most of the diversity within functional groups 11 and 33) show
the highest proportion of genera lacking a known fossil record (still less than 50% of the
diversity within each function). Taken at face value, this might indicate a failure to sample small,
aragonitic shells in the fossil biotas (unlikely given that other small, aragonitic shells are well-
known and sampled from end-Cretaceous faunas). Alternatively, lagged taxonomic evaluation of
fossil members in this group using Recent concepts might inflate its apparent increase in genus-
richness. However, the diversities of functional groups 11 and 33 in the end-Cretaceous biota
would need to triple in order to match their diversity ranks in the Recent biota (Fig. S3B).
Accepting that level of diversity increase would remove the largest shift in the structures of the
fossil and Recent biotas, but it would strengthen the observation that low-diversity functions
have remained so, and that reshuffling of rank order was concentrated among the richest
functional groups. Overall, the shift in rank order of functional groups between the end-
Cretaceous and Recent biotas holds when only genera with a known fossil record are considered
(Fig. S30).

Topological hypotheses for grafting additional families to the Crouch et al. (76) family-level
bivalve tree

Stratigraphic ranges of families below based on their occurrences of their first and last known
genera from Foote et al. (27). Stage ages from the 2012 Geologic Timescale (83).

PTERIOMORPHIA
TBuchiidae

Stratigraphic Range. 250-66 Ma



Topology. Sister to TOxytomidae herein, based on the composition of Hyporder $Monotoidei in
Carter et al. (84), as other members in that monophyletic group do not enter into this analysis.
TOxytomoidea is derived from TEumorphotis in T Aviculopectinidae by Lutikov et al. (85) (and
in Hyporder Aviculopectinoidei by Carter et al. (§4)); we tentatively place Oxytomidae +
Buchiidae in Order Pectinida close to Neitheidae+Pectinidae and related groups.

tEligmidae
Stratigraphic Range. 170.3—15.97 Ma

Topology. Sister to Ostreidae herein, reflecting placement within Ostreoidea in Carter et al. (§4);
we operationally incorporate Arctostreidae and Flemingostreidae into Ostreidae herein.

tInoceramidae
Stratigraphic Range. 201.3—66 Ma

Topology. Basal to Ostreida herein. fInoceramidae are within Megaorder Myalinata according to
Carter et al. (84), which is sister to their Megaorder Ostreata. The association of inoceramids
with ostreids and pterioids is further supported by Knight & Morris (86), who use muscle scar
morphology to place fInoceramidae “in the same clade as the Isognomonidae and Ostreidae, of
the Pteriomorphia”, citing also Té€mkin (87), Bieler et al. (88) and Combosch et al. (/6). Bieler et
al. (89) place fInoceramidae within + Ambonychioidea within Pteriida,

The potential ancestral taxon TA4tomodesma was put variously in T Atomodesmatidae within
tInoceramoida by Carter et al. (84) and (as fAmbonychiidae) in Pteriida within
+Ambonychioidea by Bieler et al. (89).

tNeitheidae

Stratigraphic Range. 145-66 Ma

Topology. Within Pectinida and basal to Pectinoidea herein following Bieler et al. (89) and
Carter et al. (84). Waller (90) places fNeitheidae as sister to TTosapectinidae, and that pair as
sister to Pectinidae+Spondylidae

tOxytomidae

Stratigraphic Range. 289.9—66 Ma



Topology. Sister to TBuchiidae herein, based on the composition of Hyporder TMonotoidei in
Carter et al. (84), as other members in that monophyletic group do not enter into this analysis.

PALAEOHETERODONTA

tMyophorellidae

Stratigraphic Range. 201.3—66 Ma

Topology. Sister to Trigoniidae herein, following Bieler et al. (§9) and Carter et al. (§4) both of
whom place Trigonioidea and TMyophorelloidea together in Trigoniida. We group all trigonioid
families as a single unit sister to Myophorelloidea therefore to Myophorellidae.
ARCHIHETERDONTA

ANOMALODESMATA

tPleuromyidae

Stratigraphic Range. 251.1-66 Ma

Topology. Sister to Pholadomyidae herein, following Bieler et al. (89), who group them within
the Pholadomyoidea, but contra Carter et al. (§4) who place them, with +Ceratomyidae, within
the Pholadoidea. Carter et al.'s (84) placement appears not to have been widely adopted; most

subsequent papers follow the Bieler et al. (89) classification (e.g. Ayoub-Hannaa et al. (91);
Tiwari et al. (92); Hodges (93); Moussavou (94); Morton & Machado (95), but see Scott &

Claggett (96)).

IMPARIDENTIA

Hippuritida + Megalodontida

Here, we follow relationships outlined in the revised Treatise on Invertebrate Paleontology by
Skelton (26). For a more complex view of the relationships among rudist genera see Rineau et al.
(97). Our results are not sensitive to these alternatives given the monophyly of
Hippuritida+Megalodontida.

t+Antillocaprinidae

Stratigraphic Range. 85—66 Ma



Topology. Sister to Caprinidae herein, following Skelton (26).

tCaprinidae

Stratigraphic Range. 133.9-66 Ma

Topology. Sister to Antillocaprinidae herein, following Skelton (26).

tDicerocardiidae

Stratigraphic Range. 245.23—66 Ma

Topology. Most modern authors, led by foundational insights from Skelton, derive the ‘rudist’
families ultimately from the tMegalodontoidea. Accordingly, fDicerocardiidae, the only family
within TMegalodontida that reaches the K/Pg, are placed herein as sister taxon to the rudist
families, and this clade is within Imparidentia but above the Lucinida, congruent with Carter et
al. (84) who place them within their Megaorder Cardiata (Neoheterodontei of Taylor et al. (98))
and above modiomorphids, Morris (99), who derives tMegalodontidae from modiomorphids,
and Nevesskaja (/00) who associates TMegalodontidae with Order Carditida.

tHippuritidae

Stratigraphic Range. 93.9-66 Ma

Topology. Sister to Trechmanellidae herein.

tMonopleuridae

Stratigraphic Range. 145-56 Ma

Topology. Sister to Radiolitidae herein.

tPlagioptychidae

Stratigraphic Range. 93.9-66 Ma

Topology. Sister to Hippuritidae+Trechmannellidae herein.

tRadiolitidae



Stratigraphic Range. 132.1-66 Ma

Topology. Sister to Monopleuridae herein.

tRequieniidae

Stratigraphic Range. 154.9—66 Ma

Topology. Most basal of the ‘rudist’ families herein, which are all sister to Dicerocardiidae.
tTrechmannellidae

Stratigraphic Range. 75.93—66 Ma

Topology. Sister to Hippuritidae herein.

