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ABSTRACT

The detection of synoptical megatrends in the Phanerozoic fossil record requires a robust taxonomic database at the outset. However,
large-scale taxonomic data are often unavailable or outdated, or insufficiently standardized, even for major macroinvertebrate groups.
Additionally, large-scale syntheses usually require well-resolved genus-level data, which in turn is objectively defined by and anchored
to its designated type species, making type species an indispensable part of taxonomic compilations. For the Class Bivalvia, large-scale,
systematic compilations are available for all Phanerozoic genera, but a compendium of bivalve type species is lacking. Here, we provide a
global, taxonomically standardized, and updated type species compendium of marine bivalves for the entire Phanerozoic. Our type spe-
cies compilation enlists 2,822 valid genera, their temporal ranges, with details of the methods of typification. We further quantitatively
evaluate whether the systematics of bivalve type species have been historically stable or not, using a modified “flux ratio”. Moreover, as
type species are representatives of their genera, we statistically compare the longevity of the type species and its parent genus to assess
whether the type actually represents the genus’s temporal range. Our results indicate that approximately 63% of original names assigned
to bivalve type species have been reassigned. Moreover, only about 38% of bivalve type species span at least 50% of their genus’s temporal
range, and the type species had their stratigraphic range at the early phases of the genus’s stratigraphic range. Our findings reiterate that,
though type species are the representatives of respective genera, the temporal longevity of the types should not be used as a direct proxy
for their generic longevity.

INTRODUCTION

Synoptic studies of global, large-scale macroevolutionary and compendium requires considerable time and effort. In the age of “big
macroecological patterns frequently use large taxonomic compila-  data” and machine learning algorithms, the availability of global data
tions/compendia (Sepkoski, 1978, 1984; Labandeira, 1994; Benton,  repositories, such as the Paleobiology Database (PBDB, 2026), the
1995; Alroy & others, 2008; Ward, 2010; Zhang, Augustin, & Payne, ~World Registry of Marine Species (WoRMS, 2026), MolluscaBase
2015; Pifieiro & Pichel, 2024). However, compiling a taxonomic  (2026), or the Global Biodiversity Information Facility (Telenius,
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2011; GBIF, 2026), makes this seemingly onerous task relatively
tractable. However, the flexibility to access large volumes of systematic
information often comes at the cost of incomplete data or a lack of
sufficient spatial and temporal coverage in these databases. Several
studies have systematically demonstrated the incompleteness of these
global databases while examining different fossil groups (Vilhena &
Smith, 2013; Mondal & Harries, 2015; Edie, Smits, & Jablonski,
2017). Even if data are sufficiently available, it is often debatable in
which taxonomic hierarchy the study should be conducted, and what
should be the standard representative of a taxon. A workaround to
this conundrum lies in typically designating the genus as the chosen
“unit” of biodiversity, and the most standard representative of every
genus is its type species (Raup & Boyajian, 1988; Sepkoski, 1998;
Heim & others, 2015; but see Hendricks & others, 2014).

Fortunately, the type species information is not only relatively
easily obtained but also serves as an unbiased estimate of the body
size of that genus, whereas inferences drawn using nontype species
may be over- or underestimated (Kosnik & others, 2006; Heim &
others, 2015; Salamon & others, 2023). For morphological analyses,
as well, using a random subset of species for quantifying morphologi-
cal disparity shows considerable increases in morphological variance
through time, whereas the morphological variability is much less
when only type species are used (Foote, 1989; Kosnik & others,
2006; Salamon & others, 2023). Despite these evidences in support
of the claim of the type species being an unbiased representative of
a genus, there are certain problems associated with the type spe-
cies, most prominent among which is the lack of a comprehensive
database (for most taxonomic groups), exhaustively enlisting the
type species for all (or at least, most) of the genera, and not just the
common genera. Consequently, workers often resort to using only a
few, commonly available type species, excluding a large part of the
group’s taxonomic diversity. Moreover, for long-ranging genera, the
temporal range of the type species may be very restricted, represent-
ing only a snapshot of the entire temporal range of the genus: The
type species might have a temporal range coinciding with the First
Appearance Datum (FAD) of the entire genus’s range, whereas the
younger end of the genuss temporal range is not faithfully repre-
sented. These shortcomings, based on using type species and nontype
species, might question the validity of conclusions drawn from type
species—based studies, and also underscore the problems of working
with incomplete databases, especially in synoptic studies.

