
TULANE STUDIES IN GEOLOGY AND PALEONTOLOGY 

Volume 7, Number 3 December 29, 1969 

OBSERVATIONS ON THE GENUS MILTHA (MOLLUSCA: BIVALVIA) WITH 
NOTES ON THE TYPE AND THE FLORIDA NEOGENE SPECIES 

HAROLD E. VOKES 
TULANE UNIVERSITY 

CONTENTS 
Page 

I. ABSTRACT _______________ _____ ____________________ _______ _______ __ _ _ __ _______ _______________ __________________________ 94 
I I. I NT ROD U CTI ON ____________________________________________ ____________________ ------------------------------------ 94 

III. ACKNOWLEDGMENTS _ --------------------------- ____ ________________ ____ ______ ___ _ __ __________________________ 9 5 
IV. GENUS MILT H A H. AND A. ADAMS, 18 57 -------------------------------------------------------- 95 

A. History of Previous Interpretation of the Genus __ ------------------------------------- 95 
B. Characters of Genus lvi.iltha ____________________________ _____ ----------------------------------------- 97 
C. Development of the Hinge and Associated Shell Feamres ________________________ 1 02 
D. Structures on Interior of the Valves and Their Interpretation ____________________ 106 

E. Ecological 0 bserva tions ____________________ ----------------------------------------------------------112 
F. Notes on the Origin and Geologic History of Miltha ________ ________________________ 112 

V. MILTHA ( MILTHA ) CHILDREN AE (GRAY) ______________________________________________ 116 

VI. SPECIES OF MILTHA S.S. FROM THE NEOGENE OF SOUTHERN FLORIDA _______ 118 

VII. LOCALITY DATA _____________ --------------------------- ---------------------------------------------------------12 3 
VIII . LITERATURE CITED ______________ ---------------------------------------------------------------------------------12 5 

ILLUSTRATIONS 

TABLE 1 ------------------------------------------- ------------------------------------------------------------------------ 9 7 
TEXT FIGURE 1 --------------------------------------------------------------------------------------------------------------1 0 0 
TEXT FIGURE 2 --------------------------------------------------------------------------------------------------------------1 0 6 
TEXT FIGURE 3 -------------------------------------------------------------------------------------------------------------- 12 0 
PLATE 1 -------------------------------------------------------------------------------------------------------------------------- 99 
PLATE 2 ----------------------------------------------------------------------------------------- -- -----------------------------1 0 3 
pLATE 3 ------------------------------------------ ------------------------------------------------------------------------------_1 0 5 
PLATE 4 ------------------------------------------------------------------------------------------------------------------------1 09 
pLATE 5 -------------------------------------------------------------------------------------------------------------------- ____ 111 
PLATE 6 -------------------------------------------------------------------------------------------------------------------- ____ 115 
PLATE 7 ------------------------------------------------------------------------- ------------------------------------------ ____ 119 

EDITORIAL COMMITTEE FOR THIS PAPER: 

LEO G. HERTLEIN, California Academy of Sciences, San Francisco, California. 

A. MYRA KEEN, Department of Geology, Stanford University, Stanford, California. 

DAVID NICOL, Department of Geology, University of Florida, Gainesville, Florida. 

93 



94 Tulane Stttdies tn Geology and Paleontolog')' Vol. 7 

I. ABSTRACT 

The genus Miltha H. & A. Adam~, 1857, 
has been the subject of much mistmder­
standing and mis-interpretation, largely. as 
a result of the rarity of the type speoes, 
"Lttcina" childrenae Gray, in museum col­
lections. Described from "Brazil" by Gray, 
the species was confused by Carpenter 
( 1864) and followin9 him, Dall. ( 190~, 
1903) with the speoes from. BaJa Cah~ 
fornia subsequently named Mtltha xanttts-J 
by Dall ( 1905). At. the time of his m~no,: 
graph on "The Tert1ary Faunas of Flonda 
Dall had seen no specimens of the type 
species and treated Miltka. as ~ subgem~1s ~£ 
Phacoides "Blainville," g1vmg 1t an unJUSti­
fiably broad interpretation that was un­
critically accepted by a number of sub~e­
quent authors. As a result fourteen spec~es 
from the Tertiary of eastern North Amenca 
have been referred to iVIiltha, only two of 
which, M. chipolana (Dall) and M. caloosa­
ensis ( Dall), are here accepted as correctly 
referred to that genus, with two others, M. 
heracleus ( Dall) and M. smitlnuoodwardi 
(Maury) being placed in the s~nonymy of 
M. chipolana. The other ten ~peoes are he:e 
referred to Armimiltha, Eonultha, Plastomtl­
tha or Saxolttcina. 

Miltha s.s. includes species that, in the 
adult stages, differ in degree of inf~ation of 
the opposite valves; in the . speoes h~re 
studied either valve may be mflated w1th 
no predominance of one over the other ob­
served in any species. The valves have a 
fine concentric ornamentation with a weak 
and obscure radial ribbing. Anterior and 
posterior dorsal areas are defined by incised 
grooves; the posterior is well developed, 
but the anterior may be rather obscure. The 
lunule is small, confined to the right valve 
and more or less deeply impressed into the 
area immediately below the umbos. The 
adult hinge includes two cardinal teeth in 
each valve, the posterior right cardinal and 
the anterior left one are bifid, the others 
simple, more or less lamellar. The.re is no 
trace of lateral teeth in the adult hmge, but 
both anterior and posterior laterals are 
present in small, immature forms. These 
same forms also show a well developed 
escutcheon, a remnant of which persists in 
the adult valves as a flat, plate-like protru­
sion of the right valve that is partly broken 

away by the action of the enlarging fibrous 
portion of the ligament. . 

The interior of the valve bears ndges and 
o-rooves that reflect structures in the 1nantle b 

area including the attachment area of the 
gill demibranchs, the trend of the large 
pallial blood vessel . and, app,~rently,. :he 
presence of a "non-ndged fold margmmg 
a region of "mantle gills" such as have been 
described in other lucinid genera by Allen 
( 1958) and others. The anterior and 
posterior adductor scars show clear evidence 
that these muscles included both "striated" 
and "smooth" types of 1nuscle fibers-as do 
other species of lucinidae. 

The two recent species of Milthct, M. 
childrenae and M. xanttni both occur in 
waters of 28 to 30 fathoms or more in 
depth, and both appear to prefer fine sandy 
types of bottom sediment. 

The oldest species of Miltha s.s. appears 
to be JVI. packi (Dickerson) from the 
Domengine Formation, middle Eocene, of 
California. "P hacoides" montensis Coss1nann 
is a possible ancestral type. No certain upper 
Eocene or Oligocene forms have yet been 
recognized, but the genus is present in the 
lower Miocene of California, Florida, and 
New Zealand, persisting to the Recent in 
tropical waters of the eastern Pacific and 
the western Atlantic Oceans. 

Three species of Milth~ are present. in the 
Florida Neogene deposits: M. chtpolana 
Dall, from the early Miocene Chipola For­
mation; .NI. cctloosaensis Dall, from the _upper 
Miocene Pinecrest beds, and the Plwcene 
Caloosahatchee Formation; and M . carmenae, 
new species, from the early Pleistocene 
"Unit A" beds from the region south and 
south east of lake Okeechobee, Florida. 

II. INTRODUCTION 

During a visit to the Pascagoula, Miss~s­
sippi, station of the Bureau ~f <:ommer~ial 
Fisheries U. S. Fish and Wildlife Service, 
Mrs. Gl~dys B. Reese, Fisheries Biologist, 
drew my attention to a collection of speci­
mens of the rare and imperfectly understood 
Miltha childrenae (Gray) that had been 
dredged by the M/V Oregon off the north­
eastern coast of Brazil. Comparison of these 
specimens with the original descriptions and 
specimens in the Tulane University collec­
tions of the Florida Neogene species of 
Miltha indicated that there has been much 
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misunderstanding and published misinfor­
mation concerning the genus. The following 
observations are presented in an endeavor 
to give a more accurate know ledge of the 
genus and its North American western At­
lantic spec1es. 
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IV. Genus MILTHA H. and A. Adams, 1857 

1857, Miltha H. and A. AnA~rs, Genera Rec. 
Moll., vol. 2, p. 468. 

1876, Milthea MEEK, Rept. U. S. Geol. Surv. 
Territories (Hayden), vol. 9, p. 130, 131 
[as "Milthea H. and A. Adams"]. 

1931, Milthoidea MARWICK, New Zealand Geol. 
Surv., Paleont. Bull. 13, p. 70. 

1938, Miltheoidea Marwick, CHAVAN, Journ. de 
Conchyl., vol. 82, p. 64. 

Type species, by monotypy, [Lucina ( Miltha)] 
"Childreni Gray" [ = L. childrenae Gray, 
1824]: Ilecent, Atlantic Ocean off Brazil. 

Miltha was proposed as a subgenus of 
Lucina Bruguiere with the original diag­
nosis: "Shell inequivalve, with the surface 
of the valves nearly smooth. Hinge with 
the lateral teeth obsolete." 

Examination of the original description 
and illustrations of Miltha neozelanica 
Marshall and Murdock (1921, p. 78, pl. 
16, pl. 17, fig. 1) leave no doubt but that 
this form is a typical Miltha and that Mil­
thoidea Marwick, 1931, of which this species 
is type, by original designation, is a synonym 
of Milthct as previously noted by Stewart 
( 1930, p. 191) and by Chavan ( 1938, p . 
64). 

A. History of Previous 
Interpretation of the Genus 

Distribution of type species.-Although 
the type species was described as early as 
1824 and subsequently well figured (the 
hinge and interior of the right valve by 
Sowerby [ 1826, Genera of Shells, Pt. 27, 
Lucina, fig. 2], and the hinge of the left 
valve and exterior of the right by Reeve 
[ 1850, Conch. Icon., "Lucina," sp. 12]), the 
rarity of the type species has led to much 
misunderstanding, not only of its provenance 
and distribution, but also of its essential 
characters. This misunderstanding appar­
ently was initiated by Carpenter who, in 
commenting upon a collection of shells 
made by Mr. J. Xantus at Cape San Lucas, 
Baja California, lists ( 1864, p. 620) Miltha 
Childreni, adding: "A few fresh specimens 
correct the habitat 'Brazil,' previously as­
signed to this extremely rare and remarkable 
shell, ... " Earlier (p. 522), in noting that 
a price of £ 10 1 Os. had been listed for two 
specimens of this species in the sale of 
Tanker ville collection, he stated: "There is 
no authority for the statement that it came 
from Brazil. The Br. Mus. specimens are 
from the 'Mus. Cracherode,' and are prob­
ably West Coast. The only known locality 
is Cape St. Lucas." 

Carpenter's conclusions were accepted by 
subsequent authors, especially Dall: ( 1901, 
p. 812) " . .. the locality, Brazil, given in 
the Conchologia Iconica, is erroneous."; 
( 1903, p. 1377) " ... living in the Gulf 
of California." Later, upon receiving a speci­
men of the true childrenae collected at Per­
nambuco, Brazil, Dall ( 1905, p. 110) 
acknowledged that his above locality cita-



96 Tulane Studies in Geology and Paleontology Vol. 7 

tions were in error and (p. 111) named 
the Gulf of California species P hacoides 
(Miltha) xantusi. But Dall's 1905 paper 
seems to have been rather generally over-
looked and among others we find Maury 
stating in the discussion of her "P hacoides 
(Miltha)" smithwoodwardi (1917, p. 369): 
"This species is apparen tly the ancestor of 
. . . }\1. childreni Gray ... living in the Gulf 
of California." As late as 195 3, Olsson and 
Harbison, after correctly citing the species 
as from Brazil (p. 88), refer to it, on p. 
89 as "the Recent Miltha childreni from the 
Gulf of California." 

Species previously included in Miltha.­
The misunderstanding concerning the es­
sential characters of the species to be re­
ferred to Miltha appears to stem primarily 
from the work of Dall, who in 1903 as­
signed it to a position as a subgenus of 
Phacoides "Blainville" typified by Lucina 
jamaicensis Lamarck, a species with the an­
terior cardinal obsolete and the posterior re­
duced, but with strong laterals. He recog­
nized three species groups in his "subgenus" 
Miltha ( 1903, p. 1374): 

"A. Species of which the surface sculpture 
is characterized by concentric lamellation 
like P. ( M.) disciformis and hiUsboroensi.r 
of Heilprin. 

"B. Species compressed, high, with fine 
concentric striation, like P. (M.) Childreni 
Gray and caloosaensis Dall. 

"C. Species with sculpture similar to the 
last but more convex and elongated with a 
somewhat sinuous basal profile, like P. ( M.) 
pandatus Conrad and V oorhoevii [sic ] 
Desha yes." 

Dall listed or discussed 12 American 
Tertiary and Recent species that he re­
ferred to P hacoides ( Miltha) . His arrange­
ment was followed by Maury ( 1917, pp. 
368-9) and by Gardner (1926, pp. 111-2) 
each of whom added two new species. In 
terms of present interpretation the follow­
ing assignments may be made of these 
speoes: 

1. Forms referred to group "A" of Dall: 
Lucina disciformis Heilprin ( 1886, Trans. 

Wagner Free Inst. Sci., vol. 1, p. 94, pl. 
11, fig. 28) = type of Armimiltha Olsson 
and Harbison ( 1953, p . 83). 

Lucina hiUsboroensis Heilprin ( 1886, ibid.1 

p. 117, pl. 16, fig. 62) = Armimiltha. 
Cyclas claibornensis Conrad ( 1865, Amer. 

Jour. Conch., vol. 6, p. 146) =type of 
Plastomiltha Stewart ( 1930, p. 191). 

Phacoides ( Miltha) riocanensis Maury 
( 1917, Bulls. Amer. Paleontology, vol. 5, 
p. 369, pl. 61, fig. 7 ) = Armimiltha. 

Phacoides ( Miltha) heilprini Gardner 
( 1926, U . S. Geol. Surv., Prof. Paper 
142C, p. 112 , pl. 19, Figs. 7, 8) = A rmi­
miltha . 