Other Imparidentia

t+Kalenteridae
Stratigraphic Range. 407.6—7.25 Ma

Topology. The phylogenetic position of the extinct family Kalenteridae remains uncertain. We
place this family basal to Imparidentia less Lucinida, as in Crouch et al. (76) (see also Carter et
al. (84)); but it may belong in the Anomalodesmata (the sister group to Imparidentia), as in
Morris et al. (/01), Fang & Morris (102), Kelly et al. (/03), Griffin & Pastorino (/04); in the
Archiheterodonta (the sister group to Imparidentia + Anomalodesmata), as in Chavan (705),
Newell (106), Cox et al. (107), Nevesskaja (100), Kaim & Schneider (/08), Jenkins et al. (109),
Kiel (/10), Amano et al. (/11); in the Palacoheterodonta (the sister group to Archiheterodonta +
Imparidentia + Anomalodesmata), as in Hautmann (/72, /13) and Friesenbichler et al. (//4); and
some authors place the family and related taxa in an unspecified position within the
Heteroconcha (=Palaeoheterodonta + Archiheterodonta + Imparidentia + Anomalodesmata), as
in Jenkins et al. (/15). Our results are not sensitive to any of these alternatives.

t1canotiidae
Stratigraphic Range. 139.4—-66 Ma

Topology. Sister to tTancrediidae herein, together sister to Donacidae. Derived from
tTancrediidae in Casey (/16). Bieler et al. (89) and Carter et al. (84) likewise place them within



Tellinoidea but without comment on any relationships between families within that group. Pohlo
(117) also lacks any specific comment on relationships between tIcanotiidae and other tellinoid
families despite extensive discussion of evolution within the group.

tMactromyopsisidae
Stratigraphic Range. 248.6—-66 Ma

Topology. Sister to Lucinidae herein. As Mactromyidae, this family is included in Lucinoidea by
Bieler et al. (89) and Carter et al. (84). Hodges (93) removed tMactromya from the group of
genera set out by Chavan (//8) as comprising the Mactromyidae, thus necessitating a new type
genus— Mactromyopsis — and the new name Mactromyopsisidae.

tVeniellidae
Stratigraphic Range. 143.5-31 Ma

Topology. Sister to Arcticidae herein. Included within Arcticoidea by Bieler et al. (89) and Carter
et al. (84). TVeniellidae Dall 1895 (originally Veniellinae and containing 7Veniella Stoliczka
1870, 1 Venilicardia Stoliczka 1870, and (Cyprina=) Arctica Schumacher 1817 [Arctica has
subsequently been removed to its own family Arcticidae along with Venilicardia)) has a junior
homonym fVeniellidae Gardner 2005 (containing 1 Veniella Stoliczka 1870, TRoudairia Munier-
Chalmas 1881, §Cicatrea Stoliczka 1870, and TEpicyprina Casey 1952 but NOT T Venilicardia,
which Gardner (/79) instead includes in TIsocyprinidae). ¥Veniellidae Dall has been consistently
treated as a member of Arcticoidea, but Gardner (/79) considers his $Veniellidae to be a member
of Veneroidea, with Arcticoidea a synonym of Veneroidea, a concept which has not been
adopted widely and which we do not follow herein.

Assigning ecological functional groups

The functional ecology of each genus was evaluated using the primary literature on the
behavioral/life-habits of specific taxa and aspects of their shell and soft-body morphologies.
Families were not assumed to be homogenous in the functions of their genera unless no other
information was available. Details on bivalve ecologies vary among genera—those taxa
exploited for human food are often well-known, and are useful models for inferring the life
habits of other, less well-known taxa. Known relationships of morphological features to
functions (e.g. symmetry and auricle shape in pectinids regarding swimming or non-swimming
ability, as discussed in Stanley (/3) and subsequent literature) were used to make inferences
where direct observations are unavailable. Where the primary literature and observational data
support functional differences of species within genera, all known fossil and recent species
within that genus were assessed. Notes on functional group assignments for each genus (and



relevant species) are available in Dataset S1 (see the field "functional reference"). Below are the
operational definitions for functional group axes. All assignments were based on behavioral
observations or interpreted functional morphologies of adults.Axis: mobility

mobile. Individuals capable of actively repositioning themselves if disturbed, e.g. reburial if
dislodged from burrow or relocation if byssal attachment is lost (e.g. Mytilus, a byssate genus,
can relocate if detached and is thus scored ‘mobile”).

immobile. Individuals incapable of actively repositioning themselves if disturbed.
swimming. Individuals capable of self-propulsion through water, even if this is not a routine
component of their life habits, e.g. the deeply buried but capable swimmers in the Solenidae.
Fossils may be scored as swimmers if their relevant shell morphology (i.e. shell symmetry,

thickness etc.) is close to that of a confamilial known to swim.

Axis: attachment

unattached. Free living, 1.e. individuals are not attached to their substratum by a byssus (as an
adult) or via cementation.

byssate. Living attached to the substratum via a byssal apparatus as an adult. Includes taxa
known to detach and re-attach. In fossil taxa, the byssate condition is inferred from the presence
of a byssal notch, ctenolium, or other such structure.

cemented. Individuals that attach to the substratum via rigid fixation of one valve to the
substratum, which forms a permanent bond, see Harper (2012:1) (/20); includes taxa having a
calcified byssus. Cementation in extinct taxa is determined via observations of well-developed
cementation scars in adults.