The Class Bivalvia, spanning the entire Phanerozoic, has a rich
(both quantitatively and qualitatively) fossil record and global spa-
tiotemporal distribution, leading to its consideration as a model
macroevolutionary group (Miller & Sepkoski, 1988; Jablonski &
others, 2003; Mondal & Harries, 2015, 2016, 2025; Collins &
others, 2019). Unfortunately, there is no single comprehensive type
species database available for this well-studied group. Existing stud-
ies relying on/utilizing bivalve type species are primarily taxonomic
descriptions of the genus’s morphological features (McAlester, 1968;
Huber, 2010, 2015; Carter & others, 2011) or are molecular phylo-
genetic reconstructions, using DNA data from type species (Témkin,
2010). Moreover, most of these studies focus on certain lineages or
sublineages only and/or are temporally restricted (McAlester, 1968;
Témbkin, 2010; Ros-Franch, Mdrquez-Aliaga, & Damborenea, 2014;
Lopes-Lima & others, 2017; Crouch & others, 2021). For example,

the work of Ros-Franch & others (2014) provides a detailed critical
assessment of several bivalve genera, listing their type species, FADs,
Last Appearance Datum (LADs), and paleobiogeographic distribu-
tions; however, their database caters only to Triassic to Early Jurassic
bivalves. Moreover, even though comprehensive studies like those of
Heim & others (2015), analyzing the body size evolution in marine
vertebrate and invertebrate groups (including bivalves), used type
species, the list of bivalve taxa with the type information included
was vastly incomplete. In this contribution, we provide a novel, global
compendium of the type species of all taxonomically valid genera of
the Class Bivalvia for the entire Phanerozoic. We also assess if the
systematics of bivalve type species have been historically stable or not,
using a modified version of Alroy’s (2002) equilibrium proportion
of valid taxa metric (the “flux ratio”). Afterwards, we assess whether
the temporal ranges of type species and their respective genera are
congruent by quantitatively comparing the temporal distributions
of each genus with its corresponding type.

METHODS
Data collection

For the present study, we have used an updated compendium of
taxonomically valid marine bivalve genera, primarily based on Fang
& others (2009), Mondal & Harries (2015) and Zhou & others
(2023). The temporal ranges of these genera and their types have been
meticulously updated using 1,275 sources such as PBDB (primary
source for temporal ranges), WoRMS, GBIE the Bivalve Treatise
(Cox & others, 1969, 1971; Carter & others, 2011; Nevesskaja &
others, 2013), and a host of other published literature (see Appen-
dix 1 for the complete list). Although online databases (i.e., GBIE,
MolluscaBase, and WoRMS) contain relevant systematic information
across different groups, the information on the type species is either
not available or scattered across websites (i.e., updated systematic
information on WoRMS/MolluscaBase/ GBIF; temporal information
on PBDB), or the temporal spans of several type species are miss-
ing or highly ambiguous. This problem is further exacerbated for
endemic genera, especially those reported from Asian or Southeast
Asian countries (but see Fang & others, 2009), or Central and Eastern
Europe. Among published literature, the Bivalve Treatise provides a
comprehensive list of most Phanerozoic invertebrate taxa, but these
volumes also require several updates in terms of ages of different
genera and their systematics (Cox & others, 1969, 1971; see Carter
& others, 2011). In recent decades, handbooks on Phanerozoic bi-
valves, such as those made by Nevesskaja & others (2013), serve as
a valuable resource; however, their original material was published
in Russian, which may limit accessibility to non-Russian speakers.
Additionally, this handbook is primarily made for bivalves from the
extratropical regions of Eurasia, thereby limiting its spatial resolution.
Therefore, additional systematic and temporal range information for
both genera and their corresponding type species was amassed from
diverse sources (Table 1; Appendix 1), allowing for the determination
of the temporal ranges of the genera and their representative types.

Structure of the database and data validation
This database includes the taxonomic affinities (i.e., subclasses,
orders, suborders, families, and type species) and the FADs and
LADs of each genus and type species, the total temporal ranges of
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the genus, and their representative type species (Table 1; Appendix 1).
While collecting type species data, we observed that certain bivalve
genera were represented by multiple type species in different data
sources. An exhaustive literature search was conducted in these cases
to resolve issues arising from synonymy, typographic errors, and taxo-
nomic reassignments reflecting systematic revisions, and ultimately,
the most recently accepted type species was retained as the type in
the database. Similarly, we also screened the database for misspell-
ings of genus names, invalid junior subjective homonyms, objective
synonyms, alternative spellings, replacement names, and unjustified
emendations. The nomenclature of these genera and type species,
including their original names, synonyms, and accepted names, were
cross-verified from the online databases, and only those taxa that are
currently recognized as valid under International Commission on
Zoological Nomenclature (ICZN, 1999), following the taxonomic
consensus reflected in MolluscaBase and WoRMS databases, were
retained. The method of designating the types has also been pro-
vided: whether types are designated via original designation (OD),
by monotypy (M), or subsequent designation (SD), or retypification,
or subsequent monotypy (SM), and absolute tautonymy/orthotypy
(ICZN Code, Article 68.4, 69).

