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roughened by

gently

more or less
part of peristome

cords
Tpper

erally
orowbh

faint spiral
threads,
arched forward,

Heght 1 mm,

diameter 1.6 mm (fignred bicarinale

specitnen).  eight 1.1 mm, diasmeter 2.3 mm {figured
farge spe rj;i}'urz'n} .
Type: Acad. Nat, Sci. Phila. 2831,

Type locality: J)ormrm/u,n Republic, Miocenc.

This small Cyelostremiscus oceurs throughout the
Gintun formation. It is rare in the lower part, vare to
sbundant in the middle part, and rare in the upper
part.  Several hundred specimens were collected from
ihe middle part at locality 147h.

These fossils show & considerable range of
in the outline of the ! whorl, in the presence or
absence of spiral threac ear the upper and lower
and in the strength and coarsencss of the spiral
cords facing the umbilicng,  The usual form is bicari-
nate (pl. 17, figs. 7-0).  Though tricarinate shells {pl.
17, figs. 10-12) are not common i the wmiddle part of
the Gabtun formation, the few specimens from the lower
and upper parts (one and lwo, respectively) are fri-
Spiral threads, generally faint, near she up-

rariation
[STeT) h/‘

0

sarinae,

=

carinate,

¥
per and lower carinae are exceptional, The umbilical
spivals generally are weal. They are, however, ex-

phe large specimen shown on
’E"‘}HS Iarge specimen, collected
from the middle part of the Gatun formation, shows a
further modification in the rounded outline of the body
whorl, the beginning of the body whorl of this
specimen the upper carina is moderately strong, the
Lasal caring is weal, and the peripheral angulation is
faint. These carinae and angulation rapidly disappear,
Thig specimen is larger than the bicannate and tricari-
nate forms,  Inasmuch as mature bicarinate and tri-
carinate forms arc rounded near the peristome, the ex-
ceptional Teatures of the rounded specimen are pre-
sumably correlated with its size. Toula’s illustrations,
however, show 4 b‘neii of moderate size, the body whorl
of whic h is rounded at an early sfage.

Chpdosiremascus p.;zm“:( oceurs in the Cercado
formation of the Dominican Republic and in the Bow-
den formation of Jamalca. The few available speci-
the Dominican Bepublic and Jamaica ars
iricarinate. 16 was formerly thought that the Gatun
form could be differentiated by thr ot ke sculpiure on
thie wmbalical wall W‘;/modnnw 1928, p. 4413, That
seulpture, however, is 100 var able ior comgistent differ-
&1 6ia 1101,

ceptionally strong on
S

plate 17, {igures 13-

s

muns from.

the western
: Pacific Chrewius'’ trifix
(Bush) (1897, p. 127, pl. 22, figs. 6 10, 10a, 12, pl. 23,
figs, 10, 15}, 1‘&31%11);3 from Cape Hatteras o (/‘uba,, is
consistently fricarinate and enlarges more rapidly, so

{erms

Closely  related
Atlantic and the

ars living in

PALEONTOLOGY O

CANAL ZONE

that with the same number of whorls (about 4%) Recent
shells arc alm bwice as large. Receni shells and

those from the Gatun formation have the same kind of
protoconch and ap ertire Inasmuch as the degree of
enlargement is the ¢ character now apparent to
differen tmte Recent shells and tricavinate fogsils, treat-
ment of “O7 {riliz as a subspocies of PENTAGOTLUS
appears to be preferable from the early
Mioceno Chipela formation and the mddle Miocene
Shoal River formation of Flovida hiave been rveferred to

Hossils

“Chireulus” triliy (Gardner, 1926-47, p. 600, 1947).
These Florida fossils are fricarinate and are larger

than those from the Gatun formation.

“Cureulus” cerrosensis Bartseh (1007, p. 173, figs. 9a,

b, ¢). which ranges from Santa Catalina lﬂmm Cali-
fornia, to Baja California and the Gull o @ihlomm

'y‘

Paciflie mmloo
oo determined
conzistently be

the cast

and pm?mb!v o Paum nd
of  “Chrewlus”  irilu

trafix. 1t hag not
whether Pacilic and Adantic shells can
distinguished., Relatively strong spival cords facing
the umbilicus are more common 1 the few lots of
Pacific shells.  Shells from both oceans that ave still
lusbtrous show under strong light wery famnt micro-
scopic spiral lineation. 1t s do abxfu whether Oyelo-
stremascus glyptomphalus Pilsbry and Olsson (1945-52,

p. 87, pl. 7, fig. 3, 1952}, & Pleistocenc form from ihe
Pacific coasts of western Pﬂlmma can be distinguished
from “(“irm(us“ COrTOSEnsi: ,i’m[)ry and Olsson sug-

gested the p
species,
k i

srebabilley of i 1 races of a widely spread
":’ytlu mmmmm glypiobasis Pilshry and Olsson
66, pl. 7, fgs. 4, 4a, 1952), also from the
Pleistocene of western Pan.una, probably 1s a variety,
or subspoecies, of *C7 aorrosensis with a seulptured base.
The ,‘Ei,-cuﬂeima' v oformn “Oirculus”  cosmius  Bartsch
(1907, p. 173, digs. 8z, b, ¢) also is closely allied to
il ”wcw’ws Cerrose but 18 chavacterized by a slight
downward bending of the upper margin of the peristome
where it extends forward. Though the perisiome of
the type of “Oireulus” cosmius is damaged, four speci-
mens i the type (and only) lot have a perfect peristome.
The seven specimens in the type lot have very weak
uwmbilical seulpture.  “Orireulus’  oceldentalis Pilsbry
and Olssore (1941, p. 48, pl. 9, fig. 33, from the Pliocene
ol Bcuador, shows downyward bending of the pevistorme
and should be compared with “Circulus” cosmius.

’L}‘Zr? :i;‘ .

Cyelostremascus tricarinatus (C. B. Adams) (Pilsbry
and Olsson, 1045, 13, 271, pl. 28, {igs. 3, 3a, 3b), living
on the Pacific coast of Panam4, is similar to the iri-
carinate species so far mentioned. It has, however,
faint axial riblets befween the periphery and suture,
and therefore is imtermediate between Ponocyclus and
Oyclostremaseus s.s.

Occurrence: Lower, middle, and
Gatun formation {middle and late

upper parts of
Miocene). Lower
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part, localities 138, 138a. Middle part, eastern ares,
localities 146, 147h, 147f, 147g, 147h, 153a, 1B55¢;
western area, locality 161. Upper part, castern area,
locality 173; western arvea, locality 185. Cercado and

Gurabo formations {(middle Miocene), Dominican
Republic. Bowden formation (middle Miccene), Ja-
maica,

Genus Solariorbis Conrad

Conrad, American Jour. Conch., , P, 30, 1865,
Type {logotype, Dall, Wagner T‘ue Itlat Sei, Trans., v.
p. 414, 1892):

124 1
D, Pr. 3,
Delphinula depressa Lea, Eoeene, Albemna.

Subgenus Solariorbis s.s.

The subgenus Soliariorbis s. s. is characterized by

relat'vely large size, faini, spiral sculpture (micro-
scopically punctate in the type species), and a wide

umbilical wall on the body wherl adjoinmg the aperturs.

Solariorbis (Solariorbis) strongylus Woodring, n. sp.

Plate 17, figures 43-45

r *u‘ﬂ\ ‘iﬂ‘(! bluntly angumted \mpi alb and
ristonie where it is rounded.  Penult and part
reding whorl sculptured with closely spaced spira
threads.  Spmals becomo faint and even disappear on
body whorl, but most persigtent near suture and j‘*s%

2

above periphery, Under strong light base shows barel
discernible microscopic spiral strintion. Uml bilicus
moderately narrow, agyimmetrical, bounded by a i"(“ildﬁ

spiral ridge,
wrinkles. Parietal callus thin.

Height 1.3 mm, diameter 2.4 mum {typs).
1.8 mun, diameter 3 mm (largest speeimen),

Type: USNM 561322; paratypes, Stanford Univ.

Type loecality: )4.30 (USGS 16909, Transisthmian
Highway, 1.6 kilomseters northeast of Capal Zone
boundaxy, Fanamé), lower part of Gatun formation,

The wealk sculpture and moderately narvow asym-
metrical umbilicus are characteristic featurce of this

bt

which 1 slightly roughened by growib

spocies. 16 is representod by 13 specimens, all from
the type locality,
Ocpurrence: Lower part of Gatun formation (middle

Miceene), localities 138, 138a.

