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Abstract

:

The register of global extinctions of marine invertebrates in historical time is updated. Three gastropod and one insect species are removed from the list of extinct marine species, while two gastropods, one echinoderm, and three parasites (a nematode, an amphipod, and a louse) are added. The nine extinct marine invertebrates now recognized likely represent a minute fraction of the actual number of invertebrates that have gone extinct. Urgently needed for evaluation are inventories of globally missing marine invertebrates across a wide range of phyla. Many such species are likely known to systematists, but are either rarely flagged, or if mentioned, are not presented as potentially extinct taxa.
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1. Introduction



“The last fallen mahogany would lie perceptibly on the landscape, and the last black rhino would be obvious in its loneliness, but a marine species may disappear beneath the waves unobserved and the sea would seem to roll on the same as always.”



—G. Carleton Ray





Carlton [1] introduced the concept of neoextinctions to refer to those species that have become globally extinct in historical time, as opposed to paleoextinctions over geological time. Carlton et al. [2] then summarized what was known about historical global extinctions in the sea, followed by brief updates by Carlton [3]. Additional reviews, which also included examples of regional marine extinctions (“neoextirpations,” [4]) and endangered marine species, have included those of Dulvy et al. [5,6] and del Monte-Luna et al. [7].



I present here a revised and updated inventory of the current record of global marine invertebrate extinctions, as well as an appeal for the promulgation of lists of globally missing species. The threats to marine invertebrate diversity in highly vulnerable habitats that could lead to increasing numbers of extinctions in the 21st century, and the compelling rationales for understanding why extinctions matter, are not reviewed here, as these have been extensively discussed for the past two decades and more [8,9,10,11,12,13] (among many others). The burgeoning literature further flags the risks to specific threatened and endangered marine invertebrate taxa (for example, [14,15,16,17,18,19,20,21,22,23]).




2. Updated Assessment of Marine Invertebrate Global Extinctions


IUCN [24] defines a taxon as extinct “when exhaustive surveys in known and/or expected habitat, at appropriate times (diurnal, seasonal, annual), throughout its historic range have failed to record an individual.” Notably, IUCN no longer suggests a specific length of time (such as 50 years [1,25])—a temporal line in the sands of the ocean—after which a species should be declared extinct, leaving consideration of what constitutes sufficiently exhaustive surveys, and thus when to “call it” for an extinction, to be somewhat subjective.



Nine species—of the millions of species!—of marine invertebrates are recognized as extinct (Table 1). Six of these are here newly formally treated as extinctions. An ectoparasite and an endoparasite of the extinct Steller’s sea cow—one of the most famous losses in marine biodiversity—have long been mentioned in the literature, but not previously explicitly listed as extinctions. These, along with an ectoparasitic louse from the extinct Guadalupe storm petrel (Table 1), as well as the previously listed louse from the extinct Jamaican petrel, should be considered only as examples of the loss of endo- and ectoparasites of at least 10 additional extinct marine birds and mammals [3]. If each of these extinct marine vertebrates supported only one host-specific parasite, our current number of marine invertebrate extinctions would double. It is of note that there is no requirement that a species be described for it to be declared extinct [26,27,28]. Indeed, “dark extinction” [29] may play a significant role in future estimates of marine invertebrate extinctions, especially of soft-bodied species in extirpated coastal habitats.



Previous marine extinction treatments (noted above) have flirted with the extinct, 22 mm long, Florida sea slug Phyllaplysia smaragda, but failed to formally list it, despite clear statements as to its status and despite it having once existed in a site that has been thoroughly explored and re-explored. The fifth, a tiny (circa 3 mm tall) snail (Diala exilis), long gone from the now highly modified but well-explored bays of the California coast, was flagged in a little-known paper [33]. O’Hara et al. [39] have recently and clearly outlined the evidence that the sixth species, the small Tasmanian sea star Patierella littoralis, with a radius up to 22 mm, is extinct. In all three of these cases, long-term explorations in the appropriate habitats and locations have failed to detect any living individuals.



While the data are too few to suggest any biogeographic patterns, ecologically all nine species have disappeared from shallow coastal waters, where the extinction of vulnerable marine vertebrates is expected, due to either direct or indirect human-mediated forces, or where shallow water habitats can be destroyed by human activity. The exception is the apparent non-human-mediated extinction of a marine limpet (Lottia alveus) from the Northwest Atlantic Ocean (Table 1), unless the slime mold disease agent that caused the demise of the limpet’s host plant, the eelgrass Zostera marina, was introduced by a human-mediated vector.



Four species are here removed from the extinct or possibly extinct list (Table 2). Two of these are marine snails that have appeared in previous treatments of global marine extinctions [2]. One, the Chinese mangrove periwinkle Littoraria flammea, last believed to have been collected in 1855, was rediscovered in Singapore salt marshes in 2014; it is further likely a synonym of the widespread living Indo-Pacific species Littoraria melanostoma (Table 2). The other, a fossil species of California limpet, Lottia edmitchelli, was previously thought to have survived into the Holocene, represented by a single living specimen collected in southern California in 1861. This specimen has now been re-identified as an extant species, Lottia scabra (Table 2). A terrestrial snail, Omphalotropis plicosa from Mauritius, has been misinterpreted as a marine species (Table 2), while a southern California rocky intertidal beetle, Bembidion palosverdes, thought gone for nearly 50 years from a mainland site, was discovered alive in 2010 on an offshore island (a refugium?) (Table 2).




3. Challenges with Assessing the Global Marine Invertebrate Extinction Record


The current record of global marine invertebrate extinctions is thus extraordinarily paltry. Why is that?



I highlight here three of a number of drivers [1,2,10,57] that may have led to our current embarrassing lack of knowledge of how many, and which, species of marine invertebrates have gone extinct. These drivers are a subset of the more general challenges of accurately assessing temporal and spatial changes in historical marine biodiversity (for example, [58,59,60,61,62,63,64,65]).



3.1. Reluctance to Declare a Species Globally Missing


The marine systematics literature is richly populated with species, especially those described in the 18th and 19th centuries, that cannot be reliably recognized today, often due to apparently insufficient diagnoses or lack of the availability of the original specimens. Terms often applied to such species are nomina dubia (for example, [66,67,68,69]) or incertae sedis (for example, [70,71,72,73]). The scientific names of such species—of which there may be thousands [74]—that cannot be confidently matched today to known species are often either simply set aside without disposition, or relegated to the probable synonymy of known species. Such names form part of the “taxonomic graveyard” noted by Bouchet and Strong (2010). In more than 50 years of reading the marine taxonomic and systematic literature across all major and many smaller phyla, I have seen no suggestions that any names now considered nomina dubia or incertae sedis, based on taxa first and last described centuries ago, might refer to extinct species.



