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Abstract

This annotated catalogue considers the names for species, subspecies and varieties of Recent and fossil bivalves that

have been used for mytilid Botula Mörch, 1853, as a genus or subgeneric taxon in the literature or that are given herein

for the first time. Information about types, including collection numbers, sizes, localities and geological ages are

included when available. A bibliography with annotated listing of synonymies and chresonymies is presented for each of
the about 50 names. The respective geographic and geologic distributions are summarized. A single-species concept for

this group, put forward by earlier authors, is discussed. References to species as Bolula, but now placed in other genera,

are listed and discussed. The geological record lor Botula begins at least in the Cretaceous.
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Introduction

Mörch (1853: 55) introduced Botula as a subgenus of Lithophaga Röding, 1798, listing three (two named and

one unnamed) species. Of these, only B. fusca (Gmelin, 1791) and its three noted synonyms can be regarded

as Botula species. Dall (1898: 792)designatedM. cinnamomea Lamarck,1819, as type species of Botula(see

type species problem). Wilson &Tait (1984) treated B. fusca as the only species of the genus, thus ignoring

differences among specimens that other authors found important enough as a basis to describe and distinguish

separate nominal species (e.g., Botula cylista Berry 1959, by Keen 1971). This catalogue of Recent and fossil

Botula was compiled to provide a comprehensive background for an unprejudiced evaluation of the taxo-

nomic situation and adds firther conclusions.

Material and methods

All taxa found somehow connected with Botula in the literature are listed below with their synonymies and

chresonymies, geographical and, if fossil, geological distribution, followed by remarks. Questionable Botula

species are marked bV (?). For taxa achrally being members of other genera, e.g. Adula H. Adams & A.

Adams, 1857, these bibliographies are restricted to references as Botula.

Under the heading of each species, entries begin with the original citation: genus and species name,

author(s), year, page(s), illustration(s). Then follows information about types (kind of type(s), collection num-

ber(s), size(s), type locality, and, if fossil, geologic age. The latter sometimes follows information by subse-

quent authors or is newly provided herein. The respective geographic and geologic distributions are

summarized. Where possible and necessary, prior indications of geological age, particularly those in other lan-

guages, were converted to standard international age names. Later species citations, with different spelling of
genus and or species name (including typographic errors) or the transfer to another genus, follow in chrono-

logical order and are separated from each other by semicolons. Citations include all pages and illustrations

where names of the respective species occurred (pages merely mentioning the species are in parentheses).

"Fide" refers to the author(s) of an entry that I could not confirm myself. Shell dimensions, some transformed

from old measures like Viennese lines, are generally given in mm, and refer to length-height-width (diameter),

respectively and in that order, e.g.,19.3-12.1-10.7 mm.

Abbreviations

ANSP Academy of Natural Sciences of Philadelphia, USA. AMNH American Museum of Natural His-

tory, New York, USA. AMS Australian Museum, Sydney, Australia. BMNH British Museum of Natural His-

tory (now Natural History Museum), London, UK. GBR Great Barrier Reef, Australia. GMC Egyptian

Geology Museum in Cairo. ICZN International Commission on Zoological Nomenclature. IRSNB Institut

Royal des Sciences Naturelles de Belgique, Belgium. KU Kansas University, USA. MHNG Muséum d'his-

toire naturelle de la Vilte de Genève, Switzerland. MNHNP Musée National d'Histoire Naturelle de Paris,

France. MPUC Museum of Paleontology, University of Califomia, USA. NHMB Naturhistorisches Museum

Basel, Switzerland. NHMW Naturhistorisches Museum Wien, Austria. NMVM Natural Museum of Victoria,

Melbourne, Australia. RSME Royal Scottish Museum, Edinburgh, UK. SAM South Australian Museum,

Adelaide, Australia. SDNHM San Diego Natural History Museum, USA. USNM United States National

Museum, Washington, D. C., USA.

2 ' Zootaxa 1508 @ 2007 Magnolia Press KLEEMANN



Taxonomy

Class Bivalvia Linnaeus, 1758

Oder Mytiloida Férrusa c, 1822

Superfamily Mytiloidea Rafïnesque, 1815

Family Mytilidae Rafinesque, 1815

Subfamily Lithophaginae H. Adams & A. Adams, 1857

More or less elongate, cylindrical, beaks slightly behind anterior end, hinge margins generally smooth, perios-

tracum commonly with calcareous incrustations (Soot-Ryen 1969). Hinge edentulous, extensible siphons rela-

tively long. Ventral edges of incunent or branchial siphon touch to form a tube, excurrent or anal siphon

complete.

Botula L b c

Líthophaga

Adula

Gregoriellu

FIGURE l. Shell characters of boring mytilid genera Botula, Lithophaga, Adula, Gregariella, and of non-boring "Noto-

botula". (a) left lateral view, (b) anterior view, (c) posterior view.

b
^

c
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Lìthophøga Röding, 1798
(Fig. 1)

Type species. L. mytuloides Röding, 1798,by monotypy, referring to Gmelin's (1791l.3351) species 6, Myti-

lus lithophagøs Linnaeus, 1758.

' Diagnosis. Shell cylindrical, posteriorly more compressed, with vertical striae antero-ventrally and lack-

ing any self-deposited calcareous incrustation (subgenus Lithophaga) or shell smooth and þartly) covered

with own incrustations, particularly on the posterior half (subgenus Leiosolenus Carpenter, 1857). Umbones

subterminal, ligament deep-set, along a toothless hinge

Remarks. Anal and branchial siphons fused as in Adula, but the branchial part lacks papillae on its edge

in Lithophaga. In L. lithophaga, there is a tonguelike structure, the valvular membrane, with minute papillae

at the base of the branchial sipho (List 1902: pl.7,frg.6). Some examples of valvular siphonal membranes

with central lappet and lateral digits in thtee L. (Leiosolenus) species are figured in Wilson (1985: figs. 5 and

7a, c), those of B. fusca by Wilson &,Tait (1984: figs. 4, 54, B). All seem to be quite variable and, therefore,

of no help for species determination.

Bolula Mörch,1853
(Fig. 1)

Type species. Modiola cinnamomea Lamarck, 1819, subsequent designation by Dall (1898: 792). Wilson &
Tait(1984:113),althoughreferringtoDall(1898),incorrectlynofedMytilusfuscus Gmelin, lT9lastypespe-

cies (see Discussion).

Diagnosis. Shell somewhat ovate to kidney-shaped, smooth; umbones terminal, prominent, somewhat

coiled; siphons separate. The anterior retractor is fastened on the anterior thickened margin of the shell just

below the umbones. The posterior adductor is small and the posterior retractor leaves a small scar above the

adductor (Soot-Ryen 1 955 : text-fi g.'7 0).

Remarks. Mörch (1853: 55) assigned to Lithophaga (Botula) three species: (I) Tamarindiþrmes

arenaria Meuschen, 1787, with Modiolavagina Lamarck, 1819 and M. castaneus Gray (Rumphius 1705:pl.

46 fig. E) listed as synonyms, locality India Orientalis; (2) indet sp., no locality, and (3) L. (8.) fusca (Gmelin,

1791) refening to Lister's pl. 359 fig. I97, with Mytilus brunneus Solander, 1786 and Modiola cinnamomea

var. Lamarck, 1819 and M. favannii Potiez & Michaud, 1844 listed as synonyms, locality Insulae Antillarum.

Based on the subsequent type species designation (Dall 1898: 792), only cinnamomea andfusca are members

of Botula. The question remains, whether they are separate species or conspecific (see species problem).

Soot-Ryen (1969) considered Botula to belong to Modiolinae, although the genus does not fit to the gen-

eral characters he lists for the subfamily: modioliform, beaks slightly behind anterior end, hinge margin

smooth or flrnely striated vertically, shell surface usually lacking radial sculpture, periostracum commonly

hairy free-living, often nestling. Compared wilh Adula and Lithophøga, the proportions of the valves are rela-

tively shorter and higher, the umbones inflated, the convex anterior and posterior dorsal margins thickened

and crenulate in Botula (Turner & Boss 1962), but there are definitely no crenulations in Botula. The only

ornament of the shells, if present, results from growth lines or steps (Fig. 1).

Lithophaga (Botulø) Mörch, 1853: 55

Botulopalredale,1939:4l4.Typespecies(originaldesignation), Botulopasiliculainfrakedale,1939:(414),475,pl.6,
fig.26, Low Isles, Queensland (Pl. 1, Fig. 3a, b); Soot-Ryen 1969: (N279); 'Wilson & Tait 1984: (113)

Non Botula (Notobotula) Fleming, 1959: 170-171, (176). Type species (original designation), Botula (Notobotula)

4 ' Zootaxa 1508 O 2007 Magnolia Press KLEEMANN



molina Fleming, 1959, Lower Pleistocene, New Zealand. Castlecliff, Wanganui, pl. 14, hgs. 1824;-- Modiolula
phaseolina (Philippi, 1844), see Beu (2004: 144) and Fig. I

Soolryenella Adegoke, 1977 : 230-231 . Type species (original designation), Sootryenella ewekoroensis Adegoke, 1977:

231,pl.43, figs. l5-19

Adulø H. Adams & A. Adams, 1857
(Fig. 1)

Type species. Mytilus soleniþrmis Orbigny, 1846,by monotypy.

Diagnosis. Shell elongate, sub-cylindrical, umbones distinctly off anterior end, a diagonal line or shallow

keel separating antero-ventral from postero-dorsal "triangle" of shell surface. Ventral margin usually concave,

dorsal margin convex. Anterior byssal retractors fastened before the umbones. Siphonal prolongations of the

posterior part of the mantle are similar like those found in Lithophaga, but with papillae on the rim of the

branchial part (SoorRyen 1955: text-figs. 74-:76).

Remarks. Anal and branchial part of siphons fused as in Lithophaga,while separated in Botula. The elon-

gate form is similar to Lithophaga spp., which never develop a keel-like structure as inAdula. A concave ven-

tral margin may occur only in L. aristata (Dillwyn, 1817) and Botula. Adula may be distinguished from

Lithophaga by the umbones being distinctly off the anterior end, its lesser height in proportion to its length,

and the somewhat inclined posterior half of the shell, the cross-section there being less oval but more dia-

mond-shaped (Fig. l).

Bolals

Group names and bibliographies are listed below.

Botula(?) af!ìnis (Gabb, 1862): Lithophagaripleyana (Gabb, 1862, Gabb 1876:311) (Pl. 1, Fig.7a, b)

Lithophagus affnis Gabb, 1862: 327 , Iype: a curved tube ('holotype', ANSP 18802, 15.7-9.4-<10 mm, see remarks),

type locality: exact locality unknown, probably Burlington County (fide Gabb 1862l'327), age: green marl of New

Jersey, Cretaceous; Meek 1864: (10); Conrad 1868: (726); Twenhofel 1924: (74); Ruhoff 1980: (127,608); Klee-

mann 1983: (1,28,31)
Lithodomus ffinis Gabb - Stoliczka l87l: (375); Whitfield 1886:66-67,(256,267,302),pl.17, figs.2,3; Kleemann

1983: (21)
Lithophaga aflìnisGabb - Gabb 1876: (311), : L. ripleyana Gabb, 1862: 326; Johnson 1905: (13); Gardner 1916: (619);

Wade 1926: (70); Stephenson 1952: (86,219,222), possibly Botula
Lithophagus affnis Gabb'1861:124'- Whitfield 1886: (66) (misattributed, referring to a footnote of I. Lea, mentioning

Gabb but no species)
Lithophagus ffinis Gabb'1876' - Whitfield 1886: (67), : Lithodomus ripleyana Gabb '1861: 124';Weller 1907: (512,

5 13, : Litho pha ga rip I eyana)

Geographic distribution: ? Burlington County, New Jersey

Geologic distribution: green marls, Cretaceous

Remarks. Gabb (l 362) stated that L. ffinis is but a somewhat curved tube with unknown shell, shorter,

more robust and more distinctly marked by the form of the shell than that of his previous species, L. ripleya-

nus Gabb, 1862: 326. The 'holotyp e' of ffinis, ANSP 18802, is not a tube, but an interior cast of a probable

Botula (Whitfield 1886, Kleemann 1983), 15.7-9.4-<I0 mm (Pl. L,Fig.7a, b). Whitfield (1886) described and

discussed both of Gabb's 1862 species, considering L. ripleyanu,s sensu Gabb, 1876, as synonymous with Z.

ffinis Gabb, '1861: 124' (see above). On the other hand, Whitfield (1886) regarded L. ffinis sensu Gabb,

1876, as synonymous with L ripleyanus Gabb, '186l: 124' , although Gabb (1876: 311) had listed ffinis and
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Arcoperna carolinensis Conrad, 1875 as synonyms of ripleyana. The latter has priority (Gabb 1862:326 ver-

sus 327).

Botula (?) ørchiøci (Deshayes, 1842)

Modiola archiaci Leymerie, 1841: (342), Maroles; (nomen nudum)
Modiola archiaci Deshayes (in Leymerie),1842:8,(25),p1. 10, fig. 2a--c,type: ?,type locality: Marolles, France, age:

Neocomian; Kleemann 1983: (2,28,30), ? genus

Modiola archiacii (sic) Leymeri e, 1842 - Orbigny 1845: (291), : Lithodomus archiacii Orbigny
Lithodomus archiacii (sic) Orbigny, 1845: 291, (295, 296, 297, 298, 791), pl. 344, frgs. 10-12, size: 20-9.2-10 mm;

Mäller 1847: (36); Orbigny 1850, vol.2: 81; Savi & Meneghini l85l: (43,90, 163); Ryckholt 1852: (128);Cotteau

1855: 78;Cotteau 1853-57:95;Raulin 1858: (425,635); Kleemann 1983: (2),? Botula
Lithodomus archiacii Leymerie - Gabb 1861a: (138)

Lithodomus archiaci, - Pictet & Campiche 186447: (514), 517-518, (523, 524, 549), pl. 134, fig. 8a-c; Stoliczka I 871 :

(37 s)
Mytilus (Modiola) archiaci Leymerie - Pictet & Campiche 186447: (514)
Mytili (Lithodomi) archiaci, - Mayer-Eymar l89I: (174)
Lithodomus (Botula) archiaci Deshayes - Gillet 1924: 26

L. (Botula) archiaci Orbigny - Gillet 1924: (tableau 4)

Geographic distribution: Marolles, Bettancourt-la-Ferrée (Haut-Marne), St-Sauveur, Moneteau, Tronchoy,

Ligny, Wassy

Geologic distribution: Hauterivian (?), Neocomian, Upper Barremian, (Early Cretaceous)

Remarks. In my view, the figures of Modiola archiaci Deshayes, 1842, resemble somehow Gregariella

because of a sulcus, drawn in figure 2a, while those of Lithodomus archiacii Orbigny, 1845, resemble Botula

in general outline (Texlfig. 1). As no types are known, in my view only Orbigny's species may be a member

of Botula. Gillet (1924: 26) noted L. (Botula) archiaci (Deshayes, 1842) from the Baremian, while on table 4

he listed L. (Botulø) archiaci Orbigny (sic!) from the Hauterivian (most likely in error).

Bolula arcuøfq 'Lamarck' of authors (: cinnamomeq vaÍ., see below)

Non Modiola arcuata Lamarck, 1807 , (237), pl. I 8 (16), fig. la, b, fossil, Grignon, near Paris, France (see Remarks)

Modiola arcuata, - Dufo 1840: 215; Martens 1880: 318, ? cinnamomea (fide Lamy 1937: 183)

Modiola arcudta of authors - Lamy 1937: (183), : L (8.) cinnamomina Chemnitz var. ó

Geographic distribution: Mahé, Seychelles

Remarks. Lamy (1937: 182-183) described how the word "arquée", used for variety b of M. cinna-

momea Lamarck, led to the use of M qrcuata by Dufo (1840) and Martens (1880) for Recent material. In a

footnote, Lamy (1937: 183) noted that the name for the fossil species from Grignon was transferred by

Deshayes to the genus Hindsia Deshayes (1858, non H. Adams & A. Adams, 1853, fide Lamy 1937). Clapp &'

Kenk (1963: 330) considered Dufo's (1S40) M. arcuata (non Lamarck) from coral rock from the Seychelles as

possibly L. cinnamomea (Lamarck).

Botula (?) arenøria (Meuschen) - Mörch, 1853

Tamarindiþrmes arenarius Meuschen, 1187 412; Mörch 1853: (55), : Lithophaga (Bolula) arenaria; Kleemann 1983

(2,27,30), ? genus, nomen dubium
Lithophaga (Botula) arenaria Meuschen - Mörch 1853: 55; H. Adams & A. Adams 1858: (5 19)

Botula arenaria Meuschen - Wilson & Tait 1984: (ll3)
Bolula arenarlas Meuschen - Paetel 1890: (199)

Geographic distribution: India Orientalis, Indo-Pacific
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Remarks. Wilson &,Tait (1984) noted that "erenaria, alarge, thin-shelled, siphonate mytilid which bur-

rows in soft substrates of the central Indo-Pacific, is not congeneric withfusca (as Mörch 1853 suggested, see

below), although its correct generic affinity is yet to be determined". Meuschen (1'787) was rejected for

nomenclatural purposes because the work was not properly published and the author did not apply the princi-

ples of binominal nomenclature (ICZN 1987: 319).