Axis: substratum use

epifaunal. Living position such that both valves are almost entirely above the substratum-water
interface. Reclining taxa where one valve is partially embedded in the substratum are treated as
epifaunal.

semi-infaunal. Living position such that both valves are partially enclosed by the substratum.
Rudists with the conical lower valve mostly within the substratum—such that the bulk of the
animal is interred—are treated as semi-infaunal.



nestler. Most often referred to in the literature as an individual "nestled" into a crevice or among
rocks. Given the difficulty in recovering such behaviors in fossil data, nestling is used here to
mean living in a pre-made enclosure that affects the growth of the shell. Most often this is
indicated by irregular exterior shell surfaces, as nestlers lack the ability to modify their
enclosures. Note that nestling in pre-existing boreholes and crevices is directly observed in the
fossil record.

commensal. Living position within or upon a host. Rare in the Bivalvia, this trait is primarily
known from direct observations and inferred from phylogenetic context in the fossil record.

borer. Living position reached via active mechanical and/or chemical modification of the
substratum such that the animal becomes enclosed in the boring. Any taxon capable of actively
enlarging or modifying its enclosure is treated as a borer as opposed to a nestler (for instance
Pedum spondyloideum, which modifies its coral home, is included here as a borer rather than a
nestler).

infaunal asiphonate. Living position fully enclosed within the substratum, but constrained to be
within contact of the substratum-water interface due to the animal's lack of siphons. Compare
with shallow infaunal siphonate below, for which taxa may live at the substratum water interface
but are capable of burrowing deeper at need and maintaining contact with the water column via
extensible siphons.

shallow infaunal siphonate. Stanley 1970:67 (13) sets the convention for shallow burial as less
than 2 to 3 cm below the substratum-water interface. The 3cm delimitation is used here, using
the Euclidean distance from the substratum-water interface to the nearest point on the shell
valves. For the majority of taxa in this category, that is the posterior end, but may be the umbo in
certain taxa, e.g. many of the lucinids that live ventral margin down, and the lateral-most points
on many tellinids that live with their commissure parallel to the substratum-water interface. The
criteria for determining burial depth vary by taxon, and may include overall shell length and
relative size of the pallial sinus, inflation, and any permanent gapes, all of which are considered
in combination with observational data where available.

deep infaunal asiphonate. Living position deeper than 3cm, following the same framework
defined above for shallow infaunal siphonate.

Axis: feeding

Feeding behaviours are difficult to infer from shell morphology alone and are almost always
derived in this dataset either from direct observations recorded in the literature, or by
extrapolation from what is known of the feeding behaviors of closely related genera. Dataset



S1’s “functional reference” column details for each genus if direct observation or inference was
used.

subsurface deposit. Nutrition sourced via organic detritus within the substratum.
surface deposit. Nutrition sourced via organic detritus lying on the substratum.

suspension. Active intake and ingestion of suspended plankton from the water column. Also
referred to as "filter feeding."

mixed deposit/suspension. Facultative use of both deposit- and suspension-feeding. See for
example tellinids and mactrids.

carnivore. Capture of live animal prey (e.g. copepods, not phytoplankton).

photosymbiotic. Obligate or facultative associations with photosymbionts for nutrient
acquisition. This has been inferred in fossil taxa by some authors using shell morphology.

chemosymbiotic. Obligate or facultative associations with chemosymbionts for nutrient
acquisition. This has been inferred in fossil taxa by some authors using shell morphology—e.g.
the space between the pallial line and adductor muscle scar hosts lucinid chemosymbionts and
can be seen in fossils.
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random accumulation of genera from the survivor pool. Solid bars show results of an analysis
using only genera with a known fossil record, and hollow bars show the results for all genera (i.e.
the results in Fig. 3A). Functional abbreviations as in Fig. 1B. (C) Shifts in rank order of genus
richness for functional groups shared between the end-Cretaceous and Recent biotas. Arrows

show the change in rank order when analyzing only genera with a known fossil record.

>

Patristic distance of Recent family(ies) to

end-Cret. dominant family(ies) [My]

B.
304
0049 00 0 @O0 & o) o oo o
o o
o 2 o]
500 1 © o 2q o o
89 =8 o
=
E'E 20 8 o
55 | O 8 ° 8
°| g8 ° 4 o)
4 0 !
9 g3 ) 0
100 % 3 104 ®] le} o
®Q
Patristic distance of: A -é %) o g o] o 8
o 8
o Recent non-dominant family to B3 (o] o] g
end-Cretaceous dominant family o] F4 8
o o
Recent dominant family to o] o 6 o
end-Cretaceous dominant family 0

T T T T T T T T T T T T T T T
mob imm mob mob mob mob imm mob swim imm imm mob mob mob imm
inas shsi inas semi desi epi epi shsi epi nes semi shsi shsi inas desi
unat unat unat byss unat byss unat unat unat unat unat byss unat byss unat
sbdp sp sp sp sp sp sp sbdp sp sp pht sp cmn sp sp

18 30 1 17 5 4 6 9 26 24 2 11 16 35 22

Functional group

T T T T T T

T T T

mob imm imm imm imm mob mob mob swim mob mob mob mob imm mob

desi shsi nes epi semi epi inas semi epi shsi shsi inas inas desi shsi

unat unat unat unat unat byss unat byss unat byss unat byss unat unat unat

sp sp sp sp pht sp shdp sp sp sp com sp sp sp shdp

5 30 24 6 2 4 18 17 26 11 16 35 1 22 9
Functional group

Figure S4. Patristic distances of families in functional groups that saw turnover in the dominant

family between the Late Cretaceous and the Recent. (A) Patristic distances in millions of years.
(B) Patristic distances in number of internodes.



Kelliellidae
Vesicomyidae

Arcticidae
Neoleptonidae
Veneridae
Trapezidae
Glossidae
Hemidonacidae
Chamidae
Cyrenoididae
Glauconomidae
Cyamiidae
Gaimardiidae
Ungulinidae

Number of
Functional Groups
in Family

1

T
Mactridae
Mesodesmatidae
Isocyprinidae
Corbulidae
Myidae
Pholadidae
Solenidae
Pharidae

O

Galeommatoidea

= 01w

o]
O Icanotiidae
Tancrediidas

Donacidae
Semelidae
Tellinidae
Solecurtidae
Psammobiidae

Cardiidae
Gastrochaenidae
Kalenteridae

Hippuritidae

Trechmannellidae

Plagioptychidae

Monopleuridae

Radiolitidae

Antillocaprinidae

Dicerocardiidae
Mactromyopsisidae

Lucinidae
Thyasiridae
Euciroidae
Verticordiidae
Lyonsiellidae
Spheniopsidae
Cuspidariidae
Penicillidae
Clavagellidae
Pandoridae
Lyonsiidae
Laternulidae
Cleidothaeridae
Myachamidae
Periplomatidae
Thraciidae
Poromyidae
Parilimyidae
Pholadomyidae