To assess whether the systematic assignments for any taxonomic
group have been historically stable and valid to date, Alroy (2002)
devised a quantitative scheme known as the “flux ratio.” Although
originally intended to provide conservative estimates of biodiversity by
accounting for species synonymies, the flux ratio assesses how many
species names have been taxonomically revised and are still valid (i.e.,
currently accepted). To calculate the flux ratio, information on the
number of times a species name has been invalidated and revalidated,
and detailed lists of synonymies, are required (Alroy, 2002; Benton,
2008). Because collecting this information falls beyond the scope of
our research, we used a modified version of this approach, wherein
instead of calculating the ratio of taxonomic name invalidations
and revalidations, we estimate how “historically stable” bivalve type
species—level systematics is. For this, we first matched the original
type species names (i.e., names given when the type species was
first described) with the currently accepted type species names, and
counted the number of instances for which the original and currently
accepted names match—a change of name from the original reflects
a case of name invalidation, whereas unchanged species names are
indicative of stable taxonomic assignment. Moreover, in cases of
name changes, we counted the number of years passed between the
original name and the currently accepted name. For example, the
currently accepted name of the type species of the genus Bakevellia
King 1848 is Bakevellia binneyi (Brown 1841); however, its original
name is Avicula antiqgua Miinster in Goldfuss 1836 (Table 1). This
change of name suggests that the original name has been invalidated,
and this was invalidated five years after the initial name proposition.

To compare the temporal distributions of genus and type-species
longevity, we evaluate whether the temporal range of the type spe-
cies encompassed the majority of the genus’s total span (>50%) or
was more temporally restricted, using a binomial test. To evalu-
ate whether type species are more likely to originate in particular
portions of their genus’s temporal range, we divided each genus’s
stratigraphic range into three intervals: “early” (from the genus’s
origination to one-third of its total duration), “middle” (from one-

third to two-thirds of the total duration), and “late” (from two-thirds
to the extinction of the genus). The midpoint of each type species
temporal range was calculated and placed into one of these three
bins, thereby standardizing comparisons across genera of different
temporal longevities. Furthermore, we used a Chi-squared test to
evaluate whether the origination timing is uniformly distributed
across the early, middle, and late portions of genus lifespans. In ad-
dition, we used a randomization analysis (Foote 1996; Wagner &
Marcot, 2010), which generated a null distribution of type species
frequencies across the early, middle, and late phases of their genus’s
range. This was accomplished by shuffling type species within their
genus ranges across 10,000 iterations, thereby accounting for variation
in genus durations. These statistical approaches assess whether the
observed pattern of type species origination departs from both a uni-
form expectation and from expectations affected by genus longevity.

RESULTS AND DISCUSSION

Our reanalysis of Phanerozoic bivalve systematics resulted in
a compilation of 2,822 genera, six subclasses, 37 orders, and 255
families (Table 1; Appendix 1). The systematics of this model mac-
roevolutionary group is quite complete at the generic level (Foote &
Sepkoski, 1999; Valentine & others, 2006; Mondal & Harries, 2015;
Troudet & others, 2017). The low percentage of singletons (5.5%)
is also within the acceptable range, as reported previously (Mondal
& Harries, 2015). Additionally, when tabulating the durations of
the type species, information was available for 2,708 species (i.e., a
coverage of about 96%; Table 1). Out of these 2,708 type species,
cumulatively, 1,721 species are defined as original designations,
453 are types by monotypy, 41 are both original designations and
monotypy; 414 have been assigned as types by subsequent designa-
tion, 21 as subsequent monotypy, 10 are designated by absolute
tautonymy, five are reassigned, and 40 are typification of replaced
names. Furthermore, one species (Archivesica gigas [Dall 1896]) is an
original combination, another (Arca samanensis [Olsson, 1929]) is
designed by orthotypy, and one species (Cornucardia hornigii [Bittner
1901]) is both designated by monotypy and is a retypification of
a replaced name. Information on type species designation was not
available for a total of 143 species, despite checking different sources.
Additionally, for one genus (Striatoceramus Heinz 1932), no type
species has been designated (Table 1; Appendix 1).