Botula argentinø (Deshayes, 1824)

Modiola argentina Deshayes, 1824:256-257,(258),p1. 15, fig. 15a--c, type: ?, size (of figure): l8-7-? mm, type locality:

Valmondois, France, age: Eocene (grès marin inférieur); Deshayes 1830:269--270,pl.42, figs. l-3; Grateloup 1838:

(61),; Deshayes l86l: l9; Pictet 1855, vol 3: (584); Sherbom 1923: (457); Kleemann 1983: (2,27,30),: Botula

Mytilus argentinus, - Deshayes 1832:571 Deshayes 1836:32 (fide Bronn 1848: 660; Deshayes 1861: 19)

Lithodomus argenlina Deshayes - Bronn 1848: (659-660); Kleemann 1983: (3)

Lithodomus argenteus Orbigny - Orbigny 1850: (424); Deshayes 1861: (19): Modiola argentina

Modiola argentea (sic) Deshayes - Orbigny 1850: (424),: Lithodomus argenteus Orbigny '1847'; Deshayes 1861: (10)

Lithodomus argentínus Deshayes - Cossmann 1887:152, (156); Cossmann & Pissarro 1904-{6: (5), pl. 38, fig. 116-3;

Cossmann & Peyrot 1914: (23); Cossmann 1922: (156).

Lithophaga argentina (Deshayes) - Panteleev 1974: (102)
Botula argentina, - Kleemann 1990: (118)

Geographic distribution: Valmondois, Saucats, Auvers, le Fayel, Dax, le Guépelle, Seine-et-Oise, France

Geoglogic distribution: Bartonian, Eocene, Paleogene (grès marin inférieur et supérieur, Falunien, Sables

moyens, Auversien, Parisien)

Remarks. Types are not known. The figured specimens in Deshayes (1824) and Cossmann & Pissarro

(1906: pl. 38, fig. 116-3) all are members of Botula.

Botulø (?) brøbanticø (Vincent, 1930)

Lithophagus (Botula) brabanticus Vincent, 1930'.21, text-fig. lA-C, lectofype: IRSNB Cll7, size: 14.5-4-4 mm,
paratype: IRSNB CI18, type locality: Neder-over-Heembeek, Belgium, age: Upper Eocene, sands at Wemmel; Glib-
ert 1936: (42); Kleemann 1983: (4, 27, 32)

Lithophaga (Botula) brabantica Vincent - Glibert 1936: 4243, ftg. 23 (paratype)

Lithophaga brabantica Vincent - Glibert 1936: (42), (text-)fig. 23 (two views of paralectotype, right valve x 6)

Geo graphic distribution: Neder-over-Heembeek, Belgium

Geologic distribution: Upper Eocene

Remarks. The figures, both in Vincent (1930) and Glibert (1936) from the lecto- and paratype respec-

tively, look like oddly elongated, stretched Botula specimens.

B otula brevis (Tate, 1887 )

Lithodomus brevis Tate, 1 887: I 86, type: lost?, stze: 2l-ll-ll mm, type locality: Hallet's Cove, St. Vincent Gulf, Austra-

lia,habitat: incoral PlesiastreavincentiT.Woods(n.n.),age:olderTertiary;Tate1892: (130); Pritchardl903: (88),

Kleemann 1983 : (4, 27, 32)

Geographic distribution: Hallet's Cove, St. Vincent Gulf, Australia

Geologic distribution: Paleogene

Remarks. The type of Lithodomus brevis Tate, 1887, was not found at the South Australian Museum and

may be considered lost (R. Hamilton-Bruce, pers. comm.). Here, L. brevis is considered a Botula with very

high probability due to its description, reported dimensions, and boring habit. Further, both L. cuneiformis

Tate,1892, (Pl. 1, Fig. 4) and L. projectans Tate, 1892 (Pl. 1, Fig. 5a, b) are Botulq species and Tate (1892)

referred to bevis as having arlear alliance to proiectans (see below).
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Botulq (?) carolinensis (Conrad, 1875)

Arcoperna carolinensis Conrad, 1875: 5, pl. l, fig. 6, fype: lost, type locality: Snow Hill, North Carolina, age: Black

Creek Formation; Gabb 1376: (311) = Lithophaga ripleyana Gabb, 1862; Weller 1907: (512),: L, ripleyana;Klee-

mann 1983: (5,27,32), Botula?

I,ithophagacarolinensis (Conrad) - Stephenson 1923: (38,39,41,45),243-244,pl.62, figs.4-9; Stephenson 1941: (30)'

155-156, (478), pl. 22, frgs.18, 19; Turner & Boss 1962: (90); Sundberg 1981: (901); Bottjer 1982: (79); Tichy

1982: (288); Bien et al. 1999: (307)
Botula carolinensis (Conrad) ? - Stephenson 1952'.81, (22O,222),p1.21, fig. I 8; Scott 1970: 62, (66), pl. 1, fig. 1 8; Scott

1981: (469).

Geographic distribution: Snow Hill, Greene County, the Gohram place, 6 miles NW of Greenville, North

Carolina; Chattahoochee River, opposite Woolridge Landing, Georgia; Onion Creek, 2.5 miles west of old

Garfield, Travis County, Navarro group, and Aquilla Creek, 1.6 miles of Peoria, Hill County Locality 4, bor-

ing in rather soft, impure, ferruginous limestone, both Texas

Geologic distribution: Snow Hill calcareous member of Black Creek Formation (Campanian, North Caro-

lina), lower part of Ripley Formation (Georgia), both, upper part of Exogyra ponderosq zone, and Corsicana

marl (Texas), Lewisville member of Woodbine Formation, all Cretaceous

Remarks. Conrad's originally figured specimen can be regarded as lost (Stephenson 1923, 1941,1952).

The figure of it, about 11.5 mm long and 6 mm high, probably depicts a Botula (Kleemann 1983: 5). Scott

(1970) also noted "disposition of original specimens unknown". Further, he regarded the syntype KU 500069

of LithophagusinterrogatumTwenhofel, 1924(p.74,pL.7,frg. 15),assynonymouswithB. carolinensis,

although no shells but only tubes, diameters 1-5 mm, were found in Gryphaea corrugqtq (in Gryphaea hori-

zons of the Kiowa shales, Kansas, Zone 14, Champion Draw). Stephenson (1923) figured three specimens,

USNM 31713-31715, found in borings in the thick shells of Cyprimeria gabbi Stephenson, 1923. USNM

31713, measuring - 8-4-4 mm (figs. 5, 6) and USNM 3l'714 (figs. 7, 8) likely members of Botulq' USNM

31715 (fig. 9), resembles Botula, but its posterior is less high than its anterior part (Pl. 2,Fig.4), thus it

remains questionable in its correct generic affinity. Stephenson (1941) figured USNM 76498, a Botula mea-

suring 12.6-6-6 mm, which was boring in the shell of Exogyra cosiata Say, 1820. Stephenson (1952) added

USNM 10528'7a (fîg. 18), a left valve of 7 mm length, as B. carolinensis?

Botulø cinnsmomeø (Lamarck, 1819) (Pl. 1, Fig. 1)

Mytilus cinnamominus Chemnitz, 1785: (124), 152,pL.82, hg. 731 (A name in a rejected work, ICZN 1944, opinion

184), in Strombus gigas Linnaeus, 1758; Schröter 178S: (68); Dillwyn 1817: (303), : Mytilus lithophagus var.;

Lamarck 1819: (115),: Modiolacinnamomea; Dall 1898: Q97), : Modiolus (8.) cinnamomeusLamarck;Lamy

1937: (187 footnote); Soot-Ryen 1955: (86), : B.fusca; Kleemann 1983: (5,6); 'Wilson & Tait 1984: (114),: B.

fusca (Gmelin, 1791)

Mytilus cinnamomeus Gmelin l79l 3352, : M. lithophagus p, Chemnitz pl. 82, hg. 732 (in error for 73 1); Schreibers

1793:293294,: M. lithophagus var. a, (referring to) Martini (in eror for Chemnitz) Conchylien þart) 8, pl' 82,

fig.732 (in enor for 731, probably copying Gmelin, 1791); Schröter 1788: (68); Dillwyn 1817: (303); Savigny

l8l7: pl. 11,frg.2;Deshayes 1832: 566; Dunker 1883: (25), : Lithophagafusca - Sherborn 1924: (1316); Kleemann

1983: (5, 27,30),: B. cinnamomea;Wilson & Tait 1984: (114),: B'fusca
Modiolus cinnamomeus Chemnitz - Link 1807: (147); Iredale 1939: (415); Kleemann 1983: (5); Wilson & Tait 1984:

(l l4)
Mytilus cinnamominus Chemnitz - Dillwyn 1817: 303, synonym of M. lithophagus var.

Modiola cinnamomea Lamarck, l819: ll4-1 15, types: MNHNP (Pl. l, Fig. l), size: 37 mm, type locality: Mauritius,

age: (Cenozoic -) Recent; Gould 1833: (43); Carpenter 1864: (577); Melvill & Standen 1899: 184, Tones Straits;

Iredale 1939: (415); Clapp & Kenk 1963: (566), : Lithophaga cinnamomea

Modiola cinnamomea (å) Lamarck, 18 I 9: I I 5, re Lister (1635) pl. 359, fig. 197 , variety (å) in stony corals, fossil near

Rome; Deshayes 1832: (566); Deshayes 1836: (25); Iredale 1939: (415)

Modiolq cinnamomea Lamarck - Bory de St Vincent 1824: (149),p1.221, fig. 4; Dubois 1825: (103); Audoin 1826: (52);

Deshayes ).832: (571); Deshayes 1836:25; Deshayes 1837: (268); Jay 1839: (29);Potiez & Michaud 1844: 130;
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Catlow & Reeve 1845: (72); Jay 1850: (76); Hanley 1843:238, (239); Deshayes l86l: (10); Deshayes 1863: (23);

Mabille & Mesle 1866: (118);Fischer l87l: (213);Martens 1879: (741); Martens 1880: (318); Grasset 1884: (300);

(Küster &) Clessin 1889: (160);Dall l916b: (1); Lamy 1920:233134; Sherborn 1924: (1315); Gardner 1926: (58);

Johnson 1934: (25),: B. fusca; Iredale 1939: (415); Gardner 1950: (668, 687); Rios 1970: (159); Wilson & Tait

1984: (114, 120), frg. lA, B, : B. fusca
Modiola cinnamomea var. Lamarck - Deshayes 1836: (28), : M. fusca; Mörch 1853: (55),: B. fusca Gmelin; Etera

1896: (793); Kleemann 1983: (6)

Mytilus cinnamomeus Chemnitz -Potiez & Michaud 1844: (130), : Modiola cinnarnomea Lamarck

Lithodomus cinnamomeus Lamarck - Orbigny 1845: 333; Petit de la Saussaye 1856: (151); Beau 1857: 500; Schramm

1867:22;Mayer 1872: (492);Mayer 1873: (16); Melvill & Standen 1906: (802); Melvill 1909:74,123; Cossmann

& Peyrot l9l4: (18); Teppner 1914:(102),114, (116)

Lithodomus cinnamomeus Orbigny - Orbigny 1853: 333 (re Mytilus cinnamomeus Chemnitz and Modiola cinnamomea

Lamarck)
Lithophagus ? cinnamomea, - Carpenter 1857: (234)
Lithophagus cinnamomeus, - Carpenter 1857: (174); Carpenter 1864: (586); Soot-Ryen 1955: (19, 86),: B.fusca
Lithophagus cinnamomeus Chemnitz - Carpenter 1857: (127), 129-130, (131); Carpenter 1857: 234,249,309, 363 (f,rde

Lamy 1937:180); Carpenter 1863: (261200); Carpenter 1872b: (261200); Strong & Hanna 1930: (frde Soot-Ryen

1955:86); Olsson 1961: (l3l),= B.fusca
Lithodomus cinnamominus Chemnitz - Reeve 1858: sp. 5, pl. 1, fig.5a,b; Reeve 1860: (73); Carpenter 1864: (564, 586);

Stoliczka l87l: (371); Brazier 1885: (802); Smith 1903: (623);Hidalgo 1905: 21,(365,366); Kühnelt1930: (72,

footnote)
Lithophagus cinnamomeus L. (non Linnaeus) - Carpenter 1860: (4)

Adula cinnamomea, - Carpenter 1864: (425), Vancouver District; Lamy 1937: (187); Kleemann 1983: (6)

Adula cinnamomeav^r., - Carpenter 1864: (552)
Lithophaga cinnamomea var. Lamarck - MacAndrew 1870: (448)

Lithodomus cinnamomeus Chemnitz - Mayer 1872: (492); Mayer 1873: (16); Cooke 1886: (l4l); Crosse & Fischer

1889: (291);Fischer l89l:129, (l8l); Mayer-Eymar 1894: (124)
Lithophaga cinnamomea Lamarck - Mörch 1878: (16); Poulson 1878: (16); Küster & Clessin 1889: (162, 167),pl.2,fig.

3; Sturany 1899: (288, 294); Dautzenberg 1900: (232); Sturany 1905: (140); Hedley 1906: (464); Hedley 1910:

(346); Hedley l916: (159); Satyamurti 1956: (37,38), 41, pl. 4, hg. 10a, b; Starmühlner 1974: (66).

Lithodomus (Botulo) cinnamomeus Lamarck - Fischer 1886: (969); Martens 1887: (207); Kleemann 1983: (6)

Bolula cinnamomea (Lamarck) - Jousseaume 1888: 216;}ilaury 1920:68; Kuroda 1933: l4l; Taylor 1968: (203);

Warmke & Abbott 196l: (163) = B.fusca;Appukuttan, 1972:380; Appukuttan 1973:428; Nielsen 1976a:3, fig. 16;

Nielsen 1976b: (142),145-146, text-figs.3A-C,48;Kay 1979: (509); Sharabati 1984:pI.40, f,rg.3,3a; Sheppard

1984: (49); Glayzer et al. 1984: (325); Sheppard 1984: (49); Taylor & Reid 1984: (206); Nielsen 1986: (5),7, (20,

2l),fig.2I; Arnaud & Thomassin 1990: (339, 340,342)
Modiola (Botula) cinnamomea Lamarck - Dall 1889: (38); Venill & Bush 1900: 517

Modiolaria cinnamomea Bruguière - Simpson 1887-89: 69*; Clapp & Kenk 1963: (894)? Lithophagafusca(Gmelin)
Modiolus (Botula) cinnamomeus Lamarck - Dall 1898: 792-798, (801), type of Botula; Ihering 1900: (88), type of Bor

ula;Dall & Simpson 1902:470; Dall l9l5: l28,type of Botula; Gardner 1926: (6),58-59; Dall et al. 1938: (59);

Iredale 1939: (415); Gardner 1950: (668, 687); Vokes 1986: Q'59,172)
Mytilus cinnamomeus Schreibers - Sherborn 1902: (216)
Lithodomus cinnamomina (sic) Lamarck - Shopland 1902: (178)

Lithodomus (Botula) cinnamomea (Lamarck) - Jukes-Browne 1905: (221)
Lithodomus (Botula) cinnamomina Chemnitz -Lamy 1906: (312);Lamy 1909:399.
Lithodomus (Botula) cinnamomea Chemnitz - Lynge 1909:138/42-139143
Modiolus (Botula) cinnamomea Lamarck - Mayzyck 1913: 22

Lithophaga (Botula) cinnamomina Chemnitz - Lamy l9l9:348-350; Pallary et al. 1926:115, pl. 15, fig. 2.1-2.3;
Dautzenberg 1932: 95, Diego-Suarez; Lamy 1937: (104,173),179-184, (187 footnote, 313 index); OBIS Indo-

Pacific Molluscan Database, 2004,: B. cinnamomea (Gmelin)
Mytilus cinnamomeus Lamarck - Oldroyd 1924a: (70), type of Botula
Lithophagus cinnamominus Chemnitz - Faustino 1928: (41)

Lithodomus (Botula) cinnamominus Chemnitz - Lamy 1929: (204)
Modiolus cinnamomeus, - Stephenson et al. l93l: (60); Yonge 1955: (403,409); Goreau et a\.1969: (192)

Lithophaga (Botula) cinnamomea (Chemnitz) Schröter - Dautzenberg 7932:95, Diego Suarez; Dautzenberg & Bouge

1933:436
Lithophaga (Botula) cinnamomea (Lamarck) - Prashad 1932: (76); Mclean l95l:4243, pl. 8, flrg. 5 (fide Clapp &.

