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GEOLOGY AND PALEONTOLOGY OF CANAL ZONE AND ADJOINING PARTS OF PANAMA

DESCRIPTION OF TERTIARY MOLLUSKS (GASTROPODS: COLUMBELLIDAE TO VOLUTIDAE)

By W. P. WoobriNg

ABSTRACT

The description of the mollusks in the Tertiary formations
of the Canal Zone and adjoining parts of Panami—ranging in
age from middle and late Eocene to early Pliocene—is con-
tinued from chapter B. Ninety-four species and subspecies
in 10 families of gastropods are covered in the present chapter.
Bighty-four are formally described and the remaining 10 are
briefly described or only mentioned.

The fossils from the Gatuncillo formation—all from strata
considered of middle Eocene age—include an early species of
the genus Xancus, X. cf. X. peruvianus, and Ctenilyria ctenista,
the type of a new volutid genus known also in deposits of
middle and late Eocene age in northwestern Europe.

The late Eocene or early Oligocene marine member of the
Bohio(?) formation yielded Glyptostyla panamensis, the type
of a volutid genus that occurs in late Eocene deposits in Perti
and Colombia, and in late Eocene or early Oligocene in Peri
and the Canal Zone. All the specimens of G. panamensis were
collected at Vamos Vamos, which is now under the waters of
Gatun Lake.

Mitrelle epacte. a columbellid related to early Miocene
forms of southeastern United States, was found in marine
strata of late Oligocene age in the upper part of the Bohio
formation of Barro Colorado Island. The earliest species of
Antillophos and the earliest species of Oliva and Olivella now
known in the Caribbean region occur in the Caimito formation
of the Gatun Lake area, also of late Oligocene age. These
fossils are so poorly preserved that they are named only
generically.

Recent core drilling in the northwestern part of the Gaillard
Cut area shows that the strata of that region formerly assigned
to the Culebra formation are to be transferred to the La Boca
formation. These strata include the Emperador limestone
member. The La Boca and also the Pedro Miguel agglomerate
are given formation rank instead of member rank in the
Panam4 formation. In Chapter A, both the Culebra and the
La Boca were assigned to the early half of the lower Miocene,

Strombina cf. S. quirosane, which occurs in the Culebra
formation, is of interest as the earliest species of Strombina
now known in the Caribbean region. Two Culebra buccinids,
Cymatophos? ¢f. C. veatchi and Antillophos? cf. A. candei
gatunensis, suggest close alliance with larger Gatun forms.
Northia? cf. N. northiae. from the Culebra, may be the earliest
representative of a genus that now is monotypic and endemic
in eastern Pacific waters. The type material of Nassarius
praeambiguus was found in the La Boca formation. The
La Boca specimens. like many of the other La Boca mollusks,
are poorly preserved.

Three-fourths of the 84 species and subspecies described in

the present chapter occur in the middle to late Miocene Gatun
formation. The Gatun fossils are notable for the diversity
of columbellid and buccinid genera. The columbellids include
an Antillophos-like genus (Strombinophos) and a Striolere-
brum-like genus (Strombinella). The buccinids include four
Phos-like groups: Cymatophos, Calophos, Antillophos, and its
subgenus Rhipophos, With the exception of Cymatophos and
Antillophos proper, the genera and subgenus mentioned are not
known to be living. The buccinid Nicema and the nassarid
Nanarius (subgenus of Nassarius) and Leptarius are also
not known to be living. Sincole (subgenus of Strombina),
Cymatophos, and Strephonella (subgenus of Olive), like many
other genera and subgenera in the Gatun formation, survive
in eastern Pacific waters but not in the Caribbean Sea. On
the contrary, Xancus survives in the Caribbean Sea, but has
become extinct in the eastern Pacific Ocean since Miocene time.

Two Phos-like genera are found in the Chagres sandstone, of
early Pliocene age: Cymatophos? acolus and Amarophos
bothrus. If Cymatophos? acolus is a species of Cymatophos,
it is the last known species of the genus in the present Carib-
bean region. The genus Amarophos occurs also in strata of
early Miocene age in Columbia and Costa Rica and late Miocene
in Costa Rica. It is not known to be living.

INTRODUCTION

This is the third chapter dealing with the mollusks
found in the Tertiary formations of the Canal Zone
and adjoining parts of Panaméi. Ninety-four species
and subspecies in 10 families of gastropods are covered
in the present chapter. Eighty-four of these forms are
formally described and the remaining 10 are briefly
described or merely mentioned. The 296 forms covered
in the three chapters so far issued are estimated to be
a little less than half of the total number in the col-
lections at hand.

The following new genera and subgenera are pro-
posed :

Amarophos, Buccinidae.
Type: Amarophos bothrus Woodring, n.sp., Cha-
gres sandstone, Pliocene, p. 267. Gender mas-
culine.

Calophos, Buccinidae.
Type: Calophos ectyphus Woodring, n.sp., Ga-
tun formation, Miocene, p. 262. Gender mas-
culine.
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Ctenilyria, Volutidae, Lyrinae.

Type: Ctenilyria ctenista "Woodring, n.sp.,
Gatuncillo formation, Eocene, p. 288. Gender
feminine.

Leptarius, Nassariidae.
Type: Leptarius leptus Woodring, n.sp., Gatun
formation, Miocene, p. 272. Gender masculine.

Nanarius, subgenus of Nassarius, Nassariidae.
Type: Uszita paraprista Gardner, Miocene,
Florida and Canal Zone, p. 271. Gender mas-
culine.

Nicema, Buccinidae.
Type: Nicema amare Woodring, n. sp., Gatun
formation, Miocene, p. 268. Gender neuter.

Pallacera, Nassariidae.
Type: Nassa myristicata Hinds, Recent, eastern
Pacific Ocean, Nicaragua to Panama, p. 269.
Gender feminine.

Rhipophos, subgenus of Antillophos, Buccinidae.
Type: Phos metuloides Dall, Gatun formation,
Miocene, p. 266. Gender masculine.

ADDITIONS TO LOCALITIES AT WHICH FOSSILS
WERE COLLECTED

New localities at which fossils were collected are as
follows:

Additions to localities at which fossils were collected

No. USGS
used in | Cenozoic
this No.
report

Description of locality

Culebra formation

116a | 20956 | Bast bank of Panama Canal at Canal station
1870 near Paraiso, Canal Zone; 700 feet
(213 meters) southeast of locality 116.
Small-pebble conglomerate and conglom-
eratic sandstone. R. H. Stewart and

Anselmo Mena, 1957.
Lower part of Gatun formation

138¢ 21956 | About 100 meters north of Transisthmian
Highway and about 75 meters west of road
to refinery site on Payvardi Island, Panam4;
immediately east of Cativa and 100 meters
north of locality 138. R. H. Stewart and
Anselmo Mena, 1957-59.

Same locality as 138¢c. W. P. Woodring, 1960.

Spoil from refinery-site dredging operations
on east side of Payardi Island, Panam4;
latitude 9°23’ N., plus 2,000 to 2,600 feet
(600 to 800 meters), longitude 79°49’ W.
to 79°49’ plus 500 feet (150 meters). Dredge
operating to depth of 27 feet (8 meters)
below sea level. Lower part of Gatun
formation underlying 15 to 20 feet (4 to 6
meters) of Pleistocene coralliferous deposits.
R. H. Stewart, 1960.