]

1

T
Caprinidae
Requieniidae

©

O

1

'

I

Pleuromyiday

Astartidae
Ci llidae

FElDT A

Carditidae
Trigoniidae

T
' 2 Myophorellidae
———0 Cyclochlamydidae
'_| T Propeamussiidae
‘ { t ‘Fs‘ecﬁr&idl'glde
ondylidae
\ 5 Neitheidae poney
0 Buchiidae
©  Oxytomidae
T Dimyidae
Anomiidae
1 Plicatulidae
+ Placunidae
T Entoliidae
I
1

Limidae
Vulsellidae
Margaritidae

||—O Isognomonidae
O
O

Pteriidae
Pulvinitidae
Malleidae
Eligmidae
Ostreidae
Gryphaeidae

Pinnidae

ytilidae
Philobryidae
Limopsidae

I

1

T Ellzcy"me_riddidae
I r . Noetiidae
' i

1

1

Arcidae
Parallelodontidae
Malletiidae
Nuculanidae
Nuculidae
Solemyidae

-

Figure S5. Number of functional groups present in families for the end-Cretaceous and Recent
biotas.




REFERENCES AND NOTES

1. S. R. Cole, M. J. Hopkins, Selectivity and the effect of mass extinctions on disparity and
functional ecology. Sci. Adv. 7, eabf4072 (2021).

2. P. M. Novack-Gottshall, A. Sultan, N. S. Smith, J. Purcell, K. E. Hanson, R. Lively, I. Ranjha,
C. Collins, R. Parker, C. D. Sumrall, B. Deline, Morphological volatility precedes ecological
innovation in early echinoderms. Nat. Ecol. Evol. 6, 263-272 (2022).

3. C. R. Marshall, Forty years later: The status of the “Big Five” mass extinctions. Camb. Prism
Extinct. 1, 5 (2023).

4. P. D. Polly, Extinction and morphospace occupation: A critical review. Camb. Prism Extinct. 1,
el7 (2023).

5. D. Jablonski, S. M. Edie, Mass extinctions and their rebounds: A macroevolutionary

framework. Paleobiology 51, 1-14 (2025).

6. D. H. Erwin, J. W. Valentine, J. J. Sepkoski Jr., A comparative study of diversification events:
The Early Paleozoic versus the Mesozoic. Evolution 41, 1177-1186 (1987).

7. W. J. Foster, R. J. Twitchett, Functional diversity of marine ecosystems after the Late Permian

mass extinction event. Nat. Geosci. 7, 233-238 (2014).

8. A. M. Dunhill, W. J. Foster, J. Sciberras, R. J. Twitchett, Impact of the Late Triassic mass
extinction on functional diversity and composition of marine ecosystems. Palaeontology 61,

133-148 (2018).

9.S. M. Edie, D. Jablonski, J. W. Valentine, Contrasting responses of functional diversity to
major losses in taxonomic diversity. Proc. Natl. Acad. Sci. U.S.A. 115, 732-737 (2018).

10. M. Aberhan, W. Kiessling, Persistent ecological shifts in marine molluscan assemblages
across the end-Cretaceous mass extinction. Proc. Natl. Acad. Sci. U.S.A. 112, 72077212
(2015).



I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

S. Huang, S. M. Edie, K. S. Collins, N. M. A. Crouch, K. Roy, D. Jablonski, Diversity,
distribution and intrinsic extinction vulnerability of exploited marine bivalves. Nat. Commun.

14, 4639 (2023).

M. Schumm, S. M. Edie, K. S. Collins, V. Gémez-Bahamon, K. Supriya, A. E. White, T. D.
Price, D. Jablonski, Common latitudinal gradients in functional richness and functional

evenness across marine and terrestrial systems. Proc. R. Soc. B 286, 20190745 (2019).

S. M. Stanley, Relation of shell form to life habits of the Bivalvia (Mollusca). Geol. Soc. Am.
Mem. 125, 1-282 (1970).

S. M. Stanley, “Evolutionary ecology of the Bivalvia” in Treatise Online No. 72, Part N,
Revised, Vol. 1, Ch. 19 (Univ. of Kansas, Paleontological Institute, 2015), pp. 1-48.

A. Seilacher, A. D. Gishlick, Morphodynamics (CRC Press, 2014).

D. J. Combosch, T. M. Collins, E. A. Glover, D. L. Graf, E. M. Harper, J. M. Healy, G. Y.
Kawauchi, S. Lemer, E. McIntyre, E. E. Strong, J. D. Taylor, J. D. Zardus, P. M. Mikkelsen,
G. Giribet, R. Bieler, A family-level Tree of Life for bivalves based on a Sanger-sequencing

approach. Mol. Phylogenet. Evol. 107, 191-208 (2017).

S. Lemer, R. Bieler, G. Giribet, Resolving the relationships of clams and cockles: Dense
transcriptome sampling drastically improves the bivalve tree of life. Proc. R. Soc. B 286,
20182684 (2019).

S. Gonzalez-Delgado, P. C. Rodriguez-Flores, G. Giribet, Testing ultraconserved elements
(UCEs) for phylogenetic inference across bivalves (Mollusca: Bivalvia). Mol. Phylogenet.
Evol. 198, 108129 (2024).

D. Jablonski, J. A. Finarelli, Congruence of morphologically-defined genera with molecular
phylogenies. Proc. Natl. Acad. Sci. U.S.A. 106, 8262—8266 (2009).

S. Mondal, P. J. Harries, The effect of taxonomic corrections on Phanerozoic generic richness
trends in marine bivalves with a discussion on the clade’s overall history. Paleobiology 42,

157-171 (2016).



21

22.

23.

24.

25.

26.

27.

28.

29.

30.

M. Foote, S. M. Edie, D. Jablonski, Ecological structure of diversity-dependent
diversification in Phanerozoic marine bivalves. Biol. Lett. 20, 20230475 (2024).

R. K. Bambach, A. M. Bush, D. H. Erwin, Autecology and the filling of ecospace: Key
metazoan radiations. Palaeontology 50, 1-22 (2007).