Kenk 1963:635)
Lithodomus cinnamomeus, - Kühnelt 1933: (383)

CATALOGUE AND BIBLIOGRAPHY OF BOTULA Zootaxa 1508 @ 2007 Magnolia Press 9



Botula cinnamomea, - Kuroda & Kikuchi 1933: (fide Clapp & Kenk 1963: 561); Fankboner l97l: (33, 42); Scott 1980:

(130); Morton 1983: (143, 174);Vine 1986: (175);Mastaller l9S7: (211); Morton 1990: (18); Peyrot-Clausade &

Brunel 1990: (135, 136,137,139); Kleemann 1996: (149)

Modiolus cinnamoneus [sic] Bruguière - Bertram 1936 (1020)

Modiolus cinnamomeus Bruguière - Otter 1937 : (325), 339, (344, 348); Gohar & Soliman 1963: (205), 206-211 , (217)'

text-figs. l,2,pl. l, figs. I (upper specimen),2,3
Modiolus cinnamomeus Bruguiére [sic] - Wilson & Tait 1984: (114)

Modiolus cinnamomeus Brugière [sic] - Otter 1937: (352), pl. l, fig. 1.9

Lithophaga (Botuta) cinnamomina var. silicula Lamarck - Lamy 1937 (184); Kleemann 1983: (6)

Botulopa cinnarnonxea, - Allan 1950 Q93), re Botulopa Iredale, 1939, see B. silicula infra ltedale, 1939

Modiolus (Botula) cinnamomeus, - Gardner 1950: (687)

Modiola cinnamonea antiqua, - Serres 1954:367; Kleemann 1983: (6)

Lithophaga cinnamominus, - Salvat & Rives 1975: (367)

Modiolus cinnamomeus Otter - Wilson 1979: (457)

Modiola cinnamomeavar.minor Lamarck - Kleemann 1983:(6)

Modiolus cinnamomea Lamarck - Wilson & Tait 1984: (116)

Botulina (error for,Bolula) cinnamomea,-Peyrot-clausade & Brunel 1990: (139).

Mytilus cinnamomeus Lamarck - Oldroyd 1924a: (70),type of Botula

Botula cinnamomea (Gmelin) - Kleemann 1983: (5, l4); Kleemann 1990a: (112, 113, 115, l16), pls' 4, 5; Kleemann

1990b: (106, 107,112,121,122,124,125,126,128,140,144,145,150), fig. 8; oliver 1992:(46),53-54,hg,21

Typographic errors:

Modiolam cinnamomeam, - Philippi 1847: (113)

Modiola (Liîhodomus) cinnamonea, - Hanley 1856:23,pt.24, frg.24
Lithodomus cinamomeus, - Mayer (in Hartung) 1864: (219)

Modiola cinnamomila Lamarck - Lienard 18'17 : 66 (fide Clapp & Kenk 1963 : 605)

Lithodomus cinnamoneus Chemnitz - Tate I 892: (130)

Lithodomus cinnamoneanøs, - Shopland 1896: 233 (fide Clapp & Kenk 1963: 890)

Lithodomus sennamuncus Chenu - Bordaz 1 899: I 8 I ; Kleemann 1983: (22)

Lithodomus cinnamomens Chemnitz - Fanck 1929: (51)

Modiolus cinnamoneus, - Rees 1967: (226);Warme 1975: (213)

Lithohoga cinnamomea, - Starmühlner 1974: (76)

Lithophaga cinnamomimus Schreibers - Salvat & Rives 1975: (367)' hg. 406

Modiola cinamomea Lamarck - Dall l9l6b: (1)

Modiola cinnarnonea antiqua, - Serres 1954:367

Geographic distribution: Red Sea (Suez, Obock, Harvey, Sudan, Massouah, Dahlak, Djibouti, Aden), N Ara-

bian Sea, Persian Gulf, Karachi, Indo-Pacific (Mauritius, SE and S Africa, Natal, Zanzibar, Bourbone, Tulear,

Madagascar, Nicobar Islands, Seychelles, Laccadive and Maldive Islands, Chagos, Gulf of Mannar, Gulf of

Kutch, Mandapam and Minicoy Island, Ceylon, Madras Coast, Pamban, Andaman Isles, Malay Peninsula,

Querimba Islands, Phuket, Thailand, Cape Liant to Koh Chang, Siam, China, Tuamotu, Mangareva, Luzon,

Marinduque, Philippines, New Caledonia, Annam (Vietnam), Poulo-Condor, Cochinchine, Society Islands,

Raiatea, Tuamutu Islands, Hikueru, Marutea du Sud, Taku, Tearia, Tokaerero, Tahiti, Gambier, Polynesia,

West Australia, Low Isles, GBR, Mast Head Reef, Capricom Group, Queensland, Mazatlân (Mexico)

West Indies Cape Fear to Guadeloupe, W Florida, SE coast of US, South Carolina, Bermudas, Owen

Island, Grand Cayman Islands, Antilles, Cuba, Martinique, Dominica, Jamaica, Porto Rico, Trinidad, Virgin

Islands, Rio Hacha (Columbia), Testigos (Venezuela), Bla;zil

Fossil: Switzerland (Cenozoic), Tampa, Florida (Oligocene); Italy (var. b)

Remarks. The syntypes, as photographed by P. Richens (BMNH) in 1977 , consisted of a single left valve

(Pl. t, Fig. 1, left side) and a complete specimen (P1. 1, Fig. 1, right side). V/ilson &Tait (1984: fig' 14, B)

reproduced the single left valve as "left valve of the whole specimen". Starting with Gmelin (1791), several

authors regarded Chemnitz's species as a variety of L. lithophaga (L.), while Deshayes 1836: 28) regarded M.

cinnamomeavar. Lamarck as M. fusca, and Mörch (1853: 55) as Z. (8.) fusca. Dunker (1883) was first in con-

sidering cinnamomea as a synonym of fusca, although under the generic affinity to Lithophaga, while Johnson

(1934:28), Soot-Ryen (1955: 86) and V/ilson & Tait (1984: 114) synomized it with B. fusca. See discussion
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on species problem below. The somewhat cosmopolitan geographic distribution, as listed above, is based on a

single-species concept (Wilson & Tait 1984).

Botula conchafodenlis (Gardner, 1916) (Pl. 2, Fig. 3a, b)

Lithophaga conchafodentls Gardner, l9l6: (618), 619420,(932),pt.36, figs. 7-9, Holofype: USNM 131769,size: 13-

5-7 mm (actually 8.9-4.0-? mm, Kleemann 1983: 6), type localify: Brightseat, Prince George's County, Maryland,

age: Upper Cretaceous, Monmouth Formation; Wade 1926: 71, pl.23, frgs. 4,8; Stephenson 1952 (86,220,222);
Kleemann 1983: (6, 27,32),: Botula

Lithophaga conchafondenlrs (sic) Gardner - Stephenson 1952: (86), : Botula;Carter 1979: (85); typographic error

Botula conchaþdentis, - Kleemann 1990: (l l8)

Geographic distribution: Brightseat, Prince George's County, Maryland, Dave Weeks place on Coon Creek,

McNairy County, Tennessee

Geologic distribution: Monmouth Formation, Ripley Formation, Mastrichtian, Upper Cretaceous

Remark. Stephenson (1952) attributed conchaþdenlls correctly to Botula (P1.2, Fig. 3a, b).

Botula (?) contorta (Dujardin, 1837)

Modiolacontorta Dujardin, 1837 225,(309),pI. 15,fig. l2a,b, Iype: ?,size(of figure): l4-7.5-8.5mm,typelocaliry:
France, age: Cretaceous (craie et faluns); Archiac & Haime 1853: (268); Kleemann 1983: (6, 17 , 28, 30), ? Botula

Lithodomus contortus, - Orbigny 1850, vol. 2:247,re Modiola contorta Dujardin, 1837; Coquand 1859: (983, l02l);
Mourlon 1881:(111);Kleemann 1983: (6, l7)

Lithodomus contorlus Dujardin - Gabb 1861a: (138)

Mytilus (Modiola) contorta Dujardin - Pictet & Campiche 1864-67:. (514,525)

Geographic distribution: France: Tours, Roxan, Vendôme, Malberchie; India (?)

Geologic distribution: Santonian, Senonian, Upper Cretaceous, ? Miocene, Neogene,

Remarks. The type specimen has not been located. In my view, the figures can be attributed to Botula and

Archiac & Haime (1853: 268) had pointed out that it resembled their Mytilus subobtusus, the holotype of
which is a member of Botula (Pl. 2, Fig. 5a, b).

Botula cordøta (Lamarck, 1807)

Modiolacordata Lamarck, 1807: pl. 18, fig. 2a--c,type: ?, type locality: nearParis, age: Eocene; Lamarck 1819, vol.6:
ll7; Defrance 1824:516 (fide Cossmannlg22:755,: Lithodomus (Botula) cordata Lamarck); Deshayes 1824:

(268); non Basterot 1825: (16), 79; Keferstein 1829: (86); Serres 1829: (142); Deshayes 1830: 268-269,p1. 39, figs.

l7-19; Deshayes 1836, vol T: 29; Archiac 1843: (132) 260, (266) 394; Potiez & Michaud 1844: 130; Leymerie

1846: (369);Archiac 1850, vol. 3: (268); Serres 1854, vol. 2: 368; Deshayes 1861, vol. 2: (10),19-20; Fischer 1866:

(275); Benoist 1873:66; Vasseur 1882'. 57,234;Marinelli 1902:202 (fide Savazzi 1982: 113); Teppner l9l4: (107),
: Lithodomus cordata;Lamy 1920: (61); Sherborn 1925: (1519); Abbass 1973: (97); Kleemann 1983: (7, 27,30),:
Botula; Darga 1992: (88)

Modiola cordata (b) var. ?, - Lamarck 1819, vol. 6: 117; Deshayes 1836, vol. 7: 29; Lamy 1920: (61)

Modiolacordata Lamarck-Basterot, 1825:79 (fideLozouet etal.2003:4,:B.subcordala(Orbigny, 1852))

Mytilus cordatus Lamarck - Deshayes 1830-32: 577;Potiez & Michaud 1844: 130 Sherborn 1925: (1519),: Modiola

Non Modiola cordata Basterot - Grateloup 1838: (61); Pictet 1855: (582, 584); Fischer 1866: (215),: Lithodomus sub'

cordatus Orbigny; Cossmann & Peyrot l9l4: (22); Lozouet et al. 2003: (4), : B. subcordata (Orbigny, I 852)

Lithodomus cordata Deshayes - Bronn 1848: (660); Sherbom 1925: (1519), -- Modiola
Lythodomus cordatus, - Orbigny 1850, vol. 2:391; Sherborn 1925: (1519), : Modiola; Sherborn 1932: (654); (typo-

graphic error)
Modiola cordiþrmis (Nobis) Serres, 1854: (368); (nomen nudum)
Lithodomus cordatus Lamarck - Bellardi 1855: 25 (fide Teppner l9l4 107); Fuchs 1870: (5)141, (32)168, (45)181; Reil

1870: (107); Benoist 1874: (141); Mayer 1876: (79); Cossmann 1887: 142(156)-153(157),(214(218)); Mayer-
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Eymar 1894: (124); Vinassa de Regny 1898: (184(142)); Oppenheim 1900: 264 (frde Savazzi 1982:173); Oppen-

heim 1901: (147); Oppenheim 1903: (7\,)9; Cossmann & Pissarro 1904-06: (6), pl. 38, fig. 115-4 (2 figs.);Tepp-

ner 1914: (102), 107-108, (117); Dainelli 1915:450, pI.49,fi5.6(fideSavazzi1982:173); Fabiani 1915:(258,262,
27 t)

Lithophagus cordatus Lamarck - Frauscher 1886: ll8(82)-119(83), tab.2,pl.6, fig. lla, b

Mytilus (Lithodomus) cordatus Lamarck - Mayer-Eymar l89l: 174
Lithodomuscf.cordatus Lamarck-Dreger 1903a'.262,(282);Dreger 1903b: (348)

Lithodomus cf. cordalus Lamarck - Dreger 1903a'.262,(282);Drcger 1903b: 348

Lithodomus aff. cordatus Lamarck - Schubert 1905: (165(13))

Lithodomus cordata Lamarck - Cossmann & Peyrot l9l4: (23)
Lithodomus (Botula) cordata (Lamarck) - Cossmann 1922:155-156,pt.9, figs. l3-15
Lithophaga (Botula) cordata (Lamarck) - Abbas 1973:97, (98, 195), pl. 21, figs. 10, ll
Lithophaga cordata Lamarck - Panteleev 1974: (102)
Botula cordata (Lamarck) - Dolin et al. 7980:36 (frde Savazzi 1982: 173);Savazzi 1982: (165-172),173-174, figs. 3-9,

14,17,18; Seilacher 1984: (234); Wilson & Tait 1984: (119); Kleemann 1990: (118); Morton 1990: (22);Darga
1992:88, (106); Zibrowius & Arnaud 1995: (236,242);Kleemann 1996: (151)

Geographic distribution: Paris Basin, Meudon, St-Jean-d'Assé, Chaufour, Domfront (Sarthe), Saucats, Gri-

gnon, Parnes, Courtagon, Meudon, Montmirail, Bordeaux, Mérignac, Vaugirard, Montrouge, Brasles,

Damery, Boursault, Arton near Nantes, Co'viza, Corbières, Laniey, Sarthe, Cambon, Hérouval, Chaussy, Fill-

erval, Bretagne, Saint-Gilles, Ponchon, Blaye, Pyrenes, France; Bois-Gouet, Belgium; Berchtesgaden, Ger-

many; Northern Alps, Häring near Kirchbichl (Tyrol), Guttenstein (Lower Austria), Sauerbrunn (Burgenland),

Austria; Gomberto, Laverda, Sangonini, Monte Grumi, Possagno, Ltfieziano, Buttrio, Rupeliano, Venetian

region, Northem Italy; Abu Zabel Cairo, Egypt; India ?

Geologic dishibution: Lower Lutetian (Eocene), Oligocene

Remarks. Lamarck (1807) gave no description of Modiola cordata, an Eocene Botula, and pl. l8 is actu-

ally pl. 16 of Coquilles fossils des environs de Paris. No type could be located. Sizes mentioned are 29-15(-?)

mm (Dreger 1903) and 30-15-15 mm, for specimen GMC L.505, from Cairo Building Stone, Middle Eocene,

noted as "holotype" in error for hypotype (Abbas 1973). Savazzi (1982) reported on commensalism between

B. cordata and a solitary coral (see discussion).

Botuls cretaceø (Gabb, 1861)

Modiola cretacea Gabb, 1861b: 198, pl. 3,hg.3, type: lost?, size (of figure): -16-8-? mm, type locality: S America, age:

Cretaceous; Gardner 1926: (58); Gardner 1950: (671,687); Kleemann 1983: (7,28,31),: Botula; Kleemann 1990:

(116)

Modiolus crelaceous, - Gardner 1926: (58); Gardner 1950: (671)

Botula cretacea, - Kleemann 1990: (1 I 8), Middle Cretaceous

Geographic distribution: S America

Geologic distribution: Cretaceous

Remarks. The type disposition is not known. The attribution to Botula, with regard to figure 3, is

renewed.

Botula cuneiþrmis (Tate, 1892) (Pl. 1, Fig. 4)

LirhodomuscuneiþrmisTate, 1892: l3l,pl. I,frg.4,holotype:SAMD13045 ll,size:17-8-Tmm,habitat:consolidated
shell-ooze, in -14.5-50 m, type locality: Port Victoria, Spencer Gulf, Kangaroo Islands, Australia; Adcock 1893:

(13); Verco I 908: (l 7); Cotton 1 93 I : (340); Kleemann 1983: (7, 27, 32), : Botula

Lithophaga cuneiformis Tate - Cotton & Godfrey 1938: (116), l17, text-fig. 107; Allan 1950: (295); Cotton 196I: (124),

125,(328), text-fig. lll; Clapp & Kenk 1963: (69,266,267,962,999)
" Lithophaga" cuneiþrmis (Tate) - Beu 2004: (149),2 Zelithophaga Finlay, 1927

Botula cuneiformis (Tate) - Kleemann 1990: (112,113, 114), pl. I
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Geographic distribution: Port Victoria, St. Vincent and Spencer Gulf, also Kangaroo Island, Flindersian

region, S Australia

Remarks. The holotype is figured in Kleemann (1990), the paratype, SAM D1304512, herein (Pl. 1, Fig.

4). As noted by Kleemann (1983), Tate's species is a junior homonym of the unrelated Bathonian L. cuneifor-

rnrs Gourret, 1887.

Botula cylistø Berry, 1959

Botula cylista Berry, 1959: 108, types and size: see remarks, type locality: Punta Cameron,IllJazatlân, Sinaloa, Mexico;

Keen 1971: 74, frg. 155; Bernard 1983 (19), : B. fusca, 'Wilson & Tait 1984: ll4, 116, flrg. I L, M, -- B. fusca; Pare-

des & Cardos o 2003: 54-55, frg. 2; Hertz 1999: 18, fig. 33

Geographic distribution: Mazatlán, Mexico, to Manta, Ecuador, Tumbes (El Rubio), Peru (in stone coral, ?