138d
138e

22016
22391

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Additions to localities at which fossils were collected—Continued

No. USGS
used in | Cenozoic
this No.
report

Description of locality

Middle part of Gatun formation, eastern area

139a 21844 | East side of road leading from Transisthmian
Highway to refinery site on Payardi Island,
Panamé; 730 meters northeast of locality
138. David R. Stewart, 1959.

East side of road leading from Transisthmian
Highway to refinery site on Payardi Island,
Panam4; about 100 meters southwest of
refinery gate. R. H. Stewart and Anselmo
Mena, 1959.

Same locality as 139b. W. P. Woodring, 1960.

Same locality as 139b. R. H. Stewart, 1960.

Refinery site on Payardi Island, Panam4; top
of hill at edge of hills northeast of refinery
%S%% R. H. Stewart and Anselmo Mena,

Same locality as 193e. W. P. Woodring, 1960.

Road leading from Transisthmian Highway to
Cemento Atldntico site at Samba Bonita,
Panamd; latitude 9°22’ N., longitude 79°50’
W., plus 3,600 feet (1,095 meters), about 1.1
kilometers west-northwest of Cativa. R. H.
Stewart, 1960.

139b | 22017

139¢
139d
139e

22018
22390
22019

139f
139g

22020
22417

FAUNAL SUMMARIES OF SPECIES

As in chapter B, the faunal tables list relative fre-
quency, as follows:

Symbols used for relative frequency

Number of

Symbol 8pecimens
R, rare .______________ - 12
I, few o e 3-5
C, common ________ — e 6-20
A, abundant .__ - _ ——— - >20

EOCENE SERIES

GATUNCILLO FORMATION

The families covered in the present chapter include
four species of silicified fossils collected in the Rio
Casaya area. Two of the four are named. Xancus cf.
X. peruvianus is an early species of a genus that occurs
in the Eocene of Colombia and Pert, but did not reach
southeastern United States until Oligocene time. Cten-
ilyria ctenista is the type of a new volutid genus found
also in deposits of middle and late Eocene age in
northwestern Europe.

Mollusks from Gatuncillo formation at locality 38 in Rio Casaya
area (Columbellidae to Volutidae)

[R, rare]
Columbellid?, genus? __ o R
Olivid, genus? R
Xancus cf. X. peruvianus Olsson -
Ctenilyria ctenista Woodring, n. Sp-—— oo R




‘GASTROPODS: COLUMBELLIDAE TO VOLUTIDAE

EOCENE OR OLIGOCENE SERIES

MARINE MEMBER OF BOHIO(?) FORMATION

Glyptostyla panamensis is the only named species
from the marine member of the Bohio(?) formation.
It is the type of the volutid genus Glyptostyla (Ols-
son’s Peruficus), an early Tertiary genus so far known
in late Xocene deposits in Colombia and Perd and in
late Eocene or early Oligocene in Pert and the Canal
Zone. All the specimens of Glyptostyla panamensis
were collected at the now submerged Vamos Vamos
locality. An unnamed species of Métrella is related to
larger middle Eocene to middle Miocene species of
southeastern United States.

Mollusks from marine member of Bohio(?) formation (Columbel-
lidae to Volutidae)

[R, rare; C, common]

Localities

Palenquilla | Trini-
Vamos Vamos Point dad

Mitrella SP- oo R o]
Tritiaria? sp _

OLIGOCENE SERIES

BOHIO FORMATION
Marine strata of late Oligocene age in the upper part
of the Bohio formation on Barro Colorado Island
yielded four species, only one of which, Miétrella epacta,
is named. Mitrella epacta is related to early Miocene
forms found in southeastern United States.

Mollusks from upper part of Bohio formaiion on Barro Colorado
Island (Columbellidae to Mitridae)

[R, rare; F, few]

Localities
424 42¢
Mitrella epacta Woodring, n.sp________________ R ...
Antillophos? Sp- - - . ________._ R ...
Olivid, genus? . __ ___ ________________________ F R
Maitra (Tiara) sp_- - . R ...

CAIMITO FORMATION, GATUN LAKE AREA

The Caimito formation of the Gatun Lake area,
which is of late Oligocene age, yielded seven species.
All are so poorly preserved or so incomplete that none
is named. One of the species, listed as Antillophos sp.,
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is of special interest, however, as it extends the range
of the genus back to late Oligocene time. The earliest
species heretofore known are of early Miocene age.
The unidentified species of Oliva and Olivella are also
the earliest in the Caribbean region.

Mollusks from Caimito formation of Gatun Lake area
(Buccinidae to Olividae)

[R, rare; F, few)

Localities
Barro Colorado | Pato Hor- Panama
Island queto Island| Railroad

54g | 54h | 54j | 55a | 55b 56 57a

Antillophos (Antillophos) sp..
Amntillophos? (Antillophos?) sp
Latirus? SP.ce_ e
Oliva (Oliva) sp- -
Ancilla? sp_..-.
Olivella sp-.....
Olivid, genus?

LOWER PART OF CAIMITO FORMATION, MADDEN BASIN

Two unnamed species—Fusinus? sp. and Xancus
sp.—were found at locality 71 in a limestone in the
lower part of the Caimito formation of Madden basin,
the late Oligocene part of the formation in that area.

MIOCENE SERIES

CULEBRA FORMATION

Core hole GH10, drilled in 1959 at Contractors Hill,
on the west side of the canal at the continental divide,
penetrated a thickness of 104 meters of the Culebra
formation without reaching the base of the formation.

Collections from the Culebra formation include 13
species in the families covered in the present chapter.
Five are given provisional names and the rest are
identified only generically. Strombina cf. S. quirosana
is of interest as the earliest species of Strombina now
known in the Caribbean region. Oymatophos? cf. C.
veatchi suggests the larger species C. wveatchi of the
Gatun formation. Antillophos? cf. A. candei gatunen-
sis likewise suggests a larger Gatun form. If the fossil
described as Northia? cf. N. northiae is indeed a species
of Northia, it is the earliest species of the genus. At
the present time Northia is monotypic and endemic in
eastern Pacific waters.

The largest collection of Culebra mollusks now avail-
able—a total of some 90 species—was forwarded by
R. H. Stewart in 1957. These fossils were collected
from small-pebble conglomerate and conglomeratic
sandstone in a small slide on the east bank of the canal
at canal station 1870 immediately northwest of Paraiso.
The locality is entered in the list on page 242 as
locality 116a.
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GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Mollusks from Culebra formation (Columbellidae to Xancidae)

[R, rare; F, few]

Localities

110a 111a 112 115a

Strombina cf. S. quirosana H, K. Hodson
Moetwla Spoo oo oo
Cymatophos? cf, C, veaichi (Olsson)
Antillophos? (Antillophos?) sp.,small_______________
Antillophos? (Antillophos?) cf, A. candei gatunensis

Melongena Spo - ____
Fasciolaria sp...._._.._......
Fusinus? sp__
Olivella sp....
Agaronia sp.__._
Mitra (Tiara) sp
Xancus cf. X, rex Pilsbry and Johnson._.___________

LA BOCA FORMATION

The present widening of Gaillard Cut involves an
extensive program of core drilling. After the drilling
along the Empire Reach (the reach immediately north-
west of locality 102 of plate 2) got under way, R. H.
Stewart, geologist of the Panama Canal, soon realized
that the geology of the northwestern part of the Gail-
lard Cut area had been misinterpreted. Through the
kindness of Lt. Col. R. D. Brown, Jr., Engineering
and Construction Director of the Panama Canal Com-
pany, and Mr. Stewart, I had an opportunity, during
the winter of 1959-60, to examine and sample the
cores from the Empire Reach and other core holes.