P. M. Novack-Gottshall, General models of ecological diversification. II. Simulations and

empirical applications. Paleobiology 42, 209-239 (2016).

G. J. Vermeij, The evolution of molluscan photosymbioses: A critical appraisal. Biol. J. Linn.
Soc. 109, 497-511 (2013).

L. Kirkendale, G. Paulay, “Photosymbiosis in Bivalvia” in Treatise Online No. 89: Part N,
Revised, Vol. 1, Ch. 9 (Univ. of Kansas, Paleontological Institute, 2017), pp. 1-31.

P. W. Skelton, “Introduction to the Hippuritida (Rudists): Shell structure, anatomy, and
evolution” in Treatise Online No. 104, Part N, Revised, Vol. 1, Ch. 264 (Univ. of Kansas,
Paleontological Institute, 2018), pp. 1-37.

N. J. de Winter, S. Goderis, S. J. M. Van Malderen, M. Sinnesael, S. Vansteenberge, C.
Snoeck, J. Belza, F. Vanhaecke, P. Claeys, Subdaily-scale chemical variability in a Torreites

sanchezi rudist shell: Implications for rudist paleobiology and the Cretaceous day-night
cycle. Paleoceanogr. Paleoclimatol. 35, €2019PA003723 (2020).

S. F. Mitchell, G. Gunter, W. H. Mulder, The palaecoecological significance of tubes, ribs,

pallial canals and flanges in caprinoid rudist bivalves. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 562, 110078 (2021).

Y. Isozaki, D. Aljinovi¢, End-Guadalupian extinction of the Permian gigantic bivalve
Alatoconchidae: End of gigantism in tropical seas by cooling. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 284, 11-21 (2009).

J. H. Lipps, G. D. Stanley, “Photosymbiosis in past and present reefs” in Coral Reefs at the
Crossroads, D. K. Hubbard, C. S. Rogers, J. H. Lipps, G. D. Stanley, Eds. (Springer
Netherlands, 2016), pp. 47-68.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

T. C. L. Bridge, A. H. Baird, J. M. Pandolfi, M. J. McWilliam, M. K. Zapalski, Functional
consequences of Palaeozoic reef collapse. Sci. Rep. 12, 1386 (2022).

S. M. Stanley, Evolutionary radiation of shallow-water Lucinidae (Bivalvia with
endosymbionts) as a result of the rise of seagrasses and mangroves. Geology 42, 803—806
(2014).

T. A. Hansen, Early Tertiary radiation of marine molluscs and the long-term effects of the

Cretaceous-Tertiary extinction. Paleobiology 14, 37-51 (1988).

P. M. Sheehan, T. A. Hansen, Detritus feeding as a buffer to extinction at the end of the
Cretaceous. Geology 14, 868 (1986).

T. A. Hansen, B. Upshaw III, E. G. Kauffman, W. Gose, Patterns of molluscan extinction and
recovery across the Cretaceous-Tertiary boundary in east Texas; report on new outcrops.

Cretac. Res. 14, 685-706 (1993).

D. Jablonski, D. M. Raup, Selectivity of end-Cretaceous marine bivalve extinctions. Science
268, 389-391 (1995).

M. McClure, A. J. Bohonak, Non-selectivity in extinction of bivalves in the Late Cretaceous
of the Atlantic and Gulf Coastal Plain of North America. J. Evol. Biol. 8, 779-787 (1995).

J. S. Levinton, Trophic group and the end-Cretaceous extinction: Did deposit feeders have it

made in the shade? Paleobiology 22, 104112 (1996).

C. Heinberg, Lower Danian bivalves, Stevns Klint, Denmark: Continuity across the K/T

boundary. Palaeogeogr. Palaeoclimatol. Palaeoecol. 154, 87-106 (1999).

J. A. Sessa, T. J. Bralower, M. E. Patzkowsky, J. C. Handley, L. C. Ivany, Environmental and
biological controls on the diversity and ecology of Late Cretaceous through Early Paleogene

marine ecosystems in the U.S. Gulf Coastal Plain. Paleobiology 38, 218-239 (2012).



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

R. J. Whittle, J. D. Witts, V. C. Bowman, J. A. Crame, J. E. Francis, J. Ineson, Nature and
timing of biotic recovery in Antarctic benthic marine ecosystems following the Cretaceous—

Palaeogene mass extinction. Palaeontology 62, 919-934 (2019).

D. Jablonski, Geographic variation in the molluscan recovery from the end-Cretaceous
extinction. Science 279, 1327-1330 (1998).

A. N. Curley, S. V. Petersen, S. M. Edie, W. Guo, Biologically driven isotopic fractionations
in bivalves: From palaecoenvironmental problem to palaeophysiological proxy. Biol. Rev. 98,

1016-1032 (2023).

D. Jablonski, S. M. Edie, Perfect storms shape biodiversity in time and space. Evol. J. Linn.
Soc. 2, kzad003 (2023).

D. Jablonski, Extinction and the spatial dynamics of biodiversity. Proc. Natl. Acad. Sci.
U.S.A. 105, 11528-11535 (2008).

C. Perrin, “Tertiary: The emergence of modern reef ecosystems” in Phanerozoic Reef
Patterns, W. Kiessling, E. Fliigel, J. Golonka, Eds. (SEPM, Special Publication 72, 2002),
pp. 587-621.

G. J. Vermeij, Evolution and Escalation: An Ecological History of Life (Princeton Univ.
Press, 1987).

G. J. Vermeij, Evolutionary norm-breaking and extinction in the marine tropics. Proc. Natl.
Acad. Sci. U.S.A. 120, ¢2217880120 (2023).

D. Jablonski, Biotic interactions and macroevolution: Extensions and mismatches across

scales and levels. Evolution 62, 715-739 (2008).

L. Zhang, W. W. Hay, C. Wang, X. Gu, The evolution of latitudinal temperature gradients
from the latest Cretaceous through the Present. Earth Sci. Rev. 189, 147-158 (2019).

M. Yasuhara, H.-H. M. Huang, M. Reuter, S. Y. Tian, J. D. Cybulski, A. O’Dea, B. L. Mamo,
L. J. Cotton, E. D. Martino, R. Feng, C. R. Tabor, G. Reygondeau, Q. Zhao, M. T. Warne, K.