Astrangia sp.)

Remarks. The holotype CAS 043975 was figured by Hertz (1999), who gives paratype numbers as

SBMNH 34010 (19 specimens) and SDNHM 42803 [sic] (1 specimen). measuring 19.3-12.1-10.7 mm ('Wil-

son & Tait 1934). Keen (1971: 74) noted a size of 26-14-12 mm, and "A dark brown to black shell with a

smooth periostracum. This has been identified by authors as B. fusca (Gmelin, 1791) because of its similarity

to that West Indian form, from which it differs by being higher for its length, with a somewhat more arched

dorsal margin." See discussion on species problem below.

Botulø ewekoroensís (Adegoke, I 977)

Pholad, o. sp., - Adegoke 1972: pl. l, fig. 8

Sootryenella ewekoroensis Adegoke, 1977:230131, (360), p1.43, figs. 15-19, holotype: UIMG l25,size:22.0-11.5-13
mm, type locality: SW Nigeria, age: Ewekoro Formation (Paleocene)

Geographic distribution: SW Nigeria

Geologic distribution: Ewekoro Formation (Paleocene)

Remarks. The holotype is the only specimen of the species, stored at the University of Ife, Ile-Ife, Nige-

ria, and is a member of Botula as shown in the figures.

Botula favønníí (Potiez & Michaud, 1844)

ModiolafavanniiPotiez & Michaud, 1844: 130-132,pt.54, fig. 9, type: ?, type locality: exotic; Mörch 1853: (55)

Modiola favanli (sic) Potiez & Michaud - Wilson & Tait 1984: (113), : B, fusca
Modiole favann I (sic) Potiez & Michaud - Wilson & Tait 1984: (l l6)

Remarks. The disposition of the type is unknown. The figure of favannii is a member of Botulq

Botula fuscø (Gmelin, 179 1)

Musculus exiguusfuscus (etc.) Lister, 1685: pl. 359, fig. 197; Prashad 1932: (79),: L. (8.) cinnamomea (Lamarck)

Mytilusfuscu.s Gmelin, 1791, vol. 1 (6): 3359-3360, type: ?,type locality: Venezuela (fide Lozouet et a\.2003:4),re
Lister, 1685:pl. 395, fig.197; Bosc, 1801, vol.3: 166 (fide Clapp & Kenk 1963:166); Dillwyn l817: 306; Wood

1818:(57);Woodl825:(57),pI. 12,fig.72 Hanley1842-56:239[8aÐ;Hedleyl90l:707;Sherborn1902:(405);
Lamy 1906: 312,: Lithodomus (8.) cinnamomina Chemnitz; Lynge 1909: 42/138,: L. (8.) cinnamomea Chemnitz;

Lamy l9l9: 349;Lamy 1920:233,234;Glibert1936: (42);Lamy 1937: 1'79-183;Dall et al. 1938:59, type of Bot-

a/a; Stephensen 1952:86,: Sorrto; Soot-Ryen 1955: (83); Soot-Ryen 1969: (N278); Habe 1977:63; Kleemann

1983: (10, 27,30); V/ilson & Tait 1984: (114), : B, fusca; Oliver 1992: (53); Lozouet et al.2003: (4), type of Botula
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Modiola fusca Gmelin - Deshayes (in Lamarck et al.), 1836:28; Catlow & Reeve 1845: (72); Jay 1850: (76); Deshayes

l86l vol. 2: 10; Dall 1916b: (l); Iredale 1939: (415)
Mytilus (Modiola) fusca, - Anton 1838: (16), : Modiola fusca Deshayes

Lithodomusfuscr.rs Gmelin - Forbes & Hanley 1848-53 vol.2 (1849): (213); List of British Animals 1851: (164, 165);

Orbigny 1853: 332; Wood & Hanley 1856:67, pL.2,hg. 13; Hidalgo 1905: (366), -- L. cinnamominus;Kühnelt
1930: (72)

.Lithophaga (Botula) fusca Gmelin - Mörch 1853: 55, including Modiola cinnamomea var. Lamarck, M. favanniiPotiez
&Michaud andMytilusbrunneus Solander; Prashad 1932: (80); Thiele 1934: (800); Mclean 1951:43,pI.8, fig.3
(fìde Clapp & Kenk 1963: 635); Abbass 1973: (96)

Lithophagusfu,sczs Gmelin - K¡ebs 1864: 130 (fide Clapp & Kenk 1963: 553)
Lithophagafusca Gmelin - Mörch 1878: 16 (fide Clapp & Kenk 1963:716); Dunker 1882: pl. 6, figs. 8, 9; Dunker 1883:

25; Küster & Clessin 1889: 160, pl. 2, hgs. 2, 3 (1889); Satyamurti 1956: (41)

Botulafuscus Gmelin - Paetel 1890: (199); Morton 1983: (174)

Modiolusfuscøs Gmelin - Dall 1898: 797;Dall19l5: (128); Gardner 1926: (59); Iredale 1939: (415); Gardner 1950:

(678,687)
Modiolus (Botula) fuscus Gmelin - Thiele & Jaeckel l93l: 169, hde Lamy 1937: 182,-- Lithophaga (Botula) cinnamo-

mina Chemnitz
Botulafusca, - Dautzenberg 1932: (95),= L.(B) cinnamomina (Chemnitz); Kuroda 1933: (141), -- B. cinnamomea

(Lamarck); Lermond 1936: (6), Florida; Dall et al. 1938:59; Iredale 1939: (415); Bales 1940: (40); Perry 1940: 47,

pl. 7, frg. 42; Abbott 1954: 356; Poirier 1954: (150); Franc 1960: 2080; Olsson 1961 : 131, pl. 16, fig. 5-5c; Bales

1966: (3,4); Soot-Ryen 1969:N279; Rios 1970: 159; Keen 1971:74;Zankl &. Schroeder I9l2: 530; Ginsburg &
Schroeder 1973:588; Abbott 1974:436; Humfrey 1975:215,(241,340),pl.24,fi9.3; Rios 1975:200,pI.64,frg.
973; 'Warme 1975 2131' Emerson & Jacobson 1976:359, pl. 38, fig. l1; Carter 1978:13,80; Carter 1980: 636,638;

Morton 1983: (157); Carter &, Clark 1985: 63; Vokes 1986: (162), 172, pl.1, figs. 12, 73a,b; Kobluk & Lysenko

1986: (658, 661,662,667,668,669); Kleemann 1990: (ll2),: B. cinnamomea; Morton 1990: (18)

Lithophaga fusca Dunker (ex parte) - Prashad 1932: (79),: L, (8,) cinnamomea (Lamarck)

Lithophagusfusøs (sic), - Clench et al. 1948: (39), fypographic error
Botulafusca (Gmelin) - Soot-Ryen 1955: 86, text-figs. 70J2,pl.9,fi.g.52; Vy'armke & Abbott 1961:163, pl. 31d; Porter

& Wolfe l97l: (99); Macintyre & Glynn 1976: (1069); Bernard 1983: 19; Kleemann 1983: (6); Vy'ilson & Tait 1984:

ll4-122, fig. 1G-K, N; Studenka et al. 1998: (294);8eu2004: (146)

Geographic distribution: East Indies, Indian Ocean; N Carolina to SE Florida, Southeast U.S., Porto Rico, Vir-

gin Islands, Jamaica,West Indies (Antilles), N of Isla Tortuga, Venezuela, Caribbean; Pacific coast from Mex-

ico to Ecuador, Manta; Indo-Pacific region; Sligo (Forbes & Hanley 1849);Paratethys (Studenka et al. 1998)

Geologic distribution: Middle Miocene (Studenka et al.1998)
Remarks. Gmelin (1791) referredto Lister's (1685, pI.395, frg.197) figured specimen, of about 18-8-?

mm. Soot-Ryen (1955: 86) noted that this species is cinnamomeq of authors, not Lamarck, 1819. Wilson &

Tait (1984) considered Botulq to contain but a single species, B. fusca, which is questioned herein (see species

problem).

Botula hawøíensis Dall, Bartsch & Rehder, 1938

Botula hawaiensisDall, Bartsch & Rehder, 1938: 59, pl. 12, figs. 14,type'. USNM 484180, size: 15.0-7.8-9.2 mm, hab-

itat: on sand, pebble and shell bottom, in 110-ll7 (-1170 ?) m (60-64-0 fathoms), type locality: Station 3845 off
south coast of Molokai, Hawaii; Olsson l96l:(131); Clapp & Kenk 1963: (284),: Lithophaga hawaiensis;Kay

1979: (509),: B. silicula (Lamarck, l8l9); Kleemann 1983: (11,27,33),: B.? cinnamomea (Gmelin, 1791); Wil-
son & Tait 1984: (114, I l6), fig. lD, E, : B. fusca

Geographic distribution: Hawaii

Remarks. Dallet at. (1938) noted three more specimens from the type locality, USNM 335613, and a sin-

gle one, USNM 335615, from off the northeast coast of Haw aä in 532-347 m, cracked out of a lump of lava.
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Botula hispøniolae Maury, 1917

Botula hispaniolaeMaury, l9l7:357(193), (413(249),464(48)),p1. 35, fig. 11, type: not selected, size: 16-7-9 mm, hab-

itat: quite common boring in coral, type locality: Rio Cana at Caimito, age: Miocene (blue clays, zone H)
Botula hispaniola, - Kleemann 1990; (118), typographic error

Geographic distribution: Dominican Republic

Geologic distribution: Miocene

Remarks. No type specimen was selected by Maury 0917), who noted that they were uniform in size,

resembling both B. cinnqmomea Lamarck and B. incurva Gabb, but very much smaller and apparently dis-

tinct. The type locality is near Santo Domingo. The whereabouts of the specimens is unknown.

Botulø horlensís (Vinassa de Regny, 1898)

Lithodomus hortensis Vinassa de Regny, 1897: (21); Vinassa de Regny, 1898: 184(142), pl. 20(7), figs. 9, 10, type: ?,

localities: Priabona, Orti, Valle Organa, Venetian Alps, age: Priabonian; Oppenheim l90l:147, pl. 16, figs. 9, 10;

Lörenthey 1905: (189); Yadâsz1906:276,p1. 10, frg. l0a, b; Teppner 7974: (102), 115, (ll7); Fabiani 1915: (265);

Cossmann 1,922: (156); Piccoli & Macellini 1962: (55,96); Piccoli & Massari Degasperi 1968: (249); Savazzi 1982:

(173,174),:B.cordata (Lamarck, 1805),inerrorfor 1807; Kleemann 1983: (71,27,32),? Bolula
Botula hortensis, - Savazzi 1982: (166)

Botula hortensls (Lamarck) - Savazzi 2001: (59), fig. IAC

Geographic distribution: Priabona, Possagno, Treviso province, NE Italy; Budapest, Hungary

Geologic distribution: Priabonian (blue marls), Upper Eocene

Remarks. Oppenheim (1901, pl. 16, fig. 10) was first to figure a Botula specimen in a solitary turbinate

coral, Pattalophyllia subinflata (Catullo, 1856), showing the bivalve in dorsal view, crossing the coral skele-

ton close to and somewhat along it's periphery, and not in direction or proximity of the coral center. The fig-

ures of B. hortensis, shell length 19 mm, inSavazzi (2001: fig. lA-C) are the same as figures 3,6,and4,
respectively, of B. cordata inSavazzi (1982) (see above).

Botula incurvø (Gabb, 1881) (Pl. l, Fig. 8a-d)

Lithophaga incurva Gabb, 1881: 377,pl.47,fig.80, holofype: ANSP 3447, size:23-9-12 mm, type locality: Limon and

Moen, Costa Rica, age: Pliocene clay beds; Dall 1898: (801),: Botula; Kleemann 1983: (12), : Botula
Botula incurta Gabb - Maury l9l7: (357); Kleemann 1990: (118)

Geographic distribution: Costa Rica

Geologic distribution: Pliocene

Remark. The species is represented only by the holotype, being a slender, strongly arched specimen (Pl.

1, Fig. 8a-d).

Botula inflatø (Whitfield, 1886), : B. subinflalø (Whitfield, 1899)

Modiola (Lithodomus ?) inflata Whitfreld, 1886: 197-l98,pl.26,frgs. 1,2, type: lost, size: - 15-7.5-7.5 mm, type local-

ity: Mr. rüare's pits, near Mullica Hill, New Jersey, age: Middle marls; Whitheld 1899: (160), : M. subinflata, new

name; Weller 1907: (507) : M. subinflala;Kleemann 1983: (12)

Remark. See B. subinflqtaWhitfield, 1899 (new name for inflata).
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Botula laysana Dall, Bartsch & Rehder, 1938 (Pl. 1, Fig. 6a, b)

Botula laysana Dall, Bartsch & Rehder, 1938: (59), 60,pl. 12, fig. 5. Type: USNM 335614, size:9.5-5'4-6.9 mm, type

locality: Station 3936, near Laysan Island, habitat: on small broken shell and coralline bottoms in 145-238 m; Kay

1979 (509),: B. silicula (Lamarck, 1819); Kleemann 1983: (13,27,33),: Botula; Wilson & Tait 1984: (114, 116),

fig. 1R: B.fusca; Kleemann 1990:(118)
Lithophaga laysana, - Clapp & Kenk 1963: (284)

Geographic distribution: Laysan Island, Hawaii Islands

Geologic distribution: Pleistocene ?

Remarks. This species is only represented by the holotype, a very inflated, probably sub-fossil specimen

with the shell lacking any periostracal remains (Pl. 1, Fig. 6a, b).

Botuls (?) lesbarritzøzsis (Cossmann, 1922)

Lithodomus (Botuta) lesbatitzensis Cossmann, 1922:156, pl. 9, figs. 29-30,58, holotype: lost ?, size: l1-5.5-5 mm,

type locality: Lesbarritz, age: Oligocene (Stampien); Kleemann 1983: (13, 27,32),? Bolula

Geographic distribution: Lesbarritz, France

Geologic distribution: Oligocene, Late Paleogene

Remarks. The whereabouts of the holotype and only specimen is unknown. The figures are not good

enough to allow a definite statement about the generic affinity.

Botula mckníghtí (Hanna, 1927) (Pl.2, Fig. |a, b)

Lithophagamcknighti Hanna, 1927:279, pI.33, figs.2,7,8, 10, ll, holotype: MPUC 3l15l' size: l8'8-9'2-9.1 mm,

paratypes: MPUC 31152-53, size: ll.7-6.6-5.2 and 11.5-5.1-4.4 mm respectively, type locality: La Jolla Quadrangle,

California, age: Eocene; Kleemann 1983: (16, 27,32),: Botula; 'Wilson & Tait 1984: (ll9), B. fusca ?

Geographic distribution: La Jolla Quadrangle, California

Geologic distribution: Eocene

Remarks. Only the holotype (figs. 10, 11) represents Botula, the paratypes probably are members of Cor-

alliophaga Blainville, 1 824.

Botula (?) minusculø (Dollfus, 1863)

Mytilus minusculus Dollfus, 1863:75,p1. 16, hgs. 4, 5,type: ?, size: ?, type locality: Le Havre, age: Kimmeridgian (fide

Chavan 1952:22)
Mytilus minusculus, - Lennier 1870: 100 (fide Chavan 1952:22)
Botula minuscalø (Dollfus) - Chavan 1952:2213, (121), text-fig' 10, pl. 1, figs. 36-38

Geographic distribution: Le Havre, Cordebugle, France

Geologic distribution: Kimmeridgian (Malm, Jurassic)

Remarks. The disposition of the type is unknown. Chavan (1952) reported B , minuscula from cotal Goni-

astrea. Figures 36 and 38 resemble Botula,not so fig.37 and text-fig. 10.

Botula (?) míxta (Borissjak, 1906)

Lithodomus mixtusBorissjak, 1906: 14-16, (17),3112,p1. 2, figs. 8-ll, types: ?,size'. from l1-5-5 mmto l'l-7.5-7.5

mm, type locality: Kremenez, age: horizon 7 and 8 (etc.), limestone series of the Jurassic Donez; Kleemann 1983:
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(16, 28, 32), ? Lithophaga
Lithodomusmxtars Borissjaklgl7 (?) - Chavan 1952: (23, footnote),: Botula

Geographic distribution: Kremenez (Ukraine)

Geologic distribution: Jurassic
' Remarks. Borissjak ( 1906) noted 1 87 specimens for mixtus but without type designation. The disposition

of the material is unknown. The footnote of Chavan (1952) says "est certainement aussi une Botula, mais plus

courte en avant, plus oblique en arrière". Kleemann (1983) regarded mixtus as a probable Lithophaga, which

is likely, due to the more oval outline of the figures presented by Borissjak (1906) and his statement of the

umbos not reaching the anterior end.