As concluded by Mr. Stewart, in the Gaillard Cut
area northwest of locality 102, the strata formerly re-
ferred to the Culebra formation are part of the unit
heretofore designated the La Boca marine member of
the Panamd formation. The Emperador limestone,
formerly treated as a member of the Culebra forma-
tion, is in the La Boca. That is, coralliferous limestone
does not occur in both Culebra and La Boca,
(see Chapter A, p. 34-35 and 40—11) ; it occurs only in
La Boca. In view of these relations, the La Boca is
here given formation rank, instead of member rank in
the Panamd formation, and the Emperador limestone
is a member of the La Boca. The Pedro Miguel ag-
glomerate, formerly a member of the Panami forma-
tion, is also here given formation rank. The changes
in stratigraphic terminology are shown in the follow-
ing table.

Fossil localities 98 to 101, inclusive, listed on page
121, are to be transferred to the La Boca formation.
Localities 123 and 129, representing coralliferous lime-
stone at the base of the La Boca, as described on pages
4041, are to be assigned to the Emperador limestone
member.

Carbonaceous debris is more abundant in the Cule-
bra formation than in the La Boca. Calcareous sand-
stone of the Culebra contains Miogypsina, and a few

Stratigraphic terminology of formations overlying Las Cascadas
agglomerate in Gaillard Cut area

Former terminology Present terminology

Panam4 formation Panam4 formation

proper
Panam$ Pedro Miguel agglom- | Pedro Miguel agglom-
formation erate member erate

La Boca marine

La Boca formation, in-
member

cluding Emperador
limestone member

Cucaracha formation Cucaracha formation

Culebra formation, including
Emperador limestone member

Culebra formation

miliolids may be found in fine-grained rocks of the
Culebra. Calcareous siltstone is more abundant in the
La Boea than in the Culebra. In the La Boca, it locally
contains abundant Foraminifera, including planktonic
species and Siphogenerina, and Lepidocyclina is fairly
common. The La Boca overlaps on to the Las Cascadas
agglomerate. The Bas Obispo formation of plate 2 in
the area immediately northwest of locality 102 should
be changed to Las Cascadas.

Though the strata, including the Emperador lime-
stone member, transferred to the La Boca formation,
are younger than formerly supposed, the difference
in age is not great. It has already been pointed out
(p- 42) that the La Boca is not much younger than
the Culebra. Both are assigned to the early half of
early Miocene time. The transfer leaves in the Culebra
formation species that have brackish-water affinities,
notably Neritina sp., Littorina aff. L. angulifera, Pota-
mides suprasulcatus, and Terebralia dentilabris?.

The La Boca fossils include seven species in the
families under consideration in this chapter. The in-
appropriately named Nassarius pracambiguus is the
only one that is described. The La Boca specimens of
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that species, like many of the other La Boca mollusks,
are poorly preserved. The description is based chiefly
on Gatun fossils that are considered conspecific.

Mollusks from La Boca formation (Columbellidae to Volutidae)

[R, rare; F, few; C, common]

Localities

9%a 99b 99d 100

Mitrella? Sp..ooecoooeome ] R
Nassarius  (Uzita?) praeam-
biguus (Brown and Pilsbry)..|-....___ C
Melongena Sp-. - ooeceeeeee e R R C
Fusinus? sp..__. | R
Oliva (Oliva) sp
Olivella? Sp- - - oo
Lyria? sp

In core holes in the Empire Reach the Emperador
limestone member has a thickness of 5.8 to 38 meters.
The maximum is almost the same as the outcrop thick-
ness of 35 meters on Rio Masambi in the same area
(p- 40). The limestone rests directly on the Las Cas-
cadas agglomerate or is separated from it by a varying
thickness of siltstone or sandstone, or both. In core
hole ERW 34, a thickness of 1214 meters was pene-
trated below the limestone without reaching the top
of the Las Cascadas. It still is uncertain whether the
patches of reef limestone are at the same horizon
wherever they are found. The varying thickness of
La Boca strata between the limestone and the Las
Cascadas may be due to deposition of the La Boca
on an irregular surface.

In 1960 Mr. Stewart found, at the foot of the hills
west of Borinquin Highway, two adjoining excava-
tions in coralliferous limestone. The excavations doubt-
less represent the quarry “one-third mile west-north-
west of Empire” (USGS 6016, locality 118 of present
report), which may be regarded as the type locality
of the Emperador limestone member. The excavations
are located approximately where locality 117 is plotted
on plate 2. They have been covered recently with spoil
from the widening of the Empire Reach. Locality 117
(USGS 6014, “limestone on street near railroad at
Empire”) presumably is to be shifted to the east side
of Borinquin Highway about 900 meters northwest of
where it is plotted on plate 2. At the corrected location
bulldozing of a knoll adjoining the highway exposed
coralliferous limestone. The highway is the former
alinement of the Panama Railroad.

No species from the Emperador limestone member
are represented among the fossils examined during
the preparation of the present chapter.

GATUN FORMATION

The Gatun formation furnished the bulk of the
fossils described in the present chapter: 63 species and
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subspecies, three-fourths of the total number. Through
the interest of R. H. Stewart, ten new collections are
available from road construction and dredging opera-
tions for a refinery on Payardi Island, on the Carib-
bean coast 2% kilometers east of the Canal Zone
boundary. The new localities, representing the lower
and middle parts of the Gatun formation, are listed
on page 242. Mr. Stewart’s collection from locality
138c is the largest at hand from the lower part of the
Gatun.

The Gatun fossils are listed in table 1. They in-
clude two unusual columbellid genera: Strombino-
phos, which is Antillophos-like, and Strombinella.
which resembles Strioterebrum. They also include four
Phos-like buccinid genera and subgenera : Cymatophos,
Calophos, Antillophos, and its subgenus Rhipophos.
With the exception of Cymatophos and Antillophos
proper, the columbellid and buccinid genera men-
tioned are not known to be living. The buccinid genus
Nicema and the nassarids Nanarius (subgenus of Nas-
sarius) and Leptarius also are not known to be living.

Sincola (subgenus of Strombina), Cymatophos, and
Strephonella (subgenus of Oliva) are to be grouped
with the genera and subgenera that now survive in
eastern Pacific waters, but not in the Caribbean
Sea. The doubtfully identified Northia?, as well as
Hanetia and Metula, may be in the same group. Strom-
bina in the restricted sense was formerly thought to
be extinct in the Caribbean Sea, but is now known to
be living there. .Xancus is one of the few genera that
formerly lived in eastern Pacific and western Atlantic
waters, and now survive in the Caribbean Sea but
not in the eastern Pacific Ocean. Three such genera
or subgenera have so far been considered in the pres-
ent report : Muracypraea (subgenus of Cypraea), Scon-
sta. and Xancus.