Subgenus Hapalorbis Woodring, n. subgen.

Type: Circulus liriope Bartsch, Recent, Gulf of California.

The name Hapalorbis 1s proposed for a minor group
of Solariorbis consisting of small carinate species that
have a narrow umbilical wall on the body whorl adjoin-
ing the apertare. The type species has a gpival thread
shove and below the peripheral carina-forming thread.
Others hiave one 1o three threads below the periphery
and one or pwo above. Still others have none below or
above the periphery,
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The subgenus S‘ysid@om*‘-halus {Pilsbry and Olsson,
1941, p. 48; type (orthotype): Systellomphalus perorna-
tus Pilsbry and Olsson, Pliocenc, Ecuador), with which
Pilsbry and Olsson associated species closely allied to
“(, rewlus” liriope, may be defined as embracing species
ab have axial riblots on spive whorls and axial wrinkles
on ah@ base of the body whorl adjoining the umbilicus,
Hapalorbis is not known to have survived the Miocene
in Caribbean waters.

Solariorbis (Hapalorbis) hyptive hyptivs Weodring, n. sp. and n,
subsp.

Plate 17, figures 16-18

Small, thick-shelled, depressed, body whorl inereasing
rapidly in diamecter. Prmphm v sharply or moderately
carinate, oxcept at and wn peristome.  Umbilicus
VOFY Narrow, asymmetrw-(u Umbilical wall very nap-
row, the angulated wumbiical border beimmg inserted
almost, flush with base of | yody whorl where it emerges

from wmbilicus.  Parietal eallus moderately thick,
Hﬂi@]‘n@ 0.7 mm, diameber 3.4 mm (type).
Type: USNM p)(’ 1 paratypes Stanford Univ
Type localit (USGE 6033¢, Panama Railroad,
about 3,500 ieeb southeast of Gatun

vailroad station, tdle part of Gatun
formation.

I umbilicus, and
spieuous and charace-
1t is closely related 1o
Iiriope Bartsch
which is represented hy
: en, both dredged at a
@,ﬁ La P wz, Lower California.
more depressed, bave a smaller
I wimbilicus snd narrower umbilical
ihe

The very narrew a
very narvow umbilical
peristic features of thi
the vp@ 0[ H(mmi’u
{ mu , '

ibpbh wf “’J{ fathoms

e fossils are smallor,
more agymmebrical
wall, and lack a spiral thread above and below
peripheral carina.

Solariorbis hyptius proper wag found in the lower and
middle parts of the Gatun formation, but is rare except
a6 the type locality. The 68 spesimens collecied at the
type lma!m and the 2 additional specimens from the
middle part of the Gatun have remarkably uniform
characters. The five specinens from the lower part,
however, are not so sharpiy carmate and reach o slightly
larger size.

Occurrense: Lower and middle p
tion  (middle Miocene). Lower part,
Middic part, localities 146, 147h, 1471

arts of Gatun forma-
locality 138%a.

Holariorbis (Hapalorbis) hyptius anebus Woodring, n. subsp.

Plate 17, figurcs 34-36

Resombling S, hyptins proper, but larger and
umbilicus @owespwdirwi'y' larger. Per’ipheml carina

flanked above and below by a varrow low spiral thread.
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Type: British Muag, (Nat, Hist.}, Geol. Dept., Geol.
Soe. London 12842

Type locality: Dominican Republic, Miocene.

An incomplete Xenophora, found by T, F. Thompson
i the upper part of the Gatun formation at Stanford
University locality 2654 near Fort Davis, is veferred fo

delecta.  The attached shells and shell fragmenis
with one exception (o fragment of the body whorl of a
Phos-like gastropod, attached by the exterior surface)
sonsist of pelecypods, Aequipecten being most abundant,

These pelecypods and pelecypod fragments are concave
suh? upward, also with one exception: a fragment of a
mabure Aequipecten scissuratus.

The generally open un~ bilicus and relatively strong
,~~;us!pLurc differentiate X delecio from the only Reecent
species In bho Cm‘*iberz region, X, conchyliophora

Porn). The Gatun Tossil is w,wiy umbilicate, On
specimens  of (()mpa,ru‘iii A fmr‘v ﬁ;h% U'*minmm

L0 8 HATTOW Zroove. E at g ;ff E) %pf\mmm
the late Miocone
Vonezuela also shows on

The type of X, delecia is o small spocimen, like spoci-
meng from the Gurabe formation in the coliections of
the U, S, National Muscum (maximum diameter 24
Two 1mpeorfect shalls from the Cercado forma-
smaalier, Bowden formation of
damnaica also has vielded only small specimens {(maxi-
mum diameber 16 mim). Tho ripples on the base of
ihese small gpecimens, from both the Dominican He-
public and Jamaies, are so strong that they form nodes,
Pishry figured two large specimens (dizmeter 51 and
56 i that are in Gahls collection of fossils from the
Dominican Republic, and Manrvy illustrated, under the
name X, conchyliophora, @ large specimen from the
Crurabo formation.

X testibine Dall (Gavdner, 1926-47, p. 561, pl. 58,
figs. 31, 32, 1947}, of the Chipola formation of Flovida,
avident v I8 an s *J v form of X delecta. 1t 38 umbili-
cate, but itg sculpture is nob as strong as ﬂm of X,
delecta.  The larger of the
Cardner is herewith designated lactotype,
widely umbilicate strongly sculptured fragmen
the Shoal River formation, doubtiully recom i,«
textiline, 1s indistinguishable from X, defecto.
'hfn'“w , be the high-spired subs pull&, of X,
dulecta }70}*7,(/11,7@,@ Mansfield {1930, p. 121, pl. 1¢
f%"“, which oceurs i upper \hz;m,hﬁ v’éopesni in western
Hlor ui a.

from,

B NATTewW groove,

T,
Won are even

W

i X,

nribbean or

A, delecta lefy 1 s in the
Panamnic regions, 1w clos (,i}’ related, however, to X
senegodensis Fischer, o Recent west African species, and
close Recent Meditereanean aily, X, erispe “Kénig”
‘ Goours 1 Mioscene and

v, which rocks of late
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Pliocene age in Tialy., X delecie has somewhat coarser
seulpture than those species.

The Recent Caribbean X. conchyliophora has a long
bistory in the southeastern states and is one of the few
Recent species recognized in the Eocene of that region,
The Becent Panamic X robuste Verrill, characterized
by the deep orange-brown parietal callus and adjoining
mner half of the mterior of the body whorl, is better
troated as a subspecics of conchyliophora,

Ocourrence: Upper part of Gabun formation (niddle

Miocene), castern aves, locality 173. Cereade and
Gurabo formations (middie Miocene), an He-
public. Bowden formation (middle Mivcens), Jamai
Punta Gavilin  formaiion (ate Miocon

Venezsuols,
Family BIPPONICIDATR

Genus Hipponix Defrance

T ab. Aris, . 88,
London Proc .
LT

Diefranee, Jour. Phys. Chim. 1ist.
Type (ogolype, Gray, Yool. Soe.
Pualella cornucepia (P

Basin.

157, 1847):

atellc cornucopio Ta 1, Bocane, Paris

Hipponix species

the Hio Casaya
it mm & small presumably inunature Hipponde, shaped
Iike & wide comucopis. Some growih lamclae ave
exaggerated and there i= g

Cnbuneldlo fossils from ares

fanyt sugeestion of iins
e

radial sculpture. The muscle sear is nob discerniblo,
Liength {not quits complete) 8 mm, width 7.5 mm,

a,ppmx;m.lfw height 6.5 mmn,
So far as this wm(u] specimicnt goes, ib suggests s
miniabure replica of the tvpe species of the genus.
Ocomrrence: Gatuncille formation (middle Bocene),
Rio Casaya ares, locality 38,

Family HIPPONICIDAE?

Hipponix? species

A poorly preserved limpei -\ha]wd fossil from the
Culebra f ym’r,m‘i,on is doubtfully veferved to Hipponix.
It s m@demtciy large and elongate, and the apex iz
near the posterior end. The apex is worn and prac-
tieally smooth.  Preserved parts of the outer shell are
fwzv]i‘m/wed with erude radial ribs overriden by cruds
coneentrie threads.  The interior is inaccessible.