2. Forms referred to group "B" of Dall: 
These are for the most part the species 

referred to Miltha s.s. and discussed in the 
present paper. It is to be remembered, how­
ever, that as noted above, Dall misapplied 
the name "Childreni Gray" to the Gulf of 
California species now know as Miltha 
xantttsi DaU. In addition to childrenae, the 
following named species have been referred 
to this group: caloosaensis ( Dall, 1898) , 
chipolanct (Dall, 1903) , heracleus (Dall, 
1903), and smithwoodwardi (Maury, 1917). 
The latter two are here held to be synonyms 
of chipolana. 

In addition to the species listed, Dall 
added Lucina claytonia Harris ( 1896, Bulls. 
Amer. Paleontology, vol. 1, p. 183, pl. 16, 
figs. 10; lOa) , stating that it "is also a 
Miltha belonging to group B of the sec­
tion." This species was tentatively referred 
by Stewart ( 1930, p. 184) to Saxolucina 
( Codalucina) and by Chavan ( 1938, p. 70) 
to Saxolucina. 
3. Forms referred to group "C" of Dall: 
Lucina pandata Conrad ( 1833, Amer. Jour. 

Sci., vol. 23, p. 343) = Eomiltha Coss­
mann, 1911. 

Phacoides (Miltha) ocalanus Dall ( 1903, 
p. 1375, pl. 50, fig. 14). The position of 
this species, known only from internal 
casts, is uncertain. As noted by Dall the 
cast has the form of pandatct [ = Eomil­
tha], but the elongate structure, inter­
preted by Dall as the posterior adductor 
scar, is entirely unlike anything to be ob­
served in pandata or other species of 
Eomiltha. The same structure is well 
shown in Harris' ( 1951, pl. 39, fig. 7) 
figure of a specimen from Reddick, Flor­
ida, and it cannot, therefore, be inter­
preted as of pathologic origin. Specimens 
in the Tulane collection are also similar 
in this respect, but one seems to show 
a small, divided posterior adductor scar, 
similar to those found in Eomiltha oc-

J 

cupying the ventral end of the impressed 
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area. This latter shell, however, appears 
to have had an edentulous hinge and may 
well represent a species of Pseudomiltha. 

Phacoides (Miltha) xustris Gardner ( 1926, 
U. S. Geol. Surv. Prof. Pap. 142C, p. 112, 
pl. 20, figs. 1, 2) = Eomiltha Cossmann, 
1911. 

4. Species tentatively referred to Miltha by 
Dall without assignment to one of his 
"groups": 
"Dosinia (later Lucina) gyrata" Gabb, 1865, 

(Palaeontology California, vol. 1, p. 168, 
pl. 2 3, fig. 148) has been referred to 

Eomiltha by Stewart ( 1930, p. 192, pl. 
12,fig.11). 

Lttcina subobliqua Say ( 1824, Jour. Acad. 
Nat. Sci. Phila., vol. 4, p. 147). Accord­
ing to Dall (1903, p. 1378) this species 
"is still unfigured and I have not seen 
specimens. It would appear to be a Miltha 
from the description, though only four­
fifths of an inch in length, and was ob­
tained from the Miocene of Mary land, 
probably in St. Mary's County." This 
species appears not to have been re­
ported since its original description, and 
cannot be given any definite generic as­
signment at this time. 
The Recent species from the Mozambique 

Channel, Lucina voorhoevei Desha yes ( 18 57, 
Jour. de Conchyl., vol. 6, p. 106, pl. 2, fig. 
1) , mentioned by Dall as a species of his 
"group C" has been referred to Eomiltha by 
Stewart ( 1930, p. 190) and Chavan ( 1938, 
p. 93, as "voorhoovei"). 

The general absence in American collec­
tions of specimens of the Recent species 
of Miltha and the fact that Dall in his great 
monograph on the Tertiary Faunas included 
under that name forms that are today re­
ferred to five different lucinid genera 
rather clearly explains the general lack of 

LEFT VALVES 
SPECIES "flat" "inflated" 

childrenae 0 1 (= 1) 
carmenae 47 27 (= 74) 
calo os a ens is 89 101 ( = 190) 
chipolana 60 45 ( = 105) 

196 174 ( = 370) 

appreciation of those characters that serve to 
delimit the genus. 

Furthermore, it is clear from statements 
made by Dall that he had not seen the 
original descriptions of Gray. Thus, in 1901 
( p. 806), he states: "The type is Lucina 
childreni Gray, 1825, as Tellina.", and in 
1903 his first entry in the synonymy of his 
"Phacoides (Miltha) Childreni Gray" is: 
"Tellina Childreni Gray, Ann. Phil., xxv., 
p. 136, 1824; Zool. Journ., i, p. 221, 1825." 
In both entries, the dates of which were re­
versed by Dall following an error first per­
petrated by Sowerby, the species was re­
ferred to Lucina, and in both it was given 
the feminine termination, "childrenae." It 
was not until 1828 that it was referred to 

Tellina by Wood in the "Index Testaceologi· 
cus." 

B. Characters of Genus Miltha 

Valve inflation.-Perhaps the most striking 
result of this broad interpretation of the genus 
has been a failure to realize the significance 
of the differing degree of inflation of the 
two valves as a character of generic impor­
tance. Yet it was this feature , and espe­
cially the fact that of the two specimens 
available in the Tankerville collection one 
had an inflated right and the other an in­
flated left valve, that was the basis upon 
which Gray first defined the type species 
(see page 116). An examination (Table 1) 
of 768 valves of four species from the 
Western Atlantic region 1 indicates that in 
Miltha, unlike other bivalvian genera with 
differing inflation of the two valves, either 

1 No spedmens of Miltha iheringiana 
Doello-Jurado from the Tertiary Entrerrienne 
Formation of Entre Rios, Argentina, have been 
available. See: Doello-Jurado, 1919, Physis, 
Rev. Soc. Arg. Sci. Nat., vol. 4, p. 558. 

RIGHT VALVES 
"flat" "inflated" TOTAL 

4 4 (= 8) 9 
46 49 (= 95) 169 

118 85 ( = 203) 393 
56 36 (= 92) 197 

224 174 ( = 398) 768 

Table 1: Tabulation of the distribution of 420 "flat" and 348 "inflated" adult valves of species 
of Miltha s.s. examined during this study. The 9 valves of M. childrenae are from the collec­
tions of the U. S. Fish and Wildlife Service. Of the others, 166 are in the collections of Mr. ~nd 
Mrs. R. C. Hoerle, West Palm Beach, Florida, and 593 are in the Tulane University collection. 
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valve may be more inflated than its opposite. 
The development of differing degree of in­
flation is a progressive feature in the 
ontogeny of the individual. Small valves 
of immature individuals are almost equally 
inflated and, in general, it is only after they 
have attained a height of about 25 n1m that 
differentiation can be observed. Of the 768 
larger valves available for this study 53 % 
of the left and 56% of the right, or a total 
of 55% of all specimens, were of the less 
inflated type, a feature suggesting that the 
more inflated forms are less resis tant to 
crushing or breakage than are the relatively 
flatter ones. 

In all species the more inflated valve is 
slightly larger than the less inflated, which 
fits within it with a slightly beveled edge 
permitting tighter closure. 

Ornamentation .-The surface m both 
valves is ornamented primarily by low, 
round-topped concentric growth lamellae. 
These are usually stronger near the margins 
than on the central part of the valve and 
and often become sufficiently strong on the 
anterior and posterior dorsal areas to give 
them a somewhat rugose appearance. In ad­
dition to this concentric ornament there is 
a weak radial ribbing that is usually visible 
only under strongly oblique lighting (see 
pl. 1, figs. 1-4). Individual ribs are low and 
round-topped, variable in width on differ­
ent parts of the shell, being usually more 
abundant and narrower toward the umbonal 
region, becoming w ider ventrally, appar­
ently mainly by the dying out of the small 
groove-like interspaces between them. These 
ribs are probably most strongly developed 
-though always very weak-on the valves 
of Miltba childrenae and weakest on rhose 
of M. carmenae. In both of these species 
the individual ribs tend to be relatively 
wider than they are on the valves of M. 
chipolana and M. caloosaensis. 

A second form of radial ornamentation 
consists of small, sub-parallel to anastomos­
ing, microscopic grooves ( pl. 1, fig. 4, in­
sert) . These are best developed in the 
interspaces between the concentric lamellae 
and may be an expression of the arrange­
I11ent of the prisms in the upper shell layer. 

Finally, there is also a series of minute 
raised threads that have a variable but gen­
erally tangential trend (pl. 1, figs. 5, 6). 
These are usually best seen toward the lat­
eral margins of the valves, but occasional 
remnants may be observed on all parts of 
the valve surface (see pl. 1, figs. 1 and 2 
-to the right of the center of each figure) 
and presumably would be universally present 
on completely unworn valves. 

The most notable feature of the valve 
ornamentation is the development of an­
terior and posterior dorsal areas that are 
set off fro111 the rest of the surface by 
grooves radiating from the umbo. The 
posterior area, always considerably larger 
and more strongly developed than the an­
terior, is usually said to bear in its median 
area a longitudinal sulcus of variable 
strength that divides it into two more or 
less equal parts. Examination of well pre­
served specimens suggests that the surface 
would better be described as having a rather 
strong rounded rib on the antero-ventral 
segment of the area, separated from the 
main valve surface by the strong sulcus that 
defines the inner margin of the area. The 
crest of this rib is equal to the height of the 
adjacent valve surface, while the portion 
dorsal to it is depressed below that level. 
The strength of the so-called "median sul­
cus" is a facror of the degree of roundness 
of the rib. If it is well rounded so that the 
postero-dorsal side is steep, a "sulcus" ap­
pears to be present, but if the postero-dorsal 
slope is broad and gradual no delimiting 
"sulcus" can be observed ( compare figs. 1 

PLATE 1 

Portions of the surfaces of specimens of Miltha phorographed under strong oblique 
lighting to emphasize minor features of the valve ornamentation. All magnifications 
are approximately four diameters except fig. 4 insert, which is fourteen diameters. 
Figures 1-4 are of median areas of the valve surface ro show variations in the radial 
ribbing; figures 5 and 6 are near the ventral margin to show the obliquely tangential 
thread-like ridges . Figs. 1 and 6, Miltha (Miltha) childrenae: figs. 2 and 5, M. (M.) 
carmenae,· fig. 3, M. (M.) chipolana,· fig. 4 M. (M. ) caloosaensis. 
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PLATE 1 
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and 4, pl. 4) . In none _of the specimens 
studied has it been possible to observe a 
true median aroove on the area. 

The streng~h of this rib is variable and 
not a chara~ter of value for specific dis­
cimination within the genus. It is, perhaps, 
most consistently narrow and stee.12-sided ?n 
M. caloosaensis, but even in this speCies 
there are numerous specimens with a slop­
ing postero-dorsal side. In contrast, t~e nb 
is weak, almost absent, on most spe~unens 
of M. cannenae but is narrow rmd high on 
one individual valve. 

The anterior dorsal area is always small 
and narrowly elongate, usually not strongly 
delimited from the main surface of t~e 
valve. It is best developed on M. caloosaensts, 
with its ventral limits defined, on the more 
inflated valve, by an irregular, raised rib 
and on the flatter valve, by a narrow and 
shallow rounded groove. Similar though 
weaker delimiting structures are present in 
the other species examined. The rib on 
four of the five available inflated valves of 
M. cbildrenae is delimited both ventrally 
and dorsally by a narrow impressed groove, 
and three of the four less inflated valves 
have a second shallow groove near the 
median portion of the area. 

The shape and nature of the del~miting 
structures of the anterior dorsal area Is com­
plicated by the manner in whi~h the anterior 
dorsal margin of the less mflated valve 
folds over and displaces the adjacent part of 
the margin of the inflated valve. This tends 
to acce;tuate the strength of the rib and 
the depth of its limiting ventral groove on 
the inflated valve and usually to broaden and 
almost erase the groove on the flatter one. 

Lttnttle.-The small lunule has become im­
pressed and limited to the right val~e, wher.e 
it lies closely adjacent to the antenor cardi­
nal tooth and projects to fit into a de­
pressed area on the. le~t valve. In ~ost spe­
cies the lunular proJectlOn on the nght valve 
has impinged upon the anterior cardinal to 
the extent that the combined projecting 
margin and the tooth serve almost as .a 
single bifid unit (see pl. 2). In some speCI­
mens of M. chVpolana, however, the lunule 
has almost completely absorbed the cardinal 
( text fig. 1 ) . 

The extent to which the lunule has be­
come impressed into the valve varies con­
siderably between species but is relatively 

Text figure l. Hinge of a right valve ?f 
M iltha chipolana ( Dall ) ( USNM 6.46398) m 
which the impressed lunular marrpn has . al­
most completely absorbed the antenor cardmal 
tooth. (X Ph). 

constant within them. It is least impresse~ 
in M. childrenae (pl. 2, fig. 1a), where 1t 
lies almost parallel with the anterior dorsal 
slope of the valve, making an a?gle of ap­
proximately 65 o from the veruc~l of the 
valve height and is most deeply unpressed 
in M. caloosaensis. In this species the lunule 
is characteristically concave, with ~ts dor~al 
one-third to one-half vertical to shghtly 111-

wardly sloping and its more ventral portion 
trending anteriorly at an angl~ of 3 5o to 
40 ° from the vertical (pl. 2, fig. 3a). The 
dorsal portion of the lunule in this species 
tends to overtop and become closely ap­
pressed against the dorsal portion of the 
anterior cardinal tooth, only the ventral seg­
ment of the tooth remaining functional. In 
M. carmenae (pl. 2, fig. 2a) the lunule .lies 
at an angle of about 30 o to the verucal, 
but due to the more steeply sloping an­
terior dorsal margin of the valve is not 
as deeply impressed as it is in M. caloosaen­
sis. There is more variation in the nature 
of the lunular area in M. chipolana than 
in any of the other species investigat~d dur­
ing this study. This is in keeping w1th the 
general trend in that in almost all charac­
ters noted, the greatest degree of individual 
variation occurs in this, the oldest of the 
western Atlantic species. The extremes of 
this variation in the lunule are represented 
in the specimens figured (see pl. 2, fig. 
4a and text fig. 1 ) . On the average the 
lunule is very slightly concave inward and 
the degree of its immersion varies so that 
its angle with the vertical ranges from 22 o 
to 40°. 