Enaeta ecnomia is more closely related to E. bar-
nesii. a Recent eastern Pacific species, than to Recent
Caribbean species. Antillophos candei gatunensis has
close living allies in the western Atlantic Ocean (4.
candei candei) and ‘the eastern Pacific Ocean (4.
veraguensis). Likewise, Mitra limonensis is related to
Recent western Atlantic and eastern Pacific forms:
M. swainsonii antillensis and M. swainsonit swainsonit,
respectively. The only recognized allies of the Gatun
forms of Nanarius, a diminutive subgenus of Nassarius,
are found in the middle Miocene Shoal River forma-
tion of Florida.

Cymatophos veatchi veatchi is abundant in the low-
er part of the Gatun—extraordinarily abundant at
locality 138c—and rare in the middle part. The lineage
of that species is unknown in the middle Miocene upper
part of the formation in the eastern area, but reap-
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pears in the upper Miocene upper part in the western
area in the form of (. weatchi erymnus. Calophos
ectyphus is also abundant in the lower part and rare
in the middle part. Nicema amara and Enaeta ecnomia
were found only in the lower part, Strombinella olssoni
and Leptarius leptus in the middle part in the western
area, and Antillophos mexicanus and Voluta alfaroi
eurytera in the upper part in the western area. Voluta
alfaroi eurytere occurs also in the Chagres sandstone.

PLIOCENE SERIES

CHAGRES SANDSTONE

Five species, two of which are Phos-like, occur in
the Chagres sandstone. If Cymatophos? acolus is a
representative of Cymatophos, it is the last known
species of the genus in the present Caribbean region.
Amarophos bothrus is the type of an apparently ex-
tinet genus found also in lower Miocene deposits in
Columbia and Costa Rica and in upper Miocene in
Costa Rica.

Mollusks from Chagres sandstone (Buccinidae to Fasciolariidae)

[R, rare; C, common]

Localities
197 208

Hanetia dalli (Brown and Pilsbry), subsp_ . ... _|.__.__ R
Cymatophos? acolus Woodring, n. sp_-___.__.___ R C
Amarophos bothrus Woodring, n. sp__._______.___[ ... C
Latirus (Polygona) anapetes Woodring, n. sp____|______ R
Voluta alfarot eurytera Woodring, n. subsp. ____|______ R

DESCRIPTION OF TERTIARY MOLLUSKS—CONTINUED
FROM CHAPTER B

GASTROPODS—CONTINUED FROM CHAPTER B
Family COLUMBELLIDAE

The Gatun formation has yielded six genmera and
15 species of columbellids, but in the other fossiliferous
formations the representation of the family is meager.
A great array of columbellids is found in the Miocene
deposits of the Caribbean region, especially in the
middle Miocene, including Conus-like (Parametaria),
Antillophos-like (Strombinophos), Vexillum-like (Me-
tulella), Hastula-like (M azatlania) and Strioterebrum-
like (Strombinella) genera, as well as more conven-
tional genera. Mazatlania is so far unrecorded, but
occurs in late Miocene strata at Puerto Limén, Costa
Rica, where it is represented by the Recent Caribbean
species M. aciculata. Strombinophos and Strombinella
are found in the Gatun formation.

GEOLOGY AND PALEONTOLOGY OF CANAL ZONE

Genus Mitrella Risso

Risso, Histoire naturelle des principales productions de
I’Europe mériodionale, t. 4, p. 247, 1826.

Type (logotype, Cox, Neogene and Quaternary Mollusca from
the Zanzibar Protectorate, p. 28, 1927) : Mitrella flaminea
Risso (=Muvrex scriptus Linné), Recent, eastern Atlantic
Ocean and Mediterranean Sea.

Cox attributed the type designation to Cossmann
(1901, p. 235), who, however, designated Murex scrip-
tus without mentioning any of the species assigned to
the genus by Risso. Strictly speaking the designation
should be in the reverse of the form used by Cox, as
was done a year later (Woodring, 1928, p. 278). This
is, of course, a trivial legalistic matter.

Small smooth columbellids that have a moderately
to strongly constricted pillar occur in deposits as old
as Eocene in Europe and America. They seem to be
properly referred to AMitrella. The species described
in the present report, however, are considerably small-
er than the type species. Not only is the protoconch
considerably smaller, it is also less cylindrical and
has a much smaller apex. As in other species, the
protoconch is not clearly set off from the remainder
of the shell.

Poorly preserved columbellids, listed as Mitrella?
Sp., occur in the La Boca formation.

Subgenus?

Mitrella species
Plate 39, figure 1

Very small, slender to slightly inflated, about 7-
whorled, including protoconch, which is conical and en-
larges from a minute apex. Early whorls slightly bulg-
ing, late whorls flat, or almost flat. Early part of body
whorl rounded or faintly angulated at level of pos-
terior end of outer lip. Pillar short, moderately con-
stricted from remainder of shell. Pillar sculptured with
four to six spiral bands, remainder of shell smooth.
Outer lip preceded by a weak varix, faintly notched,
interior not exposed. Inner lip apparently not dentic-
ulate.

Height 2.7 mm, diameter 1.2 mm (figured specimen).
Height 3.5 mm, diameter 1.5 mm (largest specimen).

This minute columbellid was found in the marine
member of the Bohio(?) formation: 10 specimens at
Trinidad Island and one at the submerged Vamos
Vamos locality. The preservation is so poor that the
species, evidently new, is not named.

The unnamed columbellid is even smaller than the
small Claiborne (middle Eocene) species M. parva
(Lea) (Palmer, 1937, p. 277, pl. 37, figs. 2, 3, pl. 84,
fio. 7) and the early part of the body whorl of the
Canal Zone form is more rounded at the level of the
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posterior end of the outer lip. The columellar lip of
M. parva bears minute denticles. The apparent absence
of denticles on the fossils from the Canal Zone may
be a matter of faulty preservation. Weak denticles are
present on the type of Aféitrella, but their presence or
absence is probably of no taxonomic value at a level
higher than specific rank. No comparable species of
late Eocene age has so far been found in southeastern
United States. The same group of small slender species,
however, is continued by an unidentified species in
the Oligocene Vicksburg group and by columbellids
in the late early Miocene Chipola formation and the
middle Miocene Oak Grove sand member of the Shoal
River formation that have been named M. mikra
Gardner (1926-47, p. 503, pl. 52, fig. 20, 1947), M.
oryzoides Gardner (idem, p. 504, pl. 52, fig. 19), M.
nanne Gardner (idem, p. 505, pl. 52, fig. 22) and
M. sima Gardner (idem, p. 505, pl. 52, fig. 10). (These
small, slender smooth Miocene columbellids have been
overnamed.) The Oligocene and Miocene forms are
larger than the Canal Zone species. Like /. parva,
they have denticles on the inner lip.

Occurrence: Marine member of Bohio(?) forma-
tion (late Eocene or early Oligocene), Gatun Lake
area, localities 40a, 42.