As an example, and because the Mollusca are the best known phylum of marine invertebrates, thanks in large part to centuries of seashell collectors, I analyzed the extraordinary 1258-page monograph of Coan and Valentich-Scott [75] on the marine bivalve mollusks of the Tropical Eastern Pacific (TEP), which covers a 5000 km province from Isla Cedros, Baja California, Mexico to Piura in northern Peru. Of approximately 900 species treated, I tallied nine species that have not been found since the 1860s or earlier (Table 3), along with the suggestions (from Coan and Valentich-Scott [75] or other sources) as to why these species have not been seen again. These suggestions (Table 3) include that the species in question do not actually come from the TEP (“mislabeled,” “mislocalized,” “extralimital”, or provenance uncertain), are difficult or impossible to recognize today from their descriptions or illustrations (“nomen dubium”), or are simply a mystery (“a significant unresolved question,” or “not … recognized since”). Again, however, in no case is there a suggestion that any of these species may possibly be extinct.



In short, nine “missing” marine bivalves, last encountered in the mid-19th century or earlier, can be tallied in one province, and these represent only one class of one phylum. Given that there are 62 recognized marine provinces [83], this might suggest that the number of missing species across many phyla, including short-range provincial endemics [84], could be large.



Thus, while a standard assumption in the taxonomic and systematic sciences is that historical descriptions of species that cannot be clearly interpreted today likely largely represent coarse descriptions of still-extant taxa, if they can be recognized at all, “an alternative hypothesis is that some of these early descriptions represent the only known records of species that became extinct long ago” [3].




3.2. Reluctance to Declare Missing Species as Globally Extinct


Cowie et al. [85] have recently reviewed aspects of the hesitancy to declare a species extinct, including fear of committing the “Romeo Error”—a concern of declaring a species extinct when it is not. This fear may be reinforced by the regular stream of rediscoveries of rare species, some not seen for over 100 years (for example, [2,86,87,88,89,90,91], and Table 2, herein). Further reinforcement of the Romeo Error may arise from the discovery of living individuals of species previously known only from the fossil record—most famously the coelacanth, but also with cases continuing to be reported [92].



Cowie et al. [85] remarked that, relative to the IUCN criterion noted above of a requirement for exhaustive surveys, “For a very large proportion of described species, there will never be dedicated exhaustive fieldwork, at the appropriate time and over the appropriate timeframe because they are too numerous, and knowledge is too scarce to know the time-frame and even the range to be searched.” The result of setting the bar potentially unachievably high, leading authors to “not dare to declare” species extinct, suggests that extinctions will be underestimated, perhaps markedly so [85].



The specter of the Romeo Error is deeply ingrained, and further casts a shadow on especially small and poorly known species. The tiny sea slug (sacoglossan) Stiliger vossi Marcus and Marcus, 1960, slightly more than one millimeter long in its preserved state, was last collected in 1958 among algae in shallow water in Biscayne Bay, Florida [93]. The late Kerry Clark, a sacoglossan specialist, searched for it assiduously, but failed to find it as of 1996 [2]. It remains unreported. While we consider another Florida sea slug of larger size, Phyllaplysia smaragda, extinct, S. vossi remains indefinitely suspended between the living and dead. The “smalls” rule of invasive species science (the smaller the species, the less likely it will be categorized as non-native) works against both additions to communities [94] and deletions.



Benovic et al. [95] identified a number of hydrozoan species not seen since 1910 and known only from the Adriatic Sea, but declared none of them permanently gone. Nearly 30 years later, a change in perspective led Gravili et al. [40] to suggest that some of these species were globally extinct, as discussed further below.




3.3. When Did You Miss Me? Time Lags in Recognizing Missing or Extinct Species


Boero et al. [96] commented that “The modern-day record demonstrates that even large, once-abundant species can simply disappear without notice, suggesting that documenting the disappearance of uncommon and smaller species is a fundamental challenge.” Dulvy et al. [5] have discussed the phenomenon of delayed reporting, relative to both local and global extinctions. Clear examples emerge from the limited record of marine extinctions (Table 1). The once abundant eelgrass limpet Lottia alveus was last found living in 1929; its disappearance was first pointed out in 1991 [32]. The once common mudflat horn snail Cerithidea fuscata was last collected in San Diego Bay, California, in 1935, but its disappearance was not mentioned until 1981 [97].



In more recent times, the relatively large (up to 8 cm) and colorful sea slug (nudibranch) Felimare californiensis (Bergh, 1879) was once common along the rocky intertidal shores of southern California: the fact that it had been last detected there in 1977 was not pointed out until 2013 [98]; it remains extant elsewhere. The large (15 cm in length) mud shrimp Upogebia pugettensis (Dana, 1852) began steadily disappearing from many North American Pacific coast estuaries in the 1990s, including wholesale extirpations from some embayments, with no remarks on its absence made by marine biologists, until its widespread demise (but not global extinction) was pointed out by Chapman et al. [99].



Most taxonomic monographs do not note when a given species was last collected or seen. Species long reported by our predecessors remain on lists, and as one generation of workers follows another, it may be difficult to notice that any one species has not been seen “recently.” In the monographic work noted above of 900 species of marine bivalves in the Tropical Eastern Pacific, while a small number were flagged as not having been seen since the 19th century [75], we do not know for many of the remaining hundreds of species when in fact they were last collected or seen—which additional species might have gone missing in the last 75 to 100 years, versus those whose apparent lack of recent records is “simply because no one has sought them out again” [96].



Adding to the above list, then, of those drivers that have resulted in the discovery of few marine invertebrate extinctions is the lengthy time and effort to document the details of the history of any one species, including delving into old and often obscure literature in rare journals that may not be online, recognizing the earlier names under which a species may have appeared, tracking down museum holdings, and interviewing older workers who may be, or have been, familiar with a given species. An important caveat is that, while many museum collections can now be searched online, large swaths of material of what any given museum actually holds are not yet either catalogued or if catalogued not yet downloaded, meaning that for an accurate assessment of historical collections of a species, the appropriate museum collections must be visited in person. Very few workers may find investing large amounts of time in the 18th and 19th century literature and in wading through museum collections to be worthy of their time. Finally, all museums hold large amounts of unidentified material, requiring some level of taxonomic expertise to recognize that a target species of interest is in a collection but not yet identified (that, or convincing an expert taxonomist to come along in such explorations).



Nevertheless, recording “last seen” dates across the known historical range of a species may set the stage for a broader capture of species missing (and possibly extinct) globally, a task that I suggest below be profitably pursued.





4. A Call for Inventories of Globally Missing Marine Invertebrates


The IUCN Red List Categories and Criteria of Threatened Species [24] does not define “missing” in their nine-tiered classification system of species at risk of global extinction. Martin et al. [25] have proposed, for terrestrial vertebrates, that “lost taxa”—species not yet declared globally extinct—be defined as those “that have not been reliably observed in >50 years,” resurrecting a temporal metric abandoned by the IUCN for extinctions.



Despite the challenges and limitations of attempting to tilt the missing and possibly extinct species windmills, none of these impediments, including fear of the Romeo Error, should prevent promulgating inventories of missing marine invertebrate species. Such inventories would have immediate and profound value that would serve to direct targeted search efforts. Lists of missing species harvested from the literature, or by interviewing experienced systematists, could capture species characterized (1) by being relatively taxonomically robust (ideally based upon examination of original specimens) but still including those taxa suspected of being a synonym of another species, (2) by having a reasonably firm handle on the last known records within Martin et al.’s [25] 50-year window, and (3) by having occurred in habitats highly susceptible to extraordinary levels of anthropogenic disturbance if not wholesale destruction, such as in bays, estuaries, lagoons, mangroves, marshes, supralittoral shores, and many intertidal shores [1,6].