Approximate dimensions: length 21 mm, width 17
mm, height § mm.

If this fossil is an ;”zg/ponm 1t is more similar to the
Pacilic £, pdosus (Deshayes) (an earier name for I
barbatus Sowerhy) than to Caribbean Reeent species,
I pilosus vanges from California to Ecuador aud the
fmiu,p(w»m and 1s found in the western Pacifie. It is
recorded Trom the Miocene of the Dominican Republic
(Pilshry, 1922, p. 384).

Osncurrence: Culebra formation (early Mioccene), Gail-
lard Cut, locality 108c.
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Family CREPIDULIDAE

Genus Crepidula Lamarck

Lamarck, Soc. ist. Nat, Paris
Type (monotype): Palella
United States.

Mém., p. 78, 179,
FJarnicute  Linné, Recent, eastern
Molds from the Clulebra formation arve identified as
Crepidula sp.
Crepidula cf. §, maculosa Conrad
Plate 19, figures 4, 5

Crepidula gatunensis Toula, K, k.
ye 0

Band 61, p. 498, pl. 31, figs. 124,
Zone).

Geol. Reichsanstalt Jahrh,,
b, 1011 {(Miocene, Cansl

Of medium size, moderately unarrow, moderately

vaulted. Protoconch of small specimens consisting of
about whorls of nervitoid outline. Deck of small

specimens moderately deep secated, bearivg a wide
shallow median mdeniation,

Length 28,5 i, width 17.5 mm, approximate height
10.5 mm (fignred specimen),

A species of Crepidula from the Gatun formation s
comparable to the Recent O maculosa, to which abten-
sion has recontly Deen called (Stingley, 1952). As
peinted out by Stingley, . maculvse has o pedal mrasele
scar adjoining the adapical insertion of the deck and the
edge of the deck has a very slight median indentation,
whereas the better known and more morthern O
jormicate {with which . maculose has been confused)
lacks the muscle scar and has a pronounced median
mdentation.

The only favly large shell from Gatun (pl. 19, ngm
4, 5 is aftached to a crab carapace and the interier is
naccessible.  Owing presumably to inequalities on the
carapace, this shell has two faint depressions and cor-
respondingly meodified growth lines. The other shells
(all of which are small, ranging in length from 1.5 to 12
mil’iime‘mw\, ovidently represent the same species as
the fairly large specimen, Two that are moderately
small show the muscle sear of O, maculosa.

hecor dmw to Toula'z deseription and illustration, ()
galunensis was based on a small shell (length 2.8
millimetors) like those In the collections ab hand.
That name ts available, should the name & maculosa be
found to be inapproprinte for the fossils.

Though . fornieata s recorded from the Miocene of
Trintdad (i\Lul[‘ 1025, p. 2445, it 18 unlikely that that
species lived in the Caribbean Sea at any fims.

Oceurrenco: Lower, middle, and upper parts of
Gatun formation (middle Miocene). Lower part,
localities 127, 138, Middle part, eastern area, local-
ities 147h, 155¢, Upper part, castern avea, locality
178.

157
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{Urepidula plana Say

Plate 19, figures 1-3

Crepidulo plona Say, Acad. Nat. Sci. Phila. Jour., Ist ser,, v. 2
p. 226, 1822 (Recent, Maryland to Florida)., Dall,
Free Inst. Sci , 358, 1892
Recent, eastern United

)
Wagnor
{Miocene to

Trans

Nat, Sci. Phila. Proc., v. "?H {(Miocene, Canal
Zone). Brown and P;iqbr . idem, p. 495, 1913 (Pleis-

tocene, Canal Zone), P-l?«})w?
{Miocene, Doininican Republio).
ontology, v. 9, no. 39, p. 159,
Panamd). Gardner, U &
p. BGH, 1947 (Miocene,
citations.

Crypta forndeata (Linné), G
. 242, 1873 {(Miocene, D

e, . 73, p. 985, 1022
Olsson, Bull. Am. Pale-
]922 (Miocene, northwaestorn
Geol. Survey Prof, 142,

Flomda) ; see this

Paper
publication for othor

dabb, Am. Philos. Sce. Ty
ominiean Republice).

ans., v, 45,

Of medivm size, narvow, compressed, flat or concave,
Protoconch of immature sht:lfs consisting of 1% 1o 14
rapidly enlarging wherls of neriteid outline, destroyed
at later stage by encroachment of aperture. Deck
bearing a moderately deep narrow abapical marginal
indentation and a moderately deep very wide median
indeniation.

Length 15 mm, widt!

(0.8 mam, height 2 mm {Jarger
figured specimen).

Shipper }impeta
Fatun coded gastropods agy
Orepidula plang.  All the |
part of the formation. ana 18 already reeorded
from the Gatun formation of c;he Clanal Zone and from
3.;’1%# Mioecene sirats in northwestern Panams

A spe uu& of Orepidula that stmilar outline and
sunilar deck characters 1s living in ihe castern Pauﬁw
Pananuc ion, It presumably is O, wves C. B,
Adams, but is generally known as O0 nummario Gould.
The few specimens of this species from Panamd in the
collection of the U. 8. National Museum have slightly
deepor deck indentations than & plana.

Occurrence: Lower part of Gatun formation (middle

recovered from the aperfuores of
clogoly with the Keeent

sils were Tound 1n the lowor

t has g

Miocene), localities 1374, 138, 138a. Middle part of
Gatun fomlamon fmnficﬂe Miocene), pastern  ares
(Brown and Pilsbry). Late Miocene, Water Cay,

Panami. Miocene, Dominican Re publn Barly to
late Miocenes, Maryland o Florida. Pliocene, No
Carclina to Tlorida. Pleistccene, Massachusetts 1o
Tlorida, Canal Zove. Recent, Prince Edward Island,
Canada, to Texas and the West Indies.

FPamily Calypiraeidae

The genus Cheiles s not represented in the colleetions
at hand.  Cheidea princetonio Brown and Pilsbyy (1011,
p. 360, fig. 2), based on an internal and external mold
from the Gatun formation, may be conﬁpee’;iﬁﬁ with
the Cheiles from the n formation of

Bowd: Jainaies
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identified as the Recent Caribbean form designated
O, eguestris (Linné) (Woodring, 1928, p. 375, pl. 30,
figs. 1, 2).
Genus Calyptraea Lamarck

Lamarck, Soc. Ilist. Nat, Paris Mém., p. 78, 1799,
Type (monotype): Patelle chinensis Linné, Recent,

Furope.

weshern

An unidentified smali Calyplraca that has an cecentrie
apex Is represented by poorly preserved specimens
from the marine member of the Bohio(?) formation at
Varnos Vamos.

Calyptraea cf. C. aperta {Solander)

Molds of a relatively lavge, relatively high-spired
Calyptraca from the Gatuncillo formation of Madden
basin are comparable to . aperie, which is widely
distributed in the Eocene and Oligocene of western
Furope and southeastern Uniied States.  (I'or citation
and synonomy sce Palmer, 1937, p. 145.) In tropical
America O aperta, or & comparable form, 1s recorded
from the Paleocene of Trinidad and { ,he Eocene of
Jolombia and Perd

Oceuarrence: Gatuncille
localities 9, 12.

formation (late Focene),

Calyptraea ceniralis (Conrad)

Infundibulum ceniralis Conrad, Am.
p. 348, 1841 (Miocene, North Carolina, p. 343), Conrad,
FFossils of the Medial Tertiary of the United States, No. 3
(TMossils of the Miocene formation of the United States), p. 80,
pl. 45, fig. 5, 1845 (Miocene, North Carolina).

Trochila sp. indet., Gabb, Am. Philos. Sos, Trans., v.
1873 {(Miocene, Dominican Republic).