The lunular margin of the left valve is 
excavated for the reception of the project-
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ing lunule of the right. In most specimens 
the depth of the excavation is approxi­
mately equal to the depth of the socket for 
the reception of the right anterior cardinal 
tooth. The socket and the excavation are, 
however, always separated, usually by a 
slight ridge (see pl. 2, figs. 2b and 4b). In 
M. caloosctensis, where the lunule has im­
pinged rnost strongly upon the cardinal, 
and as a result obliterated its dorsal portion, 
the ridge is n1ore strongly developed and 
cuts off the dorsal part of the socket becom­
ing fused with the anterior face of the bifid 
left anterior cardinal tooth. 

Ligament.-Tbe ligament is deeply inset 
between the valves, essentially opisthodetic 
in position and of the paravincular type. 
The outer lamellar ligament is relatively 
thin and elongate, occupying almost the 
entire posterior dorsal area of the valve. It 
is inserted in a shallow groove that is deeper 
and more distinct on the relatively inflated 
valves than it is on those of lesser inflation. 
The fibrous resilifer lies well below the 
lamellar ligament and is considerably shorter. 
It is received upon a long, more or less 
lanceolate nymph, whose dorsal margin is 
slightly raised above the level of the binge 
plate but whose ventral side is level with 
or slightly impressed into the plate except 
at its posterior extremity where it generally 
rises to the level of the dorsal side. The 
anterior end of the nymph parallels the thin 
posterior cardinal tooth of the right valve, 
and the socket for its reception in the left 
and curves dorsal to the tooth to extend 
all the way to the tip of the umbo. In the 
left valve the nymphal margin is delimited 
from the cardinal socket by a thin and low 
shell lamina. 

Two of the right valves of M. childrenae 
show a remnant of the fibrous ligament in 
the extreme dorsal ends of the cardinal 
sockets where it is set on a thin shell 

' 
lamina, and from which it appears to ex-
tend on to the inner edge of the lunule. A 
number of the fossil specimens also show 
thin shell laminae bridging the dorsalmost 
extremities of the sockets slightly below 
their top, and it may well be that in these 
as in the Recent specimens, the fibrous liga­
ment while functionally opisthodetic was 
actually slightly amphidetic in position (pl. 
4, fig. 4). 

It is interesting to note that the fibrous 
ligament is preserved in all of our fossil 
specimens. Fibers from the Recent M. 
childrenae when treated with dilute hydro­
chloric acid reacted with strong efferves­
cence and were dissolved so completely as 
to leave no visible organic material even 
under magnification. 

A flange projects at right angles to the 
right valve slightly below its dorsal edge. 
In all specimens it is broken away except 
toward the posterior extremity, where it 
lies immediately above the groove for the 
reception of the lamellar ligament (see pl. 
2, figs. 1a, 2a, 3a, 4a; pl. 4, fig. 4; pl. 5, fig. 
3; pl. 7, figs. 2, 4, 5; pl. 3, fig. 2d). The 
broken anterior end of the flange is almost 
always at, or but slightly behind, the 
posterior end of the nymph and the fibrous 
ligament, and the breakage would seem to 
be a function of the "bulging" of this por­
tion of the ligament when compressed by 
the closing of the valves. 

Hinge teeth.-The hinge, in the adult 
(pl. 2 ) , consists of two cardinal teeth in 
each valve, of which the posterior cardinal 
( 3b) in the right valve and the anterior 
( 2) in the left valve are more or less bifid 
and more strongly developed than the ad­
jacent right anterior ( 3a) and left posterior 
( 4b) cardinals. These latter are simple and 
tend to be rather lamellose. All teeth are 
somewhat curved, do not completely cross 
the hinge plate, and all tend to be somewhat 
undercut along at least one of their sides. 

There is a considerable amount of varia­
tion within the individual species, but in 
general it is evident that the bifid cardinals 
are most deeply divided in M. caloosaensis, 
least so in 1\II. chipolana and M. carmenae. 
In the latter species the younger (i.e., 
smaller) adult specimens have these teeth 
somewhat more deeply grooved than in the 
older and larger forms. In view of this fact 
it may be that since M. caloosaensis is the 
smallest of the species here studied, the 
greater degree of bifidity is a result of its 
smaller average size. 

The greatest variation occurs in the right 
anterior cardinal and is a result of the en­
croachment of the lunular margin. The most 
striking result of this encroachment is, as 
noted above, to be found in M. caloosaensis 
where the dorsal segment of the cardinal is 
obsolete and aborted. In M. chipolana and 
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.NI. car,nzenae the anterior end of the cardinal 
becomes fused against the side of the lunule 
and the tooth is somewhat shorter than the 
median cardinal of the san1e valve. The less 
deeply impressed lunule in M. child1renae 
overtops the cardinal at its dorsal end and 
becomes fused against the anterior side of 
the bifid posterior tooth (pl. 2, fig. la ) to 
form a lamellar plate for the reception of 
the anteriorly projecting ligament. The dor­
sal end of the anterior cardinal becomes re­
duced in height but continues under the 
plate apparently without being otherwise 
affected by the lunular structure. 

C. Development of the hinge 
and associated shell features 

A number of juvenile specimens of M . 
chipolana were secured from matrix wash­
ings from Tulane University locality 55 5 on 
the banks of the Chipola River, Calhoun 
County, Florida. Study of these revealed 
that while the adult specimens of the genus 
are marked by the absence of anterior and 
posterior lateral teeth, these are functionally 
present in the immature stage of develop­
ment. Furthermore, the lunule, which in the 
adult is confined to the right valve, is rela­
tively large, lozenge-shaped, and present in 
both valves. Perhaps most unexpected was 
the presence of a well-marked, elongate 
escutcheon in the smaller of the juvenile 
speClmens. 

Lunule.-In the smallest of the specimens 
available the lunule and the escutcheon are 
both relatively large, elongate, lozenge-

shaped, and about equally well developed 
in both right and left valves. The inner 
margin of the lunule is raised in both valves 
with the edge of the right slightly project­
ing only in its more posterior portion where 
it is adjacent to the anterior cardinal tooth. 
In this valve the posterior end of the raised 
lunular margin is continuous dorsal to the 
cardinal teeth and unites with the anterior 
end of the small nymph plate (pl. 3, figs. 
2a-2d). In the youngest left valves the 
posterior end of the lunular margin crosses 
above the dorsal end of the relatively large 
and deeply bifid anterior cardinal and passes 
without evident interruption into the dorsal 
end of the lamellar posterior cardinal (pl. 
3, figs. la, b ). It thus appears that at this 
early stage of development the lunular mar­
gin of the right valve was dorsal to that of 
the left. During subsequent growth the 
lunule does not enlarge as rapidly as does 
the rest of the valve and thus progressively 
becomes relatively smaller until in the adult 
it is only a little longer than the right an­
terior cardinal. During this development the 
margin of the right impinges more and more 
over and against the left, the inner edge 
of which in turn gradually recedes although 
retaining the raised margin. This becomes 
narrow and lamellar and persists as a narrow 
ridge separating the projecting right lunule 
from the adjacent anterior cardinal tooth. 
The connection of the left lunular margin 
with the left posterior cardinal is broken 
at an early stage of this development, but 
the dorsal end of this cardinal is above the 

PLATE 2 

Typical hinges of species of Miltha ( ca. X 1.7 ) . Note in the right valves (figs. la, 
2a, 3a, 4a) the differing shape and degree of submergence of the impressed lunular 
margin, and the varied effect of this submergence upon the anterior cardinal teeth; 
and in the left valves (figs. 1 b, 2b, 3 b, 4b ) the depressed area on the hinge plate for 
the reception of the right lunular margin and the low ridge that separates this area 
from the anterior adductor socket. In M. caloosaensis (fig. 3b ) note that the latter 
ridge be~o~nes a r~ised lai?ella that cro_sses the socket to fuse with the dorsal portion 
of the bifid antenor card111al tooth. Figures 2a and 3a also show well the plate-like 
remnant of the former escutcheon, the anterior part of which is characteristically broken 
away, apparently by the action of the enlarged fibrous ligament, portions of which are 
p~eserved in all specimens. The . corre~ponding left valves show the very narrow groove, 
distant froJ? the ny_mph pla~e, 111 whiC~1 was lo~ged the thin lamellar ligament. Figs. 
la, lb: Mtltha (Mtl~ha) chtldrena_e (fig. _lb be111g a somewhat immature specimen-­
t~e only left valve 111 the colle~twn_); figs. 2a, 2b: M. (M.) carmenae (holotype); 
figs. 3a, 3b: M. (M.) cctloosaensH/ figs . 4a, 4b: M. (M.) chipolctna. 
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enci of the antenor cardinal ~t all stages of 
growth. 

nsctttcheon. As indicated above, the dis­
covery of a well defined escutcheon present 
on !:he more immature valves was quite un­
expected, especially since this structure is 
~ypically absent in almost all lucinids, except 
in species of the genus iVIyrtea Turton, 1822. 
The smallest c;;pecimens of iVIiltba cbipolana 
here s!:ud ied possessed a rather large es­
cutcheon that extended from immediately 
behind the umbo almost the full length of 
the posterior dorsal margin. It is almost 
flat, at right angles to the rest of the valve 
surface, smooth except for fine lines of 
growth, and is delimited on its outer side 
primarily by a series of raised, somewhat 
thickened ends of the growth lamellae that 
ornament the main posterior area of the 
valve, including the dorsal area. In sum 
total of its features this escutcheon is like 
that to be seen on Chione ccmcellata (Lin­
naeus). 

As growth proceeds the outer edge of 
the escutcheonal area appears to rise pro­
gressively above the flattened surface. The 
area of the right valve, as in the develop­
ment of the lunule, displaces the escutcheonal 
margin of the left until it is wholly below 
the projecting valve surface, its former pres­
ence marked only by a low ridge dorsal to 
the groove in which the lamellar ligament 
is inserted. The "flange" that projects at 
right angles to the dorsal part of the right 
valve (see page 101 ) is the remnant of the 
escutcheon. It apparently falls victim to the 
pressures developed by the enlargement of 
the fibrous ligament, for even in relatively 
small specimens (pl. 3, fig. 2d; 11.2 mm in 
length) it has been broken away dorsal to 
the area occupied by that structure. 

Hinge.-The cardinal teeth of the hinge 
in the immature specimens are similar ro 
those of the adult, the only differences be­
ing that the left antenor cardinal is pro-

portionately more trigonal and n1ore deeply 
bifid, and the left posterior son1ewhat rnore 
robust in the immature form. Initially all 
cardinal teeth except the right anterior one 
occupy the full width of the hinge plate. 

The striking difference between the ju­
venile and adult hinges is the presence in the 
former of anterior and posterior lateral 
teeth. In these specimens, single small and 
more or less elongate laterals are present 
in the left valves that are received in rather 
prominently developed sub-marginal sockets 
in the right valves. In the left valve in1-
mediately below the anterior end of the 
well-defined lunule there is an almost nodu­
lar anterior lateral tooth (All ) the dorsal 
side of which is continuous with the raised 
lunular margin, giving the tooth the super­
ficial appearance of being sornew hat 
obliquely transverse to the trend of the 
hinge plate (pl. 3, figs. 1a, 1 b ). This tooth 
is received, in the right valve, in a distinct 
and prominent socket that occurs between 
the raised lunular margin and a strong, 
elongate, anterior lateral (AI ) that, in the 
smallest specimen available, appears to arise 
more from the dorsal side of the valve in­
terior than from the inner edge of the hinge­
plate itself (pl. 3, fig. 2b). In all larger 
specimens (pl. 3, figs. 2a, 2c) it is located 
upon the inner edge of the plate. This tooth 
is sub-triangular in profile with its apex 
situated below the anterior end of the lunu­
lar n1argin. As growth proceeds and the 
lunular area becomes proportionately smaller, 
the right lateral tooth becomes relatively 
more and more elongate and more anterior 
in position with respect ro the portion of 
the lunular margin that initially formed 
its opposite element of the lateral socket. 
As it loses its function as a confining ele­
ment for the left anterior lateral it becomes 
reduced in height but persists into the adult 
hinge, where its presence is marked by a 
low and inconspicuous raised ridge that 

PLATE 3 

Development of the hinge and associated features in Miltha ( Miltha) chipolana 
(Dall). All figured approximately X 9.6; all specimens from Tulane University lo­
cality TU 555, Chipola Formation, Chipola River, Florida. Figures la-d, left valves: la, 
USNM 646403; 1b, USNM 646404; 1c, USNM 646405; 1d, USNM 646406. Figures 
2a-d, right valves: 2a, USNM 646399; 2b, USNM 646400; 2c, USNM 646401; 2d , 
USNM 646402. 



0. 3 Obse1rvations on Milthcr 105 

PLATE 3 



106 "Tulane St11dies 111 Geolog)' and Paleontolog)' Vol. 7 

-NRF--

a 

T(~xt figure 2. Comparison of some fea tures of the anatomy of Codalcia orbic ula1'is ( Linnaeus ) 
-figure ,; (modified after Allen, 19.58, text fi gures 3 and 29) , with markings o.n the ir~terior 
of the valves of M iltlza-figurc h. AA- anterior adductor muscle and scar; LGA-lme of g1ll at­
tadnnent and corresponding ridge in Miltha : ~IG-"mantle gills" of C. 01'hicula1'is; NRF-"non­
ridgccl fold" of mantl e ancl corresponding ridge on shell of M iltha; FA-posterior adductor muscle 
and corresponding scar; PBV-pallial blood vessel in Codalda and corresponding groove in shell of 
Milt lw . The letters "em" and "fm" indicate the areas of "catch" or non-striated muscle fibers 
and of the "fast" or striated muscle fib ers comprising the adductor muscles. 

margins the an terior ventral side of the 
hinge-plate. This marginal r idge is present 
in all of the species examined. 

The left anterior lateral becomes weak­
ened and lost as the adjacent lunular margin 
is depressed by the enlargement of that of 
the right. T here is some suggestion how­
ever (see pl. 3, fig. ld ), that it develops 
a low anterior r idge-like proj ection, which 
forms the low ridge margining the antero­
ventral side of the binge-plate in that valve. 