While acknowledging the many threats to deep-sea biota (for example, [100,101]) generally excluded from such lists, at least initially, would be the many hundreds if not thousands of deep-water species that may have been collected only once, and often not since the 19th century, due to the vagaries of stochastic deep-sea exploration (but see [11], relative to endemic hydrothermal vent species).



In a rare example of an attempt to detect missing species, Gravili et al. [40] assessed the status of approximately 400 species of hydroids (Phylum Cnidaria, Class Hydrozoa) in the Mediterranean Sea. Of these, 53 species have not been reported in the literature for at least 41 years, and were thus considered candidates for analysis as potential extinctions. Gravili et al. [40] argued that “The choice of 41 years as a threshold to consider a species as missing was decided based on the rather intense study of hydrozoan species in the Mediterranean in the last four decades …” (and that) “Due to intensive sampling… if a previously reported species fails to be recorded chances are good that, at least, it is more rare than before.” They then evaluated these 53 species with a formula for a “confidence of extinction index,” proposed originally for paleobiology by Marshall [102], and adapted by Boero et al. [96] “to analyse cases of putative extinction in recent species.”



The three variables in this formula are (1) the number of years since the species was last sighted, (2) the number of years between the original description and the last sighting (first framed in Boero et al. [96] as the years between the first record (the date of first collection) and the last sighting), and (3) the number of individual years in which there is a record. The probability of extinction in this formula is thus sensitive to the choice of the demarcation year after which a species is declared missing. The formula does not capture search efforts over a given length of time or area. The rationales for the failure for admitting any of Gravili et al.’s [40] 10 statistically extinct hydroid species to the register of global marine extinctions herein are outlined in footnote 1 of Table 1.



At a family and global level, Peters et al. [19] and Cowie et al. [20] examined the worldwide conservation status of cone shells (Class Gastropoda, Family Conidae). They considered five species as of questionable conservation status or as possibly extinct. As with Gravili et al.’s [40] Mediterranean hydroids, a series of taxonomic and sampling challenges impede admitting these species at this time to the register of global extinctions (footnote 2, Table 1).



The above attempts to seek out missing species in specific taxonomic groups illuminate both the value of detecting potentially lost species and the challenges of recognizing them as extinct, in the absence of dedicated multiyear and ideally species-specific searches. As noted above, these challenges are compounded if species thought to be missing occur or occurred in deeper waters, as illustrated in the examples in Table 1, footnotes 1 and 2.




5. Epilogue


I opened this essay with the same eloquent observation of G. Carleton Ray [103] as I did 30 years ago [1]. Little has changed. While Regnier et al. [104] concluded that “marine habitats seem to have experienced few extinctions, which suggests that marine species may be less extinction prone than terrestrial or freshwater species,” and while this would be welcome news if so, such a conclusion remains premature [30] in light of the striking lack of investigation of the possible or probable number of marine extinctions.



The challenges to document and verify extinctions in the sea are many, but not insurmountable [8,10,40,85] and herein. In the early decades of the 21st century, even an approximate estimate of the number of marine invertebrate species that are globally extinct eludes us. Remarkably few scientists study extinctions of marine invertebrates [2], the most speciose group of ocean animals, nor are students typically introduced to the topic as a field of study. Nevertheless, that a notable number of marine invertebrate extinctions has not been documented is not evidence that they have not occurred—or are not now occurring. The study of marine invertebrate extinctions may be rare, but extinctions may not be.







Funding


This research received no external funding.




Acknowledgments


I thank Patrick LaFollette, Paul Valentich-Scott, and Eugene Coan for advice on some molluscan taxa. I am grateful to Thomas Trott for inviting me to contribute to this collection, inspiring me to once again tackle the labyrinthine molasses of the state of our historical marine invertebrate diversity knowledge.




Conflicts of Interest


The author declares no conflict of interest.




References


	



Carlton, J.T. Neoextinctions of marine invertebrates. Am. Zool. 1993, 33, 499–509. [Google Scholar] [CrossRef]

	



Carlton, J.T.; Geller, J.B.; Reaka-Kudla, M.L.; Norse, E.A. Historical extinction in the sea. Ann. Rev. Ecol. Syst. 1999, 30, 515–538. [Google Scholar] [CrossRef]

	



Carlton, J.T. Global marine extinctions in historical time: What we know and why we don’t know (a lot) more. In Marine Extinctions—Patterns and Processes; Brand, F., Ed.; CIESM Publisher: Monaco, 2013; pp. 23–29. [Google Scholar]

	



Raicevich, S.; Fortibuoni, T. Assessing neoextirpations in the Adriatic Sea: An historical ecology approach. In Marine Extinctions—Patterns and Processes; CIESM Workshop [Valencia] Monograph 45, Brand, F., Eds.; CIESM Publisher: Monaco, 2013; pp. 97–111. [Google Scholar]

	



Dulvy, N.K.; Sadovy, Y.; Reynolds, J.D. Extinction vulnerability in marine populations. Fish Fish. 2003, 4, 25–64. [Google Scholar] [CrossRef]

	



Dulvy, N.K.; Pinnegar, J.K.; Reynolds, J.D. Holocene extinctions in the sea. In Holocene Extinctions; Turveyed, S.T., Ed.; Oxford University Press: Oxford, UK, 2009; pp. 129–150. [Google Scholar]

	



del Monte-Luna, P.; Lluch-Belda, D.; Serviere-Zaragoza, E.; Carmona, R.; Reyes-Bonilla, H.; Aurioles-Gamboa, D.; Castro-Aguirre, J.L.; del Proo, S.A.G.; Trujillo-Millan, O.; Brook, B.W. Marine extinctions revisited. Fish Fish. 2007, 8, 107–122. [Google Scholar] [CrossRef]

	



Roberts, C.M.; Hawkins, J.P. Extinction risk in the sea. Trends Ecol. Evol. 1999, 14, 241–246. [Google Scholar] [CrossRef]

	



Harnik, P.; Lotze, H.K.; Anderson, S.C.; Finkel, Z.V.; Finnegan, S.; Lindberg, D.R.; Liow, L.H.; Lockwood, R.; McClain, C.R.; McGuire, J.L.; et al. Extinctions in ancient and modern seas. Trends Ecol. Evol. 2012, 27, 608–617. [Google Scholar] [CrossRef] [PubMed]

	



CIESM Workshop [Valencia] Monograph, 45; Brand, F. (Eds.) Marine Extinctions—Patterns and Processes; CIESM Publisher: Monaco, 2013; 188p. [Google Scholar]

	



Thomas, E.A.; Bohm, M.; Pollock, C.; Chen, C.; Seddon, M.; Sigwart, J.D. Assessing the extinction risk of insular, understudied marine species. Conserv. Biol. 2021, 36, e13854. [Google Scholar] [CrossRef] [PubMed]