T rochila mihumz Gabb, Acad. Nab. Bei. Phila, Jour., 2d ser,,
v. 8, p. 342, pl. 44, figs, 11, 11a, 1881 (Miocene, Costa Rica),

Calyplraea  cenlralis (Conmd) Dall, Wagner Frec Inst. Sei.
Trans., v. 3, pt. 2, p. 353, 1832 (Mioccne o Recent).
Maury, Acad. Nat. Sei. Phita. Jour,, 2d ser., v. 15, p. 100,
pl. 13, fig. 6, 1912 (Miccene, Trim(lm!) Maury, New York
Acad. Sel. bcmn ific Survey of Porto Rieo and Virgin Islands,
v. 3, pt. ]5 p. 48, 1920 (Mioccene, Puerto Rieo). DPilsbry,
Acad. Nat. Sei. Phila. Proe 78, p. 385, 1922 (Miocene,
Dominican Republie). : Buil. Am. Paleontology, v. 11,
no. 42, p. 243 plo 43, 0 16285 (Miocene and Pliocene,
Trinidad). Gardner, U Survey Prof. Paper 142,
p. H62, pl. 56, figs. (l\hn”ru( Florida); see thAS
publication for other citatios

YCalypiraea of.
Selentific Burvey of Porte R
P 1338, 1920 (Miocene, T
Serv. Geol. Min,
Brazil)y.

Jour. Bel., 1st ser., v. 41,

15, p. 242,

centralis | Acad. S,
] Tals i PG . ¢

gin Islands, v. 3, pt. 2,
Maury, 1925, Brasil
1, figs. B, 10, 1925 (Miceene

Mon. 4, p. 65

OFf medium swze, cireular 1o ventral plan, apex central.
Protoconeh of about Ly inflat nzi rapidly enlarg-
ing whorls,  Irec od@e of platforma convex forward;
reflected columellar edge not clesely appressed, forming
a velatively high umi ;ihf‘ushm‘ opening.

6 8trol g
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Maximum diameter 16 mm, height 6 mm (largest
specimen).

Type: Apparently lost.

Type locality: Natural
formaiion (late Miocene).

Specimens from the Culebra formation, identified as
Calyptraca of. O, centrelrs, are comparable in size and
outline to C. centralis, but none shows the interior. All
are molds; with the exception of one, which was collected
at locality 108c and has much of the shell preserved.

The description is based on gpecimens from the lower
part of the Gatun formation. The ouly large specimen,
from locality 138, is imperfect. The interior of the only
specimen from the middle part of the Gatun formafion
is inacessible. Tt is listed as Calyptraca cf. O

Well, N. Car, Duplin

€. centralis.

The Gatun fossils that show the tnterior agree closely
with topotypes of O centralis colleeted at Natural Well,
N. Car. As pomted out by Dall and Gardner, Recent
specimens are smaller than those from the Miocene.
Recent specimens in the collection of the U, S. National
Museum, representing localities from Cape Hatteras to
the West Indics, arc not more than a third the size of
large Miocene fossils. Two large Recent shells, how-
ever, are exceptions. One, which has s maximum
dmmetex of 11.5 rmlhmet(\t‘,, was eataloged at an early
date and is labelled “West Indies.” The other (mmaxi-
muin diameter 15.5 millimeters) was i the Henderson
collection and is iabelled “Marco, Florida.” The re-
flected edge of the platform of both is ¢ losely appressed,
fike that of the western European (. elinensis, the type
of the genus. They probably are speciimens of that
species with erroneous locality data. Should a name be
desirable for the small Recent race, 1t may \)v lesignated
Oalyptraea ceniralis candeana (d’Orbigny), as indicated
by Dall’s synonymy. Phocene fossils from the Caloosa-
hatehee marl of Florida have a maximum diameter of
10 millimeters and therefore are intermediate in size.

The Recent Panamic C. mamillaris Broderip is larger
than . centralis, and hag a thicker shell and mottled
brown color pattern.

Occurrence: Culebra formation (carly Miocene; Cu-
lyptraea of. centralis), Gallard Cut, localities 99D,
9%¢, 100, 108¢, 110a. Lower and middle parts of Gatun
formation (middle Miocene); lower part, localities 137,
138, 138a; middle part, eastern area, locality 147,
((,ahn)fmm ef. O centr (IZ{)) Farty Miocene, Puurbo Riceo,
?Closta Rica, 7Brazil. lLate Miocene(?), Trimdad.
Miocene, Dominican Republie. Karly to late Miocenc,
Maryland to Florida, Pliocene, Trinidad, Florida.

Recent (small race) Cape Hatteras to West Indies.
Genus Trochita Schumacher
Sehumacher, Lssai un nouveau systéme des habitations des

vers testacds, p. 57, 184, I8L7
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Type (logotype, Rehder, Biol. Soc. Washington Proc., v. 56,  T'rechatella trochiformis {(Gmeliny, Lecointre, Jour. Conchyli-

p. 41, 1043): Tyrochile spirelis Schumacher (== Trochus radi- ologie, . 80, p. 240, upnumbered pl, fig. 2, 1950 (Pliocene,
ans Lnna,ltkrr: Turbo trochiformis Born), Recent, Keuador to Pleistorene, Moroceo).

Chile.

Trochita has o thick shell, distinet suture, and
moderately strong to strong rad,a [sculpture. T he free
edge of the platform is convex forward, except at the
distal margin, where 1t bears a narrow identation. The
columellar edge of the platforin is reflected only atb its
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Infundibulim. trochiforme (Gmeling, d"Orbigny, Voynge dais
IAmérique Méridionale, . 3, pt. 4 {(Paléontologie), p. 158,
1842 (Pleistocene, Chile),

Trochita radians (Lamarek), Reeve, Conchologia Iconica i1,

Trochila, pl. 1, specles 5, 1859 (Recent, Chile). ;
Thesaurus Conehyliortuny, v. 5, p. 64 451, figs. U5, 96, 8y,
1883 (He(‘mt Chile). Rehder, Biol. Soc, Washington Proe.
v. 56, p. 42, 1943 (Rm,erlt Tevador to Chile); see this publica-
tion for other eitations and synonymy.

Calyptraea (Trochitay trochiformis (Gmeliny, Grant and Gale,
San Diege Soc. Natural History Mem., v. 1, p. 795, pl. 34,
fig. 11, 1931 (Miocene and Pliocene, California;
Panamd to Perit).
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Miocene fo ‘ ﬂmned “COnfyptraea’  do-
Z;[oemis Clark ('%Wa . 485 pl 70, fig. 9) and “Calyp-
fraca’” marting Clark (1915, ». 486, pl. 70, fig. 8).  As

and Gale, these heavily ribbed
ing in age from early to late
vred to Trochata trocli-

suggestad by Grant
Mioeene forms, rang
Miocene, are probably lo

Jormis. The insdequate type material of Trochila
costellata Conrad (1857h, p. 185, pl. 7, fig. 3) consists of
two molds showing traces of relatively fine xibs.  Addi-
tional specimens from the type locality (Gaviota Pass
in the western Santa Ynez Mountains, Santa Barbars

he refe
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County, Calif.) have not been described and the age is
still unknown.

T am indebted to R. T, Abbott for pointing out that
Born’s Turbe irochiformis iz an carlier name for
Lamarclk’s Trochus radians.

Oceurrence: Middle member of Caimito formation

(Iate Oligocene), Gatun Lake area, localities 57
(Trochita? sp.}, 57a (Trochita of. T. trochiformis).

Culebra  formation {early Miocene), Gaillard Cut,
localities 115a (Drochita? of. T. trochiformis), 115b
{Troclita of. T. trochiformis, 116 {Trochite cf. T. trochi-
formis). Lower part of Gatun formation (niddie
Miocene), locality 136, 136a. Middle part of Gafun
formation (middle Mioecene), western area, localily
181c (Trochita? sp.). Miocene, California (identifica-

tion doubtful). Pliocene, California, Morocco.  Pleis-
tonene, Chile, Cape Verde Islands, Morocco. Receut,

Manta, Kcvador, to Valparaiso, Chile: Cape Verde
Tslands, Angola.

Genus Crucibulum Schomacher

Schumacher, Igsai d’'un nouveau systéme des habitations des
vers testacds, p. 56, 182, 1817,

Type (logotype, Burch, Couchological Club Southern Calif,
Proc., no. 56, p. 19, 1946): Crucibulum plonum Schumacher
(== Palello auricula Gmehin), Recent, Florida and West Indies.
J. K. Gray’s (1847, p. 187) designation of Patella

awrculate as the type of Orugibulum s not valid in the

strict sense, as Patelle avriculaie was not mentioned by

Schumacher.  Schumacher, however, based Crucibulum

planum  on Chemuitz’s Pafelle  auwriculate without

mentioning it by name.  Both Orueibulum planum and

Patella auriculate, given binomial standing by Dillwyn

in the yvear when Schumacher published the generic

name Cructhulum, ave synonyms of Patelle auriculs

Gmelin,

The recent type designation by Bureh, on the advice
of Keen, appears to be the first valid designation. The
question of possible virtual monotypy, raised by Keen,
need not he considered. Whatever the status of
Cruerbulum  rugoso-costatum, the only other spocles
mentioned by Schumacher, may be, Cructhbulum was
nof monotypic.