Non Botulø (Notobotulø) molìna Fleming, 1959, = Modiolula phaseolinq (Philippi, 1844)

Botula (Notobotula) molina Fleming, 1959, (170), 171, text-fig. 5,p1. 14, ftgs. 1824, age: Lower Pleistocene, type

locality: Castlecliff, Wanganui, New Zealand, holotype: TM2l24, right valve, size: 17-9-4 mm, four paratypes:

TM2I-25-2128, the largest l8 mm long, in the New Zealand Geological Survey; Stilwell & Zinsmeister 1992: (59);

Beu (2004: 111,744,146,fig.84, B, H), = Modiolulaphaseolina (Philippi, 1844)

Geographic distribution: Castlecliff, Wanganui, New Zealand

Geologic distribution: Pleistocene

Remarks. Beu (2004) noted B. (N.) molina as new synonym of the North Atlantic - Mediterranean Modi-

olula phaseolina (Philippi, 1844). (See B. pirriei)

Botula (?) obesa (Pictet & Campiche, 1867)

Lithodomus obesus Pictet & Campiche, 1867:521,(524),pt. 135, fig. 1a, b, type: MHNG 9593,size:40-24-34 mm, type

locality: Villiers-le-Lac, age: Valanginian; Ruhoff 1980:(402,608); Kleemann 1983: (17,31), ? genus.

Lithodomus (Botula) obesus Pictet & Campiche - Gillet 1924:' (26)

Geographic distribution: Villiers-le-Lac, Doubs, France

distribution: Valanginian (Neocomian) to Aptian, Cretaceous

Remarks. The figures la, b show afflrnity to Modiolus as well as the casts and images of the'holotype',

MHNG 9593 (2 specimens), provided by courtesy of D. Decrouez. Lithodomus obesus Pictet & Campiche has

nothing to do with Modiola (Lithophagus) obesa Philippi, 1847a, : Lithophaga obesa (Philippi) (Kleemann

1983:17).

Botula obtusø (Orbigny, 1845)

LithodomusobtususOrbigny, 1845:296,(297,298,792),pl.345,figs. ll-13,type: ?,size: 15-6.8-7.5 mm,typelocalify:
Royan, age: Senonian, Upper Cretaceous; Orbigny 1850: (247): L. contortus Orbigny, 1847; Coquand 1859:

(1 00 l); Guéranger 1867 : 17, pl. 23, fig. 17; Kleemann I 983 : (1 7), ? Botula

Geographic distribution: Mars (Sarthe), Royan, France

Geologic distribution: Turonian, Senonian, Upper Cretaceous

Remarks. Orbigny (1850); regarded L. obtusus as the same as "his" L. contortus, referring to Modiola

contortq Dujardin, 1837. Thus, we may consider B. obtusa to be synonymous with B. contortq (see above).

Guéranger (1867) figured a Botula under the name of Z. obtusus.
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Botula oolithica (Merian, 1840)

Venerupis oolithica Merian, 1840 75, holotype: NHMB 2300, size < 27 mm, habitat: in coral, type locality: near Lan-

genbruck, border between Kanton Basel and Solothurn, age: Bathonian ferrugineous layers; Strtibin l9l3: (36,39,

40, text-fig. 3,: Lithodomus bathonicus Rollier, l9l1)
? Lithodomus bathonicus Rollie¡ lgll (42, 160), text-fig. 49, nomen dubium

Lithodomus bathonicus Rollier - Strübin l9l3: (34,35),3942, text-figs. 3-6
Non Lithodomus bathonicus Rollier, 1914:322424,pL.21, fìg.6,6a-d; Kleemann 1983: (3,28,32); Kleemann 1990a:

(119, 120), : Lithophaga

Geographic distribution: Langenbruck, Ramlinsburg, Wittinsburg, Basler Jura, Switzerland

Geologic distribution: Bathonian (Movelierschichten, Dogger, Jurassic)

Remarks. The original description of Venerupis oolithica (in my translation from the German): "The

bivalve is elongated oval, inflated, quite thick, and gaping a little at the anterior end. Its length is not quite a

French inch (<27 mm). It has the general shape of Lamarck's lithophages, but the nature of the ligament of the

existing specimens cannot be recognized." A gaping anterior would rather indicate a Gastrochaena, but the

only available specimen, the holotype, is partly embedded in oolithic rock, thus hiding its anterior part. Nev-

ertheless, the visible parts (digital images, courtesy of Arne Ziems) support my view to regard it as a Botula.

Its size is stated as 20-11-<10 mm by Strübin (1913), who attributed 11 oolithicq and his own described and

figured specimens, to L. bathonlczs Rollier, 1911. Rollier (1911: 42)had only mentioned L. bathonicus sp.

nov. in coral Thamnastreq, presenting just a line drawing of the cobble with several boreholes and two shell

outlines in it, but no description. Rollier (1914) described and figured L. bathonicu,s as new species and the

holotype, at ETH Zurich, represents a small-sizedLithophaga of about 13-6-5 mm. While Strübin's speci-

mens, particularly those two measuring 20-11-10.5 mm and 19.5-11.5-10 mm respectively (1913: frgs.4,4a

and 5, 5a), clearly are members of Botula. Figure 3 in Strübin (1913) illustrates the original specimen of tr{

oolithica in its borehole. Rollier (1914) noted Z. bathonicus sensu Strübin as non synonymous with his spe-

cies, but with Merian's L. oolithicus.I agree with this view.

B otulø (?) orbignyan zs (Peron, 1 906)

Lithodomus orbignyanus Peron, 1906: 139/171,(262),pL.5,fig.9, type: fig. 9,size'. .'15 mm, habitat: in coral, type

locality: Chatel-Censoi¡ Yonne, age: Oxfordian (Rauracien blanc); Kleemann 1983: (18, 28,32),? Botula

Geographic distribution: Chatel-Censoir, Yonne, France

Geologic distribution: Oxfordian, Early Malm, Late Jurassic

Remarks. The type specimen has not been located. The figure caption in Peron (1906, pl. 5, fig. 9) reads

Lithodomus orbignyanus Cotteau in coll.

Botulø (?) ovíformís (Gabb, 1864)

Lithophagus ovifurmis Gabb, 1864: 185, pl. 25,Trg. 168, type: embedded in oyster (Gabb, 1864: fig' 19l), type locality:

Cow creek, Shasta County, age: Division A, Cretaceous; Ruhoff 1980: (414,608); Kleemann 1983: (18)? Botula

Lithophaga oviformis Gabb - Stephenson 1952: (86),: Botula

Geographic distribution: Shasta County, Califorma

Geologic distribution: Cretaceous

Remarks. The disposition of Gabb's type is unknown. Mytilus (Lithodomus) oviþrmis Buvignier (1852)

is definitely no Botula species (Kleemann 1983), while Stephenson (1952) considered Gabb's (1864) species

to be a member of Botula.
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Non Botula pìruìeí Stilwell & Zinsmeister, 1992, ? Modiolula Sacco, 1897

Botula piwiei Stilwell & Zinsmeister, 1992: 59, pl. 2, fig. f, holotype: USNM 441602, size: 35.5-20.5-11.5 mm, type

locality: PU loc. 1097, Seymour Island, Antarctic Peninsula, age: Lower Tertiary, La Meseta Formation

Geographic distribution: Seymour Island, Antarctic Peninsula

Geologic distribution: La Meseta Formation, Paleogene

Remark. This species was compared with B. (Notobotula) molina (: Modiolula phaseolina, and may be

also attributedto Modiolula,explaining the erroneous attribution to Botula (see above).

Boluls plumosa Stephenson, 1952 (Pl. 2,Fíg.7a,b)

Botula plumosa Stephenson,lg52: (29),87, (219 index), pl. 21, hgs. 15-17,frg. 15 (x3), right side of holotype: USNM
105288, size: 13.8-6.6-6.5 mm, figs. 16, l7 (both x4), paratype: USNM 105289,3 unfigured paratypes: USNM
105290, type locality: all from locality 137, a small stream att,0.2 miles south, 0.5 mile west of Star School, about

5 miles southeast of the center of Denison, northeastem Grayson County, Texas, age: Woodbine Formation from

Lewisville member, Upper Cretaceous.

Geographic distribution: Denison, northeastern Grayson County, Texas

Geologic distribution: Upper Cretaceous

Remarks. I have seen all the types. The holotype has some resemblance fo Modiolus as the posterior is a

little higher than the anterior, but that may be tectonically influenced. It lacks prominent beaks and the usually

rather evenly rounded shells (Pl. 2, Fig. 7 a, b). The paratypes, USNM 105289, 8. 1-4.0-4.0 mm, and USNM

l0529)ll-3, measuring ll.3-6.5-6.2,9.6-6.2-6.2, and 7.8-4.8-4.4 mm respectively, can be assinged to Botula

confidently.

BoÍula (?) preslensis (Pictet & Campiche, 1867)

Lithodomus prestensis Pictet & Campiche, 1867, vol. 3: 522-523, (524, 549), pl. 136, frgs. 2a--c, 3a,b, 4a, b, types:

MHNG 9608 (2 specimens), size: (of one) 9-5-5 mm, type locality: La Presta, Neuchâtel, age: Lower Aptian; Stolic-

zka l87l: (357); Ruhoff 1980 (443,608); Kleemann 1983: (20,28,31)
Lithodomus (Botula) prestensis Pictet & Campiche - Gillet 1924: (26)

Geographic distribution: La Presta, Val de Travers, Neuchâtel, Switzerland

Geologic distribution: Lower Aptian, Cretaceous

Remarks. The images and casts of the types (courtesy of D. Decrouez, MHNG) are lacking any radial

shell ornament, being striking in the original figures 2 and3. The casts, measuring 7.3-4.3-4.4 and6.5'4.2-

>3.2 mm respectively, thus less than what Pictet & Campiche (1867) stated. They both resemble small Botula

specimens with inflated posterior end, wheras figures 2 and 3 resemble Brachidontes, and figure 4 may be

from a Lithophaga borehole cast.

Botula projectans (Tate, 1892) (Pl. 1, Fig. 5a, b)

LithodomusprojectansTate, 1892:130-l3l,pl. 1,fig. l,holotype: SAMD. l4615,size:28-12.5-72mm, typelocality:
PortDarwin, Australia; Iredale 1939 (416); Clapp & Kenk 1963: (961); Kleemann 1983: (20,27,32),-- Botula;

Wilson &.Tait 1984: (114,116),: B. fusca.

Geographic distribution: Port Darwin, Australia

Remarks. Tate (1892) stated thatprojectans differs from cinnamoneus (sic) Chemnitz (1785) by its less

arched dorsal line, straighter ventral margin and by the absence of decussated sculpture. In his description,
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Tate (1892) noted the interior shell being of a violet-brown colour, of which no trace is remaining in the holo-

type (Pl. 1, Fig. 5a, b).

Botulø ripleyøna (Gabb, 1862)

Lirhophagus ripleyanus Gabb, 1862: 326127, type: ?, size: 14-9-6.5 mm, length of tube 23 mm, type locality: the point

where the Vy'est Jersey railroad crosses Big Timber Creek, between Gloucester and Red Bank, New Jersey, age:

"Ripley Group", Cretaceous marls;Meek 1864: (10); Twenhofel 1924: (74); Ruhoff 1980: (468,608); Kleemann

1983: (21, 27, 3l), ? Botula
Lithodomus ripleyana Gabb - Stoliczka l87l (375);whitfield 1885: 67-68, (256,267,302), pl. 17,figs.4,5
Lithophaga ripleyana Gabb - Gabb 1876: 311.-312;Johnson 1905: (13); Weller 1907: 512-513, (863), pl. 56, figs. 9-12;

Stephenson 1914: (24),35, (77); Gardner 19 1 6: 6 I 8-6 I 9, (620, 621, 623), pl. 36, figs. 4-6; Wade 1926'.10, (7 l)' pl.

23,fig.5,6; Stephenson 1941: (155, 156, 633)? L. carolinensis (Conrad, 1875); Stephenson 1952: (86,222,224),

probably Botula; Richards 1958: (fide Bien et at. 1999:300); Carter 1978: (85); Kleemann 1983: (5); Bien et al.

1999: (300, 301)
Lithophagus ripleyanus Gabb 1876, non 1862 - Whitfield 1885: (66), : Lithodomus affinis Gabb; Pl. 1, Fig. 7a, b

Lithodomus repleyanus - Whitfield 1885: (67) (typographic enor)

Geographic distribution: New Jersey (Big Timber Creek, between Gloucester and Red Bank, New Egypt,

Ware's pits near Mullica Hill, Hunt's pits at Manalapan, Monmouth County, Westville, Crawfords Corner,

Marlboro, Crosseicks Creek, near Walnford), Tennessee (Dave Week's place on Coon Creek, McNairy

County) Northern Mississippi (2 miles S of New Albany), Maryland, N. America

Geologic distribution: Mississippian, Upper Cretaceous (Cretaceous marls, Ripley Formation, Exogyra

costata zone, lower green marls, Merchantville clay-marl, Wenonah sand, Navesink marl, Maryland:

Matawan Formation, Monmouth Formation)

Remarks. No type material of the species is known. Gabb (1376) listed his L. ffinis and Arcoperna car-

olinensis Conrad, 1875 (see above), as synonyms of ripleyana. Gabb (1876) noted "some beddedpartially or

entirely in fossil ,wood". These specimens cannot belong Io Botula, but specimens of ripleyana inthe USNM

do:USNM|21679,2 connected borings, 18.4--7-'7.8 mm and -13-?-6 mm, preserved as a steinkem, from S

side of the canal between St. George's and Lorwood Grove, Delaware, Mt. Laurel-Navesink formation, Creta-

ceous, USNM l3l'745, 15.0-6.6--6.5 mm (Gardner 1916, pl. 36, figs. 4, 5; Pl. 2, Fig' 8a, b), and USNM

131746,-12 borings as clustered steinkerne in dissolved mollusk shell (Gardnet 1916,pl.36, fìg. 6)' While

USNM 32768, measuring lg-9.9-6.2 mm, looks like a tectonically compressed specimen (Wade 1926,pL.23,

figs. 5, 6), those figured by'Weller (1907: pl. 56, figs. 9-12) can hardly be attributed to Botula, as he stated

"these shells burrow (bore) into various substances, usually wood (never Botula), ... and ... burrowing (bor-

ing) in the shells of Gryphaea vesicularis at Mullica Hill'"

Botula (?) semen (Reeve) Simpson, 1889

Non Modiola semenLamarck, 1819: 115, size: l6 mm; Lynge 1909: (451141),: Modiolaria (Gregariella) coralliophaga

(Chemnitz) Gmelin; Kleemann 1983: (22),: Gregariella

Botula semen (Reeve) Simpson 1887-89: 69* (fide Clapp & Kenk 1963: 894,? Modiolaria coralliophaga (Gmelin));

Kleemann 1983: (22)

Remarks. This is a very questionable species perhaps synonymous with Gregariella semen (Lamarck, 1819)

or G. coralliophaga (Gmelin, l7 9 I).

Botula siliculu (Lamarck, 1819) (Pl. l,Fig.2)

Modiola silicula Lamarck, l8l9: ll5, holotype: MNHNR size:25 mm, type locality: Australia; Dubois 1825: (103);

Deshayes (in Lamarck et at.) 1836:25,: Modiola cinnamomea var. Lamarck; Hanley 1842-56:238 (1843); Jay
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1939: (30); Catlow & Reeve 1845: (73); Dunker 1883: 25, : Lithophagafuscavar. Gmelin; Gould 1833: (43);

Lynge 1909: 421138,-- Lithodomus (Botula) cinnamomea Chemnitz; Lamy 1919: 349;Lamy 1920:234,: M. cinna-

momea var.; Lamy 1937: 180, : Lithophaga (8.) cinnamomina Chemnitzvar. silicula Lamarck; Iredale 1939: (415),
: Botulopa silicula infrahedale, 1939; Clapp & Kenk 1963:303,566,570,586,: Lithophaga cinnamomea (Lama-

rck); Kleemann 1983: (22,27 ,30),: Botula; Wilson & Tait 1984: (1 1a), fig. lC,: B. fusca
Non Modiola silicula Sowerby, 1830: fig.2 (non Lamarck, hde Lamy 1920:234 footnote); Reeve l84l: pl. l00,frg.2

(non Lamarck, fide Lamy 1920:234 footnote); Küster & Clessin 1889: 95, ? M. vagina Lamarck; Lamy 1919: (349

footnote), -- M. castanea Gray, non Say

Mytilus silicula Lamarck - Satyamurti 1856: (41), = Lithophaga cinnamomina (sic)
Lithophaga silicula Lamarck - H. Adams & A. Adams 1858: 519

Lithodomus siliculus Lamarck - Paetel 1890: (200)
Botulopa silicula infra lredale, 1939: 415, pl. 6, fig. 26, holotype: AMS C.60400, size: 26.5 - 12 - 12 mm (Pl. l, Fig. 3a,

b), type locality: Low Isles, Queensland; Allan 1950: 293,text-fig.6814;Clapp & Kenk 1963:495; Soot-Ryen 1969:

(N279); Habe 1977:63; Kleemann 1983: (12,22,27): Botula; Wilson & Tait 1984: (113), I 14, 116, fig. 10, P, = B.

fusca
Botula silicula Lamarck - Habe l95l: 56, fig. 106-197, Japan (fide Clapp &. Kenk 1963: 420,: Lithophaga cinnamomea

(Lamarck)); Habe 1962: (113), pl. 50, fig. 13; Habe 1964: 167, pl. 50, flrg. l3; Habe 1977'. 63, pl. 10, figs. 3,4;Kay
1979:509,frg.164E, F;Habe 1981: (fide Lee & Morton 1985: 60); Tsi & Ma 1982: (445); Wang 1983: (fide Lee &
Morton 1985: 60); Matsukuma 1984: (7 ,32), pl. l, fig. 14 Lee & Morton 1985: (52) 60, (66, 67 , 68,69), pl. 5D

Botulopa silicula, - Maxwell 1968:169, (239); V/ilson 1979:457,: Modiolus cinnomemeus (sic) of Otter; Scott 1980:

(130)
Modiolus silicula Lamarck - Vy'ilson & Tait 1984: (116)

Geographic distribution: Australia, Noto and Kii peninsulas, Tosa Bay, Palau Islands, coast of Guangdong to

Hainan Island, Xisha Islands, South China Sea, Japan

Remarks. The disarticulated shells of the holotype of Modiolq silicula, which have a blackish perios-

tracum and thus may be attributed to B. fusca, are mounted on cardbord. The right valve is seen from outside,

with part of the periostracum crumbled away, the left, incomplete valve is shown from inside (Pl. I, Fig. 2).