	



Edgar, G.J.; Stuart-Smith, R.D.; Heather, F.J.; Barrett, N.S.; Turak, E.; Sweatman, H.; Emslie, M.J.; Brock, D.J.; Hicks, J.; French, B.; et al. Continent-wide declines in shallow reef life over a decade of ocean warming. Nature 2023, 615, 858–865. [Google Scholar] [CrossRef]

	



Rogers, A.D.; Miloslavich, P.; Obura, D.; Aburto-Oropreza, O. Marine Invertebrates. In The Living Planet. The State of the World’s Wildlife; McLean, N., Ed.; Cambridge University Press: Cambridge, UK, 2023; pp. 249–269. [Google Scholar]

	



Zubillaga, A.L.; Marquez, L.M.; Croquer, A.; Bastidas, C. Ecological and genetic data indicate recovery of the endangered coral Acropora palmata in Los Roques, southern Caribbean. Coral Reefs 2008, 27, 63–72. [Google Scholar] [CrossRef]

	



Williams, D.E.; Miller, M.W.; Kramer, K.L. Recruitment failure in Florida Keys Acropora palmata, a threatened Caribbean coral. Coral Reefs 2008, 27, 697–705. [Google Scholar] [CrossRef]

	



Scheibling, R.E.; Metaxas, A. Mangroves and fringing reefs as nursery habitats for the endangered Caribbean sea star Oreaster reticulatus. Bull. Mar. Sci. 2010, 86, 133–148. [Google Scholar]

	



Allanson, B.R.; Msizi, S.C. Reproduction and growth of the endangered siphonariid limpet Siphonaria compressa (Pulmonata: Basommatophora). Invertebr. Reprod. Dev. 2010, 54, 151–161. [Google Scholar] [CrossRef]

	



Reaka, M.L.; Lombardi, S.A. Hotspots on global coral reefs. In Biodiversity Hotspots; Zachos, F.E., Habel, J.C., Eds.; Springer: Berlin, Germany, 2011; pp. 471–501. [Google Scholar]

	



Peters, H.; O’Leary, B.C.; Hawkins, J.P.; Carpenter, K.E.; Roberts, C.M. Conus: First comprehensive conservation red list assessment of a marine gastropod mollusc genus. PLoS ONE 2013, 8, e83353. [Google Scholar] [CrossRef]

	



Cowie, R.H.; Regnier, C.; Fontaine, B.; Bouchet, P. Measuring the sixth extinction: What do mollusks tell us? Nautilus 2017, 131, 3–41. [Google Scholar]

	



MacKenzie, K.; Pert, C. Evidence for the decline and possible extinction of a marine parasite species caused by intensive fishing. Fish. Res. 2018, 198, 63–65. [Google Scholar] [CrossRef]

	



Garcia-March, J.R.; Tena, J.; Henandis, S.; Vazquez-Louis, M.; Lopez, D.; Tellez, C.; Prado, P.; Navas, J.I.; Bernal, J.; Catanese, G.; et al. Can we save a marine species affected by a highly infective, highly lethal, T waterborne disease from extinction? Biol. Conserv. 2020, 243, 108498. [Google Scholar] [CrossRef]

	



Espinosa, F.; Maestre, M.; Garcia-Gomez, J.C.; Cotaina-Castro, M.I.; Pitarch-Moreno, C.; Paramio, J.M.; Maria, P.F.-S.; Garcia-Estevez, N. Joining technology and biology to solve conservation problems through translocation in the endangered limpet Patella ferruginea. Front. Mar. Sci. 2023, 10, 1100194. [Google Scholar] [CrossRef]

	



IUCN (International Union for the Conservation of Nature). The IUCN Red List of Threatened Species. 2023. Available online: https://www.iucnredlist.org/ (accessed on 1 April 2023).

	



Martin, T.E.; Bennett, G.C.; Fairbairn, A.; Mooers, A.O. ‘Lost’ taxa and their conservation implications. Anim. Conserv. 2022, 28, 14–24. [Google Scholar] [CrossRef]

	



Hawksworth, D.L.; Cowie, R.H. The discovery of historically extinct, but hitherto undescribed, species: An under-appreciated element in extinction-rate assessments. Biodivers. Conserv. 2013, 22, 2429–2432. [Google Scholar] [CrossRef]

	



Tedesco, P.A.; Bigorne, R.; Bogan, A.E.; Giam, X.; Jezequel, C.; Hugueny, B. Estimating how many undescribed species have gone extinct. Conserv. Biol. 2014, 28, 1360–1370. [Google Scholar] [CrossRef]

	



Liu, J.; Slik, F.; Zheng, S.; Lindenmayer, D.B. Undescribed species have higher extinction rates than known species. Conserv. Lett. 2021, 15, e12876. [Google Scholar]

	



Boehm, M.M.A.; Cronk, Q.C.B. Dark extinction: The problem of unknown historical extinctions. Biol. Lett. 2021, 17, 20210007. [Google Scholar] [CrossRef] [PubMed]

	



Anderson, P.K.; Domning, D.P. Steller’s sea cow. In Encyclopedia of Marine Mammals; Perrin, W.F., Wursig, W., Thewissen, J.G.M., Eds.; Academic Press: New York, NY, USA, 2002; pp. 1178–1185. [Google Scholar]

	



Holm, G. Collecting Lottia alveus (Conrad, 1831) in Boundary Bay, British Columbia. Dredgings 2002, 42, 1–4. [Google Scholar]

	



Carlton, J.T.; Vermeij, G.J.; Lindberg, D.R.; Carlton, D.A.; Dudley, E.C. The first historical extinction of a marine invertebrate in an ocean basin: The demise of the eelgrass limpet Lottia Alveus. Biol. Bull. 1991, 180, 72–80. [Google Scholar] [CrossRef]

	



McLean, J.H. The family Dialidae (Gastropoda: Cerithioidea) in the Eastern Pacific. Festivus 2002, 34, 93–96. [Google Scholar]

	



Tryon, G.W., Jr. Description of a new species of Rissoa. Am. J. Conchol. 1866, 2, 12. [Google Scholar]

	



Clark, K.B. Phyllaplysia smaragda (Opisthobranchia: Notarchidae), a new anaspidean from Florida. Bull. Mar. Sci. 1977, 27, 651–657. [Google Scholar]

	



Clark, K.B. Rheophilic/oligotrophic lagoonal communities: Through the eyes of slugs (Mollusca: Opisthobranchia). Bull. Mar. Sci. 1995, 57, 242–251. [Google Scholar]

	



Culotta, E. Is marine biodiversity at risk? Science 1994, 263, 918–919. [Google Scholar] [CrossRef]

	



Rozsa, L.; Vas, Z. Co-extinct and critically co-endangered species of parasitic lice, and conservation-induced extinction: Should lice be reintroduced to their hosts? Oryx 2014, 49, 107–110. [Google Scholar] [CrossRef]

	