Unidentified molde from the Culebra formation, the
Alhajuela sandstone member of the Caimito formation,
and the CUhagres sandstone are listed as Crueibulum sp.

Subgenus Urucibulum g, 5.
Crucibuwlum {Crucibulom) shipolanum Dall

g

Plate 19, figures 8, §

Jracibulum aurieula var. chipolanum Dall, Wagner Free Inst,
Sei. Trans., v. 3, pt. 2, p. 349, 1892 (Miocene, Florida),

Cructbulum chipolonum Dall, Gardner, U, 8, Geol. Survey Prof,
Paper 142, p. b67, pl. 56, figs. 10, 11, 1947 (Miocene, Florida),

X2 GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Of medium size, elliptical in  ventral plan,
Protoconch of about 1% rapidly enlarging whorls.
Shell smooth to diameter of 1% fo 3 mun. At that
stage the shell is elliptical and the apex lies far o the
rear. Sculpture consisting of closely spaced crudely
roughened radial ribs, some of which bifurcate and a
few of which unite as they extend ouiward. Right
anterior border of cup sharply angulated, joined io
side of shell at level far above ventral margin of cup.

Maximum diameter 27 mm, height 16.5 mm (figured
specimen ).

Type (lectotype, the specimen fignred by Gardner):
USNM 112783,

Type locality: USGS 2212, Tenmile Creek, Fla.,
Chipola formation (early Miocene’,

Specimens from the middle part of the Gatun forma-
tion at the Gatun Third Locks excavation closely
resemble Crucibulum chipolanum in characlers of pro-
toconch, sculputre, and cup. The vight side of the
cup of the figured specimen was uncovered, but the
shell 1s too fragile to uncover the entive cup. ITocality
165¢ yielded a worn incomplete specimen. It shows
the same kind of cup and traces of radial ribs, but is
only tentatively identified as €. ehapolanum.

C. chipolanum was described as a variely of the
Recent Caribbean C. auricule (Gmelin).  Undoubtedly
it is eclosely related to that species and to the Recent
Panamic C. spinosum {(Sowerby). The cups of all
three are similar. The seulpture of O awricule is
weaker and more varied than that of C. chipolanum.
As pointed out by Gardner, the proteconeh whoris of
O auricula arve wider and emerge more obtusely.
Both O. auricula and C. spinosum are recorded from the
Miocene of the Dominican Republic (Pilsbry, 1922,
p. 385).

A species of Crucibulum from  the Shoal River
formation of Florida and 1ts Oalk Grove sand member, C,
chapolanum dodonewm Gardner (1926-47, p. 567, pl
56, figs. 18-20, 1947), has coarser sculpture than O.
ehipolanwm. It presumably 1s not elosely related, how-
ever, to . chipolanum, as its cup is attached te the side
of the shell at the level of the venteal margin of the cup.

Dall designated no type matevial for O, chipolanwm,
In his deseription hie mentioned only one locality: the
Chipola River, a mile bclow Baileys Ferry. He also
examined and identified, however, specimens from the
nearby Tenmile Creck locality, a mile west of Baileys
Ferry,  The specimen from the Tenmile Creek locality
figured by Gardner is herewith designated the lectotype.

Occurrence: Middle part of Gatun formation (middle
Miocene), eastern area, localities 155, 155b, 155¢
gneluding a deubtfully identificd worn specimen).
Chipola formation (early Miocene), Florida.
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Subgenus Dispotaea Say
131, 1824,

Say, Acad. Nat. Sei. Phila. Jour., v, 4, p. |

Type (logotype, Olsson mnd 1‘Ltlb180h, Amd Nat. Sei. Phila,
Mon. 8, p. 276, 1953): Calypiraea cosialn Say, Miocene,
Maryland.

Tat se

After describing Calypiraea grandis, Say vemarked
that it does not properly belong in the genus Calypiraca
and therefore proposed to place it in 3 npow genus
Dispotaca. He then assigned two other species to
Dispotaca: Dispotaca (ubifera, a new Recent specles
from South America, and his previously described
Calyptraca costate (Say, 1820, p. 40; see p. 38 for
locality data), a fossil species from Upper Marlborough,

Maryland, associated with others now known to be
Miocene. The types of these three species evidently

are lost. So far as known Dispofaca tubifera has not
been. recognized. Calyplraco costaic has been inter-
preted in different ways by Dall (1890-1903, pt. 2,
p. 349, 1892) and Martin (1904, p. 244, pl. 58, figs.
7a, b). Dall thought it is the strongly costate Cru-
eibuium that occurs in the St. Marys formation of
Maryland and assigned it varietal rank under Cru-
eibulum auricula, the type of Crucibulum. According
to Martin, 1t is the weakly costate Crucibulum found
in the Calvert formation of Maryland. Martin’s
interprotation is reasonable in view of the locality cited
by Say and in view of Say’s statement that the cup is
attached by one side to the wall of the shell. At all
events Martin’s identification is accepted.

Olsson and Harbison, apparently not realizing that
Say assigned the unequivocally identifiable Calyptraca
grandis to Dispolaca, recently designated Calyplraen
cosiata as the type of Dispotaea.

The cup of Dispoteea is attached by the right side,
or part of the right side, to the interior of the shell.
The type species has a Wlde attachment arca; Orucibu-
lum grande has an attachment area of varied width.
The Recent Crucibulum strialum (Say) (Nova Scotia 1o
Florida), which has been cited as the type of Dispolaca
by several authors, has a consistently wide attachment
area.,

Orueibuinm (Dispotaea) springvaleense Butsch

Plate 19, figures 8-10

?Capulus? gatunensis Toula, K. k. Geol. Reichsanstaly Jahib.,
Band 58, p. 692, pl. 25, fig. 1, 1909 (Miocene, Canal /Zrme,
Brown and Pilsbry, Acad, Nat. Sei. Phila. Proe., v. 83, p. 360,

1911 (Tﬂum record),

Capulus? sp., Toula, K. k. Geol. Reichsanstalt Jahrb.,
p. 692, pl. 25, fig. 2, 1909 (Miocene, Canal Zong).
Crueibulum  (Dispotaca) gatunense {(Touln), Anderson, OCalif.
Aecad. Sci. Proc., 4th ser., v, 18, no. 4, p. 121, pl. 13, figs. 46,

1929 (Miocene, Canal Zone, Colombia).

Band 58,

Crucibulum?  springvaleense  TRutsch, Naturf, Cesell. Basel
Verhandl,, Band 54, p. 188, pl. 4, fig. 8, 1942 {Miocene,

Trinidad).

TURRITELLIDAR 83

Of medium size, circular to elliptical in ventral plan.
Protoconch of 13 to 1% rapidly enlarging whorls.
Shell smooth to a diamefer of § o 6 mm. Shell at
that stage circular and apex central or subcenfral.
Sculpture consisting of heavy widely spaced radial
ribs, the interspaces bearing crude concentric lamellae,
or consisting of closely spaced, generally narrower,
roughened and pitted irregular ribs.  Right side of cup
widely attached to interior of shell.

Maximum diameter 19.2 mm, height 11 man {(lgured
specimen). Maximum dismeter 24.5 mm, height
mm {(argest specimen ).

Type: 518/190 Basel Natural History Muscum,

Type locality: Springvale quarry, Trimidad, Spring-
vale formation (Jate Miocens).

Crucibulum springvaleense is widely distributed in
the Gaton formation. Though the mterior of the
Trinidad specimens, on which this species was baged, is
mnknown, the Orucibulum from Fanamé is unequivo-
cally identified. Coarsely sculptured specimens have
the external characters of a topotype of . spring-
valeense kindly forwarded by Dr. Rutsch., Some fossils
from Panamé have only regular coarse sculpture, others
only irregular generally {iner sculpture, and still others,
like the specimen figured, a combmation of both.