Mitrella limonensis (Gabb)
Plate 39, figure 2

Strombina limonensis Gabb, Acad. Nat. Sci. Phila. Jour., 2d
ser., vol. 8 p. 356, pl. 46, fig. 40, 1881 (Pliocene, Costa
Rica).

Very small or small, inflated, pupoid, 6- or 7-whorled,
including protoconch, which is conical and enlarges
from a minute apex. Early whorls distinetly bulging,
late whorls slightly bulging. Pillar short, moderately
constricted from remainder of shell. Pillar sculptured
with six or seven spiral bands, remainder of shell
smooth. Outer lip preceded by a strong, wide varix,
distinctly notched, interior denticulate. Columellar lip
faintly denticulate, at least in large form.

Height 2.6 mm, diameter 1.4 mm (figured specimen,
small form). Height 4.8 mm, diameter 2.5 mm (large
form).

Type: Acad. Nat. Sci. Phila. 3398.

Type locality : Puerto Limén Peninsula, Costa Rica,
Pliocene.

Two forms of Mitrella limonensis are recognized in
the Canal Zone: the figured diminutive form and a
large form almost twice as large as the diminutive
form. Six localities, representing the middle part of
the Gatun formation, yielded the diminutive form.
The largest number of specimens (18) were collected
at locality 147b. Three specimens of the large form
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are associated with the diminutive form at that locality
and four others were found in the upper part of the
Gatun formation in the eastern area. The type and
other specimens from the type locality are intermediate
in size between the two forms.

The inflated, pupoid outline and distinctly varicose,
distinctly notched outer lip distinguish M. limonensis
from other small species of Mitrella, such as the un-
named species from the marine member of the
Bohio(?) formation, #. debooyi (Maury) (1917, p.
100, pl. 21, fig. 6; Cercado formation, Dominican Re-
public), and A. pedana Gardner (1926-47, p. 501, pl.
52, fig. 9, 1947 ; Chipola formation, Florida).

Occurrence: Middle and upper parts of Gatun for-
mation (middle Miocene). Middle part, eastern area,
localities 139b, 146, 147b, 147f, 147g, 155¢c. Upper part,
eastern area, locality 173a. Pliocene, Puerto Limén
Peninsula, Costa Rica.

Mitrella epacta Woodring, n. sp.
Plate 39, figures 3, 4

Of medium size, moderately inflated, about 10-
whorled, including protoconch, which is conical and
enlarges from a small apex. Early part of body whorl
rounded at level of posterior end of outer lip. Pillar
moderately short, moderately constricted from re-
mainder of shell. Pillar sculptured with six or seven
spiral bands, remainder of shell smooth. Outer lip
preceded by a weak, wide varix, faintly notched, in-
terior denticulate. Columellar lip weakly denticulate.

Height -(incomplete) 7.2 mm, diameter 3.1 mm
(type). Height 5.7 mm, diameter 2.4 mm (paratype).

Type: USNM 643624 ; paratype, USNM 643625.

Type locality: 42d (USGS 18837, Barro Colorado
Island, northern part of island, stream heading west
of Miller Trail near Miller 17, about 100 meters above
mouth), upper part of Bohio formation.

The upper part of the Bohio formation of Barro
Colorado Island yielded two specimens of Mitrella
epacta. The early whorls of the type are missing and
its outer lip is somewhat damaged, producing the ef-
fect of a pronounced posterior notch.

M. epacta is larger than M. acanthodes (Dall) (1915,
p. 73, pL. 4, fig. 4), an early lower Miocene species from
the Tampa limestone of Florida, and its early post-
protoconch whorls are not slightly turreted like those
of the Florida species. The Bohio species is more
similar to the late early Miocene J. oxia Gardner
(1926-47, p. 507, pl. 52, fig. 18, 1944; Chipola forma-
tion, Florida), but has less rapid enlarging whorls
and a less constricted pillar.

Occurrnce: Upper part of Bohio formation (late

Oligocene), locality 42d.
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Subgenus Columbellopsis Bucquoy, Dautzenberg and Dollfus

Bucquoy, Dautzenberg and Dollfus, Mollusques marins du
Rousillon, t. 1, p. 77, 1882.

Type (orthotype) : Columbella minor Scacchi, Recent, Mediter-
ranean Sea.

Columbellopsis 1s used for slender species of Mitrella
that have a strongly constricted pillar. The following
species, like the preceding species of Mitrella, has a
more conical protoconch, enlarging from a smaller
apex, than that of the type species.

Mitrella (Columbellopsis) aff, M. fenestrata (C. B. Adams)
Plate 39, figure 5

Of medium size, moderately slender, 7Y%-whorled,
including protoconch, which is conical, enlarges from
a small apex and has bulging whorls. Post-protoconch
whorls practically flat. Early part of body whorl faint-
ly angulated at level of posterior end of outer lip.
Pillar moderately short, strongly constricted from re-
mainder of shell. Pillar sculptured with eight or nine
spiral bands, remainder of shell smooth. Outer lip
defective on only adult shell.

Height 6.2 mm, diameter 2.7 (figured specimen).

This species is represented by an adult shell, the
outer lip of which is broken back, and three immature
shells, all from the lower part of the Gatun forma-
tion. A very slender, fragmentary, immature shell of
two whorls (early whorls missing) found in the mid-
dle part of the Gatun in the western area is doubtfully
identified as the same species.

Mitrella aff. M. fenestrata evidently is closely re-
lated to the Recent Caribbean species M. fenestrata.
The apex of the protoconch of the fossils, however, is
smaller and their post-protoconch whorls enlarge more
rapidly. The Gatun species is more similar to the
late lower Miocene M. asema Gardner (192647, p.
509, pl. 52, fig. 6, 1947; Chipola formation, Florida)
than to any of the other numerous species of the
genus from the Miocene of Florida that have been
named, but is smaller, at least on the basis of the in-
adequate Gatun material. The protoconch of M. asema
has a small tip, like that of M. cf. M. fenestrata.

M. fenestrata (Clench and Turner, 1950, p. 280, pl.
41, fig. 2; Abbott, 1958, p. 70, pl. 3, fig. n) long was
known as Astyris fusiformis (d’Orbigny). d’Orbigny’s
Colombella fusiformis (a typographic error for Co-
lumbella) (1841-47(?), vol. 2, p. 136, pl. 21, figs. 25—
27, 1847(?), however, is a homonym of the same name
used at earlier dates for three other species, Anton’s
(1839, p. 88) being the earliest. C. B. Adams’ Colum-
bella fenestrata seems to be the earliest available name
for this species, which occurs in the Pliocene Caloosa-
hatchee marl of Florida (Dall, 1890-1903, p. 138, 1890,
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Asytris fusiformis; Olsson and Harbison, 1953, p. 237,
pl. 38, figs. 2, 2a, Anachis (Alia) cf. A. fenestrata).

Occurrence: Lower and middle parts of Gatun for-
mation (middle Miocene). Lower part, localities 138,
138a (immature), 138d (immature). Middle part, west-
ern area, locality 170a (immature, identification doubt-
ful).

Genus Anachis H. and A. Adams
H. and A. Adams, The genera of Recent Mollusca, v. 1, p.
184, 1853.