52.

53

54.

55.

56.

57.

58.

K. T. Aye, J. Zhang, A. Chao, C.-L. Wei, F. L. Condamine, A. T. Kocsis, W. Kiessling, M. J.
Costello, D. P. Tittensor, C. Chaudhary, M. C. Rillo, H. Doi, Y. Dong, T. M. Cronin, E. E.
Saupe, H. K. Lotze, K. G. Johnson, W. Renema, J. M. Pandolfi, M. Harzhauser, J. B. C.

Jackson, Y. Hong, “Hotspots of Cenozoic tropical marine biodiversity” in Oceanography and

Marine Biology: An Annual Review, Volume 60 (CRC Press, ed. 1, 2022), pp. 243-300.

J. W. Valentine, Evolutionary Paleoecology of the Marine Biosphere (Prentice-Hall, 1973).

. A. Zaffos, S. Finnegan, S. E. Peters, Plate tectonic regulation of global marine animal

diversity. Proc. Natl. Acad. Sci. U.S.A. 114, 5653-5658 (2017).

K. Nakazawa, B. Runnegar, “The Permian—Triassic boundary: A crisis for bivalves?” in
Permian Triassic Systems and Their Mutual Boundary, A. Logan, L. Hills, Eds. (Canadian
Society of Petroleum Geologists, 1973), pp. 608—621.

C. Pimiento, C. D. Bacon, D. Silvestro, A. Hendy, C. Jaramillo, A. Zizka, X. Meyer, A.
Antonelli, Selective extinction against redundant species buffers functional diversity. Proc. R.
Soc. B 287,20201162 (2020).

J. Vellekoop, K. H. Van Tilborgh, P. Van Knippenberg, J. W. M. Jagt, P. Stassen, S. Goolaerts,
R. P. Speijer, Type-Maastrichtian gastropod faunas show rapid ecosystem recovery following

the Cretaceous—Palaecogene boundary catastrophe. Palaeontology 63, 349-367 (2020).

G. Guinot, F. L. Condamine, Global impact and selectivity of the Cretaceous-Paleogene mass

extinction among sharks, skates, and rays. Science 379, 802—-806 (2023).

C. Lamanna, B. Blonder, C. Violle, N. J. B. Kraft, B. Sandel, I. Simova, J. C. Donoghue II,
J.-C. Svenning, B. J. McGill, B. Boyle, V. Buzzard, S. Dolins, P. M. Jergensen, A. Marcuse-
Kubitza, N. Morueta-Holme, R. K. Peet, W. H. Piel, J. Regetz, M. Schildhauer, N. Spencer,
B. Thiers, S. K. Wiser, B. J. Enquist, Functional trait space and the latitudinal diversity
gradient. Proc. Natl. Acad. Sci. U.S.A. 111, 1374513750 (2014).



59.

60.

61.

62.

63.

64.

65.

66.

67.

B. F. Oliveira, A. Machac, G. C. Costa, T. M. Brooks, A. D. Davidson, C. Rondinini, C. H.
Graham, Species and functional diversity accumulate differently in mammals. Glob. Ecol.
Biogeogr. 25, 1119-1130 (2016).

S. M. Edie, S. Huang, K. S. Collins, K. Roy, D. Jablonski, Loss of biodiversity dimensions
through shifting climates and ancient mass extinctions. Integr. Comp. Biol. 58, 1179—1190 (2018).

A. T. Cribb, K. K. Formoso, C. H. Woolley, J. Beech, S. Brophy, P. Byrne, V. C. Cassady, A.
L. Godbold, E. Larina, P.-P. Maxeiner, Y.-H. Wu, F. A. Corsetti, D. J. Bottjer, Contrasting

terrestrial and marine ecospace dynamics after the end-Triassic mass extinction event. Proc.

R. Soc. B 290, 20232232 (2023).

P. Nel, S. Bertrand, A. Nel, Diversification of insects since the Devonian: A new approach

based on morphological disparity of mouthparts. Sci. Rep. 8, 3516 (2018).

M. P. Donovan, A. Iglesias, P. Wilf, C. C. Labandeira, N. R. Cuneo, Rapid recovery of
Patagonian plant—insect associations after the end-Cretaceous extinction. Nat. Ecol. Evol. 1,
0012 (2016).

M. Friedman, Ecomorphological selectivity among marine teleost fishes during the end-

Cretaceous extinction. Proc. Natl. Acad. Sci. U.S.A. 106, 5218-5223 (2009).

D. M. Grossnickle, E. Newham, Therian mammals experience an ecomorphological radiation
during the Late Cretaceous and selective extinction at the K—Pg boundary. Proc. R. Soc. B

283, 20160256 (2016).

M. Friedman, Explosive morphological diversification of spiny-finned teleost fishes in the

aftermath of the end-Cretaceous extinction. Proc. R. Soc. B 277, 1675-1683 (2010).

M. R. Carvalho, C. Jaramillo, F. de la Parra, D. Caballero-Rodriguez, F. Herrera, S. Wing, B.
L. Turner, C. D’Apolito, M. Romero-Baez, P. Narvédez, C. Martinez, M. Gutierrez, C.
Labandeira, G. Bayona, M. Rueda, M. Paez-Reyes, D. Cardenas, A. Duque, J. L. Crowley, C.
Santos, D. Silvestro, Extinction at the end-Cretaceous and the origin of modern Neotropical
rainforests. Science 372, 63—68 (2021).



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

D. H. Erwin, Lessons from the past: Biotic recoveries from mass extinctions. Proc. Natl.

Acad. Sci. U.S.A. 98, 5399-5403 (2001).

P. M. Hull, S. A. F. Darroch, D. H. Erwin, Rarity in mass extinctions and the future of
ecosystems. Nature 528, 345-351 (2015).

A. B. Shupinski, P. J. Wagner, F. A. Smith, S. K. Lyons, Unique functional diversity during
early Cenozoic mammal radiation of North America. Proc. R. Soc. B 291, 20240778 (2024).

Z.-Q. Chen, M. J. Benton, The timing and pattern of biotic recovery following the end-
Permian mass extinction. Nat. Geosci. 5, 375-383 (2012).