The holotype of Botulopa silicula infra is a light brown specimen (Pl. 1, Fig. 3a, b), probably being a member

of B. cinnamomeaLamarck. From the two figures presented for infra, by Wilson &,Tait (1984), only fig. l-P
is the left valve of the holotype, seen in lateral outer view.'While the other, fig. l-O, is from a different left

valve in lateral inner view, lacking the writing of the number inside and being posteriorly more inflated.

Botula similis (Ryckholt, 1852)

LithodomusslzlllsRyckholt, 1852: 128-129,(132, 172),p1.7,hgs.3-5,fype: ?,size,astakenfromthefigures:I3-5.2-
4.2mm,type locality: Ciply, age: Late Senonian; Stoliczka 1871: (375); Ruhoff 1980: (495,608); Kleemann 1983:

(22,28,31),? Botula
Lithophagus (Lithodomus) sim l/ls Ryckholt - Mourlon 1881 vol 2: (94, lll)
Botula similis (Ryckholt) - Panteleev 1974: (34,44),102-103, (150), pl. 25, fi.g. l0a, b; Kleemann 1983: (22)

Lithodomus similes, - Panteleev 1974: (102)
Lithophaga similis, - Panteleev 1974 (31,59), text-fig. l2

Geographic distribution: Ciply, France; W. Turkmenistan

Geologic distribution: Maastrichtian, Late Senonian, uppermost Cretaceous, Danian, Lower Paleocene

Remarks. The disposition of the type is unknown, but I agree with Panteleev (I974) in considering simi-

lis a Botula.

Botula simìloÍdes Vokes, 1946

Botula similoides Vokes 1946: (155), 159, pl. 2, frgs. 11, 12, holotype: AMNH 25999, size'.7.4-4-4.1 mm, type locality:

"Olive Locality" at Abeih, Lebanon mountains, age: Aptian; Chavan 1952: (23); Kleemann 1990: (116, ll7, 118)
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Geographic distribution: Abeih, Lebanon

Geologic distribution: Aptian (Cretaceous)

Remarks. Apart from B. cretacea, B. similoides proves the geological range of the genus from at least the

middle Cretaceous to Recent.

Botals (?) subølvealø (Conrad, 1866)

Lifhophaga subalveata Conrad, 1866: 73 , pl. 4, frg. 4, type: single specimen penetrating Oslrea percrassa Conrad, type

locality: Shiloh, Cumberland County, New Jersey, age: Miocene; Moore 1962: (98); Turner & Boss 1962: (90)':
Botula; Ruhoff 1980: (513, 608); Kleemann 1983: (23,27,31),? Botula

Geographic distribution: Cumberland County, New Jersey

Geologic distribution: Miocene

Remark. This is another questionable species, based on a single specimen.

Botulø subcordøtø (Orbigny, 1852)

Modiola cordata Lamarck - Basterot, 1825:79 (fide Lozouet et al. 2003: 4)

Mytilus subcordatus Orbigny, 1852, vol 3:(126),re Modiola cordata Basterot, 1825:79, non Linnaeus (?), lectotype:

MNHNP R63676 (Lozouet et al.2003: pl. 6, fig. 3), type locality: Saucats (Gironde), France, age: Aquitanian (Falu-

nien), Lower Miocene; Benoist 1873: (66), : Modiola cordata Lamarck; Ruhoff 1980: (515, 615); Kleemann 1983:

(23-24,27,31); Lozouet et a\.2003: (4),: B. subcordata

Lithodomus subcordatus Orbigny - Fischer 1866:275; Hörnes 1867a: (583); Hörnes 1867b: (353); Cossmann 1895: 19,

pl.5,frgs. 23,24(fide Cossmann &Peyrot 1914:22); Teppner 1914: (103, 116); Cossmann1922: (156);Kühnelt

193 1 : (241); Kühnelt 1933 : (37 2); Lozouet e t al. 2003 : (4)

Lithodomus (Botula) subcordata Orbigny - Cossmann & Peyrot l9l4:2223, pl. 16, figs. 15-19; Kleemann 1983: (24),
: Bolula

Lithodomus (Botula) subcordata Orbigny mut. lozesi Cossmann & Peyrot, l9l4:23-24, pl. 15, fig' 23,pI.21, f,tg. l9'
type; Kleemann 1983: (24),: Botula; Lozouet et al.2003: (4),: B, suhcordata

Lithophagus subcordatus Orbigny - Dollfus & Dautzenberg 1920: (392)

Lithophaga subcordata (Orbigny) - Janakevich 1968: (38, 39,40,41),42, (43), (pl.) fig.3a--c

Lithophaga subordata (typographic error) (Orbigny) - Janakevich 1968: (pl')
Botula ? subcordata (Orbigny) - Schultz 2001: (130-131), pl. 10, fig. 3a, b

Botula subcordata (Orbigny) - Lozouet et a|.2003: (l),4, pl. 6, figs. 1-ó.

Geographic distribution: France: Saucats (Gironde), Tarsous (Cilicie), Davas (Carie), Léognan (Le Thil
infr.), Mérignac (Baour), Saucats (Lariey), Cabanac (Pouquet), Pessac (Lorient), Manciet (Gers); Austria:

Kalksburg, Wöllersdorf, Burgenland

Geologic distribution: Miocene (Aquitanian, Badenian, Leithakalk) Helvetien

Remarks. The "original" species description by Orbigny "1847", cited by Schultz (2001) was not found.

As Cossmann & Peyrot (1914, pl. 16, figs. 15-19) published neotypes from the early Miocene, Aquitanian,

the holotype can be regarded lost. Lozouet et al. (2003:4) designated MNHNP R63676 as lectotype for B,

subcordata (Orbigny, 1 852).

Botula subinfløta (Whitfield, 1 899)

Modiola subinflata V/hitheld, 1899: 160, new name lor M. inflata Whitfield, 1886 (see there)

Modiola subinflata whirfield - weller 1907: 507-508,(992),p1. 55, figs. 20,21 (after whitfield)
Modiolus subinflatus (Whitfield) - Palmer & Brann 1965: (200); Kleemann 1983: (12)

Geographic distribution: New Jersey
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Geologic distribution: Hornerstown marl, Latest Cretaceous

Remarks. According to Palmer & Brann (1965) the type was lost in 1963. The figures of M. inflataWhit-

field, 1886 seem to depict a member of Botula.

Bolula subobtusø (Archiac, 1850) (Pl. 2,Fí9. 5a,b)

Mytilus subobtusus Archiac, 1850, vol. 3,268, holotype: BMNH L98491, size: 40 - 20 - 24 mm, type locality: Hala
(India), age: Paleogene (Calcaire blanc grisatre de la chaine d'Hala) fide Archiac & Haime 1853: 268, pI.23,fi,g. 13,

l3a; Mayer-Eymar 1891: (174),: M, (Lithodomus) cordatus Lamarck
Botula subobtalsøs, - Kleemann 1990: (l I 8)

Geographic distribution: India

Geological distribution: Paleogene

Remark. I located the holotype at BMNH (Pl. 2, Fig. 5a, b).

Botuls lraversensis (Pictet & Campiche, 1867)

Lithodomus traversensis Pictet & Campiche, 1867 : 523, (524), pl. 136, hg. 5a, b, type: MHNG 9609, size: I I -6-6.5 mm,

type locality: La Presta, Neuchâtel, age: Aptian; Stoliczka 1811 (375); Ruhoff 1980: (542,608); Kleemann 1983:

(25,28,32),? Botula

Geographic distribution: La Presta, Neuchâtel, Switzerland

Geologic distribution: Aptian (Cretaceous)

Remarks. The figures 5a, b look very much like Botula. Having seen images and a cast of the type and

only specimen (through the courtesy of D. Decrouez, MHNG), no doubt is left.

Botula (?) tumídula (Stoliczka, 1871)

Lithodomus Q Botula) tumidula Stoliczka, 1871:375-376,pl.23,frg.16, l6a, pl. 38, fig. 13, type: ?, size (offigures): -
13.5-10-8.5 mm, habitat: conglomeratic whitish sandstone, type locality: S, India, SE of Arrialoor, agei Cretaceous,

Anialoor group; Kleemann 1983: (25,28,32), ? genus

Geographic distribution: Arrialor group, South India

Geologic distribution: Late Cretaceous

Remarks. The figures (16, 16a) depict a specimen with a prominent keel-like postero-dorsal elevation,

which in lateral view results in a dorsal depression behind the anterior of the specimen, thus leaving consider-

able doubt about an affinity to Botula. The "corrected view of the same specimen", pl. 38, fig. 13 (x2,27-20

mm), rules out Botula due to its general form and because sulci appear to run from the umbones ventrally. As

the fossil is incomplete posteriorly and drawn in latero-dorsal view, the exact outline is difficult to imagine

and I leave the interpretation of the drawing and generic determination open.

Botula twitchelli(Gardner, 1916) (Pl. 2,Fig. 2a,b)

Lithophaga twitchelli Gardner, l916: (618), 622423,p1.36, figs. 12,13, holofype: USNM 131744, size:21.8 - 11.8 -

11.7 mm, typelocality: railroad cut I mile west of Seat Pleasant, Prince George's County, Maryland, age: Monmouth

Formation, Upper Cretaceous; Stephenson 1952: (86,222,225),: Botula; Sundberg 1981: (901); Kleemann 1983:

(25,27,32),: Botula

Geographic distribution: Seat Pleasant, Prince George's County, Maryland, USA

Geologic distribution: Monmouth Formation, Maastrichtian, Upper Cretaceous

Remarks. Figures 12 and 13 depict the holotype and only specimen of the species in right lateral and

anterior view, respectively. Herein, dorsal and left lateral view are given as well (Pl. 2,Fig.2a,b).

CATALOGUE AND BIBLIOGRAPHY OF BOTULA Zootaxa 1508 O 2007 Magnolia Press ' 23



Non Bolulø vestitø (H. Adams & A. Adams, 1858)

Modiola vestita Philippi, 1844, : Amygdalum agglutinans (Cantraine, 1835), fide http://www.somali.asso.frlclemaml

biotaxis.php ?X :21 529 &heade= |
Lithophaga (Botula) vestitaPhllippi - H. Adams & A. Adams, 1858: (519); Kleemann 1983: (25), n. nudum, ? Philippi

Remark. According to www.somali.asso.frlclemam/biotaxis.php?X:21529&heade=1 this is a junior syn-

onym of Amygdalium agglutinans.

Listings of other taxa, only as far as connected somehow with Botula in the literature, are given below.

Bolulø references in Lithophaga

Lithophaga (?) avellønø (Orbigny, 1845)

Lithodomus avellana Orbigny, 1845, vol. 3: 291192, (297), pl. 344, figs. 13-15, type: figured, size: l8-l L5-11.7 mm,

type locality: Orgon (Vaucluse), age: LowerNeocomian; Archiac 1847: (307); Orbigny 1850: 107; Monis 1854:

(207); Gabb l86la: (138); Pictet & Campiche 186447: 520, (524, 549), pl. 137, figs. 2a,b,3,4a-c; Loriol in Pictet

1866:37-38,CoucheB; Stoliczka l87l:(375,376);Böhm 1884:27;Mayer-Eymar 1887:(24); Loriol 1888: (309);

Rollier 1914: (334); Favre & Richard 7927:26,p1. 3, figs. 32-34; Kleemann l98l: (52,55); Kleemann 1983: (3, 28,

30)
Lithophagus avellana, - Pictet 1855, vol.3: (584); Böhm 1883: 586,(664,674,678), pl.66, figs.6-10; Böhm 1884:(27)

Lithodomus cf. avellana Orbigny - Toula 1882: (a3)

Lithodomus (Botula) avellana Orbigny - Gillet 1924: (26), pl. l, fig. 3a, b

Lithophaga avellana (Orbigny) - Chernov & Yanin 1974:3819, (40,41), figs. l-5

Geographic distribution: Orgon (Vaucluse), Sainte-Croix, Ãrzier, Pierre-Chatel; Maidstone, Kent; Chle-

bowitz, Ignazib er g, Koniakau, Stramberg, Tieschan, lVi I I a m ow it z

Geologic distribution: Upper Jurassic, Lower Cretaceous, Valangian (Neocomian) to Barremian

Remarks. The location of the figured type specimen is not known. The specimen MHNG 9601, described

and figured in Pictet & Campiche (1867), is also ovoid and without prominent beaks, thus not a member of
Botula,but probably a short inflated Lithophaga. Only Gillet (1924) mentioned avellana as L. (Botula).

Lìth ophaga føb øeþr mís Crespin, 1926

Lithophagafabaeþrmis Crespin, 1926:(105,108), 118-119,(122,124,228),pl.9, figs. 14, l5,holotype(cast):NMVM
P13447 (fig. l4), size:77-6.5-4.5 mm, paratype (fig l5): NMVM Pl3448,size'.12.5-6.8-7 mm (not 11.5-6 mm),

type locality: Outcrop 1, Green Gully, age: Janjukian of Torquay, Tertiary of Australia, Ironstone beds, Keilor; Klee-

mann 1983: (10,27.32)

Geographic distribution: Outcrop 1, Green Gully, Keilor, Torquay, SE Australia

Geologic distribution: Oligo-Miocene (Ironstone beds, Janjukian)

Remarks. The oblong holotype is a member of Lithophaga, but the shorter paratype, as the name sug-

gests, a bean-shaped cast of a Botula (Pl. 1, Fig. 9a,b); therefore it is mentioned here.

Lithophøga (?) mønuanensrb (Newton, 1909) (Pl. l, Fig. I2a,b)

Lithophagamanuanensis Newton, 1909:4344, pl. 4, figs. 1-3, holotype: BMNH L22035, size: 30-13-14 (29.3-12.9-

14.2)rnm,type locality: Zululand, Tributaries of the Manuan Creek, age: Cretaceous; Kleemann 1983: (15, 28,32),

holotype ? Botula
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Geographic distribution: Manuan Creek, Zululand, South Africa
Geologic distribution: Late Cretaceous

Remarks. The fractured and deformed holotype is the only specimen, It was noted by Kleemann (1983:

l2) as questionable Botula specimen, but due to observeable lateral sulci, it cannot be a member of Botula (Pl.

l, Fig. 12a, b).

BoÍulø references in Adula

Aduls caliþrníensis (Philippi, 1 847)

Modiola californiensis'Eschscholtz' - Philippi, 1847: ll3; Clapp & Kenk 1963: (784),-- Adula caliþrniensis
Botula caliþrnlensls (Philippi) - Dall 19l6a: l8 (fide Clapp & Kenk 1963:282,: Adula caliþrniensis); Clemens 1933:

3l (fide Clapp & Kenk 1963: 242,: Adula caliþrniensis);Keep 1935: (331,333); Haas 1942: (110); Haas 1943:

(8);Hirase 1936: (11), pl. 18, fig. ll (fide Clapp & Kenk 1963: 464);Keen 1940:480 (hde Clapp & Kenk 1963:

529,: Adula californiensis); La Roque 1953:37 (fide Clapp & Kenk 1963: 590, : Adula caliþrniensis);Light et al,

1954: (238), fig. l02d (fìde Clapp & Kenk 1963: 605, : Adula caliþrniensis); Nomura & Hatai 1935: 8, (fide Clapp

& Kenk 1963:741); Oldroyd 1924b:24 (fide Clapp & Kenk 1963:748,: Adula californiensis);Haderlie et al.

1974: (200)
Botula (Adula) californiensis Philippi - Keep 1935: (64); Oldroyd 1924a:71-72,pt.27, fig. 5; Clapp & Kenk 1963: (748,

-- A dul a c a I iþrn i en s i s)

Botula calíþrnica (in error for califurnie;nsls), - Monis 1952: (60), pl. 7, fig. 10.