Type (logotype, Tate, Woodward’s A manual of the Mollusca,

2d ed., app., p. 13, 1870) : Columbella scalarina Sowerby,
Recent, Mazatlin, México, to Panama.

Subgenus Costoanachis Sacco

Sacco, I molluschi dei terreni terziarii del Piemonte e della
Liguria, pt. 6, p. 57, 1890.
Type (logotype, Pace, Malac. Soc. London Proc., v. 5, p. 43,
1902) : Columbella (Anachis) turrita Sacco, Miocene, Italy.
Pace’s statement under Costoanachis on page 43 is
not a type designation, but his general statement on
page 41 converts it into a type designation.
The type of Anachis is a large, heavily sculptured
species. Small, slender, delicately sculptured species
are grouped under the subgenus Costoanachis.

Anachis (Costoanachis) mira mira (Dall)
Plate 39, figures 13-18

Strombina mire Dall, in Guppy and Dall, U.S. Nat. Mus. Proc.,
v. 19, p. 312, pl. 29, fig. 7, 1896 (Miocene, Canal Zone).
Brown and Pilsbry, Acad. Nat. Sci. Phila., v. 63, p. 352,
1911 (Miocene, Canal Zone: Dall’s record).

Columbella (Atilia) gracilis Toula, K. k. Geol. Reichsanstalt
Jahrb.,, Band 61, p. 501, pl. 31, fig. 15, 1911 (Miocene
Canal Zone). Not Columbella gracilis C. B. Adams, 1852.

Of medium size, slender to moderately inflated, 8-
or 9-whorled, thin-shelled or somewhat thick-shelled.

Protoconch consisting of about 3% whorls, rapidly

enlarging from a small apex, not clearly set off from

post-protoconch whorls. Axial sculpture variable, fair-
ly strong to absent, or practically absent. Axial ribs
closely spaced, appearing on second to fourth post-
protoconch whorl, generally disappearing on late
whorls, or almost to entirely absent on entire shell.

Sutural cord absent or weak. Pillar sculptured with

spiral threads that fade out posteriorly, but may ex-

tend to level of posterior end of outer lip or beyond.

Suture channeled on specimens that have a spiral

groove at level of posterior end of outer lip. Faint

microscopic spiral lineation visible on body whorl and
late spire whorls of some specimens. Mature body
whorl moderately to strongly varicose near outer lip.

Interior of outer lip denticulate. Columellar lip finely

denticulate.
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Height 9.3 mm, diameter 4 mm (type, an inflated
specimen). Height 6.4 mm, diameter 24 mm (figured
small, slender specimen).

Type: USNM 113713.

Type locality: 177 (Monkey Hill [Mount Hope],
near Gatun, Canal Zone), upper part of Gatun for-
mation.

Anachis mira is a very variable species—variable in
outline and thickness of shell, and especially variable
in axial sculpture. It is widely distributed in the Gatun
formation, but is abundant only at the type locality.
Specimens that show a range in axial sculpture from
fairly strong to absent, or practically absent, are iden-
tified as A. mira méra, and those that have strong axial
sculpture as A. mira fugoax. There is, however, no
marked discontinuity so far as sculpture is concerned.
Both occur in the three parts of the formation, but
A. mira mira has a restricted distribution in the lower
part and A. méra fugaxr was not found in the upper
part in the western area. The two forms are associated
at five localities (138d, 139b, 147b, 175, 177).

A. mira mira embraces both the most slender and
the most inflated specimens. Plate 39, figures 13-16
illustrate the range of variation in outline. Dall chose
as the type the most inflated shell in a lot of 21 speci-
mens. It practically lacks axial sculpture, though a
few weak ribs are visible on part of the penult whorl
and some ghosts of ribs are visible on the later part
of the body whorl, which bears a weak sutural cord.
The type and other specimens that practically lack,
or entirely lack, axial sculpture are not convincing as
specimens of a species of Anachis, but they grade into
specimens that have fairly strong axial sculpture on
part of the shell. Fairly strong axial ribs on inter-
mediate whorls are shown on plate 39, figures 17, 18.

The type of Toula’s Columbella gracilis (height 7.6
mm, diameter 2.5 mm) is slender and has axial ribs
on the last 114, whorls.

The lot from which the type of 4. méra was selected
has the largest number of specimens (21). This weak-
ly sculptured Anachis occurs also in middle Miocene
deposits on Rio Banana in southeastern Costa Rica
(USGS 5882, 53821, 5882m).

Occurrence : Lower, middle and upper parts of Gatun
formation (middle and late Miocene). Lower part,
locality 138¢c. Middle part, eastern area, localities 139D,
139c, 147b, 155, 155¢. Upper part, eastern area, locali-
ties 173, 175, 177, 177b, 177c; western area, locality
185. Middle Miocene, Costa Rica.

Anachis (Costoanachis) mira fugax Brown and Pilsbry
Plate 40, figures 14, 9, 10

Anachis fugar Brown and Pilsbry, Acad. Nat. Sci. Phila. Proc.,
v. 63, p. 351, pl. 25, fig. 5, 1911 (Miocene, Canal Zone).
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Phos semilineatum Toula, K. k. Geol. Reichsanstalt Jahrb.,
Band 61, p. 501, pl. 31, fig. 16, 1911 (Miocene, Canal Zone).
Not as slender as the most slender specimens of A.
mira mira, more strongly sculptured axially, body
whorl generally bearing a more or less distinct sutural
cord, noded by the axial ribs. Axial ribs closely spaced
on early whorls, closely or widely spaced on late
whorls, 13 to 20 ribs on sculptured penult whorl. Ribs
appearing at beginning of first post-protoconch whorl,
or generally at later stage on first or second whorl;
persisting to varix near outer lip, or disappearing on
body or penult whorl, or disappearing on antepenult
whorl and reappearing on penult and body whorls.
Spiral sculpture generally not extending as far as
level of posterior end of outer lip and, therefore, suture
generally not channeled.

Height 12 mm, diameter 5 mm (largest specimen).
Height 11.6 mm, diameter 4.5 (largest figured speci-
men).

Type: Acad. Nat. Sci. Phila. 1717,

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

Widely spaced ribs on late whorls accompanied by
a distinct sutural cord are illustrated on plate 40, fig-
ures 9, 10; closely spaced ribs on late whorls accom-
panied by a weak sutural cord on plate 40, figures 3, 4;
and the disappearance and reappearance of closely
spaced ribs accompanied by a weak sutural cord on
plate 40, figures 1, 2. Despite the variability, 4. mira
fugaz in general is characterized by strong axial sculp-
ture. Taken by themselves, specimens that have widely
spaced axial ribs on late whorls and a distinct sutural
cord show little resemblance to specimens of A. mira
mira that lack, or practically lack, axial sculpture and
lack a sutural cord; in fact, they suggest different
genera. Nevertheless, the features of protoconch and
aperture are the same and the sculptural features are
gradational. No representative of 4. mira fugax is as
slender as the very slender form of A. méra mira and
no representative of A. mira mira has a distinct su-
tural cord. Extension of the spiral sculpture to the
level of the posterior end of the outer lip, and there-
fore a channeled suture, are more common in A. miére
mira.