Regarding species-level systematics, our analysis reveals that out of
the 2,822 Phanerozoic genera, the originally assigned names of the
type species still hold for only approximately 32% of species, whereas
about 63% of types have their original names revised/changed (the
remaining genera [~5%] do not have complete information on either
their original names or the currently accepted names). The average
temporal span for when an original name has been changed to the
currently accepted one in literature is 25.3 years. Therefore, although
the over two-decade-long timeline for name revision would be indica-
tive of historically stable type species—level systematics, the markedly
higher proportion of name changes is strongly suggestive otherwise.
Additionally, of all the type species in our compendium, 230 have
their original names revised to a species name erected earlier than the
original name. For example, the original name of Byssoarca divaricata
G. B. Sowerby I, 1833 (type of Acar Gray 1857) is currently accepted
as Acar plicata (Dillwyn, 1817) (see Appendix 1 for more examples).
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In general, a type species spans approximately 27% of its genus’s
stratigraphic range. Interestingly, the temporal ranges of some of the
type species are often longer than those of their respective genus.
However, this incongruence between the temporal spans of genus and
species is exacerbated in cases where the species has been transferred
to another genus—for instance, Propeamussium zitteli (Hutton 1873)
under Entolioides Allasinaz 1972 (Table 1). Additionally, when we
quantified whether types span a substantial proportion of the genus’s
ranges (using 50% of the genus’s temporal duration as a cut-off), our
analyses show that only about 38% of type species span more than
half of their generic duration (680 of 1,813 genera), significantly
fewer than the null expectation of 50% (binomial test, p << .001).
Similarly, the Wilcoxon signed-rank test showed that the median
distribution of type species spans is significantly lower than the
expected value of 50% (p << .001). Therefore, for Class Bivalvia,
the type species rarely matches its genus’s stratigraphic range. Our
results further show that the type species are not randomly distributed
within the stratigraphic range of the genus (Chi-square, p = .004):
the majority of the type species originate early (n, , = -69%), with
about 14% originating in the middle and about 17% in the late
phases of their genus’s history. Therefore, overall, type species show
shorter average durations than genera, with occasional cases of in-
congruence in which species outlast their assigned genera, probably
reﬁecting erroneous taxonomic assignments. However, once species
were reassigned to their currently accepted genera, these incongru-
ences were resolved—for example, the type species of Newaagia
Hertlein 1952 (Spondylus obliquus Miinster, 1841) appears to span
more than 100 Myr, and the genus itself ranges for 48 Myr. In its
current classification, Spondylus obliquus is accepted as Newaagia
obliguus (Miinster, 1841), with a much shorter temporal range of
3.4 Myr. Such discrepancies are particularly common in the PBDB,
largely because synonymized species are often lumped under type
species, thereby artificially inflating the age ranges. Importantly, the
temporal origins of types are nonrandom: They are under-represented
in middle and late phases and significantly enriched in the early phase
of their genus’s history. However, the lack of temporal congruence
between generic- and type species—level durations, along with the
multiple instances of original type species names no longer being
valid, further reinforces the notion of species not being true proxies
of generic-level patterns (Hendricks & others, 2014).

Our results reinforce the view that type species primarily serve as
nomenclatural “anchors,” fixing a genus name to a particular species
under the ICZN rather than reflecting its biological or evolutionary
breadth, and thus their stratigraphic spans should not be used as
direct proxies for the temporal duration of genera. Genera are col-
lections of species in which attributes (including temporal ranges)
can vary widely among their constituent species, and using type
species alone to infer generic-level temporal patterns can therefore
introduce systematic bias into macroevolutionary inference (Allmon,

1992; Hendricks & others, 2014).
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Table 1

Table 1. Phanerozoic compendium of bivalve genera and their type species
(currently accepted names only; for original names, see Appendix 1), along with
their systematic information, and method of type designation. Abbreviations:
OD, original designation; SD, subsequent designation; M, monotypy; SM,
subsequent Monotypy. For details of First Appearance Datum, Last Appearance
Datum, and longevity of genus and type species, and the supporting references,
see Appendix 1.
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Appendix 1. Phanerozoic compendium of bivalve genera and their type
species (original names and currently accepted names), along with their
First Appearance Datum, Last Appearance Datum, and temporal ranges.

Code availability

No custom code was used in this study. All statistical analyses
have been performed using standard functions in the R software
(version 4.2.2).

Fthics declaration

The authors declare no competing interests.

REFERENCES

Allasinaz, Andrea. 1972. Revisione dei pectinidi triassici. Revista Italiana di
Paleontologia 78:189-428.

Allmon, Warren D. 1992. Genera in paleontology: definition and significance.
Historical Biology 6(2):149-158. DOI: 10.1080/10292389209380424.

Alroy, John. 2002. How many named species are valid? Proceedings of
the National Academy of Sciences 99(6):3706-3711. DOI: 10.1073/
pnas.062691099.