The posterior lateral of the left valve 
( PII ) 1s essentially a slender elongate ridge 
that occupies the full width of the narrowed 
hinge plate. The top of this ridge is raised 
slightly above the level of the projecting 
margin of the escutcheon, which otherwise 
is higher than the hinge-p late, being sep­
arated from that margin by an inconspicu­
ous, shallow groove (pl. 3, fig. la, b ). This 
tooth is received in an elongate socket that 
develops between the raised escutcheonal 
1nargin of the right valve and a long, 
slender, ridge-like pos terior lateral tooth 
(PI ) developed on the ventral margin of 
the hinge-plate at its posterior end. Both 
the left and right laterals die out as the 
escutcheonal structure is transferred to the 
r ight valve and then broken away by the 
growing fi brous ligament. The posterior 
portion of the hinge-plates of right and left 

valves have no areas of contact with each 
other in any of the adult valves examined 
and it is evident that no traces of the 
posterior lateral tooth structures remain at 
that stage of development. 

D . Structures on interio1r of the 
wtlves and their interpretation 

No study bas been made of the anatomy 
of either of the two Recent species of 
lviiltha. Observation of the markings present 
on the interior of the valves of the species 
of Miltha examined during the present in­
vestigation, interpreted in the light of pub­
lished anatomical studies of species of other 
genera of Lucinidae (see especially Allen, 
1958), serve, however, to permit sugges­
tions as to certain aspects of milthoid 
anatomy. These internaf markings include, 
in addition to the usual adductor n1uscle and 
pallial line scars, two, and occasionally three, 
linear grooves and ridges2 that appear to 
mark the site of important body structures 
( text fig. 2). 

2 It sh ou ld b e n ot ed tha t the t e rms 
"grooves" and 'ridges" are here used with re­
spect to the structures visible on th e interior of 
th e valve, and that th ese would be the reverse 
of the structure present on the mantle area- a 
"ridge" on the shell reflects a "groove" in the 
ll1antle. 
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Gill attachment ridge.-Most prominent 
of these structures is a ridge that corre­
sponds with the line of attachment of the 
gill demibranch with the mantle. This ex­
tends dorsally from below the n1ost an­
terior extremity of the posterior adductor 
scar to a point under the hinge line then 
bends sharply to trend antero-ventrally sub­
parallel with and just beneath the margin 
of the hinge plate to a termination at the 
dorsal side of the small anterior retractor 
scar. In the less inflated valve the thicken­
ing developed along this ridge serves to seal 
off almost completely the sub-umbonal por­
tion of the valve area. In M. chipolana, M. 
caloosaensis and M. carmenae the posterior 
segment of the ridge passes under the hinge 
plate at a position almost directly under the 
mid-length of the projecting nymphal plate; 
in M. childrenae the termination is about at 
the anterior third of the length of the plate. 
Judging from the illustration given by 
Keen ( 1958, p. 99, sp. 198) it is even more 
anterior in position in the Pacific species 
M. xantusi Dall, lying at a point that would 
coincide with the prolongation of the 
posterior cardinal tooth. In M. carmenae 
the ridge is almost straight, while in all of 
the other species it is slightly arcuate an­
teriorly towards its dorsal end, being most 
strongly curved and hence terminating more 
anteriorly in M. childrenae. 

Pallial blood vessel groove.-A second, 
usually well-marked structure occurs in the 
form of a groove that has a diagonally 
postero-dorsal trend from a point ventral to 
the midlength of the anterior adductor scar 
to an intersection with the posterior seg­
ment of the gill attachment ridge. This 
intersection occurs approximately at a point 
that would coincide with the crossing of 
the ridge by a line connecting the dorsal 
terminations of the two adductor scars (see 
text fig. 2) . This groove marks the position 
of the large pallial blood vessel that passes 
from the auricles to the sinuses in the man­
tle. In most specimens the trend of the 
groove is almost straight, though minor 
n1eandering n1ay occur. There is variation 
in the angle of trend, the antero-ventral 
end being somewhat lower with respect to 
the length of the anterior adductor in M. 
chipolana and M. cattmenae than it is in M. 
caloosaensis and 2\1.. childrenae. Keen's figure 
of lH. xantusi, mentioned above, suggests 

that this species has a more ventrally situated 
anterior termination of this groove than 
that of any of those here studied. 

There is also variation in the trend of the 
groove on opposite sides of the body of the 
same individual, apparently a result of the 
differing convexities of the valves. In the 
majority of the flatter valves the groove 
can be observed to pass up onto the crest 
of the gill attachment ridge, and in a few 
specimens it crosses that ridge before dis­
appearing, apparently at the point where 
the pallial vessel passes laterally into the 
pericardia! region. In the more inflated 
valves the groove does not transgress on the 
ridge but dies out immediately adjacent to 
it suggesting that the pericardia! area was 
slightly more remote from the mantle on the 
more rounded side of the body. In few in­
flated valves, however, there is what is ap­
parently a shallow prolongation of the 
groove trending dorsally parallel and im­
mediately adjacent to the inner side of the 
ridge. The significance of this change of 
direction is not apparent unless it be that 
the lateral compression indicated by the 
lesser inflation of one of the valves results 
in a slight offset of one auricle with respect 
to the other. 

The interpretation of this groove as mark­
ing the position of the pallial blood vessel 
is borne out by a comparison of the figures 
showing the position of this structure in the 
species studied by Allen ( 1958) with the 
shells of the same forms in the Tulane Uni­
versity collections. In all of these species the 
shells show some trace of a groove in the 
region indicated by Allen as being the site 
of the pallial vessel. Usually the groove is 
more pronounced (more deeply impressed) 
in the relatively compressed, thicker-shelled 
species-e.g.: Lttcina pennsylvanica (Lin­
naeus ) (Allen, fig. 4, p. 431, and fig. 19, 
p. 442) , C odakia orbicularis ( linnaeus ) 
(Allen, fig. 3, p. 430, and fig. 29, p. 452), 
Codakia (]agonia) orbiculata (Montagu ) 
(Allen, fig. 30, p. 452); less deeply im­
pressed and accordingly more difficult to 
detect in the more inflated and usually 
thinner shelled species-e.g.: "Lucina (Lori­
pintts) chrysostoma Meuschen" [ = Ano­
dontia alba link] (Allen, fig. 18, p . 441) 
and Divaricella [ = Divalinga ] quadrisul­
cata ( d'Orbigny) (Allen, fig. 17, p. 441). 

In all of these species the ventral termi-
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nation of the pallial vessel and of the con­
sequent groove on the interior of the shell 
occurs at a point behind the postero-ventral 
end of the elongated anterior adductor 
muscle. This is in contrast to its position 
in the species of the genus Miltha sensu 
stricto. In these the ventral termination of 
the groove occurs closely ad jacent to the 
inner side of the adductor well above its 
postero-ventral end. 

N 01Z-ridged mantle fo ld.- A third strtlC­
ture and one that is most commonly to be 
noted on the interior of the valves of the 
larger specimens in the collections, con­
sists of a rather weak ridge trending antero­
dorsally from a point coincident with the 
inner margin of the pallial line almost to 
the posterior side of the anterior adductor 
scar before turning to parallel the adductor 
to and beyond the pallial blood vessel 
groove. The ridge, which has been observed 
in all of the species at present under study, 
is most strongly developed in the area be­
tween the pallial line and the adductor scar 
but becomes greatly weakened as it parallels 
the scar and is but seldom visible above the 
pallial vessel groove. 

The ridge appears to mark the position 
of the "non-ridged fold" of Allen ( 1958, 
p. 430, text figs. 3, 29), which he de­
scribes and figures as occurring in Codakia 
orbicularis ( linnaeus) and compares with 
that reported by Pelseneer ( 1911, p. 39) 
as occurring in "Lucina exasperata" [ = 
Codakia tigerina (linnaeus)]. According to 
Allen this fold marks the inner margin of 
the area of "mantle 'gills' " which are 
wrinkles or "convoluted folds of the inner 
mantle epithelium." Allen also states (p. 
431 ) that "it seems probable that these 
'gills' are respiratory in function . .. Not 

only are all the pallial blood spaces greatly 
extended but a large pallial blood vessel is 
present. This vessel is largest in those species 
with 1nantle gills." Allen also notes that 
the "non-ridge fold" in Codakia orbicularis 
"extends from the palps to the posterior 
limit of the other folds. " 

Examination of specimens of Codakia in 
our collections revealed that a faint ridge, 
similar to, but weaker than that here noted 
in the species of Miltha, may occasionally 
be seen on the shells of older, 1nore or less 
gerontic specimens of Codakia 01'bicularis, 
Codakia tigerina, and Codakia punctata 
( Linnaeus). It therefore seems probable 
that when the anatomy of Miltha becomes 
known "mantle 'gills' " will be found to oc­
cur, and judging by the strength of the 
"non-ridged folds" as compared to those ob­
served in the species of Codakia, that these 
'gills' will be exceptionally well developed. 

Adductor muscle scars.-The posterior 
adductor scars of the several species of 
Miltha clearly show a differentiation into 
two elements. The outer portion is smooth 
or 1narked by weakly defined "growth lines" 
that curve parallel with the posterior and 
ventral edges of the scar. The inner portion, 
distinctly separated from the outer by an 
impressed line that appears almost a pro­
longation of the pallial line, is marked with 
sub-parallel grooves that trend almost ver­
tically in a dorso-ventral direction. Such 
differentiation is not well-shown on the 
anterior adductor scars, which tend also to 
exhibit sub-parallel grooving that, however, 
trends sub-diagonally across the muscle at­
tachment area rather than dorso-ventrally. 
Some specimens possess a slightly more 
pronounced groove that sets off a small, 
subtriangular dorsal end of the scar. This 

PLATE 4 
Miltha ( Miltha) child,renae (Gray) ___ _ __ _ _____________________________ 116 

Figs. 1, 2. USNM 679267 -A, right valve of lesser inflation, height 86.2 mn1, length 
76.6 mm. 1, exterior of valve; 2, interior of valve. 

Figs. 3, 4. USNM 679267-B, inflated right valve of smaller individual, height 58.3 
mm, length 54.8 mm. 3, exterior of valve; 4, oblique view of hinge and li aan1ental 
area (X 3.2~). Note remnant of fibrous ligament on inner edge of produced 
lunu~ar margm, a.nd .on small platform at dorsal end of cardinal socket, suggesting 
a shghtly amph1det1C ligament. 

All specimens from U. S. Fish and Wildlife Service M/V Oregon locality 4228 Lat. 
20 ° 02~ South, long. 43 o17' West, 28 fathoms, bottom temperature 84 oF. Figs. 1-3' nat­
ural stze. 
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po .... ion u-,ually is also transversely grooved 
b t the g!"O(JH art more weakly incised 
th .. Ln .. 1re rho l' on tht vtntr.d segment. 

.. p<. (imens of Cnddkid c,J hicttlaris in our 
<.ollt.ct:c,r s e 1 ihit a markmg of the poste­
rior add"Gctors that is almo"t identical to 
that of ~Lc specie::, of L\fiJt/Ja. The anterior 
adducrors alc;;o havt rr, nsverse rn.ukings on 
the more ventral parts, but some: specimens 
shcm a larger dorsal area with only weakly 
ddined "growth lint<;," .ls in the posterior 
scar. These MblS of differing ''ornamenta­
tion" on the muscle . cars of C. orbicularis 
agree rather closely \\ ith areas of muscle­
type differentiation shown in the figures 
of this species given by Allen ( 1958, text 
fig. 28; areas nor specifically labelled ) and 
( tc:.xt fig. 1 c) of Lori peJ luciwtli.r (Turton ) . 
In the latter figure the areas are distin­
guished as being the si res of the "'catch' 
muscle" and the "'quick' mu scle," with 
the former occupying the dorsal portion of 
the anterior adductor and the posterior seg­
ment of the posterior add uctor. 

As \vell summarized by H oyle ( 1964, ill 
\X'ilbur and Yonge, vol. I, p . ) 15 ) : "The 
lamcllibrancb adducrors are sometimes di­
v ided by a connective tissue 5heet into two 
portions, one of which is composed of 
smooth muscle fibers (e .g. Pecten, Ostrett , 
'\Iodio/;;s) . .. . The hi stological division 
is correlated with a functional one, the 
striated portion contracting very quickly and 
being referred ro as the 'fast ' portion [ = 
'quick' muscle of Allen], while the non­
stri ated is much slower and is referred ro 
as the 'slow' portion [ - 'catch' muscle of 
Allen]. It is the slow portion which is prin-

cipally responsible for the long-maintained, 
economical contractions which keep the 
valves closed on exposure, though it is 
doubtless assisted by periodical contractions 
of the fast portion in the animal." 

I have been nnable ro locate any specific 
study of the structure of the muscles of the 
Lucinidae. An examination of the table 
given by Bowden ( 1958, pp. 300-301) 
would suggest that the so-called "striated 
portion" probably is of the "doubly obliquely 
striated type" since true transversely striated 
muscle is reported only in Anomia, Lima, 
Pecten (incl. Chlam')'S), Spondyltts, and 
T eredo. As noted by Hoyle ( 1961, p. 315) 
electron microscope studies by Hanson and 
Lowy have shown that these doubly obliquely 
striated fibers are "smooth fibers with 
peripheral, twisted fibrils, rather than fibers 
with a unique form of cross banding." 

Whatever the basic nature of the muscle 
fiber structure, it appears that the adductor 
muscles in 1\!J..ilthct consist of two differing 
muscle fiber types. The outer, relatively 
smooth posterior segment of the posterior 
adductor and the small, dorsal portion of 
the anterior adducror would, by analogy 
with the areas indicated by Allen in his 
figure of Loripes lucinali.r, consist of non­
striated or "smooth" muscle fibers , while 
the smaller, vertically grooved, inner area of 
the posterior adductor scar and the large, 
transversely grooved area of the anterior ad­
ductor scar would be occupied by the so­
called "doubly obliquely striated" type of 
muscle fibers. The impressed line or groove 
separating the two areas on the adductor 
scars wou ld thus mark the location of the 

PLATE 5 
L\liltbct (lvliltbct ) cbipolcmct (Dall) 118 

Figs. 1, 4. USNM 6-16395, height 64.2 mm, length 59 mm. 1, exterior of more m­
flated left valve; 1, exterior of less inflated right valve. Locality TU 459. 

Figs. 2, 3. US M 64639--l, height 72.6 mm, length 67.6 mm, diameter ( paired 
valves) 20.7 mm. 2, exterior of more inflated right valve; 3, dorsal view of 
paired valves. Locality TU 555. 