O’Hara, T.D.; Mah, M.; Hipsley, C.A.; Bribiesca-Contreras, G.; Barrett, N.S. The Derwent River seastar: Re-evaluation of a critically endangered marine invertebrate. Zool. J. Linn. Soc. 2018, 186, 483–490. [Google Scholar] [CrossRef]

	



Gravili, C.; Bevilacqua, S.; Terlizzi, A.; Boero, F. Missing species among Mediterranean non-Siphonophora Hydrozoa. Biodivers. Conserv. 2015, 24, 1329–1357. [Google Scholar] [CrossRef] [PubMed]

	



Bouillon, J.; Medel, M.D.; Pagés, F.; Gili, J.M.; Boero, F.; Gravili, C. Fauna of the Mediterranean Hydrozoa. Sci. Mar. 2004, 68 (Suppl. S2), 5–438. [Google Scholar] [CrossRef]

	



Batistic, M.; Garic, R. The case of Bougainvillia triestina Hartlaub 1911 (Hydrozoa, Cnidaria): A 100-year long struggle for recognition. Mar. Ecol. 2016, 37, 145–154. [Google Scholar] [CrossRef]

	



Schuchert, P. The European athecate hydroids and their medusae (Hydrozoa, Cnidaria): Capitata Part 2. Rev. Suisse Zool. 2010, 117, 337–555. [Google Scholar] [CrossRef]

	



Cinar, M.E.; Yokes, M.B.; Acik, S.; Bakir, A.K. Checklist of Cnidaria and Ctenophora from the coasts of Turkey. Turk. J. Zool. 2014, 38, 677–697. [Google Scholar] [CrossRef]

	



Garcia, E.F. Conus sauros, a new Conus species (Gastropoda: Conidae) from the Gulf of Mexico. Novapex 2016, 7, 71–76. [Google Scholar]

	



Tenorio, M.J.; Abalde, S.; Pardos-Blas, J.R.; Zardoya, R. Taxonomic revision of West African cone snails (Gastropoda: Conidae) based upon mitogenomic studies: Implications for conservation. Eur. J. Taxon. 2020, 663, 1–89. [Google Scholar] [CrossRef]

	



Rolan, E. Descripcion de nuevas especies y subspecies del genero Conus (Mollusca, Neogastropoda) para el Archipelago de Cabo Verde. Iberus 1990, 2, 5–70. [Google Scholar]

	



Singleton, J.F. Cone News from Australia—9. Extant or extinct? Cone Collect. 2007, 4, 5–6. [Google Scholar]

	



Marshall, B. Conus colmani Rockel & Korn, 1990. 2022. Available online: https://www.marinespecies.org/aphia.php?p=taxdetails&id=426461 (accessed on 1 April 2023).

	



Wells, F.E. Appendix 4. List of molluscs recorded at Milne Bay, Papua New Guinea during RAP surveys. In A Rapid Marine Biodiversity Assessment of Milne Bay Province, Papua New Guinea—Survey II (2000); Allen, G.R., Kinch, J.P., McKenna, S.A., Seeto, P., Eds.; RAP Bulletin of Biological Assessment 29; Conservation International: Washington, DC, USA, 2003; pp. 96–100. [Google Scholar]

	



Dong, Y.; Huang, X.; Reid, D.G. Rediscovery of one of the very few ‘unequivocally extinct’ species of marine molluscs: Littoraria flammea (Philippi, 1847) lost, found—and lost again? J. Molluscan Stud. 2015, 81, 313–321. [Google Scholar] [CrossRef]

	



Powell, C.L., II. The extinct limpet Lottia edmitchelli (Lipps, 1963) from the southern California bight, U.S.A. PaleoBios 2022, 39, 1–7. [Google Scholar] [CrossRef]

	



Kemp, R.; Peters, H.; Allcock, L.; Carpenter, K.; Obura, D.; Polidoro, B.; Richman, N. Chapter 3. Marine invertebrate life. In Spineless. Status and Trends of the World’s Invertebrates; Collen, B., Bohm, M., Kemp, R., Baillie, J.E.M., Eds.; Zoological Society of London: London, UK, 2012; pp. 34–44. [Google Scholar]

	



Florens, F.B.V.; Baider, C. Relocation of Omphalotropis plicosa (Pfeiffer, 1852), a Mauritian endemic landsnail believed extinct. J. Mollusc. Stud. 2007, 73, 205–206. [Google Scholar] [CrossRef]

	



Kavanaugh, D.H.; Erwin, T.L. Extinct or extant? A new species of intertidal bembidiine from Palos Verdes Peninsula, California. Coleopt. Bull. 1992, 46, 311–320. [Google Scholar]

	



Caterino, M.S.; Caterino, K.J.; Maddison, D.R. Extant! Living Bembidion palosverdes Kavanaugh and Erwin (Coleoptera: Carabidae) found on Santa Catalina Island, California. Coleopt. Bull. 2015, 69, 410–411. [Google Scholar] [CrossRef]

	



Webb, T.J.; Mindel, B.L. Global patterns of extinction risk in marine and non-marine systems. Curr. Biol. 2015, 25, 506–511. [Google Scholar] [CrossRef]

	



Jackson, J. What was natural in the coastal oceans? Proc. Natl. Acad. Sci. USA 2001, 98, 5411–5418. [Google Scholar] [CrossRef]

	



Bartsch, I.; Tittley, I. The rocky intertidal biotopes of Helgoland: Present and past. Helgol. Mar. Res. 2004, 58, 289–302. [Google Scholar] [CrossRef]

	



Steinbeck, J.R.; Schiel, D.R.; Foster, M.S. Detecting long-term change in complex communities: A case study from the rocky intertidal zone. Ecol. Appl. 2005, 15, 1813–1832. [Google Scholar] [CrossRef]

	



Smith, T.B.; Purcell, J.; Barimo, J.F. The rocky intertidal biota of the Florida keys: Fifty-two years of change after Stephenson and Stephenson (1950). Bull. Mar. Sci. 2007, 80, 1–19. [Google Scholar]

	



Lotze, H.K. Historical reconstruction of human-induced changes in U.S. estuaries. Ann. Rev. Ocean. Mar. Biol. 2010, 48, 267–338. [Google Scholar]

	



Lotze, H.K.; McClenachan, L. Marine historical ecology: Informing the future by learning from the past. In Marine Community Ecology and Conservation; Bertness, M.D., Bruno, J.F., Silliman, B.R., Stachowicz, J.J., Eds.; Sinauer: Sunderland, MA, USA, 2013; pp. 165–200. [Google Scholar]

	



Gatti, G.; Bianchi, C.N.; Parravicini, V.; Rovere, A.; Peirano, A.; Montefalcone, M.; Massa, F.; Morri, C. Ecological change, sliding baselines and the importance of historical data: Lessons from combing observational and quantitative data on a temperate reef over 70 years. PLoS ONE 2015, 10, e0118581. [Google Scholar] [CrossRef] [PubMed]

	



Trott, T.J. Century-scale species incidence, rareness and turnover in a high-diversity Northwest Atlantic coastal embayment. Mar. Biodivers. 2015, 46, 33–49. [Google Scholar] [CrossRef]

	