Alroy, John, M. Aberhan, D. ]J. Bottjer, Michael Foote, E T. Fiirsich, P
J. Harries, A. J. W. Hendy, S. M. Holland, L. C. Ivany, Wolfgang
Kiessling, M. A. Kosnik, C. R. Marshall, A. J. Mcgowan, A. I. Miller, T.
D. Olszewski, M. E. Patzkowsky, S. E. Peters, Loic Villier, P. J. Wagner,
Nicole Bonuso, P. S. Borkow, Benjamin Brenneis, M. E. Clapham, L.
M. Fall, C. A. Ferguson, V. M. Hanson, A. Z. Krug, K. M. Layou, E.
H. Leckey, Sabine Niirnberg, C. M. Powers, J. A. Sessa, Carl Simpson,
Adam Tomasov ych, & C. C. Visaggi. 2008. Phanerozoic trends in the
global diversity of marine invertebrates. Science 321:97-100. DOI:
10.1126/science.1156963.

Benton, M. J. 1995. Diversification and extinction in the history of life.
Science 268:52—-58. DOI: 10.1126/science.7701342.

Benton, M. J. 2008. How to find a dinosaur, and the role of synonymy in
biodiversity studies. Paleobiology 34(4):516-533. DOI: 10.1666/06077.1.

Bittner, Alexander. 1901. Lamellibranchiaten aus der Trias des Bakonyer
Waldes. Resultate der Wissenschaftlichen Erforschung des Balatonsees,
Band 1, Theil 1. Anhang: Paliontologie der Umgebung des Balatonsees
II. Magyar Féldrajzi Térsulat. Budapest. 106 p., 9 pl.


https://journals.ku.edu/treatiseonline/libraryFiles/downloadPublic/351
https://journals.ku.edu/treatiseonline/libraryFiles/downloadPublic/351
https://journals.ku.edu/treatiseonline/libraryFiles/downloadPublic/351
https://journals.ku.edu/treatiseonline/libraryFiles/downloadPublic/352
https://journals.ku.edu/treatiseonline/libraryFiles/downloadPublic/352

Sharma, Nandi, and Mondal—Phanerozoic Compendia of Bivalve Type Species

Brown, Thomas. 1841. Description of some new species of fossil shells,
found chiefly in the Vale of Todmorden, Yorkshire. Transactions of the
Manchester Geological Society 1:212-229.

Carter, J. G., C. R. Altaba, L. C. Anderson, Rafael Araujo, A. S. Biakov,
A. E. Bogan, D. C. Campbell, Matthew Campbell, Chen Jin-hua, J.
C. W. Cope, Graciela Delvene, H. H. Dijkstra, Fang Zong-jie, R. N.
Gardner, V. A. Gavrilova, I. A. Goncharova, P. J. Harries, J. H. Hart-
man, Michael Hautmann, W. R. Hoeh,, Jorgen Hylleberg, Jiang Bao-yu,
Paul Johnston, Lisa Kirkendale, Karl Kleeman, Jens Hoppka, Jifi Kiiz,
Deusana Machado, Nikolaus Malchus, Ana MdrquezAliaga, J.-P. Masse,
C. A. McRoberts, . U. Middelfart, Simon Mitchell, L. A. Nevesskaja,
Sacit Ozer, John Pojeta, Jr., 1. V. Polubotko, J. M. Pons, Sergey Popov,
Teresa Sdnchez, A. E Sartori, R. W. Scott, 1. I. Sey, J. H. Signorelli, V.
V. Silantiev, 2. W. Skelton, Thomas Steuber, J. B. Waterhouse, G. L.
Wingard, & Thomas Yancey. 2011. A synoptical classification of the
Bivalvia (Mollusca). Paleontological Contributions 2011(4):1-47. DOL:
10.17161/PC.1808.8287.

Collins, K. S., S. M. Edie, T. Gao, R. Bieler, & D. Jablonski. 2019. Spatial
filters of function and phylogeny determine morphological disparity
with latitude. PLoS ONE. 14(8):¢0221490. DOI: 10.1371/journal.
pone.0221490.

Cox, L. R, N. D. Newell, D. W. Boyd, C. C. Branson, Raymond Casey,
André Chavan, A. H. Coogan, Colette Dechaseaux, C. A. Fleming, Fritz
Haas, L. G. Hertlein, E. G. Kauffman, A. M. Keen, Aur¢le LaRocque,
A. L. McAlester, R. C. Moore, C. P. Nuttall, B. E Perkins, H. S. Puri,
L. A. Smith, T. Soot-Ryen, H. B. Stenzel, E. R. Trueman, R. D. Turner,
& John Weir. 1969. Part N, Mollusca 6, Bivalvia, vol. 1-2. Iz R. C.
Moore & C. Teichert, eds., Treatise on Invertebrate Paleontology. Part N,
Bivalvia. Geological Society of America and University of Kansas Press.
Boulder, Colorado, and Lawrence, Kansas. Vol. 1, xxviii + 1-489: vol.
2, ii + 491-952. DOI: 10.17161/dt.v0i0.5596.