The type of Toula’s Phos semilineatum (height 9.6
mm, diameter 4.2 mm) has closely spaced ribs and a
faint sutural cord on the body whorl.

A. mira fugax was found at 19 localities. The 15
specimens from locality 147b (11 immature) is the
largest number in any lot.

A. stevensoni Marks (1951, p. 112, pl. 7, fig. 6),
from the lower Miocene Subibaja formation of Ecuador,
is the earliest described columbellid closely related to 4.
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mira fugaz. The Ecuadoran species is smaller, has a
bulbous-tipped protoconch of fewer whorls, and is not
known to include specimens that have a sutural cord.
The middle Miocene Jamaican A. awlate Woodring
(1928, p. 277, pl. 16, fig. 17), like A. stevensoni, is
smaller than A. mire fugaxz and has a bulbous-tipped
1%%-whorled protoconch. The ribs on the body whorl
of the Jamaican species are more closely spaced and
more nearly vertical than on the typical form of A.
mira fugax. The type of A. aulata, but no other speci-
men, has a double sutural cord.

Many species of columbellids of the genus Anachis,
including species of Costoanachis, live in the Panamic
region. 4. rehderi Hertlein and Strong (1940-51, p.
83, pl. 2, fig. 14, 1951) is more similar to A. mére fugax
than any known species living in Caribbean waters.
Like many specimens of 4. mire fugax, A. rehder:
has a sutural cord, but is somewhat smaller and, so far
as known, does not include forms that are inflated
and have widely spaced ribs on the body whorl.

Occurrence: Lower, middle, and upper parts of Ga-
tun formation (middle Miocene). Lower part, locali-
ties 136, 137, 138, 138a, 138¢c, 138d. Middle part, east-
ern area, localities 139b, 140, 146, 147b, 147g; western
area, localities 161, 161a, 161b, 161c. Upper part, east-
ern area, localities 163, 175, 177, 177c.

Anachis (Costoanachis) stibara Woodring, n. sp.
Plate 40, figures 28, 29

Fairly large, slender, estimated to be about 8-
whorled. Protoconch and earliest sculptured whorls
not preserved. Axial sculpture consisting of strong,
narrow ribs, widely spaced on intermediate and late
whorls, nine or ten on penult whorl, subdued or dis-
appearing on body whorl. Suture bordered by a strong,
narrow cord. Pillar sculptured with spiral threads
that fade out posteriorly. Outer lip varicose, interior
strongly denticulate. Columellar lip weakly denticulate.

Height (not quite complete) 14.6 mm, diameter 5.7
mm (type).

Type: USNM 643634.

Type locality: 136 (USGS 16912), north side of
Transisthmian Highway, knoll about 30 meters north
of highway, 1.2 kilometers northwest of Sabanita, Pan-
amd), lower part of Gatun formation.

The strong, widely spaced axial ribs and strong
sutural cord are characteristic features of Anachis
stibara. It is represented, however, by only four speci-
mens, all imperfect and all from the type locality. In
apertural view the spire whorls of the type are cor-
roded. Faint traces of very narrow brownish or gray-
ish, axial color bands are visible on the type.

At the type locality A. stibara is associated with A.
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mira fugax, but it is unlikely that it is a large strong-
ly sculptured form of A. méra fugaw, even though that
columbellid is variable.

Occurrence: Lower part of Gatun formation (mid-
dle Miocene), locality 136.

Anachis (Costoanachis) species

A third species of Anachis in the Gatun formation
is represented by a minute, immature, rapidly enlarg-
ing shell (height 3.6 mm, diameter 1.5 mm) from the
lower part of the formation. The protoconch is coni-
cal and consists of 3% whorls. The three post-proto-
conch whorls are sculptured with closely spaced axial
ribs (15 on body whorl) and closely spaced spiral
threads lying between the ribs. The posteriormost
spiral thread is wider than the others, forming an in-
distinct sutural cord.

A similar undescribed species from the Cercado
formation of the Dominican Republic (USGS 8525)
lacks the sutural cord and its spiral sculpture consists
of narrow cords separated by fine striae. It reaches a
height of 7.8 mm and a diameter of 3.2 mm.

Occurrence: Lower part of Gatun formation (mid-
dle Miocene), locality 138d.

Genus Zanassarina Pilsbry and Lowe

Pilsbry and Lowe, Acad. Nat. Sci. Phila. Proc., v. 84, p. 75,
1932.

Type (orthotype) : Nassarina poecila Pilsbry and Lowe, Recent,
Pacific coast of Nicaragua.

Zanassarina was proposed as a subgenus of Nassarina
Dall (1889, p. 181; type (orthotype): N. dushii Dall,
Recent, Cape Hatteras to Florida and Gulf of Mex-
ico), which Dall assigned to the Buccinidae. Though
Nassarina later was transferred to the Columbellidae
(Woodring, 1928, p. 279), the transfer was ill advised.
Dall grouped columbellids, including a species of Za-
nassarina (Mangilia? glypta Bush), under Nassarina,
but N. bushii (Dall, 1889, p. 182, pl. 15, fig. 12) itself
is not convincing as a columbellid. That species has
an inflated 1%-whorled protoconch, lacks a notch on
the outer lip, and its columellar lip is not molded
against the parietal wall. It probably is related to
Engina, a buccinid. Verification of the affinities of both
Nassarina and Zanassarina on the basis of anatomical
features is needed.

Zanassarina is an eastern Pacific and a western At-
lantic genus and extends back to the Miocene. Nassa-
rina, on the contrary, seems to be monotypic.

Zanassarina habra Woodring, n. sp.
Plate 39, figures 9, 10

Small, slender, 8-whorled. Protoconch large for size
of shell, conical, enlarging from a minute apex, 3%%-
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whorled.  Sculpture reticulate. Axial ribs widely
spaced, 10 or 11 on late whorls. Spiral threads narrow-
er and more closely spaced than axial ribs, and over-
riding them. Three or four spiral threads on penult
whorl (depending on position of suture of body whorl),
seven or eight on body whorl, not including a weak
sutural thread that generally appears on late spire
whorls and becomes stronger on body whorl. Pillar
sculptured with closely spaced spiral threads. Body
whorl slightly varicose near outer lip. Edge of outer
lip imperfect, interior denticulate. Columellar lip
faintly denticulate.

Height 5 mm, diameter 1.9 mm (type). Height 5.6
mm, diameter 2.2 mm (largest specimen).

Type: USNM 643635.

Type locality: 147 b (USGS 6033c, Panama Rail-
road, about 3,500 feet (1,065 meters) southeast of
Gatun railroad station, Canal Zone), middle part of
Gatun formation.

This small, strongly sculptured columbellid was
found in the middle part of the Gatun formation.
The 14 specimens from the type locality and the two
additional specimens show little variation, except in
the strength of the sutural cord on late whorls. The
thin edge of the outer lip is not preserved on any
specimen and therefore the shallow notch of Zanas-
saring is not apparent.