Houbrick, R.S. Monograph of the genus Cerithium Bruguiere in the Indo-Pacific (Cerithiidae: Prosobranchia). Smithson. Contrib. Zool. 1992, 510, 211. [Google Scholar] [CrossRef]

	



Higo, S.; Callomon, P.; Goto, Y. Catalogue and Bibliography of the Marine Shell-Bearing Mollusca of Japan; Elle Scientific Publications: Yao, Japan, 1999; 938p. [Google Scholar]

	



Bastida-Zavala, J.R.; Buelina, A.S.R.; de Leon-Gonzalez, J.A.; Camacho-Cruz, K.A.; Camacho-Cruz, I.; Carmona, I. New records of sabellids and serpulids (Polychaeta: Sabellidae, Serpulidae) from the Tropical Eastern Pacific. Zootaxa 2016, 4184, 401–457. [Google Scholar] [CrossRef]

	



Mendonca, L.M.C.; Guimaraes, C.R.P.; Haddad, M.A. Taxonomy and diversity of hydroids (Cnidaria: Hydrozoa) of Sergipe, Northeast Brazil. Zoologia 2022, 39, e21032. [Google Scholar] [CrossRef]

	



Newman, W.A.; Ross, A. Revision of the balanomorph barnacles; including a catalog of the species. San Diego Soc. Nat. Hist. Mem. 1976, 9, 1–108. [Google Scholar]

	



Ng, P.K.L.; Guinot, D.; Davie, P.J.F. Systema Brachyurorum: Part I. An annotated checklist of extant brachyuran crabs of the world. Raffles Bull. Zool. 2008, 17, 1–286. [Google Scholar]

	



Bieler, R.; Petit, R.E. Catalogue of Recent and fossil “worm-snail” taxa of the families Vermetidae, Siliquariidae, and Turitellidae (Mollusca: Caenogastropoda). Zootaxa 2011, 2948, 1–103. [Google Scholar] [CrossRef]

	



Fautin, D.G. Catalog to families, genera, and species of orders Actiniaria and Corallimorpharia (Cnidaria: Anthozoa). Zootaxa 2016, 4145, 1–449. [Google Scholar] [CrossRef]

	



Bouchet, P.; Strong, E.E. Historical name-bearing types in marine molluscs: An impediment to biodiversity studies. In Systema Naturae; Polaszek, A., Ed.; CRC Press: London, UK, 2010; Volume 250, pp. 63–74. [Google Scholar]

	



Coan, E.V.; Valentich-Scott, P. Bivalve Seashells of tropical West America: Marine Bivalve Mollusks from Baja California to Northern Peru; Parts 1 and 2; Santa Barbara Museum of Natural History: Santa Barbara, CA, USA, 2012; 1258p. [Google Scholar]

	



Keen, A.M. Seashells of Tropical West America; Stanford University Press: Stanford, CA, USA, 1971; 1064p. [Google Scholar]

	



Cardoso, F.; Paredes, C.; Mogollon, V.; Palacios, E. La familia Chamidae (Bivalvia: Veneridae) en Peru, con la adicion de cinco nuevos registros. Rev. Peru. Biol. 2016, 23, 13–16. [Google Scholar] [CrossRef]

	



Huber, M. Compendium of Bivalves; Conch Books: Hackenheim, Germany, 2010; 904p. [Google Scholar]

	



Huber, M. Compendium of Bivalves, 2nd ed.; Conch Books: Hackenheim, Germany, 2015; 907p. [Google Scholar]

	



Reeve, L.A. Monograph of the genus Chama. In Conchologia Iconica, or, Illustrations of the Shells of Molluscous Animals; L. Reeve & Co.: London, UK, 1846; Volume 4. [Google Scholar]

	



Bouchet, P. Chama producta Broderip, 1835. 2023. Available online: https://www.marinespecies.org/aphia.php?p=taxdetails&id=538721 (accessed on 1 April 2023).

	



Bouchet, P. Chama limbula Lamarck, 1819. 2023. Available online: https://www.marinespecies.org/aphia.php?p=taxdetails&id=208495 (accessed on 1 April 2023).

	



Spalding, M.D.; Fox, H.E.; Allen, G.R.; Davidson, N.; Ferdana, Z.A.; Finlayson, M.; Halpern, B.S.; Jorge, M.A.; Lombana, A.; Lourie, S.A.; et al. Marine ecoregions of the world: A bioregionalization of coastal and shelf areas. BioScience 2007, 57, 573–583. [Google Scholar] [CrossRef]

	



Newman, W.A. Californian transition zone: Significance of short-range endemics. In Historical Biogeography, Plate Tectonics and the Changing Environment; Gray, J., Boucot, A.J., Eds.; Oregon State university Press: Corvallis, OR, USA, 1979; pp. 399–416. [Google Scholar]

	



Cowie, R.H.; Bouchet, P.; Fontaine, B. The sixth mass extinction: Fact, fiction or speculation? Biol. Rev. 2022, 97, 640–663. [Google Scholar] [CrossRef]

	



Anker, A.; De Grave, S. Rediscovery and range extension of the rare Caribbean alpheid shrimp, Prionalpheus gomezi (Crustacea: Decapoda: Alpheidae). Mar. Biodivers. Rec. 2012, 5, e107. [Google Scholar] [CrossRef]

	



Swee-Cheng, L.; Tun, K.; Goh, E. Rediscovery of the Neptune’s cup sponge in Singapore: Cliona or Poterion? Contrib. Mar. Sci. 2012, 2012, 49–56. [Google Scholar]

	



Cunha, C.M.; Saad, L.O.; Lima, P.O.V. Rediscovery of Brazilian corambids (Gastropoda: Onchidorididae). Mar. Biodivers. Rec. 2014, 7, e14. [Google Scholar] [CrossRef]

	



Galea, H.R.; Di Camillo, C.G. Rediscovery and redescription of Gymnangium sibogae (Billard, 1913) (Cnidaria: Hydrozoa; Aglaopheniidae). Mar. Biodivers. 2017, 47, 847–857. [Google Scholar] [CrossRef]

	



Christensen, C.C. A lost species of salt marsh snail: Blauneria gracilis Pease, 1860 (Gastropoda: Ellobiidae) in the Hawaiian Islands. Bishop Mus. Occas. Pap. 2018, 123, 11–17. [Google Scholar]

	



Goto, R.; Ishikawa, H. An unusual habitat for bivalves: Rediscovery of the enigmatic commensal clam Sagamiscintilla thalasemicola (Habe, 1962) (Bivalvia: Galeommatoidea) from spoon worm’s spoon. Mar. Biodivers. 2019, 49, 1553–1558. [Google Scholar] [CrossRef]

	



Valentich-Scott, P.; Goddard, J.H.R. A fossil species living off southern California, with notes on the genus Cymatioa (Mollusca, Bivalvia, Galeommatoidea). ZooKeys 2022, 1128, 53–62. [Google Scholar] [CrossRef] [PubMed]

	



Marcus, E.; Marcus, E. Opisthobranchs from American Atlantic waters. Bull. Mar. Sci. Gulf Caribb. 1960, 10, 129–203. [Google Scholar]