Fig. 5. U NM 6--!6397, height 16.6 mm, length 42.5 mm. Exterior of left valve of 
lesser inflation, ecotypic variety (?) with unusually straight anterior dorsal mar­
gin and subangulate anterior dorsal end; type of }\1. smitbwoodwardi ( Maury ) is a 
shell of this general outline. Locality TU 549. 

Fig. 6. USNM 646396, height 82.9 mm, length 81 mm. Exterior of right valve of 
lesser inflation illu crating the more elongate variant of this species. Locality 
TU 820b. 

All figure. cue approximately natural size. 
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sheet of connective tissue that separates the 
two portions of the respective muscles. If 
thi'l interpretation be correct then the "slow" 
or "catch" segment of the muscle arrange­
ment is much larger in the posterior ad­
ductor with the "fast" or "quick" segment 
correspondingly enlarged in the anterior ad­
ductor. Whether or not this seeming "di­
vision of labor" is a result of the develop­
ment of an anterior inhalant tube in iVIiltha1 

as in many other Lucinids, can only be de­
termined when specimens of the living ani­
mal are available for study. 

E. Ecological Observations 

There is little available published informa­
tion on the ecologic requirements of species 
of the genus Miltha. The specimens of iW. 
childrenae taken by the M/ V Oregon at 
station 42 2 8 (see page 118) were from 2 8 
fathoms, bottom temperature 84oF [ = 
30oC]; this is the only record for this spe­
cies that I have been able to find. Small 
patches of fine -grained, rather angular, 
quartz sand were present on some of the 
specimens. Hertlein and Strong ( 1946, p . 
115) report M . xantusi from the Arena 
Bank, off Baja California, "33 fathoms, 
sand, weed." Keen ( 1958, p . 98) reports 
that most known specimens of M . xantusi 
were taken "off Cape San Lucas, in depths 
of 30 or more fa thoms."3 Durham ( 1950, 
p. 1248) lists iVIiltha among those genera 
indicative of tropical seas in that they live 
in water with a minimum temperature of 
20oC or warmer, while Hall ( 1964, map, 
p. 231) indicates that Cape San Lucas lies 
at the northern edge of the "Inner Tropical 
Zone" where (p . 229) "the marine water 
temperature is 25 oC or approximately 75oF 
for nearly 12 months of the year." 

According to Allen ( 1958, p. 425-427 ) 
most species of Lucinidae appear to live in 
sands or muds where the organic content is 
low or absent, and many show "a marked 
tendency . . . to live among the roots of . , 
manne grasses ... 

3 Dr. A. Myra Keen has informed me ( in 
litt.) that the Stanford University collections 
contain four valves of this species collected by 
the Ariel Expedition, in 1960, from off Cabo 
Haro, near Guaymas, Mexico, in 15 to 25 
fathoms. This represents a considerable exten­
sion of the range of this species into the Gulf 
of California, although still within the "Inner 
Tropical Zone" of Hall. 

W hile studying the collections I was 
struck by the relative rarity of shells show­
ing evidence of having been bored by mol­
luscan predators. A tabulation revealed that 
only 33 of the 450 valves checked were so 
damaged. What was even more striking was 
that 32 of these 33 valves were of the more 
inflated type; only one flatter valve had 
been attacked. This had been attacked twice, 
although only one hole had been drilled 
through into the interior of the shell (pl. 
6, fig. 5 ) and this was a small hole sug­
gesting attack by a relatively immature 
predator. 

The low incidence of predation would 
seem to suggest that Miltha, like n1ost other 
lucinids, is a relatively deeply burrowing 
form. An explanation for the strong tend­
ency for the predators to attack the inflated 
valves is not readily apparent. It would 
seem that if the animal lived with a vertical 
or sub-vertical orientation of the valves, a 
predator burrowing through the substrate 
would have had almost an even chance of 
coming upon either the flatter or the more 
inflated valve. But the incidence of boring 
of the inflated valve is 15.9 percent of the 
201 such valves in the present collections 
while only 0.4 percent of the 249 less in­
flated valves has been attacked. The only 
plausible explanation that occurs to me at 
this time is to suggest that a predator might 
come upon either the anterior inhalant tube 
or the posterior siphonal tube and follow 
these down until they found the shell. This 
would imply that Miltha lives in a more 
or less horizontal position with the in­
flated valve uppermost. 

F. Notes on Origin and 
Geologic History of Miltha 

Chavan, in his "Essai Critique de Classi­
fication des Lucines" (1937-1938), sug­
gested that Miltha was derived from a Juras­
sic form of Mesomiltha or Saxolttcina ( 1938, 
table, p. 242). He had previously noted 
( 1938, p. 72) that there was in the "As­
tartien de Cordebugle ( Calvados ) une 
espece remarquable de Saxolucina"4 and it 
1s probable that this was the species that 

4 Saxolucina substriata Chavan, 1937, Jour. 
de Conchyl. , val. 81, p. 72 ( non "Lucina" sub­
striata Roemer, questionably considered to be a 
Saxolucina by Chavan, 1938, p. 72 ) = Dis­
co tniltha oehlerti Chavan, 1952. 
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he had in mind when he suggested the pos­
sibility of a Jurassic saxolucinid ancestral 
form. However, when he later described the 
Cordebugle fauna he renamed this species 
and made it the type of a new genus Dis­
conrziltha ( 1952, p . 95) "sans relation directe 
avec les Miltha" ( p. 96). It should be noted 
that although Discomiltha oehlerti has a 
superficially Miltha-like external shape, it 
lacks the distinctive anterior and posterior 
areas on the valve and appears to have 
both valves equally inflated. The hinge 
structure is similar to that of Saxolucina 
saxorum (Lamarck), the Lutetian-Bartonian 
type species of Saxolucina Stewart ( 1930, 
p. 184) and so far as can be determined 
from Chavan' s illustration of the right valve 
( 1952, pl. 3, fig. 39), the trend of the 
pallial blood vessel groove is identical with 
that to be observed in the figure of the in­
terior of the valve of S. sax011um given by 
Cossmann and Pissarro ( 1906, pl. 25, sp. 
83-23). The derivation of Saxolucina from 
Discomiltha seems quite probable, but there 
is little evidence suggesting any relationship 
to Miltha. 

The hinge of "Lucina" pulchra Zittel and 
Gaubert, the type species of Mesomiltha 
Chavan ( 1938, p. 231, as subgenus of Cavi­
lztcinrt Fischer), as figured by Chavan 
( 1938, p. 233, text fig. 20), differs from 
that of the immature valves of Miltha chipo­
lana (see pl. 3, figs. 1a, b, 2a, b) in having 
a much narrower hinge plate and more an­
teriorly situated anterior lateral teeth. More 
significantly, there is no trace of an es­
cutcheon, which is so prominently developed 
in the young of Miltha. 

The earliest species with which I am 
acquainted that appears probably to be ref­
erable to Miltha s.s. is the middle Eocene 
Domengine Formation species "Lttcina" 
packi Dickerson ( 1916, p. 484, pl. 36, fig. 
12) . The type of this species is a very small 
and immature individual, but larger speci­
mens, which I figured ( 1939, pl. 10, figs. 
8, 12) as Miltha ( Eomiltha?), show a 
typically milthoid external ornamentation 
including defined anterior and posterior 
dorsal areas (fig. 8), and hinge and internal 
margins (fig. 12). The two separate valves 
available at that time were collected from 
different localities and were too closely 
similar in degree of inflation to permit ob­
servation as to whether or not this early 

form of l\tiiltha possessed the characteristic 
differing inflation of opposite valves that 
is so marked in the Neogene species. 

Chavan ( 1938, p. 61) interprets the 
Montian, Paleocene, Phacoides montensis 
Cossmann (1908, p. 15, pl. 2, figs. 1-10) 
as "une vrai Miltha" and apparently as the 
oldest representative of the genus. But as 
illustrated by Cossmann this species pos­
sesses small anterior and posterior lateral 
teeth in specimens exceeding 50 mm in 
height. The anterior laterals are very dif­
ferent in nature and relative position from 
those to be observed in the young Miltha 
chipolana, and are present in addition to a 
raised ventral margin of the anterior por­
tion of the hinge plate which, as noted 
above ( p. 106) appears, in the Florida 
Miocene species at least, to have been de­
rived from the lateral teeth. The Montian 
species seems not to have had any differing 
amount of inflation of the two valves. How­
ever, the general outline and surface orna­
mentation, including both anterior and 
posterior dorsal areas, the nature of the 
cardinal dentition and of the pallial line, 
which is distant from the valve margins, as 
well as the shape and position of the ad­
ductor scars are all very similar to features 
characteristic of Miltha s.s., and the species 
must be considered as close to, if not di­
rectly ancestral to, this group. 

Milthrt has been reported from the Eocene 
and Oligocene of Peru by Olsson who 
( 1930, p. 23) clearly was following Dall 
(1903, p. 1374 et seq.) in his broad inter­
pretation of the genus. Of the three species 
mentioned by Olsson, Phacoides (Miltha) 
woodi Olsson ( 1930, p. 23, pl. 2, figs. 9, 
12) has the distinctive outline and biconvex 
shell of Eomiltha} "Lucina" paytensis Woods 
( 1922, p. 70, pl. 4, fig. 5) appears to be a 
species of the genus Claibornites} Stewart, 
1930, and Phacoides (Miltha) conventus 
Olsson ( 1929, p. 75, pl. 11, fig. 3 [pl. 3, 
fig. 3 of separate]) is said by Olsson to 
be "closely related to P. ( Miltha) clai­
bornensis Conrad," type species of Plastomil­
tha Stewart, 1930. 

So far as I am aware no upper Eocene or 
Oligocene species that can be certainly re­
ferred to Miltha s.s. have yet been reported 
in the paleontologic literature. By the be­
ginning of the Miocene; however, Miltha 
was widely distributed~ appearing almost 
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simultaneously in the lower Miocene of 
California-"Pbctcoider ( Jvfilthct)" sanctae­
cntcis Arnold ( 1910, p. 57, pl. 6, fig. 6) of 
the Vaqueros Formation5; of Florida­
"? bacoides (AI iltha) '' chipolantt r Dall 
( 1903, p. 13/5, pl. 51, fig. 11) of the 
Chipola Formation; and of New Zealand­
L11i/tha neozelcmicct Marshall and Murdock 
( 1921, p. 78, pl. 16, pl. 17, fig. 1) reported 
to range from the Waitakian, lower Mio­
cene, to the Waitotaran, Pliocene, stages. 
Jviiltha is also known from the Miocene of 
Argentina-iVIilthct iheringiana Doello­
Jurado ( 1919, p. 558, text fig .) of the 
Entrerriennne Formation. 

Miltha has been reported to have reached 
South Australia and Tasmania in the upper 
Miocene. The illustrations of the fragmen­
tary representatives of the South Australian 
"iHiltba ( L11iltboidea) grand is (Hooper 
Woods, 19 31 ) "6 given by Singleton and 
Woods (1934, p. 208, pl. 8, figs. 1a, b, 2a, b, 
3) reveal a hinge of distinctly milthoid as­
pect. The peculiarly crenulated margin shown 
in their figure 3 is, however, a feature not 
represented in any species of Aiiltha (Mil-

s Khomenko, 19.38 (Trans. Geol. Oil Inst., 
Scr. a, fasc . 10.3, p. 1.3, pl. 8, fig. 2, pl. 9, fig. 
.S) has reported this species from the early 
'\1 iocene of northern Sakhalin. The figures 
gi' en, of two broken specimens, are not ade­
quate to permit evaluation of the record he­
yond establishing the occurrence of a large 
lucinicl species in the fanna. 

6 This species was described by Hooper 
Woods (Trans. Hoy. Soc. S. Australi a, vol. 55, 
p . 148, pl. 7, figs. 5, 6) as Dosinia granclis, a 
name that i~> preoccupied by D. grand is l\clson, 
1870 (Trans. Connecticut Acad. Sci., vo1. 2, 
p. 201). The substitute specific name hora has 
been proposed by Cotton ( 1947, Rec. S. Aus­
tralian ~1ns. vol. 8, no. 4, p. 663) . 

tha) known to me, and if not a pathologic 
manifestation would probably suggest that 
these represent a distinct, undescribed sub­
genus. 

Singleton and Woods also described a 
Jviiltha ( ll1.ilthoidea) grandis subspecies 
flindersiana ( 1934, p. 210, pl. 8, figs. 4a, 
b) from the "very late Tertiary or post­
Tertiary" of Flinders Island, Tasmania. This 
form was separated as a distinct species by 
Wilkins ( 1962, p . 43, pl. 5, figs. 1, 2) who 
stated that it is of lower Pliocene age. It 
does not have a crenulated internal margin 
but, according to Wilkins, possesses "an 
obsolete anterior tooth . . . on the right 
valve." Presumably this must refer to an 
obsolete anterior lateral tooth since there is 
a well developed anterior cardinal shown 
both in the original figure as well as in that 
given by Wilkins. This feature, as well as 
the trend of the pallial vessel groove, which 
is more oblique than that observed in species 
of Milthct ( Miltha) , passing downwards to 
the posterior end of the anterior adductor 
scar, suggests that this species is more ac­
curately referred to Eomiltha Cossmann, 
1911. 

D artevelle and Roger ( 1954, p. 285 re­
port a "Miltha" harrisi from beds that they 
assign tO the Burdigalian, Miocene, of An­
gola. This paper has not been available to 
me, but I note in the Zoological Record 
for 1955 that M . hmrrisi is said to be a new 
name for the Lucina c£. L. lcmdanensis New­
ton of Caster ( 1938, p. 24, pl. 1, figs. 1, 2 ), 
described as being from deposits of Eocene 
age, and said to have an edentulous hinge. 
This latter feature clearly removes the spe­
cies from Miltha s.S.1 and suggests a referral 
to the genus Psel!domiltha Fischer, 1887. 

PLATE 6 
Miltba ( Miltha) calo os aensis ( D all ) __ 121 

Figs. 1, 2, 4. USNM 64640~, height 61.9 mm, length 55.5 mm, diameter (paired 
valves) 15.4 mm. 1, exterwr of left valve of lesser inflation· 2 exterior of more 
inflated right valve; 4, dorsal view of paired valves. locality TU 796 ( upper Mio­
cene). 