This species has left no descendants in the Caribbean
region. It appears to be allied, however, to the
Recent Panamic Crucibulum pectinatum Carpenter,
which has fewer ribg than the coarsely sculpbured
typical form of O, springvaleense. . pectinatum ranges
from the seuthern part of the Gulf of California to
Panamb, possibly to Perd.

It is unlikely that Crucibulum springvaleense is the
species Toula described as Capulus? gatunensis. At 2
diameter of 11.5 millimeters, the greatest diametor of
the type of Capulus? gatunensis, it should show firaces
of strong sculpture, if it were the Cructbulum.  Accord-
ing to a communication from Dr. Rutsch, who exammed
the types of Toula’s Gatun gastropods, the typs of
Capulus? gatunensis is an unidentifiable mold retaining
parts of the mner shell layer. In the text Toula cited
figures 1 and 2 of plate 25 for Cupulus? gatunensis.

According to the explanation of the plate and the
dimensions, however, figure 2 is his Capulus? sp.
Figure 2 quite certainly represents a mold of the
coarsely sculptured Crucibulum that occurs in the
Gatun  formation. Perhaps through this ervor in

citation Anderson was led to use the name Crucibulum
gatunense for that species.

Ocenrvence: Lower, middle, and upper parts of Gatun
formation (middle and lafe Mioccne). Lower part,
localities 137, 137a, 138, 138a, 139. Middle part,
sastern area, localities 146, 147h, 147e, 147f (identifi-
eation doubtful, itmmature specimens only}, 147g,
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1470, 155, 1554,
butum cf. O springvalecnse) ; w
Upper part,

159, 160 (Cruce-
vestorn area, locality 162a.
wosbern ioeality 185, Springvale
formation (late Miocene), Trinidad. Mioeene, Bolivar,
{'olombia,

151, 152, 155b, 155¢,

areca,

Family NATICIGAE
Subfamily NATICINAE

Genus Natica Scopol

Heopoli, Introductio ad historiam naturalen, 1777,
) ;
Type (logotype, Harris, Catalogue of Te Husea in the
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Of medium size, thick-shelled, spire very low or mod-
crately low, shoulder strongly or shghtly mflated. Pro-
toconch not clearly differentiated from remainder of
shell, apical whorl large. Umbilicus wide, winbilical ril
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than V. dolus, but is considered conspecifie, N,
cocleara Olssor (1922, p. 155, pl 13, fig. 8; Miocene,
however, has a narvow wmbilicus, weak
ymbilical rib, and narrower wmbilical ecallus lobe, and
evidently is not closely related.  An early Miocene
cies {rom Costa Rica, N. nulleri Gabb (1881, p. 338, pl.
44, fig. 3) has a higher spire and wealker umbilical xib.
N. casirenoides Woodring (1928, p. 377, pl. 30, fig. 5;
Miocene, Jamalca) and its Recent Caribbean analog,
N, eastrensis Drall (1889, p. 293), have a wider and
weaker umbilical rib and thinner parietal callus. N
bolus appears to have no close living allies in either
Caribbean or Panamic waters,

Costa Rica),

S -

The strong, though narrow, umbilical rib indicates
that N. bolus 1s not closely related to N. witellus; 1t
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probably is to be assigned to an unnamed subgenus.
Aspointed out by Powell (1933, p. 165), undue emphasis
on opercular characters in eflecting a classification of
naticids may lead to artificial alliances.

Occurrence: Lower, middle, and upper parts of Gatun
formation (uiddle Miocene). Lower part, locality 138.
Middle part, eastern avea, localities 142, 144 (incom-
plete, identit 'mtion doubtful), 147b, 147g, 155, 155a,
1550, 155¢, 157, 159; western atea, 100&11“65 161a, 161e,
161d. Upper partv, eastern area, localities 172,173,175,
176a, 177, 177a (incomplete, identification doubtful},
1770, 178, Cercado and Gurabo formations {(middle
Miocenc), Dominican Republic. Springvale formation
(late Miocene), Trinidad.,

Subgenus Naticarius Duméril
Duméril, Zoologic analytique, p. 164, 1806; genus withouf species,
Type (mounotype, Frorviep, C. Duméril’s analytische Zoologie, p.

165, 1800; quoted {rom Iredale, Malacol. Soe. London Proc,,

v. 12, p. 83, 1918): Nerdta canrena Linné, Recent, West Indies.

The status of Duméril’s names, all of which end in
“arius’’, will not be settled without a specific ruling, for
they may be interpreted in various ways, Aceording
to Opinion 148 of the International Commission on
Zoological Nomenclature, issued 1n 1943
A generic name published as an emendation of an earlier name of
the same origin and meaning is to be rejected as a synonym of the
earlicr name, and the type of the genus bearing the emended
name is ?mtom:ltimﬂy the same speecies as the type of the genus
bearing the earlior nane so propesed to be emended.

Duméril’s names doubtless are emendations of eariier
pames of the same origin and meaning. Al of them
can be matched with eavlier names that lack the ¢
ternination,  He mmm‘m amended the earlier names
with the Latin s i pertaining m"} ag the nams
of the anunal; 1
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(Woedring, 1928, p. 378}, That view, which followed
Iredale’s (1916, p. 82) interpretation, is far fetched, hut
has the same nomenclatorial effect as the view adoptt-d
1 the present report.

Natice s s., or naticids having similar opercula, ocour
in the Kocens (Harris and Palmer, 1946-47, p. 247,
pl. 29, figs, 1, 2, 1947, Wrigley, 1949, p. 11, 13, figs.
1, 2, 8-12). Naticarius, however, evidently does not
antedate the late Oligocene. ’!_‘T% late Kocene (Jack-
son} Natrea permundae Conrad, which has heen referred
to Nattcarius (Harris and Palmer, 194647, p. 246,

1947), lacks the axial grooves of that subgenus, and has
a less rapidly enlarging umbilical ¥ib and correspond-
ingly narrower umbilical callus lobe.  Naticarius is
found in western Atlantic and castern Pacilic tropical
and subtropical waters. The Mediterrancan N. mil-
lepunciate Lamarck has 8 .}:‘u}unbhcd opereulum, sug-
gesting alliance with Naficarius, but the ribs are very
narrow and the shell has & narrow umbilical rib,  This
species has been ervoneously assigned to Nacea Risso.

Anunidentified species of Naticarius ocecursin theupper
part of the DBohio formation and poorly preserved
fossils from the middle member of the Caimito forma.
tion in the Gatun Lake area and the Culebra formation
are identified as Natica (Nafea 9) sp T]
relatively high szre fmﬂ ghort
the suture.
unkriown,

oW

ﬂ‘y E ave 4

Their umbilical fa, m.mes_, ELDd ()pu(‘,uh wy

Natica (Naticarius) stenopa Woodring, n. sp.

Plate 20, figures 4-0
O medium moderately inflated
whorls enlarging s wpire high,  Prolo
mnch mf ‘;}é o \Jm 1 small. Em,% of

anrd locally comaon 10
ahimndant in the appe

spraad

yacially



86 GROLOGY AND PALEONTOLOGY

part of the formation in the castern area. Kighteen
of the 21 lots, however, consist only of immaiure
specimons, up to a maximum of 115 immature shells in
one lot. 'The largest shells are imperfect. A shell of
medium size from locality 177¢ has an operculum in
place (pl. 20, fig. 6). An incomplete operculum of
medium size, not associafed with shells, was found
at Jocality 161. A small incomplete operculum, col-
lected at locality 162, has three ribs, an indeterminate
amber of other lower ribs being covered with a glaze
of enamel. The identification of this operculum is
uncertain. The axial grooves disappear on the body
whorl of an incomplste doubtfully identified shell from
locality 147h.

Though Brown and Pilshry {1913, p. 508) recorded
N. conrena from the Gatun formation and though
Olsson (1922, p. 155, pl. 13, fig. 9) figured a specimen
of that Recent Caribbean species from the Gatun
formation necar Gatun, that species i1s not represented
in the Gatun collections of the U. 8. National Museum
or Stanford University. N, sienope is of meduim sizo
and has a high spire, small apical whorl, closely spaced
axial grooves, and 5 or 6 ribs on the operculum. NV,
canrena, on the conftrary, is much larger and has more
inflated and more rapidly enlarging whorls, low spire,
large apical whorl, more widely spaced axial grooves,
wmore rapidly enlarging umbilical vib and correspond-
ingly larger umbilical callus iobe, and & or 9 1ibs on
the operculum.