Cox, L. R., N. D. Newell, D. W. Boyd, C. C. Branson, Raymond Casey,
André Chavan, A. H. Coogan, Colette Dechaseaux, C. A. Fleming, Fritz
Haas, L. G. Hertlein, E. G. Kauffman, A. M. Keen, Aur¢le LaRocque,
A. L. McAlester, R. C. Moore, C. P. Nuttall, B. E Perkins, H. S. Puri,
L. A. Smith, T. Soot-Ryen, H. B. Stenzel, E. R. Trueman, R. D. Turner,
& John Weir. 1971. Part N, Mollusca 6, Bivalvia, vol. 3. In R. C.
Moore & C. Teichert, eds., Treatise on Invertebrate Paleontology. Part
N, Bivalvia. Geological Society of America and University of Kansas
Press. Boulder, Colorado, and Lawrence, Kansas. iv + 953—-1124. DOI:
10.17161/dt.v0i0.5602.

Crouch, N. M., S. M. Edie, K. S. Collins, Riidiger Bieler, & David Jablonski.
2021. Calibrating phylogenies assuming bifurcation or budding alters
inferred macroevolutionary dynamics in a densely sampled phylogeny of
bivalve families. Proceedings of the Royal Society B, 288(1964):20212178.
DOI: 10.1098/rspb.2021.2178.

Dall, W. H. 1896. Diagnoses of new species of mollusks from the west
coast of America. Proceedings of the United States National Museum
18(1034):7-20.

Dillwyn, L. W. 1817. A descriptive catalogue of recent shells, arranged accord-
ing to the Linnaean method; with particular attention to the synonymy.
John and Arthur Arch. London. vol. 1, p. 1-580; vol. 2, p. 581-1092.

Edie, S. M., P. D. Smits, & David Jablonski. 2017. Probabilistic models
of species discovery and biodiversity comparisons. Proceedings of the
National Academy of Sciences. 114(14):3666-3671. DOI: 10.1073/
pnas.1616355114.

Fang Z., Jin-hua Chen, Chu-zhen Chen, Jin-geng Sha, Xiu Lan, &
Shi-xuan Wen. 2009. Supraspecific taxa of the Bivalvia first named,
described, and published in China (1927-2007). University of Kansas
Paleontological Contributions (New Series) 17:1-157. DOI: 10.17161/
PCNS.1808.7949.

Foote, Mike. 1989. Perimeter-based Fourier analysis: a new morphometric
method applied to the trilobite cranidium. Journal of Paleontology
63(6):880-885. DOI: 10.1017/50022336000036556.

Foote, Mike. 1996. On the probability of ancestors in the fossil record.
Paleobiology 22(2):141-151. DOI: 10.1017/50094837300016146.
Foote, Mike, & Sepkoski, Jr., J. J. 1999. Absolute measures of the completeness

of the fossil record. Nature 398(6726):415—-417. DOI: 10.1038/18872.

Global Biodiversity Information Facility (GBIF). 2026. Accessed March 30,
2026. https://www.gbif.org.

Goldfuss, G. A. 1833-1841. Petrefacta Germaniae tam ea, quae in Museo
Universitatis Regiae Borussicae Fridericiac Wilhelmiae Rhenanae servan-
tur quam alia quaecunque in Museis Hocninghusiano, Muensteriano
aliisque extant, iconibus et descriptionibus illustrata. Zweiter Teil. Arnz
& Comp. Diisseldorf. 312 p., 93 pl. [Dates from Quenstedt, W. 1963.
Clavis bibliographica. Fossilium Catalogus, I. Animalia, pars 102. Junk.
s Gravenhage. 118 p.]

Gray, J. E. 1857. A revision of the genera of some of the families of Con-
chifera or Bivalve shells. Part III. Arcade. Annals and Magazine of Natural
History 19(113):366-373.

Heim, N. A., M. L. Knope, E. K. Schaal, S. C. Wang, & J. L. Payne. 2015.
Cope’s rule in the evolution of marine animals. Science 347(6224):867—
870. DOI: 10.1126/science.1260065.

Heinz, R. 1932. Aus der neue Systematik der Inoceramen. Mitteilungen aus
dem Mineralogisch-Geologischen Staatsinstituts in Hamburg 13:1-26.

Hendricks, J. R., E. E. Saupe, C. E. Myers, E. J. Hermsen, & W. D. Allmon.
2014. The generification of the fossil record. Paleobiology 40(4):511-528.
DOI: 10.1666/13076.

Hertlein, L. G. 1952. Newaagia, new name for Philippiella Waagen. Journal
of Paleontology, 26(2):275.

Huber, M. 2010. Compendium of bivalves. A full-color guide to 3,300 of the
World’s Marine Bivalves. A status on Bivalvia after 250 years of research.
Conchbooks, Hackenheim. 901 p.