Figs. 3, 5. USNM 646408, height 55. 2 mm, length 49.8 mm. 3, exterior of n1ore in­
flated right valve; 5, exterior of left valve of lesser inflation. locality TU 75 5 
(Pliocene.) 

All figures approximately natural size. 

lviil~ha (Miltha) cm·menae H. E. Vokes, new species __ ____ _ ___ __ _ _ _ ____ 122 
F1g. 6. Paratype, l!SN~ 646410, height 105.5 mm, length 98.8 mm. Exterior of left 

valve of Jesser mflatwn (X 9). locality TU 201. 
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V. :MIL 1HA ( Mn THA) 
CHILDRFN AF (Gray) 

Plate- 1, Ftgurc 1; Plate 2, Figures 1a, b; 
Plate ·i, Figures 1-'l 

1824, Lucina Childrinae [sic l GnA Y, Zoological 
Journal, vol. 1, p. 221. . 

182.5 Lucilw Clzildrcnae GnAY, Ann. Ph1los., 
' ( n.s.) vol. 9, p. 136. 

1825, Lucina Childrcni Gray, SowEHBY, Cat. 
Shells Coli. Earl of Tankerville, p. 11. 

1826, Lucina Clzildreni Gray, So\VEHBY, Gen . 
Shells, Pt. 27 "Lucina," fig. 2. 

1828, Tellina Childreni [Gray], WooD, Index 
Testaceologicus, ed. 2, Supplement, p. 3, pl. 
1, Tellina fig. l. 

1841, Lucina Childreni Gray, REEVE, Conch. 
Systema, vol. 1, p. 82, pl. 59, fig . 2. 

1842, Lucina Childreni Gray, HA "'"LEY, Cat. 
Recent Bivalve Shells, p. 79. 

1850, Lucina Childrcni Gray, REEVE, Conch. 
I "L . " 1 3 1 9 con., ucma, p . , sp. """· 

1857, [Lucina ( Miltha)] Children i Gray, H. 
and A. ADA"\IS, Genera Recent ~foll ., vol. 2, 
p. 468. 

1862, Lucina (Miltha) Clzildreni Gray, CHExu, 
~Ian. Conch., vol. 2, p. 120, fig. 579. 

1 Tot 1864, Miltha Childreni [Gray], CARPEX­
TEH, Rept. Brit. Assoc. Ach. Sci. for 186.3, 
p. 620 [=M. xantus i Dall, 1905]. 

't\ot 1901, Phacoides ( Miltha) childm ni Gray, 
DALL, Proc. U. S. Nat. Mus., vol. 2.3, p. 812 
[= M. xantusi DaB, 1905]. 

Not 190.3, Plwroides ( Miltha) childreni Gray, 
DALL, Trans. \Vaguer Free Inst . Sci. , vol. 
.3, pt. 6, p. 1.377 [ = M. xantusi Dall, 1905]. 

1905, Phacoides ( Miltha) ch ildreni Gray, Dall, 
Nautilus, vol. 18, no. 10, p. 110-112. 

1907, Phacoides Ch ilclreni Gray, VoN lHEHIXG, 
Anales ~Ins. Nac. Buenos Aires, vol. 14 ( 3rd. 
ser., vol. 7), p. 5.30. 

1921, M iltha Child reni Gray, LA~IY, Journ. de 
Conchyl. , vol. 65, p . 120, text fi g. 

1957, Miltha childrenae (Gray ), WILKIKS, BuJI. 
Brit. Mus. (Nat. Ilist. ), Hist. Ser. , vol. 1, 
no. 4, p . 159, pl. 2.3, fig. 6. 

The first mention of this species occurs 
in a foo tnote appended to a series of "Con­
chological Observations" published by Gray 
in the Zoological Journal, vol. 1. This has 
been cited by Dall and others as of 1825, 
but W ilkins (1957, p. 159) gives the date 
of publication as June, 1824. It is also of 
interest to note that Sowerby, in 1825, in 
his "Catalogue of the Shells contained in 
the collection of the late Earl of Tanker­
ville" notes (p. 11, sp. 206): "Lucina Chil­
dreni ( a. b.) Gray, in Annals of Philosophy 
( 1824) 2 specimens : one being the reverse 
of the other." The reference to the Anals of 
Philosophy was, apparently, a !apsus, since 
the letter of transmittal of Gray's description 
in that publication is dated "British Mu-

seum, Jan. 10, 1825" and the number in 
which it appeared is dated as "Feb. 1825."7 

As further circumstantial evidence that the 
Sower by citation to the Annals of Philosophy 
was an error for the reference in the Zoo­
logical Journal is the fact that the latter 
was concerned with the "2 specimens: one 
being the reverse of the other" that were 
in the Tankerville collection. Concerning 
these Gray ( 1824, p. 221) sta tes: "There 
are two specimens of a new Lucina, in the 
Tankerville collection, which, as pointed 
out by my friend Mr. Children, most ad­
mirably illustrate this fact [that the valves 
of certain bivalves may occasionally be re­
versed]; for the valves, being unequally con­
vex, if the two shells are placed on their 
most convex valves, their beaks turn toward 
each other, as the mou ths of reversed and 
regular spiral univalves would do if placed 
on their backs." A footnote adds: "I call 
this new shell Lucina Childrin{!,e [sic, err. 
pro L. childrenae]; it is distinguished from 
all other Lucinae by being unequivalved, 
and approaching nearly in form to the Cy­
therea exuleta; there is also another speci­
men in the British Museum." 

It clearly was this "other specimen" that 
was the subject of the formal description 
of the species published in the Annals of 
Philosophy in 182 5, for in his letter of 
transmittal of his manuscript Gray states: 
"In the following list I have ... described 
some new [species ] that are contained in 
the collection in the British Museum, where 
most of the species are exhibited with the 
names, here adopted, attached." This speci­
men, which was in the collections be­
queathed to the British Museum in 1799 
by the Rev. C. M. Cracherode, has been se­
lected and figured as the lectotype of the 
species by Wilkins ( 1957, p. 159, pl. 23, 
fig. 6). According to Wilkins it has not 
proved possible to trace the specimens that 
were in the Tankerville collection. 

Wilkins does not give the dimensions of 
the lectotype specimen. His illustration (pl. 
23, fig. 6), said to be of natural size has 

7 It may be noted in passing that Sowerby's 
erroneous citation apparently was uncritically 
accepted by Carpenter ( 1864, p. 522) who 
states: "Lucina Childmni [described by Gray 
in Ann. Phil. 1824; v. also Zool. Jour. vol. i, 
1825, pp. 221-2 .... ]" and perpetuated by 
Dall ( 1903, p. 1.377) . 
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the left valve in front of, and partially super­
imposed upon the right, so that the latter 
cannot be accurately n1easured. The dimen­
sions of the left, apparently less inflated, 
valve as 1neasured from the figure are: 
height 87.8 mm, length 83 mm. 

Gray's first notice of the species in the 
Zoological Journal is quoted above. His 
formal description, in the Annals of Philos­
ophy, was as follows: 

"LUCINA Childrencte.8 Testa suborbicu­
lata inequivalvis alba subanriquata; tenuis­
sime radiata substriata: long. 3 unc. Brazil, 
H~tmphreys. nob. Zool. ]ou1r. i. 221." 

The first adequate description was given 
by Reeve in the Conchologia Iconica, "Lu­
cinan ( 1850, pl. 3, sp. ] 2): 

"Shell rather large, elliptically orbicular, at­
tenuated towards the umboes, inequHateral, 
flexuously angled posteriorly, one valve flat, 
the other convex, very thickly striated con­
centrically, decussated with numerous fine im­
pressed radiating striae, central teeth of the 
hinge two in number, prominent, divaricate, 

8 It is to b e observed that in both of his 
citations Gray gave his specific name a female 
termination , apparently naming it in honor of 
Miss Anna Children, daughter of his "friend 
Mr. [J. C.] Children," at that time Assistant 
Keeper of the Natural History Department of 
the Museum, whom he credited, in the Zoologi­
cal Journal, as calling it to his attention. Miss 
Children had been engaged in the British Mu­
seum in making drawings of specimens from 
that collection to Hlustrate her father's well 
known "Lamarck's Genera of Shells translated 
from the French, with plates from original 
drawings by Miss Anna Children" published 
in the Quarterly Journal of Science, Literature 
and Arts, 1822-24. 

Dr. Leo G. Hertlein of th e California Acad­
emy of Sciences has called to my attention a 
page of "errata" that follows the index to 
volume one of the Zoological Journal. This con­
tains the statement, "for chilclrinae, read chil­
dreni." The index was published in part four 
of tbe volume that bears the date of January, 
1825 on the table of contents. In view of the 
fact, noted above, that the paper containing 
the formal description of the species published 
in the Annals of Philosophy bears the notation 
"British Museum, Jan. 10, 1825," it seems 
almost certain that the erra ta in the Zoological 
Journal was prepared by an editor without be­
ing approv d by the author. 

This consistent usage by Gray was ov r­
lookecl or ignored by contemporary ( Sowerby, 
1825, 1826; Wood, 1828) and subsequent 
(Reeve, 1850, H . & A. Adams, 1858, Cm·pen­
ter, 1864; Dall, 1901, 1903, 1905; etc.) au­
thors , all of whom used the masculine termina­
tion , "Chifdreni." 

lateral teeth callus, nearly obsolete; white 
within and without. 

"Hab. Brazil. 
"In this fine species sometimes the right 

valve, sometimes the left is the flat one, the 
opposite valve in either case being convex." 

The statement that the "central teeth 
of the hinge two in number [are] ... di­
varicate" does not accord with the condi­
tion of these teeth in the hinges here avail­
able for study. As previously noted, the left 
anterior and the right posterior cardinals 
are divaricate but the right anterior and 
left posterior teeth are simple and lamellar. 
It may be that Reeve interpreted the pro­
jecting edge of the small lllnule in the 
right valve as one segment of a bifid tooth, 
but there is no corresponding structure ad­
jacent to the left posterior cardinal that 
could be so misconstrlled. His excellent 
figure of the hinge of this valve does show 
what appears to be an imperfection or shell 
fragment lodged against the ventral portion 
of the anterior side of this tooth, but it is 
difficult to understand how this could be 
construed as a segment of a bifid tooth. 

The general characters of M. childrenae 
have been noted in the general discussion 
of the genus Miltha. The most distinctive 
feature for the recognition of this species 
is to be found in the nature of the lunular 
area and the adjacent right anterior cardinal 
tooth. As noted above (page 100) , the lunule 
is but little impressed below and is almost 
parallel with the anterior dorsal margin of 
the valve, making an angle of approx­
imately 65 o with the valve height. In the 
other species here studied the lunule bas a 
much more vertical trend, usually lying at 
an angle of less than 40o from the ver­
tical. As a result of this less steeply im­
pressed condition the lunule has had but 
little dynamic effect upon the right an­
terior cardinal which, while closely adja­
cent to it, appears to be distinctly separated 
throughout its entire length ; in the other 
species the dorsal portion of this tooth either 
becomes fused on its anterior side with the 
lunular margin or, as in .NI. caloosaensis, is 
practically incorporated into the lunule it­
self. 

It may also be noted that the antero­
ventral margin of the elongate anterior ad­
ductor scar is on the whole more nearly 
parallel with, and relatively somewhat closer 
to, the adjacent portion of the pallial line 
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all the characters e.·cept the hinge of the le~~ 
valve. It is a large, very compressed form · · · 

Dall' s reference to the species as being 
"very compressed" and his measurem~n.ts 
indicating a diameter of "about 11 mm. .m 
a shell of 75 mm altitude, rather clearly m­
dicate that he had only the flatter, less in­
flated valves of this species. He did not 
recognize that the right valve from Alum 
Bluff, Florida, which he made the type of 
his new species heracleus, actually was .the 
inflated valve of the form that he had JUSt 
described as chipolanus. The Alum Bluff 
heracletts was described as follows: 

"Shell large, convex, subequilateral, rather 
thick, with small, pointed, prosogyrate beaks 
over an arcuately impressed, small, sublanceo­
late lunule; anterior dorsal area narrow and 
rather short defined by a shallow sulcus; 
posterior ar~a narrow elong.ate, divided by a 
second longitudinal sulcus mto two parts, . of 
which the anterior is wider; sculpture of fme 
concentric lines, feebler in the middle of the 
disk and of faint, nearly obsolete, sparser 
radi~1l striations; ligament deeply inset, rather 
long; cardinals normaL rather small and slen­
der. Alt. 80, lat. 77, cliam. 30 mm. 

" . . . Only one right valve and a fragment 
have so far been obtained." 

In many ways Miltha chipolana is the 
most variable of the species here studied. 
In general the valves are slightly higher 
than long; the length in 50 specimens mea­
sured, averaging 95% of the height b~t 
varying from slightly less than 84% m 
the relatively highest form to 109 % in the 
relatively longest. Figures 1 and 4 on p late 
5, represents a specimen of average height 
-length proportions ( text fig. 3), while 
figure 6 on the same plate is one of the 
more elongate forms. This variation is not 
a function of differing proportions during 
growth; the relatively highest specimen 
measured has a height of 49.3 mm and a 
length of 41.3 mm, while the longest has a 
height of 45.5 mm and a length of 49.6 mm. 

Concentric surface ornamentation is simi­
lar to that found on all of the species stud­
ied, and the same weak tangential lineation 
of minute raised threads is present. The 
radial ribbing is, on the whole, more vari­
able than in the other species, perhaps a 
li ttle more strongly developed than that on 
M . carmenae, but with the majority of the 
ribs being much narrower. However, there 
1s an apparent tendency toward variation in 
this feature and occasional ribs will be two 
to three times the width of those adjacent. 
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b- childrenae (8) 
c - chipolana ( 70) 
d- caloosaensis (100) 

dm - upper Miocene (50) 
dp - Pliocene (50) 
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Text figure .3 . Average height-length p~_.opor­
tions of adult specimens of the species of 
M iltha examined during this study. The number 
in parenthesis represents the number of 
measurements averaged for each species. 