On the basis of shell charactera M. stenope is closely
related to a Recont Panamic species identified by
Dall as N. fimacing Jousseaume (1874, p. 14, pl. 2,
figs. 7, 8). Jousseaume’s description and llustrations
suggest that the identification is erroneous. The
operculum of N. limacine 1s unknown and the type
loeality is indefinite: “West Indies(?)”. Dall’'s N,
Iimacina 1s represented in the collections of the U. S.
National Museum by one shell dredged in Panam4d Bay
at o depth of 33 fathoms. . stenopa has a somewhat
thinner shell, narrower groove w front of the umbilical
rib and umbilical callus lohe, and wider umbilical
opening back of the umbilical rib.  Naticarius opercula,
having 7 to 9 1ibs, arc represented by 2 lots from
Panamd Bay, and also by lots dredged in the Gulf
of California off Guaymas and La Paz, but it is not
known that the opercula are to be associated with
Dall’s V. limacina. They agree with the operculum
ol N. colima Strong and Hertlein (1937, p. 174, pl. 35,
figs. 12, 13, 16), dredged near Manzanillo, Mexico.
N. coltma, however, is thin shelled and has a very narrow
umbilical rib and small umbilical callus lobe.

Natica canrena or allied forms are widespread in the
Caribbean region in formations of Miocene and Pliccene
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age. V. precanrena ¥. Hodson (Hodson, Hodson, and
Harris, 1927, p. 68, pl. 36, figs. 2, 6, 9), a small Vene-
zuelan early Miocene species (height 6.8 millimeters),
has a high spire, small initial whorl, and closely spaced
axial grooves. It has, however, o higher spire and a
wider umbilicus than small specimens of V. stenopa.

Occurrence: Lower, middle, and apper parts of
Gatun formation (middle and late Miocene). Lower
part, localities 136, 137, 137a, 138, 138a. Middle
part, eastern areca, localities 146, 147h, 147g, 147h
{incomplete, identification doubtful), 151, 155, 155¢,
157; western area, localities 161, 161a, 161¢, 161d, 170,
170a. Upper part, eastern area, loealitics 175, 176a,
177h, 177¢; western area, localities 183, 185.

Genus Stigmaulax Mireh

Morch, Catalogus conchyliorium * * * Cores de Yoldi, pt. 1, p.
133, 1852.

Type (logotype, Harris, Catalogue of Tertiary Mollusea in the
British Museum; pt. I, Australagian, p. 262, 1897): Natica
sulcata Born (Nerita swuleaio Borny, Recent, West Indies.

Stigmanlaz, like Naticarius, lives in American tropical
and subtropical waters on both sides of Ceentral America.
It is found in the late Tertiary of the same region, the
sarliest species being of early Miocene age.

Stigmaulax guppiana (Toula)
Plate 20, figures 11-16

Natica guppiane Toula, K. k. Geol. Reichsanstalt Jahrb., Band
58, p. 696, pl. 25, fig. 6, 1909 (Miocene, Canal Zonei. Hodson,
Hodson, and Iarris, Buil. Am. Palcontology, v. 13, no. 49,
. 67, pl. 36, figs. 1, 4, 1927 (Miocene, Venezuela).

Natica guppyane Toula, Engerrand and TUrbina, Soc. Geol.
Mexicana Bol., v. 6, p. 130, pl. 60, figs .53, 54, 55 (reproduc-
tion of Toula’s illustration), 1910 (Miocene, Mexico). Brown
and Pilsbry, Acad. Nat. Sei. Phila. Proc., v. 63, p. 360, 1911
(Miocene, Canal Zone). Olsson, Bull, Am. Paleontology, v. 9,
no. 39, p. 156, pl. 13, figs. 13-15, 1922 (Miocene, Pansmi,
Costa Rica). Anderson, California Aecad. Sei. Proc., 4th ser.,
v. 18, no, 4, p. 123, 1929 (Miocene, Colombia). Tucker and
Wilson, Bull. Am. Paleontology, v. 18, no. 65, p. 13, pl. 2,
figs. 8, 4, 1932 (Miocene, Florida). Mansfield, Florida Dept.
Conservation, Geol. Bull. 12, p. 10, 13 (lists), 1935 (Miocene,
Florida).

Natica (Stigmaulaz) sulcata guppiana Toula, Rutsch, Schweizer.
Palaeont. Gessel. Abh., Band 54, no. 3, p. 51, pl. 1, fig. 15 (type),
1934 (Mioeene, Canal Zone).

Natica (Naticarius) guppyana Toula, Oinomikado, Geol. Soc.
Japan Jour., v. 46, p. 621, pl. 29, fig. 18, 1939 (Miocens,
Colombia).

Natica (Stigmaulax) guppianae Toula, Gardiner, U. 8. Geol.
Survey Prof. Paper 142, p. 546, pl. 59, fig. 9 (reproduction of
Toula’s illustration), 1947 (Miocene, Florida).

Natica (Stigmaulaz) guppiona toulane Gardner, idem, p. 547,
pl. 59, figs. 7, 8, 1947 (Miocens, Ilorida).

Naiica (Stigmaulor) guppyana Toula, Marks, Bull. Am. Pale-
ontology, v. 33, no. 139, p. 98, 1951 (Miocene, Ecuador).

Operculum (sp.?), Toula, K. k. Geol. Reichsanstalt Jahrb.,
Band 61, p. 511, pl. 31, fig. 26, 1911 (Miocene, Canal Zone).
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Not Natica guppyana Toula, Li, Geol. Soe. China Bull, v. 3,
p. 266, pl. 6, fig. 46, 1930 (Mioccne, Panama Bay; = Natica
elenac Récluz, fide Pilsbry, Acad. Nat. Seci. Phila. Proe,, v. 83,
p. 432, 1931, Recent, Panama Bay).

Large, thick shelled, spive low, whorls strongly
inflated and rapidly enlarging. Protoconch of 2% to
2% whorls, apical whorl small. Sculpture of rclatively
widely spaced vetractive axial grooves, parallel to
growth lines, extending away from suture and generally
ending at or above periphery. On some shells they
extend to umbilical region, but not on last half of
body whorl of large shells, Umbilicus very wide,
umbilical rib rapidly enlarging, ending in a moderately
wide callus lobe, the anterior part of which is concave
on large shells and strongly excavated on shells of smal!
and medium size. On shells of large and medium size
g more or less distinet supplementary rib lies on um-
bilical rib at its posterior border and may modity
outling of ecallus lobe. Groove in front of ambilical
1ib and umbilical callus lobe moderately wide on large
shells, narrow on others. Parictal callus very thick.
Operculum dominated by very wide thick warty central
rib. Margmal rib very narrow, denticulate. Several
minor ribs, two of which generally are undercut along
their inner margin, lie between marginal and central
ribs.  Outermost minor rib irregularly roughened.

Height 33.5 mm, diameter 30.5 mm (figured large
specimen with short axial grooves). Height 30.5 mm,
diameter 20 mm {(figured large specimen with axial
grooves extending from suture to umbilical region on
first half of body whorl).

Type: Tech. Hochsehule, Vienna (temporarily at
Geol. Inst., Univ. of Berne, Switzerland).

Type locality: Presumably Gatun Locks excavation,
Canal Zone, middle part of Gatun formation.

Stigmaulazr gupprana is the most widespread and most
sbundant of the Gatun naticids and was found in the
Chagres sandstone at the mouth of Rio Indio. All of
the nwmerous large shells and many of medium size
have one or more healed breaks on the body whorl.
The more widely spaced axial grooves and the excavated
umbilical callus lobe differentiate very young shells
from very young shells of Natica stenopa. The sculp-
ture is variable. Shells of large and medium size on
which the axial grooves extend to the umbilical region
are common only in the upper part of the Gatun forma-
tion in the easfern avea. Locality 155¢c is the only
locality in the middle part of that formation where all
tbe specimens collected have grooves extending to the
umbilical region. No large shell has grooves extending
to the umbilical region on the later half of the body
whorl. Though the body whorl of some large shelis
shows indistinet microscopic spiral lineation, like that
on some specimens of Natica canrena, there is no gross
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spiral sculpture. The supplementary umbilical rib is
of variable strength, but is visible on shells of large and
medium size.