Huber, M. 2015. Compendium of bivalves 2. A full-color guide to the
remaining seven families. A systematic listing of 8,500 bivalve species
and 10,500 synonyms. Conchbooks, Harxheim. 907 p.

Hutton, E W. 1873. Catalogue of the Tertiary Mollusca and Echinodermata
of New Zealand in the collection of the Colonial Museum. Colonial
Museum and Geological Survey Department. Wellington. 76 p.

International Commission on Zoological Nomenclature (ICZN). 1999.
International code of zoological nomenclature, 4th ed. International Trust
for Zoological Nomenclature. London. xxix + 306 p.

Jablonski, David, Kaustuv Roy, ]J. W. Valentine, R. M. Price, & P. S. Ander-
son. 2003. The impact of the pull of the recent on the history of marine
diversity. Science 300(5622):1133-1135. DOL: 10.1126/science.1083246.

King, William. 1848. A catalogue of the organic remains of the Permian
rocks of Northumberland and Durham. W. B. Leighton. Newcastle-
upon-Tyne. iv + 16 p.

Kosnik, M. A., David Jablonski, Rowan Lockwood, & P. M. Novack-
Gottshall. 2006. Quantifying molluscan body size in evolutionary and
ecological analyses: maximizing the return on data-collection efforts.
Palaios 21(6):588-597. DOI: 10.2110/palo.2006.p06-012r.

Labandeira, C. C. 1994. A compendium of fossil insect families. Milwaukee
Public Museum Contributions in Biology and Geology. 88:1-71.

Lopes-Lima, Manuel, Elsa Froufe, V. T. Do, Mohamed Ghamizi, K. E.
Mock, Umit Kebapgi, Olga Klishko, Satit Kovitvadhi, Uthaiwan Kov-
ithvadhi, O. S. Paulo, J. M. Pfieffer, Morgan Raley, Nicoletta Riccardi,
Hiilya Sereflisan, Ronaldo Sousa, Amilcar Teixeira, Simone Varandas,
Xiaoping Wu, D. T. Zanatta, Alexandra Zieritz, & A. E. Bogan. 2017.
Phylogeny of the most species-rich freshwater bivalve family (Bivalvia:
Unionida: Unionidae): Defining modern subfamilies and tribes. Mo-
lecular Phylogenetics and Evolution 106:174-191. DOI: 10.1016/j.
ympev.2016.08.021.

McAlester, A. L. 1968. Type species of Paleozoic nuculoid bivalve genera.
Geological Society of America 105:143 p., 36 pl.

Miller, A. I, & J. J. Sepkoski, Jr. 1988. Modeling bivalve diversification: the
effect of interaction on a macroevolutionary system. 0 14(4):364-369.

DOI: 10.1017/50094837300012100.



MolluscaBase. 2026. Accessed March 30, 2026. https://molluscabase.org/
index.php.

Mondal, Subhronil, & P. J. Harries. 2015. The effect of taxonomic correc-
tions on Phanerozoic generic richness trends in marine bivalves with a
discussion on the clade’s overall history. Paleobiology 42(1):157-171.
DOI: 10.1017/pab.2015.35.

Mondal, Subhronil, & P. J. Harries. 2016. Phanerozoic trends in ecospace
utilization: the bivalve perspective. Earth-Science Reviews 152:106-118.
DOI: 10.1016/j.earscirev.2015.10.005.

Mondal, Subhronil, & P. J. Harries. 2025. Hierarchies of ecologic changes
and their roles in the Phanerozoic taxonomic and ecologic diversification
history of the Class Bivalvia. Earth-Science Reviews 265:105101. DOL:
10.1016/j.earscirev.2025.105101.

Miinster, G. G. 1841. Beschreibung und Abbildung der in den Kalkmer-
gelschichten von St. Cassian gefundenen Versteinerungen [Description
and illustration of the fossils found in the limey marls of St. Cassian]. /n
G. G. Miinster, ed., Beitrige zur Geognosie und Petrefacten-Kunde des
stidéstlichen Tirol’s vorziiglich der Schichten von St. Cassian. Buchner’sche
Buchhandlung. Bayreuth. p. 25-152. In German.

Nevesskaja, L. A., S. V. Popov, I. A. Goncharova, A. V. Guzhov, B. T. Janin,
1. V. Polubotko, A. S. Biakov, & V. A. Gavrilova. 2013. Phanero-
zoic Bivalvia of Russia and surrounding countries. Transactions of the
Paleontological Institute, Russian Academy of Sciences, 294:1-524.
In Russian.