The shape and trend of the anterior dorsal 
margin is, perhaps, the most variable fea­
ture of the species. In almost all specimens 
this margin has an almost straight outline, 
sloping away from the usually low and in­
conspicuous umbones. The slope of this 
margin relative to the vertical of the height 
of the shell varied, among the 25 specimens 
measured, from 67 ° to 80°. The n1ajority of 
the specimens from the stratigraphically 
lower localities tend to have a somewhat 
steeper slope, averaging around 62 o to 65 o , 

while an ecotype or variety that occurs with 
forms of typical slope angle, mainly in the 
stratigraphically higher beds, has a margin 
that trends almost horizontally and is 
sharply subangulate at its anterior end (pl. 
5, fig. 5). The figure given by Maury (1917, 
pl. 61 , fig. 6 ) of her P hacoides ( 1\!Iiltha) 
smithwoodwctrdi from the Cercado Forma­
tion of the Dominican Republic, suggests 
a specimen that approaches this latter form. 
Miss Maury compared her specimen with 
M. caloosaensis, but not with M. chipolana, 
of which it is here held to be a synonym. 

Figured specimen : USNM 646394, height 72.6 
mm, length 67.6 mm, diameter ( paired 
valves) 20.7 mm (right valve 14.2 mm, left 
valve, 7.5 mm) . Locality TU 555. 

Figured spechnen: US M 646395, height 64.2 
mm, length 59 mm, diameter (paired valves) 
15.8 mm ( right valve 9.1 mm, left valve 6.8 
mm.). Locality TU 459. 
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Fig ured specimen: USNM 646396, height 82.9 
mm, length 81 mm, diameter (right valve 
of lesser convexity) 9.1 mm. Locality TU 
820b . 

Fig ured specimen: USNM 646397, height 46.6 
mm, length 42.5 mm, diameter (left valve of 
lesser convexity) 5.5 mm. Locality TU 549. 

Fig ured specimen: USNM 646398, height 44.4 
mm, length 42.2 mm, diameter (convex 
right valve) 7 mm. Locality TU 549. 

Figured specimen: USNM 646399, height 4.2 
mm, length 3.6 mm, right valve. Locality 
TU 555. 

Figured specimen: US1 M 646400, height 4.3 
mm, length 4.1 mm, right valve. Locality TU 
555. 

Figured specimen: USNM 646401, height 7.8 
mm, length 6.8 mm, right valve. Locality 
TU 555. 

Figured specimen: USNM 646402, height 11.5 
mm, length 11.2 mm, right valve. Locality 
TU 555. 

Figured specimen: US ~I 646403, height 3.2 
mm, length 3.1 mm, left valve. Locality TU 
555. 

Figured specimen: USNM 646404, height 4.4 
mm, length 3.8 mm, left valve. Locality TU 
555. 

Figured specimen: USNM 646405, height 8.1 
mm, length 7.5 mm, left valve. Locality TU 
555. 

Figured specimen: US M 646406, height 10.5 
mm, length 9.9 mm, left valve. Locality TU 
555. 

Distribution: 
Tulane University localities 70, 196, 453, 

458, 459, 546, 547, 548, 549, 555, 655, 820b, 
821, 824, 825, 826, 827, 950, 998, 999. 

MILTHA (MILTHA ) CALOOSAENSIS (Dall) 
Plate 1, Figure 4; Plate 2, Figures 3a, b; 

Plate 6, figs. 1-5 
1898, Lucina ( M iltha) caloosaensis DALL, 

Trans. Wagner Free Inst. Sci., vol. 3, pt. 4, 
p. 923, pl. 28, fig. l. 

1903, Phacoides ( Miltha) caloosaensis Dall. 
DALL, Trans. Wagner Free Inst. Sci., vol. 3, 
pt. 6, p. 1376. 

1905, P. [Phacoides] caloosana [sic] Dall. 
DALL, Nautilus, vol. 18, no. 10, p. 112. 

1953, M iltha ( M iltha) caloosaensis ( Dall )_. 
OLSSON and FlAnmsoN, Acad. Nat. Sc1. 
Phila., Mon. 8, p. 89 [part]. 

1958, Miltha (Miltha) caloosaensis (Dall). 
DuBAR Florida Geol. Surv., Geol. Bull. 40, 

' p . 169. 

This species was originally named, with 
an illustration only, by Dall in 1898, but 
the description did not appear until 1903: 

"Shell elevated, rather compress d, short, 
finely concentrically striated; beaks small, 
pointed, slightly curved forward over an ex­
ceedingly minute and almost obsolete lunule; 
anterior dorsal area short, narrow, feebly de­
fined; posterior area long, wider, defined b~ a 
narrow sulcus, with a less pronounced sulcahon 

dividing the area lengthwise into nearly equal 
parts; there are traces of very minute radial 
striation on some specimens; resilium shorter 
than the ligament, both deeply insert and 
partly covered by the dorsal margin, which is 
usually broken away; teeth and scars normal, 
well developed; disk internally with a well­
marked oblique sulcus. Alt. 53.0 (to 63.0 ), 
lon. 47.0, diam. 13.5 mm. 

"The lunule is better developed in the older 
specimens and more in the right than in the 
left valve. Some specimens have the right 
valve less convex than the left. The species 
is very like P. (Miltha) Childreni Gray [xan­
tusi Dall], but is proportionately more ele­
vated, with a more delicate hinge and smaller 
muscular impressions .... " 

The original figure gave no locality in­
formation beyond the geologic age, "Plio­
cene;" the 1903 description added: "Plio­
cene of the Caloosahatchee and Shell Creek, 
Florida." While this species has in the past 
been thought to be restricted to the Caloosa­
hatchee Formation (DuBar, 1958, p. 169, 
Olsson and Petit, 1964, p. 520), Tulane 
University collections reveal that it is rather 
widely distributed in the upper Miocene 
Pinecrest beds of southern Florida. The 
Caloosahatchee specimens are in general 
smaller than those from the Miocene. The 
average dimensions of 50 of the larger 
Caloosahatchee specimens in the Tulane col­
lections are: height 49.4 mm, length 45.4 
mm; the largest is 65.2 mm high and 61 
mm long. The average dimensions of 50 
upper Miocene specimens are: height 65.8 
mm, length 60.8 mm; the largest being 92.1 
mm high and 81.4 mm long. 

Miltha caloosaensis is the smallest of the 
species of Miltha here being considered 
(text fig. 3). Although the upper Mio­
cene specimens average almost as large as 
M. chipolana, the Pliocene specimens av­
eraae approximately 20 mm shorter and 
nar~ower than that species. Compared with 
other Florida Tertiary species M. caloosaen­
sis is more regularly elongate-ovate in form 
with lower, less prominent umbones a?d 
shorter and, usually, more rounded antenor 
dorsal margin. In these features it is similar 
to the Recent M. childrenae, from which it 
may be distinguished, as from the other 
Florida Tertiary species, by the deeply im­
pressed, concave lunule in the right valve, 
the anterior portion of which trends almost 
vertically and is closely appressecl against the 
dorsal part of the anterior cardinal tooth, 
which becomes so reduced, especially in 
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its height, as to be almost obliterated. The 
corresponding area of the left valve is par­
ticularly marked by the fact that the low 
lamellar ridge separating the incised area 
for the reception of the lunular margin 
from the anterior cardinal socket trends 
across the socket towards its dorsal end and 
becomes appressed against the side of the 
bifid left anterior cardinal tOoth. A some­
what similar situation is occasionally pres­
ent in the variable M. cbipolcma, but these 
specimens may be distinguished by the fact 
that the ridge separating the lunular area 
from the anterior cardinal socket in the 
left valve is never as high and lamellar in 
shape, and the depressed area for the re­
ception of the lunular margin is narrower, 
usually only about one-half as wide as it is 
in specimens of cctloosaensi.r of the same 
relative size. 
Figured specimen: USN)., I 646407. height 61.9 

mm, length .55.5 mm, diameter (paired 
valves) 15.4 nun-( right valve, 9.3 mm, left 
'ah e 6.8 mm; the left fitting slightly inside 
the right). Locality TU 796 (upper Mio­
cene). 

Figured s}Jecimen: USl\\1 646408, height 55.2 
mm, length 49.8 mm, diameter (paired 
valves) 14.2 mm (right valve 7.8 mm, left 
valve, 6.5 mm). I ,ocality TU 755 (Pliocene). 

Distribution: 
Caloosahatchce Formation, Pliocene: Tulane 

University localities 79, 519, 536, 539b, 579, 
583, 755, 768, 974, 975, 980. 

Pinecrest heels, npper ~liocene: Tulane Uni­
' ersity localities .520, 540, 728, 729, 730, 736, 
740, 741, T12, 756, 769, 796 797 933 979 
981. 982, 985, 1000. ' ' ' ' 

MILTHA ( MILTHA) CARMENAE 
H. E. Vokes, new species 

Plate 1, Figure 2; Plate 2, Figures 2a, b; 
Plate 6, Figure 4; Plate 7, Figures 1-5 

1953, !11 iltlw ( Miltha) caloosaensis ( Dall ) . 
OLSsox and l-IARBISO'\, Acad. Nat. Sci. 
Phila., ~Ion. 8, p. 89 (in part-"large speci­
mens . . . from Clewiston and Belle Glade") . 

1964, "M iltlw sp. (large)," 0Lssox and PETIT 
Bnlls. Amcr. Paleontology, vol. 47, no. 217; 
p. 521. 

. Description: Shell large for the genus, sub­
cm.:ular in outline with moderately prominent 
concentric and exceedingly weak radial orna­
meJ:tation .. th~ latter \ isible only under strongly 
obhque hghtmg. Valves unequally inflated. 
Umbones high, prominent; posterior dorsal 
slope broadly convex, descending at an angle 
o~ approxi~natcly 55o from the vertical; paste­
nor margm almost straight, sloping postero­
ventrally; postcr?-vcntral margin relatively 
sharply rounded mto the hroadly and equally 
convex ventral nncl anterior margins; anterior 

dorsal margin concave immediately below and 
in front of the umbones, becoming straight 
for a short distance before rounding into 
the anterior margin, the angle from the 
umbo to the anterior end of the margin being 
approximately 65° from the vertical of the 
valve height. Anterior dorsal area almost not 
delimited in the flatter valves, with only a 
very obscure margining groove, but with a 
strong tendency in the larger specimens to 
curve laterally against, and somewhat to dis­
place the anterior end of the dorsal area of 
the more inflated valve; anterior dorsal area 
of inflated valves with a broad marginal rib 
that becomes enlarged and prominent in the 
area of displacement by the less inflated valve. 
Posterior dorsal areas well-marked, long, with 
a deep marginal groove but with the dorsally 
adjacent rib always low, broad and inconspicu­
ous, so there is no suggestion of a second 
" 1' 1" l mec Ja groove on t 1e area. 

Hinge plate broad, usually with a narrow, 
raised rib on its anterior ventral edge. Cardinal 
teeth two in each valve, the left anterior and 
the right posterior relatively broad and ob­
scm·ely bifid, the right anterior and left poste­
rior simple; all teeth arcuate with their an­
terior faces broadly concave. Lunule small, 
deeply impressed and confined to the right 
valve, marked more or less like the postero­
dorsal area with a strong groove separating the 
lunular surface from the rather corrugated 
edge of the impressed area of th e valve, and 
with an adjacent ill-defined ridge that passes 
rather gradually into a more d epressed flat­
tened area near the inner margin of the lunule. 
The posterior (inner) face of the lunule is 
closely appressed against the right anterior 
cardinal hut separated from it by a shallow 
groove, such that the projecting edge of the 
lunule and the top of the cardinal have the 
appearance of a single rather deeply bifid 
tooth. Ligament and nymph plate typical of 
the genus. 

Pallial line distant from the valve margin, 
entire, relatively wide and impressed, its sur­
face marked by irregularly spaced low ridges 
that appear almost as if radiating from a point 
a short distance below the umbones (see text 
fig. 2b). Anterior adductor scar long, rela­
tively broad, its ventral face with less curva­
ture than the pallial line so that its ventral 
end is more approximate to the pallial line 
than is its median area; posterior ventral end 
broadly rounded, posterior dorsal side almost 
straight; the surface marked by oblique, sub­
parallel low ridges similar to those of the 
pallial area. Posterior adductor scar reniform 

' ' broadly rounded ventrally, the dorsal side 
straight to slightly concave, the low point of 
the concavity situated at a groove that di­
vides the scar into two unequal areas, the 
outer of which is relatively smooth, marked 
only by concentric lines of muscle increase, 
the inner with fine sub-parallel ridges similar 
to those on the anterior adductor and pallial 
line. Other internal markings as in the genus 
(see pp. 106-110). 
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Holotype: USNM 646409, height 82.7 mm, 
length 76.5 mm, diameter (impaired valves) 
20.4 mm (right valve, 12.3 mm, left valve, 
8.2 mm). Locality TU 201. 

Paratyp_e: USNM 646410, height 105.5 mm, 
length 98.8 mm, diameter ( left valve of 
lesser convexity) 9 mm. Locality TU 201. 

Paratype: USNM 646411, height 62.5 mm, 
length 58.7 mm, diameter (right valve of 
lesser convexity) 6.4 mm. Locality TU 978. 

Distribution: 
Tulane University localities 201, 727, 731, 

978, 987, 988. 

This appears to be the largest of the 
known species of the genus Miltha, one 
specimen in the Hoerle collection is 127.6 
mm high and 122.5 mm long; the average 
dimensions of the 40 adult specimens suf­
ficiently perfect to permit accurate measure­
ment are: height 87.0 mm, length 81.7 mm. 
It is probable that adequate collections of 
M. childrenae will show that species ap­
proaches M. carmenae in overall dimensions 
( text fig. 3); the average dimensions of 
the adult specimens in the present collec­
tion, plus those of the lectotype (see page 
116) and of the specimen mentioned by 
Dall ( 1905, p. 112) are: height 81 mm, 
length 73.8 mm. M. car·menae easily may 
be distinguished from M. childrenae as well 
as fro1n the other species in the Florida 
Neogene deposits by the relatively high 
umbones and the more steeply sloping dor­
sal margins, especially the anterior one 
where the rather large concavity immediately 
in front of the umbones accentuates their 
apparent elevation. 

Miltha cctrnzenae is moderately common 
in the deposits of the unnamed post-Caloosa­
hatcbee formation, "Unit A" of Olsson and 
Petit ( 1964, p . 521), in the region about 
Lake Okeechobee, especially to the east and 
southeast of the lake. The sediments and 
faunas from these deposits appear to sug­
gest deposition in somewhat more off-shore 
waters than were the deposits from the more 
western outcrops of the formation. 