	



Carlton, J.T. Deep invasion ecology and the assembly of communities in historical time. In Biological Invasions in Marine Ecosystems; Rilov, G., Crooks, J.A., Eds.; Springer: Berlin, Germany, 2009; pp. 13–56. [Google Scholar]

	



Benovic, A.; Justic, D.; Bender, A. Enigmatic changes in the hydromedusan fauna of the northern Adriatic Sea. Nature 1987, 326, 597–600. [Google Scholar] [CrossRef]

	



Boero, F.; Carlton, J.T.; Briand, F.; Kiessling, W.; Chenuil, A.; Voultsiadou, E.; Twitchett, R.; Soldo, A.; Panigada, S.; Juan-Jorda, M.J.; et al. Executive Summary. In Marine Extinctions—Patterns and Processes; CIESM Workshop Monograph, 45, Brand, F., Eds.; CIESM Publisher: Monaco, 2013; pp. 5–19. [Google Scholar]

	



Taylor, D.W. Freshwater mollusks of California: A distributional checklist. Calif. Fish Game 1981, 67, 140–163. [Google Scholar]

	



Goddard, J.H.R.; Schaefer, M.C.; Hoover, C.; Valdes, A. Regional extinction of a conspicuous dorid nudibranch (Mollusca: Gastropoda) in California. Mar. Biol. 2013, 160, 1497–1510. [Google Scholar] [CrossRef]

	



Chapman, J.W.; Dumbauld, B.R.; Itani, G.; Markham, J.C. An introduced Asian parasite threatens northeastern Pacific estuarine ecosystems. Biol. Invasions 2011, 14, 1221–1236. [Google Scholar] [CrossRef]

	



Smith, C.R.; Glover, A.G.; Treude, T.; Higgs, N.D.; Amon, D.J. Whale-fall ecosystems: Recent insights into ecology, paleoecology, and evolution. Ann. Rev. Mar. Sci. 2015, 7, 571–596. [Google Scholar] [CrossRef] [PubMed]

	



Levin, L.A.; Alfaro-Lucas, J.M.; Colaco, A.; Cordes, E.E.; Craik, N.; Danovaro, R.; Hoving, H.-J.; Ingels, J.; Mestre, N.C.; Seabrook, S.; et al. Deep-sea impacts of climate interventions. Science 2023, 379, 978–981. [Google Scholar] [CrossRef] [PubMed]

	



Marshall, C.R. Confidence intervals on stratigraphic ranges. Paleobiology 1990, 16, 1–10. [Google Scholar] [CrossRef]

	



Ray, G.C. Ecological diversity in coastal zones and oceans. In Biodiversity; Wilson, E.O., Peters, F.M., Eds.; National Academy Press: Washington, DC, USA, 1988; pp. 37–50. [Google Scholar]

	



Regnier, C.; Fontaine, B.; Bouchet, P. Not knowing, not recording, not listing: Numerous unnoticed mollusk extinctions. Conserv. Biol. 2009, 23, 1214–1221. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Marine invertebrate neoextinctions 1,2.






Table 1. Marine invertebrate neoextinctions 1,2.





	
Species

	
Former Geographic Range

	
Last Known Living

	
Habitat

	
Cause of Extinction

	
Comments

	
References






	
Nematoda: Chromadorea (roundworms)




	
Ascaridoidea?

	
Alaska: Commander Islands

	
1766

	
Endoparasite of extinct Steller’s sea cow, Hydrodamalis gigas

	
Co-extinction of host

	

	
[30]




	
Mollusca: Gastropoda (snails)




	
Lottiidae:

Lottia alveus (Conrad, 1831)

(eelgrass limpet)

	
Labrador to New York

	
1929

	
Restricted to blades of the eelgrass Zostera marina in marine waters.

	
Marine (but not estuarine) populations of Zostera died out in the early 1930s due to an eelgrass disease epidemic, and the limpet never re-appeared.

	
References to Lottia alveus as being still living in the Northeast Pacific Ocean refer instead to a distinct living species, Lottia parallela (Dall, 1921) [31].

	
[32]




	
Potamididae: Cerithideopsis fuscata (Gould, 1857) (horn snail)

	
California: San Diego Bay

	
1935

	
Estuarine mudflats

	
Habitat destruction

	

	
[1]




	
Dialidae:

Diala exilis (Tryon, 1866)

	
California: San Diego Bay and San Francisco Bay

	
1860s (San Diego Bay); 1860s–1870s? (San Francisco Bay)

	
on “salt water grass” (77, for San Diego Bay)

	
Habitat destruction

	

	
[33,34]




	
Aplysiidae: Phyllaplysia smaragda Clark, 1977 (sea slug)

	
Florida: Indian River Lagoon

	
1982

	
Restricted to blades of the manatee grass Syringodium filiforme

	
Habitat destruction

	

	
[2,35,36,37]




	
Arthropoda: Crustacea: Amphipoda (amphipods)




	
Cyamidae:

Cyamus rhytinae (Brandt, 1846)

(whale louse)

	
Alaska: Commander Islands

	
1766

	
Ectoparasite of extinct Steller’s sea cow, Hydrodamalis gigas

	
Co-extinction of host

	
No other cyamid amphipods have been reported from sirenians.

	
[2,30]




	
Arthropoda: Insecta: Phthiraptera (lice)




	
Philapteridae:

Saemundssonia jamaicensis Timmerman, 1962

(Jamaican petrel louse)

	
Jamaica

	
1879

	
Ectoparasite of extinct Jamaican petrel, Pterodroma caribbaea

	
Co-extinction of host

	

	
[3,38]




	
Menoponidae: Longimenopon dominicanum (Kellogg and Mann, 1912) (Guadalupe storm petrel louse)

	
Guadalupe Island, Mexico

	
1912

	
Ectoparasite of extinct Guadalupe storm petrel, Hydrobates macrodactylus

	
Co-extinction of host

	

	
[38]




	
Echinodermata: Asteroidea (sea stars)




	
Asterinidae:

Patiriella littoralis (Dartnall, 1970)

	
Tasmania

	
1991

	
Intertidal, mixed soft and hard habitat

	
Habitat destruction

	

	
[39]