P. Ward, Comparative shell shape distributions in Jurassic-Cretaceous ammonites and

Jurassic-Tertiary nautilids. Paleobiology 6, 32—43 (1980).

P. Ward, G. J. Barord, A. Schauer, J. Veloso, Comparative trophic levels of phragmocone-
bearing cephalopods (nautiloids, ammonoids, and sepiids). Integr. Comp. Biol. 63, 1285—
1297 (2023).

D. Sepkoski, Catastrophic Thinking: Extinction and the Value of Diversity from Darwin to
the Anthropocene (Univ. of Chicago Press, 2020).

C. C. O’Hara, M. Frazier, B. S. Halpern, At-risk marine biodiversity faces extensive,

expanding, and intensifying human impacts. Science 372, 84—87 (2021).

N. M. A. Crouch, S. M. Edie, K. S. Collins, R. Bieler, D. Jablonski, Calibrating phylogenies
assuming bifurcation or budding alters inferred macroevolutionary dynamics in a densely

sampled phylogeny of bivalve families. Proc. R. Soc. B 288, 20212178 (2021).

S. A. Smith, B. C. O’Meara, TreePL: Divergence time estimation using penalized likelihood
for large phylogenies. Bioinformatics 28, 2689-2690 (2012).

D. Jablonski, “Causes and consequences of mass extinctions: A comparative approach” in

Dynamics of Extinction, D. K. Elliot, Ed. (Wiley, 1986), pp. 183-229.



79. S. M. Kidwell, Shell composition has no net impact on large-scale evolutionary patterns in

mollusks. Science 307, 914-917 (2005).

80. M. Foote, J. S. Crampton, A. G. Beu, C. S. Nelson, Aragonite bias, and lack of bias, in the
fossil record: Lithological, environmental, and ecological controls. Paleobiology 41, 245-265
(2015).

81. S. M. Edie, K. S. Collins, D. Jablonski. The end-Cretaceous mass extinction restructured
functional diversity but failed to configure the modern marine biota. National Museum of

Natural History. Dataset (2025); https://doi.org/10.25573/data.28046414.

82. R Core Team, R: A Language and Environment for Statistical Computing (R Foundation for
Statistical Computing, 2023); https://R-project.org/.

83. F. M. Gradstein, J. G. Ogg, M. Schmitz, G. Ogg, Eds. The Geologic Time Scale 2012
(Elsevier, ed. 1, 2012).

84.J. G. Carter, C. R. Altaba, L. C. Anderson, R. Araujo, A. S. Biakov, A. E. Bogan, D. C.
Campbell, M. Campbell, C. Jin-hua, J. C. W. Cope, G. Delvene, H. H. Dijkstra, F. Zong-jie,
R. N. Gardner, V. A. Gavrilova, 1. A. Goncharova, P. J. Harries, J. H. Hartman, M. Hautmann,
W. R. Hoeh, J. Hylleberg, J. Bao-yu, P. Johnston, L. Kirkendale, K. Kleemann, J. Koppka, J.
Kiiz, D. Machado, N. Malchus, A. Marquez-Aliaga, J.-P. Masse, C. A. McRoberts, P. U.
Middelfart, S. Mitchell, L. A. Nevesskaja, S. Ozer, J. Pojeta, I. V. Polubotko, J. M. Pons, S.
Popov, T. Sanchez, A. F. Sartori, R. W. Scott, I. I. Sey, J. H. Signorelli, V. V. Silantiev, P. W.
Skelton, T. Steuber, J. B. Waterhouse, G. L. Wingard, T. Yancey, A synoptical classification of
the Bivalvia (Mollusca). Paleont. Contr. 2011, 1-47 (2011).

85. O. A. Lutikov, L. E. Témkin, B. N. Shurygin, Phylogeny and evolution of ontogeny of the family
Oxytomidae Ichikawa, 1958 (Mollusca: Bivalvia). Stratigr. Geol. Correl. 18, 376391 (2010).

86. R. I. Knight, N. J. Morris, Well-developed muscle attachments in British Albian inoceramids
(Inoceramidae, Bivalvia): Implications for inoceramid palaeobiology, evolution and

taxonomy. Pap. Palaeontol. 5,461-481 (2019).


https://doi.org/10.25573/data.28046414
https://R-project.org/

87.

88.

&9.

90.

91.

92.

93

94.

95.

96.

I. Témkin, Molecular phylogeny of pearl oysters and their relatives (Mollusca, Bivalvia,

Pterioidea). BMC Evol. Biol. 10, 342 (2010).

R. Bieler, P. M. Mikkelsen, T. M. Collins, E. A. Glover, V. L. Gonzalez, D. L. Graf, E. M.
Harper, J. Healy, G. Y. Kawauchi, P. P. Sharma, S. Staubach, E. E. Strong, J. D. Taylor, I.
Témkin, J. D. Zardus, S. Clark, A. Guzman, E. MclIntyre, P. Sharp, G. Giribet, Investigating
the Bivalve Tree of Life—An exemplar-based approach combining molecular and novel

morphological characters. Invertebr. Syst. 28, 32—115 (2014).

R. Bieler, J. G. Carter, E. V. Coan, Classification of bivalve families. Malacologia 52, 113—
133 (2010).

T. R. Waller, Phylogeny of families in the Pectinoidea (Mollusca: Bivalvia): Importance of
the fossil record. Zool. J. Linn. Soc. 148, 313-342 (2006).

W. Ayoub-Hannaa, P. Bengtson, F. T. Fiirsich, E. J. Andrade, Cenomanian—Coniacian (Upper
Cretaceous) bivalves of the Sergipe Basin, Brazil: Order Pholadomyida. Rev. Bras. Paleontol.
18, 31-70 (2015).

D. N. Tiwari, K. Jaitly, B. Pandey, J. P. Gautam, A. K. Singh, First record of the genus
Pleuromya Agassiz (Bivalvia: Anmalodesmata) from the Anaipadi Formation of Trichinopoly
Group, Cauvery Basin, South India. J. Sci. Res. 66, 1-6 (2022).

. P. Hodges, The Early Jurassic Bivalvia from the Hettangian and Lower Sinemurian of south-

west Britain. Monogr. Palaeontogr. Soc. 173, 113—-143 (2019).

B. M. Moussavou, Albian bivalves from Madiela Formation in north Gabonese coastal basin.
Bull. Soc. Geol. Fr. 190, 5 (2019).