This species is named for Carmen, the 
daughter of the late Mr. Thomas S. Hughes, 
of Fort Pierce, Florida, who appears to have 
been the first to recognize that it repre­
sented an undescribed species and who used 
this name in his manuscript field notes. 

VII. LOCALITY DATA 

The following are Tulane University fos­
sil localities: 

70. Chipola Fm., Ten Mile Creek, at bridge 
of Florida Highway 73 ( NW 14 Sec. 12, 
TlN, RlOW), Calhoun Co., Florida. 

79. Caloosahatchee Fm. and unnamed post­
Caloosahatchee formation mixed, spoil banks 
north and south side of Caloosahatchee 
River, at Ortona Lock (Sec. 27, T42S, 
R30E), Glades Co., Florida. 

196. Chipola Fm., Ten Mile Creek, about 14 
mile upstream from bridge of Florida High­
way 73 ( 1 E 14 Sec. 11, TlN, RlOW), Cal­
houn Co., Florida. 

201. Unnamed post-Caloosahatchee formation, 
spoil banks at pit just south of Belle Glade 
(at Belle Glade Camp), Palm Beach Co., 
Florida. 

453. Chipola Fm., lower beds at Alum Bluff, 
Appalachicola River ( NE 14 Sec. 24, TlN, 
R8W), Liberty Co., Florida. 

458. Chipola Fm., east bank of Chipola River, 
above Farley Creek ( SW :14 Sec. 20, TlN, 
R9W), Calhoun Co., Florida. 

459. Chipola Fm., east bank Chipola River, 
steep bank about 1500 ft. above mouth of 
Taylor Lake Branch ( NW 14 Sec. 29, TIN, 
R9W), Calhoun Co., Florida. 

519. Caloosahatchee Fm., Harney Pond Canal 
spoil banks, at Florida Highway 78, north­
west side of Lake Okeechobee ( NW 1!1 Sec. 
18, T40S, R33E), Glades Co., Florida. 

520. Pinecrest beds, spoil banks, canal 0.9 
mile east of Brighton on Florida Highway 
70 (Sec. 25, T37S, R32E), Highlands Co., 
Florida. 

536. Caloosahatchee Fm., south bank of 
Caloosahatchee River about one mile east 
of La Belle (Sec. 3 & 4, T43S, R29E ), 
Hendry Co., Florida. (Designated as type 
locality of the Caloosahatchee Formation by 
Olsson in Olsson and Petit, 1964, p. 519.) 

539b. Caloosahatchee Fm., Shell Creek (lower 
beds), about eight miles east of Cleveland 
(Sec. 30, T40S, R25E), Charlotte Co., Flor­
ida. 

540. Pinecrest beds, Miami Canal spoil banks, 
one to three miles south of pumping station 
at Palm Beach county line, Broward Co., 
Florida. 

546. Chipola Fm., Ten Mile Creek, about Ph 
miles west of Chipola River ( NE 14 Sec. 
12, Tl , P-lOW), Calhoun Co., Florida. 

547. Chipola Fm. , west bank of Chipola River, 
about 2000 ft. above the mouth of Four Mile 
Creek ( SvV % Sec. 29, TlN, R9W), Cal­
homl Co., Florida. 

548. Chipola Fm., west bank of Chipola River 
( N\iV 14 Sec. 29, TlN, R9W), Calhoun Co., 
Flori<la. 

549. Chipola Fm., east bank of Chipola River, 
about :14 mile below Four Mile Creek ( NE 
1,4 Sec. 32, TlN, R9W), Calhoun Co., Flor­
ida. 

555. Chipola Fm., east bank of Chipola River, 
about 1000 ft. above the mouth of Four 
Mile Creek (SW 14 Sec. 29, TlN, R9W), 
Calhoun Co., Florida. 

579. Caloosahatchee Fm., Miami Canal spoil 
banks, four miles north of pumping station 
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at Browarcl county line, Palm Beach Co., 
Florida. 

58.3. Caloosahatchcc Fm., Miami Canal spoil 
banks, seven miles north of pumping station 
at Browarcl county line, Palm Beach Co., 
Florida. 

655. Chipola Fm., Ten !\1ile Creek, about 
0.1 mile downstream from bridge of Florida 
Highway 73 ( 1 \V ~~ Sec. I2, TH\, RIO\V), 
Calhoun Co., Florida. 

727. Unnamed post-Caloosahatchee formation, 
borrow pits 2.2 miles cast of U. S. Highway 
27, I5 miles south of South Bay, Palm Beach 
Co., Florida. 

728. Pinecrest heels, spoil banks on west side 
of Kissimmee Canal and east side of Kissim­
mee River, just across from U. S. Corps of 
Engineers Structure 65-D (Sec. .'33, T36S, 
R3.3E), Okeechobee Co., Florida. 

729. Pinecrest heels, spoil hanks on west side 
of Kissimmee Canal and east side of Kissim­
mee River, appro.-imatcly 1h mile south of 
U. S. Corps of Engineers Structure 65-D ( S 
1h Sec. 33, T36S, R.'33E), Okeechobee Co., 
Florida. 

7:30. Pinecrest heels, embankment of Seaboard 
Airline Railroad, just west of Kissimmee 
River ( l'\~7 14 Sec. 20, T36S, R.'3.'3E), High­
lands Co., Florida. 

7.'31. Unnamed post-Caloosahatchce formation, 
West Palm Beach Canal spoil hanks, at 
junction of U. S. Highways 441 and 98, 
seven miles west of Loxahatchee, Palm 
Beach Co., Florida. 

736. Pinecrest heels, spoil hanks on south side 
of Florida Highway 70 and eas t side of 
Kissimmee River, Okeechobee Co., Florida. 

7 40. Pinecrest beds, levee fill, L-28, 3.6 miles 
west and 2.6 miles south of pumping station 
on !\fiami Canal at Browarcl-Palm Beach 
county line, Browarcl Co., Florida. 

7 41. Pinecrest heels, levee hll, L-28, 3.6 miles 
west and 3.6 miles south of pumping station 
on :Miami Canal at Palm Beach county line, 
Broward Co., Florida. 

742. Pinecrest beds, levee fill, L-28, 3 .6 miles 
west and 5.6 miles south of pumping station 
on :\1iami Canal at Broward-Palm Beach 
county line, Browarcl Co., Florida. 

755. Caloosahatchee Fm., Miami Canal spoil 
banks, I7.4 miles north of pumping station 
at Broward county line, Palm Beach Co., 
Florida. 

756. Pinecrest beds, spoil hanks west side of 
Elkcan Waterway, Port Charlotte Develop­
ment, 2.3 miles southeast of Port Charlotte 
Railroad Station (formerly :\1urdock) and 
1.7 miles east of U. S. H ighway 4I ( Sec. 
IO, T40S, R22E ), Charlotte Co., F lorida. 

768. Caloosahatchee Fm. and unnamed post­
Caloosahatchee formation mixed, spoil hanks 
north side of Caloosahatchee River, 51h miles 
west of Ortona Lock ( l\:\V Y1 Sec. 35, T42S, 
R29E), Glades Co., Florida. 

769. Pinecrest heels, spoil banks east side of 
Kissimmee River, Ph to two miles south of 
U. S. Corps of Engineers Structure 65-D 
( NE 1,4 Sec. 35, T36S, R33E ), Okeechobee 
Co., Florida. 

796. Pinecrest beds, material exposed during 
construction of "Alligator Alley," I2.8 miles 
east of Florida Highway 29 ( T49S, R32E ), 
Collier Co. , Florida. 

797. Pinecrest beds, material exposed during 
construction of "Alligator Alley," I3.3 miles 
east of F lorida Highway 29 ( T49S, R32E ), 
Collier Co ., F lorida. 

820B. Chipola Fm., Farley Creek ( lower 
heels), at bridge of Florida Highway 275 
( SvV 111 Sec. 2I, TIN, R9W) , Calhoun Co., 
Florida. 

821. Chipola Fm., Farley Creek, 0.1 mile east 
of bridge of Florida Highway 275 ( SW :14. 
Sec. 21, TIN, R9W), Calhoun Co., Florida. 

824. Chipola Fm., Farley Creek, about % mile 
upstream from bridge of F lorida Highway 
275 ( SE :14. Sec. 2I, TI T, R9W) , Calhoun 
Co., Florida. 

825. Chipola Fm., Farley Creek, at abandoned 
mill about 14 mile west of bridge of Florida 
H igbway 275 ( SW ~4 Sec. 2I, TI , R9W) , 
Calhoun Co. , Florida. 

826. Chipola Fm., Farley Creek, about O.I 
mile west of abandoned mill which is 14 
mile west of bridge of Florida Highway 275 
( on section line between Sec. 20 & 2I, TIN, 
R9W ), Calhoun Co., Florida . 

827. Chipola Fm., Farley Creek, about 1h mile 
west of bridge of Florida Highway 275 ( SE 
14 Sec. 20, TIN, R9W), Calhoun Co., Flor­
ida. 

9.3:3. Pinecrest beds, material exposed during 
construction of "Alligator Alley," 21.5 miles 
east of Florida Highway 29, Collier Co., 
Florida. 

950. Chipola Fm., Chipola River, west bank 
about 2000 ft . above the mouth of Farley 
Creek ( SW 1/1 Sec. 20, T1N, H9W) , Cal­
houn Co., Florida. 

97 4. Pinecrest beds, north side Caloosahatchee 
Canal, 21h to .3¥2 miles west of center of 
former Lake Hicpochee (now drained) ( un­
mapped area, T42S, R32E), Glades Co. , 
Florida. 

975. Caloosahatchee Fm., spoil banks, north 
side Caloosahatchee Canal, 0-1h mile west 
of center of former Lake Ilicpochee ( now 
drained) (unmapped area, T42S, R32E), 
Glades Co., F lorida. 

978. Unnamed post-Caloosahatchee formation , 
spoil banks at pit on south side of water­
works, about Ph miles northeast of South 
Bay, Palm Beach Co., Florida. 

979 . Pinecrest beds, Port Charlotte Develop­
ment, spoil banks just north of Seaboard 
Railroad, two miles north of U . S. Highway 
41, on canal 1% miles southwest of junction 
with Florida Highway 77I ( Sec. 4, T40S, 
R22E ), Charlotte Co. , Florida. 

980. Caloosahatchee Fm., Port Charlotte De­
velopment, spoil banks on north side U. S. 
Highway 4I, on canal .3 . .3 miles northwest 
of Florida Highway 77I (Sec. 3, T40S, 
R21E), Charlotte Co., Florida. 

981. Pinecrest beds, Port Charlotte Develop­
ment, spoil banks on south side of U. S. 
Highway 4I , on canal 3 . .3 miles northwest 
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of Florida Highway 771 (Sec. 3, T40S, 
R21E) , Charlotte Co., Florida. 

982. Pinecrest beds, Port Charlotte Develop­
ment, spoil banks on northwest side of Flor­
ida Highway 771, on canal 3Y2 miles south­
west of juncbon with U. S. Highway 41 
(Sec. 15, T40S, R21E) , Charlotte Co., 
Florida. 

984. Pinecrest beds, Port Charlotte Develop­
ment, spoil banks 0.8 mile south of Florida 
Highway 771, on canal 1.9 miles southwest 
of junction with U. S. Highway 41 ( Sec. 14, 
T40S, R21E), Charlotte Co., Florida. 

985. Pinecrest beds, Port Charlotte Develop­
ment, spoil banks about Y2 mile northeast of 
Florida Highway 771, on U-shaped canal 
3.3 miles southwest of junction of U. S. 
Highway 41 (Sec. 10, T40S, R21E), Char­
lotte Co., Florida. 

987. Unnamed post-Caloosahatchee formation, 
spoil banks south side West Palm Beach 
Canal, at Loxahatchee, on U. S. Highway 
98, Palm Beach Co. , Florida. 

988. Unnamed post-Caloosahatchee formation, 
spoil banks, West Palm Beach Canal at 
Twenty Mile Bend Recreation Area, about 
one mile east of junction of U. S. Highways 
98 and 441, Palm Beach Co., Florida. 

998. Chipola Fm., bank of Ten Mile Creek 
about 11/1, miles west of Chipola River ( SE 
1,4 Sec. 12, T1N, R10W), Calhoun Co., 
Florida. 

999. Chipola Fm., Farley Creek, about 900 
feet downstream from bridge of Florida 
Highway 275 ( SW 1,4 Sec. 21, T1N, R9W), 
Calhoun Co., Florida. 

1000. Pinecrest beds, borrow pit at east end 
of 17th Street, 3.2 miles east of Tuttle Road, 
about 8 miles east of U. S. Highway 301 
in Sarasota ( T36S, Rl9E), Sarasota Co., 
Florida. 
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N OTES ON THE FAUNA OF THE CHIPOLA FORMATION-I 
A NEW SPECIES OF EOMILTHA (MOLLUSCA: BIVALVIA ) 

HAROLD E . VOKES 
T UL ANE U NIV ERSITY 

While engaged in the study of the 
species of lviiltha s.s. from the Neogene 
deposits of Florida I noted the presence 
in collections from the Chipola Forma­
tion of an undescribed species of the 
genus Eomiltha. This form, which is rather 
rare, represents the first record of the genus 
in the faunas from the type area of the for­
mation, although Gardner described ( 1926, 
U. S. Geol. Surv. Prof. Paper 142-C, p. 112, 
pl. 20, figs . 1, 2) , as "P hacoides ( M iltha)" 
xustris, a form that is to be referred to 
Eomiltha from the lower beds exposed at 
Alum Bluff, Liberty County, Florida. At that 
locality ( = TU 45 3) about ten feet of the 

uppermost beds of the Chipola Formation 
are exposed during low water stages of the 
Apalachicola River. The present species is 
found at localities that occur approximately 
at the top of the basal third of the section in 
the type area; it thus is believed to be 
stratigraphically lower and hence somewhat 
older than E. xustris. 

Genus EOMILTHA Cossmann, 1912 
Eomiltha Cossi\fANN, 1912, Act. Soc. linn. 

Bordeaux, val. 65, p. 269 [issued separately 
as: Cossmann and Peyrot, Conch. Neog. de 
l'Aquitaine, v. 1, livr. 3, p. 650, 1912]. 

Type species, by original designation, Lucina 
contorta D efrance, Thanetian Stage, Paleo-