1 As noted in the text, Gravili et al. [40] proposed that 10 species of hydrozoans in the Mediterranean Sea had a significant chance of being extinct. Four of these species are doubtfully valid or have doubtful records [40]. Of the remaining six, three were last seen in the 1960s, but it is unclear the extent to which they have been specifically searched for, nor over what seasons or lengths of time, in their last known locations. The last three are: (1) Eucheilota maasi Neppi and Stiasny, 1911, described as an endemic in the Adriatic Sea [40,41], last collected in 1914, and known only from its medusa. However, Batistic and Garic [42] report medusae identified as E. maasi from the Adriatic Sea based on 2011–2012 collections, indicating that, if correctly identified, it is still extant. (2) Branchiocerianthus italicus Stechow, 1921, also described as a Mediterranean endemic last collected in 1905 when it was dredged from 300 m in the Gulf of Naples [43]. (3) Plumularia syriaca Billard, 1931, last collected in 1929 and only known from the Gulf of Alexandrette, Syria, at 11 m deep or greater [44]. For these latter two species, it is also similarly not clear the extent to which species-specific searches have been conducted, either by deep-sea explorations in the Gulf of Naples, or at the appropriate depths off the Syrian coast. 2 As also noted in the text, Peters et al. [19] (2013) and Cowie et al. [20] considered five species of cone shells as of questionable status, or questionably or possibly extinct. All five species again reflect the challenges that have resulted in possibly underestimating neoextinctions. Conasprella sauros (Garcia, 2006), with only dead shells recovered from Texas, Louisiana, and Mexico, may or may not be a fossil species [45]. The Cape Verdes Africonus bellulus (Rolan, 1990) has either not been reported since the 1970s [19] or has been collected sometime since the 1990s [46]; Rolan [47] only cites a 1980 work as the basis for the knowledge of this species, without collection dates or habitat data. It is provisionally accepted as a good species [47]. Conus colmani Rockel and Korn, 1990, noted by Cowie et al. [20] as possibly extinct, is known from many specimens, none alive, from the Queensland coast of Australia through deep-water trawling [48]. It is not discussed by Peters et al. [19]. Marshall [49] notes that it needs taxonomic re-evaluation as part of a species complex. Conus luteus G. B. Sowerby I, 1833, a widespread Indo-Pacific and Hawaiian species, is noted by Peters et al. [19] as having not been reported since the 1970s, but appears to have been collected alive in recent years in a number of locations, including the Marshall Islands (http://www.underwaterkwaj.com/shell/cone/Conus-luteus.htm; accessed on 1 April 2023) and Papua New Guinea [50]. It is not treated by Cowie et al. [20]. Finally, a timeline of not having been re-collected in 20 years for Conus splendidulus G. B. Sowerby I, 1833, from the Indian Ocean, is potentially too short to permit judgment of its status. Overall, in none of these cases does there appear to be published information on the extent of targeted searches.
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Table 2. Marine invertebrates no longer considered extinct, or erroneously listed as such.
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Species

	
Geographic Range

	
Habitat

	
Comments and Reference






	
Mollusca: Gastropoda (snails)




	
Littorinidae:

Littoraria flammea (Philippi, 1847) (periwinkle)

	
Indo-West Pacific

	
Mangrove and salt marsh communities

	
Formerly considered to have last been collected in 1855 in China, it was found living in 2014 in salt marshes near Shanghai, and may be the same as the widespread and abundant Western Pacific species Littoraria melanostoma (Gray, 1839) [51]




	
Lottiidae:

Lottia edmitchelli (Lipps, 1966)

(limpet)

	
Southern California

	
Rocky intertidal

	
Formerly considered to have last been collected alive in 1861 [1], the living specimen so identified is now considered to be the extant species Lottia scabra (Gould, 1846) [52]. L. edmitchelli is, further, now considered to have gone extinct by the Middle Pleistocene [52].




	
Assimineidae:

Omphalotropis plicosa (Pfeiffer, 1854)

	
Mauritius

	
Tree trunks (terrestrial)

	
Listed as an extinct marine species by Kemp et al. [53] based on the IUCN Red List, this is a terrestrial snail, nor is it a salt marsh species (https://en.wikipedia.org/wiki/Omphalotropis_plicosa; accessed on 1 April 2023). It is not extinct [54].




	
Arthropoda: Insecta: Coleoptera (beetles)




	
Carabidae:

Bembidion palosverdes Kavanaugh and Erwin, 1992

(shore beetle)

	
California: Santa Catalina Island

	
Rocky intertidal

	
Last seen in 1964 on the Palos Verdes Peninsula, Los Angeles County, California, and thought possibly extinct [55], it was rediscovered alive in 2010 on Santa Catalina Island [56].
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Table 3. Missing bivalve species in the Tropical Eastern Pacific Ocean (data from Coan and Valentich-Scott [75], unless otherwise indicated).






Table 3. Missing bivalve species in the Tropical Eastern Pacific Ocean (data from Coan and Valentich-Scott [75], unless otherwise indicated).





	Family
	Species
	Size (mm)
	Last Known Location
	Last Collected
	Habitat
	Possible Reason for Not Being Re-Discovered (Coan and Valentich-Scott, [75], Unless Otherwise Indicated)





	Chamidae
	Chama producta Broderip, 1835 1
	93
	Mexico: Gulf of Tehuantepec
	1828–1830
	Sandy mud, 18 m
	“Possibly a mislabeled specimen from another province.”



	Veneridae
	Chinopsis crenifera (G. B. Sowerby I, 1835)
	37
	Ecuador: Santa Elena; Paita, Peru
	<1835
	---
	“This species is very uncertain”; known only from Ecuador (the type locality) and Peru (the latter based on 19th century material?; see Keen [76] p. 186.)



	Veneridae
	Cytherea inconspicua G. B. Sowerby I, 1835 2
	25
	Peru: Paita, Piura
	<1835
	Sandy, muddy bottom
	Provenance uncertain (Panamic or Peruvian?)



	Veneridae
	Pitar fluctuatus (G. B. Sowerby II, 1851)
	18
	Ecuador: Santa Elena, Guayas
	<1851
	---
	“We have not found additional specimens of this distinctive species, and the type locality might be mislocalized.”



	Petricolidae
	Petricola amygdalina G. B. Sowerby I, 1834
	---
	Ecuador: Galapagos Islands
	<1834
	in pteriid valves, 6–11 m
	Nomen dubium or extralimital



	Solenidae
	Solen oerstedii Morch, 1860
	69
	Costa Rica: Puntarenas
	<1860
	Subtidal in mud (Huber, 2010)
	“not… recognized since” (Keen [76] p. 259)



	Pandoridae
	Frenamya cristata (Carpenter, 1865)
	24
	Mexico: Gulf of California
	<1865
	---
	“Only known from the type locality in the Golfo de California, Mexico”



	Pandoridae
	Pandora brevifrons G. B. Sowerby I, 1835
	22
	Panama: Bahia Panama
	<1835
	---
	“In spite of intensive collecting in Panama, this species has not been found since its description in 1835, and it is possible that the types were mislocalized. However, study of specimens from adjacent and far-reaching provinces has also not yielded any material of this species.”



	Periplomatidae
	Periploma excurva Carpenter, 1856
	---
	Mexico: Mazatlan, Sinaloa
	<1856
	---
	“A significant unresolved question”







1 Cardoso et al. [77] report Chama producta from Peru, but their material is not that species (Paul Valentich-Scott, personal communication, May 2023). Huber [78,79], in a work not online and largely inaccessible to most workers, agreed with Reeve [80], (Chama iostoma Conrad, 1837) that Broderip’s Chama producta from Mexico was the same as the Indo-Pacific species Chama limbula Lamarck, 1819, but neither Reeve nor Huber provided evidence for this. Bouchet [81,82] treats Chama producta and Chama limbula as distinct species. 2 Size and habitat data from Huber [78], who assigns it to the genus Pitar without explanation.
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