B. Morton, F. M. Machado, Predatory marine bivalves: A review. Adv. Mar. Biol. 84, 1-98
(2019).

R. W. Scott, B. W. Claggett, Albian infaunal Pholadomyida (Cretaceous Bivalvia),
Comanchean carbonate shelf, Texas. J. Paleontol. 92, 611-633 (2018).



97. V. Rineau, J.-P. Masse, L. Villier, A new cladistic insight on comparative anatomy and

phylogeny of rudists (Bivalvia, Hippuritida). J. Syst. Palaeontol. 18, 1243—-1297 (2020).

98. J. D. Taylor, S. T. Williams, E. A. Glover, P. Dyal, A molecular phylogeny of heterodont
bivalves (Mollusca: Bivalvia: Heterodonta): New analyses of 18S and 28S rRNA genes.
Zool. Scr. 36, 587—606 (2007).

99. N. J. Morris, The infaunal descendants of the Cycloconchidae: An outline of the evolutionary
history and taxonomy of the Heteroconchia, superfamilies Cycloconchacea to Chamacea.

Philos. Trans. R. Soc. London Ser. B 284, 259-275 (1978).

100. L. A. Nevesskaja, Principles of systematics and the system of bivalves. Paleontol. J. 43,
1-11 (2009).

101. N. J. Morris, J. M. Dickins, K. Astafieva-Urbaitis, Upper Palacozoic Anomalodesmatan
Bivalvia. Bull. Brit. Mus. (Nat. Hist.) Geol. 47, 51-100 (1991).

102. Z. Fang, N. J. Morris, The genus Pseudosanguinolites and some modioliform bivalves

(mainly Palaeozoic). Palaeoworld 7, 50-74 (1997).

103. S. R. A. Kelly, E. Blanc, S. P. Price, A. G. Whitham, “Early Cretaceous giant bivalves from
seep-related limestone mounds, Wollaston Forland, Northeast Greenland” in The
Evolutionary Biology of the Bivalvia, E. M. Harper, J. D. Taylor, J. A. Crame, Eds.
(Geological Society of London, Special Publication 177, 2000), pp. 227-246.

104. M. Griffin, G. Pastorino, Madrynomya bruneti n. gen. and sp. (Bivalvia: ?Modiomorphidae):
A Mesozoic survivor in the tertiary of Patagonia? J. Paleontol. 80, 272-282 (2006).

105. A. Chavan, Les Pleurophorus et genres voisins. Cah. Geol. 22,200 (1954).

106. N. D. Newell, Notes on certain primitive heterodont pelecypods. Am. Mus. Novit. 1857,
1-14 (1957).

107. L. R. Cox, T. Soot-Ryen, C. C. Brasnson, H. B. Stenzel, A. LaRocque, A. M. Keen, H. S.
Puri, L. G. Hertlein, F. Haas, A. Chavan, C. A. Fleming, B. F. Perkins, N. D. Newell, C.



108.

109.

110.

111.

112.

113.

114.

115.

116.

Dechaseaux, A. H. Coogan, R. Casey, L. A. Smith, A. L. McAlester, “Bivalvia” in Treatise
on Invertebrate Paleontology, Part N, Vol. 2, R. C. Moore, Ed. (Geological Society of
America and Univ. of Kansas Press, 1969), pp. 491-950.

A. Kaim, S. Schneider, A conch with a collar: Early ontogeny of the enigmatic fossil bivalve
Myoconcha. J. Paleontol. 86, 652—658 (2012).

R. G. Jenkins, A. Kaim, Y. Hikida, S. Kiel, Four new species of the Jurassic to Cretaceous
seep-restricted bivalve Caspiconcha and implications for the history of chemosynthetic

communities. J. Paleontol. 92, 596—610 (2018).

S. Kiel, Three new bivalve genera from Triassic hydrocarbon seep deposits in southern
Turkey. Acta Palaeontol. Pol. 63,221-234 (2018).

K. Amano, S. Kiel, K. Hryniewicz, R. G. Jenkins, “Bivalvia in ancient hydrocarbon seeps”
in Ancient Hydrocarbon Seeps, A. Kaim, Ed. (Springer, 2022), pp. 267-321.

M. T. Hautmann, Die Muschelfauna der Nayband-Formation (Obertrias, Nor-Rhét) des
Ostlichen Zentraliran. Beringeria 29, 3—181 (2001).

M. T. Hautmann, Taxonomy and phylogeny of the Triassic bivalve families Mysidiellidae
Cox, 1964 and Healeyidae new family. J. Paleontol. 82, 555-564 (2008).

E. Friesenbichler, M. Hautmann, E. Gradinaru, H. Bucher, A highly diverse bivalve fauna
from a Bithynian (Anisian, Middle Triassic) Tubiphytes-microbial buildup in North
Dobrogea (Romania). Pap. Palaeontol. 7, 447-495 (2021).

R. G. Jenkins, A. Kaim, C. T. S. Little, Y. Iba, K. Tanabe, K. A. Campbell, Worldwide
distribution of the modiomorphid bivalve genus Caspiconcha in late Mesozoic hydrocarbon

seeps. Acta Palaeontol. Pol. 58, 357-382 (2013).

R. Casey, The stratigraphical palaecontology of the Lower Greensand. Palaeontology 3,
487621 (1961).



117. R. Pohlo, Evolution of the Tellinacea (Bivalvia). J. Molluscan Stud. 48, 245-256
(1982).

118. A. Chavan, Essai critique de classification des Mactromyidae. Cah. Geol. 52-53, 505-510
(1959).

119. R. N. Gardner, Middle-Late Jurassic bivalves of the superfamily Veneroidea from New
Zealand and New Caledonia. N. Z. J. Geol. Geophys. 48, 325-376 (2005).

120. E. M. Harper, “Cementing Bivalvia” in Treatise Online No. 45, Part N, Revised, Vol. 1, Ch.
21 (Univ. of Kansas, Paleontological Institute, 2012), pp. 1-12.



	for_merge adv1171_SM updated.pdf
	Supplementary Text
	Sensitivity test: analyzing shifts in functional structure using only those genera in the Recent biota with a known fossil record
	Assigning ecological functional groups
	Supplemental Figures