Olsson, A. A. 1929. Contributions to the Tertiary paleontology of northern
Peru: part 2, Upper Eocene Mollusca and Brachiopoda. Bulletins of
American Paleontology 15(57):1-51.

Paleobiology Database (PBDB). 2026. Accessed March 30, 2026. hteps://
www.paleobiodb.org.

Pifieiro, César, & J. C. Pichel. 2024. Efficient phylogenetic tree inference for
massive taxonomic datasets: harnessing the power of a server to analyze 1
million taxa. Gigascience 13:giac055. DOI: 10.1093/gigascience/giac055.

Raup, D. M., & G. E. Boyajian. 1988. Patterns of generic extinction in the fossil
record. Paleobiology 14(2):109-125. DOI: 10.1017/S0094837300011866.

Ros-Franch, Sonia, Ana Mdrquez-Aliaga, & S. E. Damborenea. 2014.
Comprehensive database on Induan (Lower Triassic) to Sinemurian
(Lower Jurassic) marine bivalve genera and their paleobiogeographic
record. Paleontological Contributions 2014(8):1-219. DOI: 10.17161/
PC.1808.13433.

Salamon, M. A., Tomasz Brachaniec, Karolina Paszcza, Dorota Kotbuk, &
Przemystaw Gorzelak. 2023. The role of mass extinction events in shaping
the body-size dynamics of fossil crinoids. Palacogeography, Palacoclimatol-

ogy, Palacoecology 622:111593. DOI: 10.1016/j.palac0.2023.111593.

Sepkoski, J. J. 1978. A kinetic model of Phanerozoic taxonomic diversity I.
Analysis of marine Orders. Paleobiology 4(3):223-251. DOI: 10.1017/
50094837300005972.

Sepkoski, J. J. 1984. A kinetic model of Phanerozoic taxonomic diversity. III.
Post-Paleozoic families and mass extinctions. Paleobiology 10(2):246-267.
DOI: 10.1017/50094837300008186.

Sepkoski, Jr., J. J. 1998. Rates of speciation in the fossil record. Philosophical
Transactions of the Royal Society of London. Series B: Biological Sciences.
353(1366):315-326. DOI: 10.1098/Rstb.1998.0212.

Sowerby, G. B. I. 1833. Characters of new species of shells from the col-
lection formed by Mr. Cuming on the western coast of South America
and among the islands of the South Pacific Ocean. Proceedings of the
Zoological Society of London. 1833:16-22.

Telenius, Anders. 2011. Biodiversity information goes public: GBIF at your
service. Nordic Journal of Botany. 29(3):378-381. DOI: 10.1111/j.1756-
1051.2011.01167 x.

Témkin, Ilya. 2010. Molecular phylogeny of pearl oysters and their relatives
(Mollusca, Bivalvia, Pterioidea). BMC Evolutionary Biology 10(1):342.
DOI: 10.1186/1471-2148-10-342.

Troudet, Julien, Philippe Grandcolas, Amandine Blin, Régine Vignes-
Lebbe, & Frédéric Legendre. 2017. Taxonomic bias in biodiversity data
and societal preferences. Scientific Reports 7(1):9132. DOI: 10.1038/
$41598-017-09084-6.

Valentine, J. W., David Jablonski, Susan Kidwell, & Kaustuv Roy. 2006.
Assessing the fidelity of the fossil record by using marine bivalves. Pro-
ceedings of the National Academy of Sciences 103(17):6599-6604. DOI:
10.1073/pnas.0601264103.

Vilhena, D. A, & A. B. Smith. 2013. Spatial bias in the marine fossil record.
PLoS ONE 8(10):¢74470. DOI: 10.1371/journal.pone.0074470.

Ward, P. S. 2010. Taxonomy, phylogenetics, and evolution. 7 L. Lach, C.
Parr, & K. Abbott, eds., Ant Ecology. Oxford University Press. Oxford.
p. 3-17, DOL: 10.1093/acprof:0s0/9780199544639.003.0001.

Wagner, P. J., & J. D. Marcot. 2010. Probabilistic phylogenetic inference
in the fossil record: current and future applications. The Paleontological
Society Papers 16:189-211, DOI: 10.1017/5108933260000187X.

World Registry of Marine Species (WoRMS). 2026. Accessed March 30,
2026. hetps://www.marinespecies.org/.

Zhang, Zixiang, Michael Augustin, & J. L. Payne. 2015. Phanerozoic trends
in brachiopod body size from synoptic data. Paleobiology 41(3):491-501.
DOI: 10.1017/pab.2015.12.

Zhou, Sharon, S. M. Edie, K. S. Collins, N. M. Crouch, & David Jablonski.
2023. Cambrian origin but no early burst in functional disparity for Class
Bivalvia. Biology Letters 19(5):20230157. DOI: 10.1098/rsb1.2023.0157.