Opercula are not rare. They were collected at 11
localities, as many as 10 at a locality. A large shell
having the operculum in place (pl. 20, fig. 18) was
collected by T. . Thormpson. The only other in place
is in a minute shell, which has a height of 1.5 millimeters
(locality 147b). Details of opercular sculpture are
variable, especially the number of minor ribs. The
fine denticles on the very narrow marginal rib are
obscure on some large opercula. That the thick callus
of the warty central rib conceals flas mmor ribs, like
those adjoining the central rib on some opercula, is
shown by the mergence of such ribs on 2 large opercula,
(pl. 20, figs. 13, 18). Toula described a small operculum
without realizing that it belongs to a species he had
named.

Forms of Stegmaular closely related to the Recent
Caribbean S, sulecaie (Born) are found in Miocene for-
mations in Jamaica, Haiti, the Dominican Republie,
Puerte Rico, and Brazil. 8. guppiana, however, is
not one of them. It lacks gross gpiral sculpture and is
more closely allied to the Recent Panamic 8. broderi-
prane (Réeluz), as pointed out by Olsson (1932, p. 207).
8. broderipiana is smaller and has a less depressed
suture. The opercula of the two species are similar,
but the central rib of S. broderipiana has a narrow crest.
S. elenae (Récluz), alse a Recent Panamic species, is
another close ally. It also has a less depressed suture
and its axial grooves are in general more closely spaced.
The single available operculum has a narrower central
rib. The color pattern, however, is the most distinetive
feature of S. elenae.

S. guppiana is Tound in the Gurabo formation of the
Dominican Republic. A close ally of S. sulcala also
occurs in the Gurabo formation, but not at ihe same
localities. This close ally of S. sulcala was recorded as
S. vererugosum (Cossmann) (Woodring, 1928, p. 383)
and has been named Naiice sulcata gurabensis by
Rutsch (1934, p. 52, pL. 2, fig. 10). S. guppianae also
occurs in deposits of middle and late Miocene age in
Florida. The collection from Shell Bluff on Shoal
River (USGS 3742) consists of numcrous specimens,
all smaller than large shells from the Canal Zone.
The collection also includes 3 opercula which agree
with opercula of S. guppiana. Two specimens from
locality 3742 that have short axial grooves were named
Natica guppione ioulane by Gardner. This is the
common form in the lower and middle parts of the
Gatun formation, and the numerous Gatun collections
show gradation in the length of the grooves. The
single speeimen (height 22 millimeters) from Vaughan
Yreek (USGS 12046) agrees closely with Gatun shells



GEOLOGY AND PALEONTOLOGY OF CANAL

of medium size that have grooves extending to the
umbilical region.  According to Tucker and Wilson,
8. quppiana occurs in upper Miocene deposits at Acline,
Florida.

A Targe Stigmauwlar from the late Miocene Punta
Gavilin formation of Venezuela has been described as
Natica (Stigmaulaz) \‘-'ulcazfcz beaumonti Rutsch (1934,
p. 50, pl. 2, figs. 6-8, pl. 3, {ig. 5). I am indebted to
Dr. Rutsch fo1 two topol:ypes of this form. It s allied
to S. guppionae and may be considered a subspecies of
S. guppiana. Tt is considerably larger than S. guppianae
proper (height 42 millimeters), but even on these large
shells the axial grooves continue to the umbilical region
almost to the outer ]jp, This large form, S. guppiana
beaumonti, and the typical form of S. guppiane i the
Chagres sandstone are the last Caribbean allies of S.
broderipiana.

Occurrence: Lower, middle, and upper parts of
Gatun formation (middle and late Miocene). TLower

part localities 137, 137a, 138, 138a. Middle part,
castorn arca, localities 142, 146, 147 (identification
doubtlul), 147h, 147L, 147¢, 147h, 150a, 151, 153, 153a,

155, 155k, 15be, 156, 157, 158 u]ontmmmou doubtful) ;

western area, locahtws 161, 161¢, 161d. Upper part,
castern area, Ioca.htlos 172, 1 75, 176, 176a, 1774, 177D,

177¢, 178;
Chagres

western area, localitios 182, 182a, 183, 185.
sandstone  (early Pliocene), locality 208.
Miocene, aleon, Venezuela. Middle Miocene, Bolivar
and  Choet, Colombia. Daule formation (muddle
Miocene), Feuador. Middie Miocene, northeastern
Panamd and Costa Rica. B’[iocmm, Chiapas, Mexico.

Shoal River formation (middle Miocenc), Florida.
Late Miocence deposits at A(imo, Florida.

Genus Tecionatica Bacce
Sacco, Mus. Zoologia Anatomia Comparata R. Univ. Torino

Bol, v. 5, no. 88, p. 33, 1890,
Type (monotype): Tectonaiica

(Naltvew lectule Bonelli),

icctula Bors.
Miocene and

(error for Don.)

Pliocene, lialy.

Thonueh the name Tecionaiied cen uscd Tor sinall

=
]
o
jo—

ropieal American species TOZ8, p. 384),
that usage m):‘ nob , l»(»s:;’susw ne
,,]w m wehg of tn.:: ty . Through

men , OW A
1.3 T Farorm Tren mrys gyt oan A , a7
able. 1t i L:‘a,p‘u the small fropioal Ameries

SPOCIeE miaximum height

o1 and

mithimeters, according o the umbilical
callus fo

be does not emn‘pi{' he umbilicus, leaving
a narrow unfilled space, vable {0 the narrower
space of varying width on the am&l! American “Nalica'
pusille Say.  In his later description of Teetonatica.
Saceo (1801, p. 81} deseribed tho opowculum as cal-
carcous. He ovidently was relving on allied Recent
species, as in his description of 1\(;51(3@ tectula  the
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operculum is not menfioned. Though the operculum
of that specics evidently is still uukunown, there is no
reasonable doubt that Zectonatica is an appropriate
name for the small American species. The type of
Cryplonatica (Dall, 18960-1903, p. 362, 1892; type
(logotype, Dall, 1909, p. 85): Natica clausa Broderip
and Sowerby) is a large avetic and boreal species, on
which the umbilical callus lobe completely fills the
umbilicus. Like the small species, 16 has a smooth
calcareous operculum., When the anatomy of the large
arctic and small tropical species is known, both names
(Tectonatica and Crypionatica) may be found to be
useful. '
Tectonatica has been recognized
Eugland (Wrigley, 1049, p. 14)

the Koeene of

Tectonatica species

Two imperfect specimens record the occurrence
of a small inflated species of Teclionatica in the late
Eocene or early Oligocene strata of Trinidad Island.
The unbilical callus lobe is preserved on the smaller
specinen, but is absent (presumably dissolved) on
the larger. The larger specimen has a more strongly
bulging body whorl than 7. agna of the Gatun forma-
tion. 1. foridana (Dall) (1890-1903, ph. 2, p. 366,
pl. 17, ﬁg“ 5, 1892), of the carly Miocene T am])& lime-
stone of Florida, is more than three times as large and
1S 1more clonoate Heretofore 7. floridane was the
earliest recorded east American species,

The larger specimen has the following dimensions:
height 2.4 mm, diameter 2.6 mm.

Occurrence: Marvine member of Bohio(?) {formation
(late Eocene ov carly Oligocene), Gatun Lake area,
locality 42,

Tactonatica agna Woodring, n. sp.
Plate 17, figiue 46

Very sinall, strongly inflated, spive low or moderately
fow. Pmioumeh not elearly differentiated from ve-
mainder of shell, apleal whorl small.  Thabdical callus
fobe &hick, completely filling wmibilicus, bearing a
shallow central depression. Mdge of umbilical callus
fobe raised above level of nmbilical border. Parictal
callug thick.  Operculmm unlkne

H,mg;ht 2.8 mm, diameter 2.4 mn

Type: USNM e)bh)alﬁ: paraty

Tvpe focality: 147h  (USGS

read, about 3,500 feet (3,065
?Cm, un ratlroad station,
Gatun formation.

WL

(tvpe).

pes, Htanford Univ.
$5053¢, Panama Rail-
meters) soubheast of
Canal Zone), middle part of

This minute Teclonatica, like many other small
species from the Gatun formation, is abundant ag
locality 147h, the type loeality. T'he shallow, but

distinet, depression on the umbilical callus lobe 1s 1ts