Geographic distribution: East Pacific, British Columbia, Vancouver Island to San Diego, California, also

North Japan

Adulø diegensís (Dall, 1 91 1 )

Modiolus diegensis Dall, l9l1: ll0-lll
Botula (Adula) diegensis (Dall) - Oldroyd 1924a:71, pl. 11, figs. 1,2;Lamy 1937: (196,: Adula diegensis);Clapp &,

Kenk 1963: (748,: Adula diegensis)

Geographic distribution: East Pacific, North America

AduIø falcata (Gould, I 85 l)

LithodomusfalcatusGould, l85l:92, aboutT0-12-l2mm; Gould 1853:403-404,pt. 16,frg.9
Adula falcata Gould - Carpenter 1864: (425), 644

Botulafalcata Gould - Dall 1916b: l8 (fide Clapp & Kenk 1963: 282);Keep 1935: (333); Morris 1952:23, (60,212),pl.
7 (2 views); Fitch 1953: 51, fig. 17 (fide Clapp & Kenk 1963: 366); Light et al. 1954: 235, frg. 102e (fide Clapp &
Kenk 1963: 605); Yonge 1955: (384-389), text-figs. lB,2-5,64; Yonge 1963: (16,19), text-fig. 8A-C; Haderlie el

al. 1974: (200,202); Nielsen 1976b: (146); Pojeta & Palmer 1976: (167); Kleemann 1983: (10); Morton 1983: (174)

Botula (Adula) falcata (Gould) - Oldroyd 1924a:71, pl. 21, figs. 8, 9; Johnson & Snook 1927: 431(fide Clapp & Kenk
1963: 516); Keep 1935: (64); Hertlein & Strong 1946: 74 (fide Clapp & Kenk 1963: 454); Smith & Mackenzie

1948: I7l (fide Clapp & Kenk 1963 899); Abbott 1954 356,pl.29;Franc 1960: (2080), ftg. 1744A; Clapp & Kenk
19 63: (7 48, : Adula falcata)

Adula (Botula) falcata Gould - Fankboner l97l:2849,10 frgs

Geographic distribution: Monterey, Coos Bay, Oregon to San Diego, California, Mexico
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Botula references in Subfamily Crenellinae H. Adams & A. Adams' 1857

Round to modioliform, beaks more or less behind anterior end, anterior hinge margin thickened and vertically

striated or with dysodont teeth, dorsal hinge margin usually finely vertically striated. Surface with radial

sculpture commonly absent on median area ot rarely smooth. Free living, nestling, rarely boring (Soot-Ryen,

te69).

Gregørìella Monterosato, 1883 (Fig. 1)

Type species. Modiolus sulcatus Risso, 1826,by original designation, : Modiolq opfex Say, 1825, non of

authors.

Diagnosis. Elongate, inflated, beaks incurved, umbonal keel angulated, radially striated anteriorly and poste-

riorly where striae end along oblique line, median part concentrically striated, periostracum hairy along

umbonal keel, anterior and posterior dysodont teeth, margins crenulated (Soot-Ryen, 1969).

Botulina Dall, 1889: 38, type Modiola opifex Say, 1825

Tibialectus lredale, 1939: 424, type T. otteri hedale, 1939

Gregariella splendida (Reeve, I 858)

Non Volsella splendida Dunker, 1857:365, ? syntypes: BMNH 196756411-3, size: 21.2-13.3-10'l mm, l8'8-11.3-9.8

mm, and 16.3-9.5-7 .5 mm respectively, type locality: California; Kleemann 1983: (23), ? Volsella

Lithophaga (Botula) splendida 'Dunker' - H. Adams & A. Adams, 1858: (519); Kobelt 1881: (364)' pl. 106, fig. 10, type

of Botula; Kleemann 1983 (23)
Lithodomus splendidus 'Dunker'-Reeve 1858: sp.31, pI.5, fig.31, ? syntype: BMNH 1984185, size:12.4-6.1-7.7 mm,

type locality: Sydney; Kleemann 1983: (23),: Gregaríella

Lithodomus (Botula) splendida, - Chenu 1862: (156), frg.775
Botula splendida Chent - Lamy 1937: (46),: Modiolaria (Gregariella) splendidaReeve

Botula splendida Dunker - Stoliczka l87l: (370); Hedley l90l: (707),: Modiolaria splendida; Iredale 1939: (415)

Botula splendidus Dunker - Paetel 1890: (200)

Geographic distribution: Sydney

Remarks. The probable syntypes of 11 splendida (BMNH 196756411-3, negative 1623)have nothing to

do with GregariellabutVolsella. Althoughreferring to Dunker (1857), Reeve's description and figure of his

Lithodomus splendidus (1858: sp. 31, pl. 5, fig. 31), is a member of a hairy Gregariella. Chenu's figure (1862,

fig.775)isthesameasReeve'sandKobelt'sfigure(1881,pI. 106,fig. 10)isaredrawingof Reeve's.Thus,

Kobelt's selection of splendida "Dunker" as type of Botula should be ruled out (see Type species problem).

Keen(1971: 67,fi,g.135)attributedDunker'sspeciestoLioberus,noting"threespecimensfromthetypelot
in the British Museum, not previously illustrated". BMNH 196756411, the largest, 2I-12'? mm, is among the

figured in Keen (1971), below the figure number 136.

Lioberus Dall,1898

Type species. Modiolq castanea Say,1822, by monotypy.

Diagnosis. Beaks near anterior end, smooth or with obsolete radial sculpture, edentulous, periostracum

smooth (Soot-Ryen 1 969)

Líoberus caslønea (Say, 1822)

Modiola cqstanea Say, 1822:266 (fide Thiele 1934: 800); Lamy 1937: (49)

Lithophaga (Lioberus) castanea (Say) - Thiele 1934: (800); Kleemann 1983: (5)
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Modiolaria (Lioberus) castanea Say - Lamy 1937:.49-50
Botula castanea (Say) - Perry 1940: 47, pl.7, frg. 4l; Clapp & Kenk 1963: (777), -- Modiolaria
Lioberus castaneus Say - Poirier 1954: (150, formerly known as Botula caslaneq Say); Warmke & Abbott l96l

3 t h; Humfrey 197 5: 216
163, pl.

Geographic distribution: SW coast of Florida, West Indies

Remarks. Poirier (1954) gives no reference, but probably refers to Perry (1940).

Bolulø references in Family Mysidiellidae Cox,1964

Type genus. Mysidia Bittner, 1891 (nonWestwood, 1840, nec Dana, 1850), renamed MysidiellaCox,1964
44 (Waller 2005: 8).

For original and emended diagnosis see Waller (2005).

Botulopsis Reis, 1926

Type species . Botulopsis reisi Waller,2005 (: Botulopsis cassiana Reis, 1926 non Botulopsis cassiana (Bitt-

ner, 1895), by monotypy, Ladinian (Wettersteinkalk), Hochalpe, Karwendel, Austria (Waller 2005: fig. 4.8-
4.10, reproduction offigures 1-3 in Reis 1926, pl. 8).

Diagnosis (emended by Waller 2005: 13). Mysidiellidae moderately inflated and rounded-oblong in

shape, with umbones broad and rounded, beaks medially inturned and not extending beyond anteriormost

point of anterior shell margin; byssal invagination very shallow.

Botulopsis cøssiana (Bittner, 1 895)

Botula (?) cassiana Bittner, 1895:49, (231),pl.5, figs. 17, 18, types: 3 specimens at NHMW (see remarks), type local-

ity: Sanct Cassian, age: Cordevol (Trachyceras aon zone), basal Carnian, Late Triassic; Bubnoff l92l:335),: Car-

diomorpha de Koninck, 1841 (fide Waller 2005); Reis 1926: (124),: Botulopsis; Soot-Ryen 1969: (N275), type of
Botulopsis; Tichy 1970: (639); Kleemann 1983: (5,28),? Arcoperna,? Botulopsis; Waller 2005: (13,14)

Lithodomus (Botula ?) cassiana Bittner - Diener 1923: (139); Zapfe 1967 (436)
Botulopsis cassiana Bittner - "n.s." n.g., Reis 1926:124, pl 8, figs. l-3; Soot-Ryen 1969: N275, fig. Cl9.4a, b; Waller

2005: (12, 13, l4), frg. 4.7 (reproduction of Bittner's pl. 5, fig. l8)

Geographic distribution: St. Cassian, Northern ltaly, Alpine Europe

Geologic distribution: San Cassiano Formation, Cordevol, basal Camian,Late Triassic

Remarks. Bittner (1895) was quite uncertain about the generic affinity. Reis (1926) put cassiana, as type

species, into his new genus Botulopsis. From the supposedly three syntypes, two are stored in the palaeonto-

logical collection of NHMW, Nr. D.2/3 1884. One left valve, filled with indurated sediment, is the larger spec-

imen, 15.4-12-6.2x2 mm (figured in Soot-Ryen 1969), and the smaller is a right valve in sediment, 10.6-8-6x2

mm. A third syntype was not found. The attached label reads "Sigaretus ?" respectively "? Botula cassiana

Bittner", St. Cassian, Stuores, Southern Tyrol, Alpine Triassic, Trachyceras aon zone, which is basal Carnian

(Cordevol, L. Krystyn, pers. comm.).

Discussion

History of the taxonomic ranking and attribution to mytilid subfamiltes

Botula was established as subgenus of Lithophaga (Mörch 1853). Jousseaume (1888: 216),regarding B

cinnamomeq (Lamarck), placed Botula in generic rank for the first time. Considering this very species, Dall
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(1898) treated Botula as subgenus of Modiolus, while Lamy (1906, 1919) and Lynge (1909) retumed to

Mörch's opinion, which I share, as the shell is more subcylindrical as in Lithophaga (but with terminal not

subterminal umbos) and not laterally compressed and with low anterior and high posterior outline as in Modi-

o/zs. Nevertheless, the separated siphons ín Bolula can be regarded as a feature of probably generic value

(Wilson &,Tait 1984).Later, some authors (e.g., Soot-Ryen 1969,Savazzi 1982, Morton 1982 ftg. 11, Morton

1983 fig. 9, Arnaud & Thomassin 1990, and Darga 1992) purt Botula in the subfamily Modiolinae Keen, 1958,

instead of Lithophaginae, to which it belongs (e.g., Wilson &Tait 1984, Coan &. aI.2000, herein, see Fig. l).

The type species problem

Gmelin (1791:3352), referring to Chemnitz's (1785) fig.732 (in error for fig. 731, see Mytilus vulgaris

Gmelin, 1791: 3358), regarded Mytilus cinnqmomeus as M. lithophagus p. On page 3359, follows Mytilus fus-
cns Gmelin, 1791 (referring to Lister, 1685, pl. 359, frg. 197 , musculus exiguus fuscus ...). According to opin-

ion 184 of the ICZN 1944, Chemnitz (1785),like Lister (1685), is a non-binominal publication and invalid.

Thus the earliest proper description is the one of Botula fuscø by Gmelin (1791).

Lamarck (1819: 114-115), referring to Chemnitz's frg.731, described Modiolq cinnamomea (Pl. l, Fig.

1), and for the smaller "var. b" referred to Lister's ftg.l91. Dall (1898: 792, and again in 1915: 128) desig-

nated M. cinnamomea Lamarck as type species of Botula.Ihering (1900: 88) and Oldroyd (1924b;70) con-

firmed this designation. But years later, Dall et al. (1938:59) selected Mytilus fuscøs Gmelin, 1791, as type

species, ignoring the earlier designation of cinnamomea Lamarck which has priority, according to ICZN

Code, 4'h ed., article 70.2: "Type fixation overlooked. If it is found that an earlier type species fixation has

been overlooked, the overlooked fixation is to be accepted and any later fixations are invalid. If this is consid-

ered to cause instability or confusion the case is to be referred to the Commission for a ruling." (Application

submitted).

PLATE I.
Fig. l: Syntypes of Modiola cinnamomea Lamarck, 1819, MNHNP, from Mauritius, mounted on cardboard. Bar 1 cm.

Fig. 2: Type of Modiola silicula Lamarck, I 8 19, MNHNP, 24.9 mm in length, from Australia, mounted on cardboard.

Probably a member of B. fusca (Gmelin, l79l). Bar I cm.

Fig.3a, b: Holotype of Botulopasilicula infrahedale, 1939, AMS C60400, Low Isles, GBR,26.5-12.0-12.0 mm, (a)

outer lateral view of right and (b) left valve. Probably a member of Botula cinnamornea (Lamarck, 1819). Bar I cm.

Fig. 4: Paratype of Lithodomus cuneiformis Tate, 1892, SAM D13045 l2,length 14.3 mm, left lateral view. Note at least 7

distinct growth increments, which may be regarded as annual. Bar I cm.

Fig 5a, b: Holotype of Lithodomus projectans Tate, 1892, SAM D14615 , 28-125-12 mm, (a) right and (b) left lateral

view. Port Darwin, Australia. Probably a member of B. fusca (Gmelin, l79l). Bar I cm.

Fig. 6a, b: Holotype of Botula laysana Dall, Bartsch & Rehder, 1938, USNM 335614,9.5-5.4-6.9 mm, (a) left lateral and

(b) ventral view. Station 3936, near Laysan Island in 79-130-0 fathoms (145-238 m) on small broken shell and coralline

bottoms. Note at least 13 distinct growth increments, which may be regarded as annual. Bar 5 mm.

Ftg.7a, b: "Type" (see above) of Lithophagus ffinis Gabb, 1862, ANSP 18802, 15.7-9.4-<10 mm, (a) right lateral and

(b) anterior view. Cretaceous, green marl of New Jersey, ? Burlington County. Bar I cm.

Fig. 8a-d: Holotype of Lithophaga incurtta Gabb, 1881, ANSP 3447, 22.9-10.2-<12.5 mm, (a) inner and (b) outer lateral

view of right valve, (c) outer and (d) inner lateral view of left valve. Pliocene clay beds between Limon and Moen, Costa

Rica. Bar I cm.

Fig. 9a, b: Paratype of Lithophagafabaeþrmis Crespin, 1926, NMVM P13448, 12.5-6.8-7.0 mm, (a) in dorsal and (b)

right lateral view. Ironstone beds, Keilor, Janjukian of Torquay, Tertiary of Australia.

Fig. l0a, b: Botula sp., RSME 196161þart), 25.6-9.2-11.7 mm, outer lateral view of (a) right and (b) left valve. No local-

ity, coll. A. E. Salisbury. Note similarity to.B. incurva.

Fig. l1a, b: Botula sp., RSME 19616lþart), 36.3-15.7-14.4 mm. No locality, coll. A. E. Salisbury. Note similarity to B.

projectans.

Fig. l}a, b: Holotype of Lithophaga manuanensis Newton, 1909, BMNH L22035, Cretaceous, Zululand, tributaries of
the Manuan creek,29.3-12.9-14.2 mm, (a) right and (b) dorsal view Note sulci in (a), specimen not a member of Botula.
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The species problem

Gmelin (1791) regarded the cinnamon brown Mytilus cinnamomeus (Botula cinnamomea) as M. lithopha-

gus B (Lithophaga lithophagq þ), but described a new species, M. fuscus (dark, blackish), differing from,B.

cinnamomea mainly, if not exclusively, in periostracal colouration. In the first case, almost neglecting the

obvious difference in shell morphology between Lithophaga s.s, and Botula (Fig. 1), and in the second, prob-

ably over-valuating shell colours. Lamarck (1819: 114-115) considered M. fuscus as a smaller variety of his

Modiola cinnamomea.

Link (1807), had already shifted Botula cinnqmomea from Lithophaginae to Modiolinae, although as

Modiolus cinnamomeus instead of Modiola. In the past, many authors accepted one or the other subfamily

attribution (see bibliographies, particularly of cinnamomea and fusca), but the closer affinity of Botula to

Lithophaga, Lithophaginae, thanto Modiolinae is out of question. Nevertheless, Arnaud & Thomassin (1990)

considered Botula as member of Modiolinae (and Gregariella as belonging to Lithophaginae instead of
Crenellinae).

Carpenter (1864: 425) stated"Adula porasitica,Deshayes, and the long-knownA. cinnamomea appear to

be congeneric." Kleemann (1990: pl. 2) figured the syntypes of Modiola parasiticq Deshayes, 1863, which by

their slender, elongated shells and umbonal position clearly are members of Adula, while cinnamomea is a

Botula species (Pl. 1, Fig.l)
Lynge (1909) can be regarded as the frrst author of a single-species concept in Botula. Referring to Chem-

nitz (1785), he included in the synonymy of B. cinnamomeq not only Modiola cinnamomea Lamarck (Pl. 1,

Fig. 1) and Lithodomus cinnqmominus (Chemnitz) Reeve (1858), but also Mytilus fuscus Gmelin (1791),

Lithophagafusca (Gmelin) Dunker (1882), and Modiola silicula Lamarck (1819; Pl. l, Fig. 2).Dautzenberg

(1932:95) too, included B. fusca in B. cinnamomina (Chemnitz, 1785, etc.), thus regarding the colour varia-

tions in Botula as not distinctive.

Wilson & Tait (1984) treated B. fusca as the only (Recent) species of the genus, being "widespread in

tropical and sub-tropical seas of the Indian, Pacific and western Atlantic Oceans, apparently absent from the

tropical eastern Atlantic". They included in the synonymy Mytilus cinnamominus Chemnitz, 1785, M. fuscus
Gmelin, 1797, M. cinnamomeus'sensu Schreibers (1793), Modiolus cinnamomeur sensu Link (1807), Modiola

cinnamomea Lamarck, 1819 (Pl. 1, Fig. 1), M. silicula Lamarck, 1819 (Pl. 1, Fig. 2), ModiolefavanniPotiez

& Michaud, 1844, Lithodomus projectansTate,l892 (Pl. 1, Fig. 5a, b), Botula hawaiensis Dall, Bartsch &
Rehder, 1938, B. laysana Dall, Bartsch & Rehder, 1938 (Pl. 1, Fig. 6a, b), Botulopa silicula infra kedale,

PLATE 2.

Fig. la, b: Lithophaga mcknighti Hanna, 1927,holotype, MPUC 5062/31151,18.8-9.2-9.1 mm, (a)right lateral and (b)

dorsal view of a Bolula. La Jolla Formation, Eocene. Bar I cm.

Fig. 2a,b: Lithophaga twitcheli Gardner, 1916, holotype, USNM 131744, >21.8-11.7-11.8 mm, (a) left lateral and (b)

dorsal view of a Botula. Monmouth Formation, U. Cretaceous. I mile W of Seat Pleasant, Prince George's County,

Maryland. Bar I cm,

Fig. 3a, b: Lithophaga conchafodentrs Gardner, 1916, holotype, USNM 131769,8.9-4-4 mm, (a)dorsal and (b) right lat-

eral view of a probable Botula. Monmouth Formation, U. Cretaceous, Brightseat, Prince George's County, Maryland.

Bar I cm.

Fig. 4: Lithophaga carolinensis (Conrad) sensu Stephenson 1952, USNM 31715,9.0-5.0-4.6 mm,? Botula. Black Creek

Formation (Snow Hill member), Snow Hill, North Carolina, Campanian, upper Cretaceous. Bar 5 mm.

Fig. 5a, b: Mytilus subobtusus Archiac, 1850, holotype, BMNH L98491, 40-20-24 mm, a member of Bolula (a) dorsal

and (b) right lateral view. Bar 1 cm.

Fig. 6: Placosmilia, part of USNM CK 34-5, with Botula borings, Santonian, Spain. Bar 1 cm.

Fig.7a,b: Botula plumosa Stephenson,7952, holotype, USNM 105288, 13.8-6.8-6.5 mm, (a) right lateral and (b) dorsal

view, U. Cretaceous, Woodbine Formation. Bar I cm.

Fig. 8a, b: Lithophaga ripleyana (Gabb) - Gardner 1916, USNM 131745,15-6.6-6.5 mm, (a) dorsal and (b) right lateral

view of a Bolula. Matawan Formation, U. Cretaceous, Delaware. Bar I cm.
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1939 (Pl. 1, Fig. 3a,b), and B. cylista Berry, 1959, (Wilson and Tait 1984: ll4). Botula cylista, according to

Keen (1971 :74), is a dark brown to black species, occurring from Mazatlán, Mexico, to Manta, Ecuador, and

differing from B. fusca by being higher for its length, with a somewhat more arched dorsal margin. Wilson &

Tait (1984) only cited Schreibers (1793) and Link (1807) in the synonymy of their B. fusca (see bibliography),

while omitting many references more worthy to quote (see bibliography of the synonymised cinnamomea and

other species). From the two Australian species described by Tate in 1892, Lithodomus cuneiformis (Pl. 1, Fig'

4) and L. projectans (Pl. 1, Fig. 5a, b), Wilson & Tait (1984) left out L. cuneiþrmis from their single species

concept, accepting a wide range in colouration, shell shape and even in siphon morphology, noting usually

separated siphons but joined ones in odd individuals, which I can confirm for some GBR specimens. Up to

now, malacologists have generally accepted the separation of mytilid species based solely on different colou-

ration (and geographical distribution), e.g. related Lithophaga nigra (Orbigny,1842) and L. straminea (Reeve,

1857) with intermittent Meditenanean L. tithophaga (Linnaels, 1758). Gmelin (1791) gave no locality lot M.

fuscus. Therefore, we do not know whether it co-occurred with M. cinnamomea somewhere in the habitats

(mari meditetïaneo, indico, americano) given for the latter (together with M. lithophagus).

The holotype s of Modiola silicula (Pl. 1, Fig. 2) and, Lithodomus proiectans (Pl. 1, Fig. 5a, b) are Botula

specimens with a dark brown to black periostracum. Based on colouration, both could be considered as B.

fusca,while the holotype of Botulopa silicula infra (P1.1, Fig. 3a, b) has a light brown and translucent perios-

tracum, thus being a member of B. cinnamomea. AtLizard Island, Great Barrier Reef, I found fair coloured as

well as dark brown to posteriorly blackish, small and large specimens which may well belong to different spe-

cies of Botula althe same locality. Striking morphological differences, as seen in the figured specimens, e'g,

Pl. I, Figs. 10, 11, are generally used for separating species'

Some "species" in the fossil record, where material is often scarce, were described from single specimens.

This is the case even in Recent 'species', e.g., B. hawaiensis and B. laysana (P1. 1, Fig. 6a, b), although the

specimens were dredged, dead and lacking periostracum. The probably subfossil, B. Iaysana, only 9.5 mm in

length, 5.4 mm in height but inflated to an extreme width of 6.9 mm, has a rather heart-shaped outline in ven-

tral (P1. 1, Fig. 6b) view, thus resembling the related Fungiacava (Hoeksema & Kleemann 2002). The

Pliocene B. incurva,22.5-8.8-12.5 mm (Pl. 1, Fig.8a-d), kidney-shaped in lateral view, has a shell size and

proportions very much like a Recent specimen with dark brown periostracum from an unrecorded locality,

RSME 1961.61 (part)25.6-9.2-1I.7 mm (Pl. 1, Fig. 10a, b). Considering the striking differences inBotula,not

only between B. laysana and B. incurva, a single-species concept seems dubious. Before we accept such a

concept, careful studies of soft parts and particularly DNA analyses of specimens from around the world, or at

least the Caribbean, Eastem Pacific and Great Barrier Reef, should be canied out for judgement' (A similar

investigation would be appropriate in the closely related Lithophaga nigra - L. lithophaga ' L. straminea

group, and probably many others.)

Erroneous attribution of species to Botula

Several authors reported on Adula species under the genus Botula (Dall 1916a, Keep 1935, Yonge 1955),

or subgenus Botula (Oldroyd l924ab, Fankboner l97l). The fossil Lithodomus avellana was noted only by

Gillet(1924) as belonging to subgenus Botula,which is questionable. Volsellq splendida was unfortunately

selected as type species of Botula by Kobelt (1881), thus having priority versus Dall (1898).

Fossil record

Considering the known geological record and comparing the original descriptions and illustrations

(including related small-sized Lithophaga), Botula seems to have developed in the Late Mesozoic (see

Appendix 1). However, the oldestknownrecord,Botula(?) cassiana Bittner, 1895, from the alpine Triassic, is

not a member of Botula but mysidiellid Botutopsls. Bathonian Venerupis oolithica Merian (1840) and

Lithodomus bathonicus Strübin (1913) are the earliest Jurassic records I can confirm as Botulq in our present
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understanding. Thus, its geologic range is at least from the Bathonian (Dogger, Jurassic) to Recent (see

Appendix 1).

Several fossil "species" are based on single specimens, e.g., Lithophøgus ffinis (Pl. l, Fig. 7a, b, a possi-

ble Botula steinkern), Lithophaga incurva (Pl. 1, Fig. 8a-d), and Mytilus subobtusus (P1.2, Fig. 5a, b). The

latter, from the Paleogene of India, measures 40-20-24 mm and is probably the largest known fossil Botula.Its

length is rarely aproached and only minimally surpased by recent, but more slender specimens, e.g., 39.0-

16.7-l'1.2 mm, from Heron Island, GBR, and 40.6-17.8-18.1 mm, from St. Croix, Caribbean (own collection).

Habitat

All recent members of Botula bore in reef limestone, dead parts of coral and thick shells. Savazzi (1982),

however, reported on commensalism between the upper Eocene species B. cordqtq (Lamarck), including B.

hortensis, and a solitary soft bottom coral, Pattalophyllia, recording three adults and up to 20 juvenile speci-

mens in about 300 coral individuals from the blue marls near Possagno, NE ltaly. I do not agree with

Savazzi's (1982) opinion that this "commensalism" can be compared with Z. lessepsiana (Vaillant, 1865) and

Fungiacava eilqtensis Goreau et al. , 1968, in the sense of a true association between host coral and dweller

(Hoeksema & Kleemann 2002, Kleemann 1980, 1995, Kleemann & Hoeksema 2002).In the solitary coral.

Placosmilia from the Santonian in Spain, several specimens, USNM CK32-3,34-5,37-2, contained Botula

borings. All borehole openings were located laterally in the unprotected epitheca of the coral (Pl. 2,Fig.6),

which was also observed in some extant "hosts", which means the veligers settled on dead parts of the coral

skeleton. Savazzi (2001) repeated his opinion of an obligatory association with living solitary corals, now

underthenameof B.hortensis "Lamarck"(seeB. hortensis above). If Botulawasabletoinfesthostcorals

through their tissue in the Eocene, why is such an obvious advantage not used also in the Recent? I find it dif-

ficult to believe that Botula should have lost the ability to settle on (selected) host species through live coral

tissue, which, in my opinion, it never had. Yet, it had and still has the ability to settle on dead parts of live

coral (Kleemann1996; PI.2, Fig. 6).
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Appendix 1. Geologic record of species names
(Names in bold appear to be true Botula)

Mesozoic
Triassic
Botula (?) cassiana Bittner, 1895, Cordevol, Camian, St. Cassian, : mysidiellid Botulopsis

Jurassic
Venerupis oolithicø Merian, 1840, Bathonian, Dogger
Lithodomus bathonicus Rollier - Strübin 1913, Bathonian, Dogger (: oolithica)
Lithodomus orbignyanus Peron, 1906, Oxfordian, Early Malm
Mytilus minusculus Dollfus, I 863, Kimmeridgian
Cretaceous
Lithophagus ffinis Gabb, 1862, green marl of New Jersey

Lithodomus archiacii Orbigny, 1845, Neocomian
Lithodomus (Botula) avellana Orbigny - Gillet 1924,Yalanginian, Banemian, Aptian
Arcoperna carolinensis Conrad, 1875, Snow Hill, Black Creek Formation, Campanian, Upper Cretaceous, North Caro-

lina
Lithophaga conchafodentis Gardner, 1916, Monmouth Formation, Brightseat, Prince George's County, Maryland

Modiola contorta Dujardin, 1837

Modiola crelacea Gabb, 1861, S America
Lithodomus obesus Pictet & Campiche, 1864-61 , Valanginian of Villiersle-Lac, Neocomian, Aptian of Orgon

Lithodomus obtasus Orbigny, 1845, Turonian, Mars (Sarthe), Senonian, Royan

Lithophaga oviformis Gabb - Stephenson 1952, Cenoman

Bolula plumosc Stephenson, 1952, Cenoman
Lithophagus ripleyanus Gabb, 1862, marls of New Jersey

Lithodomus sirnills Ryckholt, 1852, Upper Senonian, Ciply
Bolula símiloides Vokes, 1946, Aptian, Lebanon
Lithodomus Q Botula) turnidula Stoliczka, 1871, Arrialoor group, SE of Arrialooq S India
Lithophaga hvitchelti Gardner, 1916, Monmouth Formation, Seat Pleasant, Prince George's County, Maryland

Cenozoic
Paleogene
Lithodomus brevis Tate, I 887, Paleogene

Sootryenella ewekoroensis Adegoke, I 977, Paleocene

Mytilus subobtusus Archiac, 1850, Archiac & Haime, 1853, Paleogene, Hala, India

Lithophagafabaeþrmis Crespin, 1926, Ironstone beds, Keilor, Janjukian of Torquay, Australia
Modiola argentína Deshayes, 1824, Eocene, Valmondois, France

Modiola cordøta Lamarck, 1807, Eocene, near Paris

Lithophaga mcknÍghtiHanna, 1927, Eocene, La Jolla Quadrangle, Califomia
Lithophagus (Bolula) brabanlicus Vincent, 1930, Upper Eocene

Lithodomus (Botula) lesbarritzensis Cossmann, 1922, Oligocene, Stampian, Lesbarritz, France

Neogene
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Botula pirriei Stilwell & Zinsmeister, 1992, Neogene, La Meseta Formation, Seymour Island, Antarctic Peninsula,:
Modiolula

Lithodomus hortensis Vinassa de Regny, 1898, Miocene, Priabona, Orti, Valle Organa,ltaly
Mylilus subcordalus Orbigny, 1852, Miocene, Falunian, Saucats (Gironde), France

Lithophaga incurvø Gabb, 1881, Pliocene, clay beds between Limon and Moen, Costa Rica, (Pl. l, Figs. 8al)

'Quaternary

Pleistocene ?

Botula hispanioløe Maury 1917

Holocene
Lithophaga (Botula) arenaria Meuschen - Mörch, 1853

Modiola cínnamomea Lamarck, 1819, Mauritius, (Pl. I, Fig. 1)

Lithodomus cuneÍþrmis Tate, 1892, Port Victoria, Spencer Gulf, Kangaroo Islands, Australia, (Pl

Botula cylistøBerry, 1959, Punta Cameron, Mazatlân, Sinaloa, Mexico
Mytilus fuscus Gmelin, l79l
Botula hawaiensis Dall, Bartsch & Rehder, 1938 Hawaii
Bolula laysana Dall, Bartsch & Rehder, 1938, Laysan Island, Hawaii, (Pl. 1, Figs. 6ab)

Lithodomus projectansTate, 1892, Port Darwin, Australia (Pl. 1, Figs. 5ab)

Modiola silículø Lamarck, I 8 19, Australia, (Pl. l, Fig. 2)

Botulopa sílícula Ínfrakedale, 1939, Low Isles, Queensland (Pl. 1, Figs. 3ab).

l, Fig.4)

Appendix 2."Bolula" names in cronological order

(1685 Musculus exiguus fuscøs Lister)
(17 85 Mytilus cinnamominus Chemnitz)
(1791 Mytilus cinnamomeus Chemnitz - Gmelin)
l79l Mytilus fuscus Gmelin
1807 Modiola arcuala Lamarck
1807 Modiola cordata Lamarck
1819 Modiola cinnamomea Lamarck
l8l9 Modiola silicula Lamarck
1824 Modíola argentina Deshayes

1835 Modiola contorla Dujardin
7840 Venerupis oolithica Merian
1842 Modiola archiaci Deshayes (in Leymerie)
1845 Lithodomus archiacii Orbigny
1845 Lithodomus obtusus Orbigny
1850 Mytilus suboblusus Archiac
1852 Lithophagus ripleyanus Gabb
1852 Mytilus subcordatus Orbigny
1852 Lithodomus similis Ryckholt
1862 Lithophagus affinis Gabb
1863 Mytilus minusculus Dollfus
1864 Lilhophaga oviþrmis Gabb
1867 Lithodomus obesus Pictet & Campiche
1867 L. traversensis Pictet & Campiche
1871 Lithodomus (? Botula) tumidula Stoliczka
787 5 Arcoperna carolinensis Conrad
l88l Lithophaga incurva Gabb
1886 Modiola (Lithodomus ?) inflata Whitfield
1887 Lithodomus brevis Tate
1892 Lithodomus cuneiformis Tate
1892 Lithodomus projeclans Tate
1895 Botula (?) cassiana Bittner
1898 Lithodomus hortensis Vinassa de Regny
1906 Lithodomus orbignyanus Peron
1909 Lithophaga manu an en s i s Newton
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l9l3 Lithodomus bathonicus Rollier - Strübin
19 16 Lithophaga conchafodentis Gardner
19 16 Lithophaga twitchelli Gardner
l9l7 Botula hispaniolae Maury
1922 Litho domus (B o tul a) le s b arr it zens is Cossmann

1926 Lithophaga fabaeþrmis Crespin
1927 Lithophaga mcknighti Hanna
1930 Lithodomus (Bolula) brabanticus Vincent
1938 Botula hawaiensis Dall, Bartsch & Rehder
1938 Botula laysana Dall, Bartsch & Rehder
1939 Botulopa silicula infra lredale
1946 Botula similoides Yokes
1952 Botula plumosa Stehenson

1959 Botula cylista Berry
1977 Sootryenella ewekoroersls Adegoke
1992 Bolula piniei Stilwell & Zinsmeister
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