Z. habra is closely related to Z. glypta (Bush) (1885,
p. 461, pl. 45, figs. 5, 5a), the only Recent species of
the genus along the southeastern coast of the United
States, but has a larger protoconch and narrower, more
delicately sculptured axial ribs. The protoconch whorls
of Z. glypta are not angulated, as shown in Bush’s
figure 5a. A somewhat smaller unidentified Miocene
species from Jamaica (Woodring, 1928, p. 280, pl. 16,
fig. 20) is more crudely sculptured than Z. habra.

Occurrence : Middle part of Gatun formation (mid-
dle Miocene), eastern area, localities 146, 147b, 147f.

Zanassarina species

An unidentified species of Zanassarina (height, not
quite complete, 5 mm, diameter, 2.2 mm), evidently a
new species, is represented by a poorly preserved speci-
men from the upper part of the Gatun formation in
the western area. The last protoconch whorl is pre-
served, but the others are missing. The post-protoconch
whorls bulge slightly. The axial ribs are closely spaced
and the spiral threads are strongly swollen on the
ribs. A sutural spiral thread appears at an early stage
on the second post-protoconch whorl and is strong
on the last two whorls.

The slightly bulging whorls, closely spaced axial ribs,
swollen spiral threads, and strong sutural thread are
notable features of this species.
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Occurrence: Upper part of Gatun formation, west-
ern area (late Miocene), locality 185.

Genus Strombinophos Pilsbry and Olsson
Pilsbry and Olsson, Acad. Nat. Sci. Phila. Proc., v. 93, p. 35,
1941.
Type (orthotype): Strombinophos
Olsson, Plioce/ne, Ecuador.

loripanus Pilsbry and

The Antillophos-like genus Strombinophos oceurs in
the middle Miocene part of the Gatun formation, in
deposits of middle Miocene age in Panaméd, Costa
Rica and Florida, and in the Pliocene of Florida and
Ecuador. Z'ngoniophos vadosus Gardner (192647, p.
464, pl. 50, fig. 18, 1944 ; Shoal River formation, Flor-
ida) is a species of Strombinophos. The genus is not
known to be living.

Strombinophos mimicus Woodring, n. sp.
Plate 39, figure 20; plate 40, figures 26, 27

Of medium size, slender, 9-whorled. Protoconch
large, conical, 3-whorled. Earliest sculpture consisting
of narrow, arcuate axial threads, gradually trans-
formed into axial ribs on first post-protoconch whorl,
and spiral threads gradually added. Sculpture reticu-
late, formed by axial ribs and overriding spiral threads.
Axial ribs narrow, 12 to 17 on penult whorl. Primary
spiral threads closely spaced, five or six on penult
whorl, not including one to three bordering suture. A
secondary thread present between some primary spirals,
absent between others. Suture bordered by a spiral al-
most as strong as primary threads, or by one to three
comparable to secondary threads. Body whorl, gen-
erally later half, bearing one or two varix-like thick-
enings. Outer lip not notched, its interior bearing
heavy elongate denticles, prolonged as ridges far with-
in aperture. Columellar lip bearing slender elongate
denticles.

Height 16 mm, diameter 6 mm (type). Height 14.9
mm, diameter 5.9 mm.

Type: USNM 643636.

Type locality: 138¢ (USGS 21956, about 100 meters
north of Transisthmian Highway and about 75 meters
west of road to refinery on Payardi Island, Panamé;
immediately east of Cativa and 100 meters north of
locality 138), lower part of Gatun formation.

The edge of the outer lip is somewhat damaged on
all the specimens. Growth lines close to the edge, how-
ever, show no indication of a notch. A varix-like thick-
ening may be fairly close to the outer lip or some
distance from it. The early arcuate axial threads are
worn on the type, but are well shown on the other
figured specimen (pl. 39, fig. 20).

Strombinophos mimicus is similar to S. mazwelli
Olsson and Harbison (1953, p. 238, pl. 33, fig. 11; Plio-
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cene, Florida), but has stronger and more numerous
axial ribs. Though 8. mimicus occurs at 12 localities
in the lower and middle parts of the Gatun formation,
it is not abundant. Nine specimens—the largest num-
ber in any lot—were found at the type locality by
means of long-continued collecting.

Occurrence: Lower and middle parts of Gatun for-
mation (middle Miocene). Lower part, localities 136,
136a, 137, 138, 138a, 138¢c, 138d. Middle part, eastern
area, localities 139D, 189¢, 147b, 147g, 155¢.

Strombinophos cf. S. estrellensis (Olsson)

The middle part of the Gatun formation in the
western area at locality 161c yielded five defective
specimens of Strombinophos that are more inflated
than 8. mémicus and are sculptured with fewer and
wider axial ribs. The penult whorl bears 8 to 11 ribs.
In the number and width of ribs this form is similar
to the middle Miocene Costa Rican 8. estrellensis (Ols-
son) (1922, p. 120, pl. 9, figs. 17, 18). That species,
however, reaches a larger size (21.5 mm as compared
with 15.5 mm), is more slender, and its spiral threads
are weaker in the spaces between the ribs.

Occurrence: Middle part of Gatun formation, west-
ern area (middle Miocene), locality 161c.

Genus Strombina Morch

Moreh, Catalogus conchyliorum * * * Comes de Yoldi, pt. 1,
p. 85, 1852.

Type (logotype, Cossmann, Essais de paléoconchologie comparée,
pt. 4, p. 241, 1901: selected as type of Strombocolumbus,
proposed as a substitute name for Sirombina) : Columbella
lanceolata Sowerby, Recent, Ecuador and Galapagos
Islands.

Strombina is an American genus that has an age
range of early Miocene to Recent. It was widely dis-
tributed in both western Atlantic and eastern Pacific
tropical waters during Miocene time and then reached
southeastern United States. Pliocene distribution was
more restricted : Ecuador, the Pacific coast of Panama4,
Venezuela, Trinidad, and Florida. Some 20 species are
now found in eastern Pacific waters but only one in
the Caribbean Sea.

As a matter of fact, Strombina was formerly sup-
posed to be extinct in the Caribbean Sea. In 1950, how-
ever, R. W. Foster dredged specimens off Scarborough,
Tobago, at a depth of 36 fathoms. This Caribbean
species is identified as S. pumilio (Reeve) (1859, spe-
cies 147, pl. 24), although axial ribs are suppressed or
absent on spire whorls of the specimen deposited in
the U.S. National Museum. Reeve illustrated his
species only in dorsal view and in mirror image. An-
other specimen in the collections of the U.S. National
Museum was collected along the coast of Jamaica by
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C. B. Adams and was cataloged as “Strombina coro-
mandeliana C. B. Adams not Lamarck.” This specimen
has low axial ribs on spire whorls. Reeve cited Cu-
mand, Venezuela, as the locality for his species. Neither
his record nor the Jamaican specimen have been taken
seriously.

8. pumilio occurs also in fossiliferous strata in the
Cabo Blanco and Cumana areas in Venezuela. The
fossiliferous strata in both areas are now considered
of Pliocene age. Those in the Cabo Blanco area, now
designated the Mare formation (Rivero, ¢n Schwarck
Anglade, 1956, p. 107; Weisbord, 1957, p. 18-20), have
been erroneously referred to the middle Miocene
(Woodring, in Kehrer, 1939, p. 1,853). The fossil
Strombina of the Cabo Blanco area was listed at an
early date by Lorié (1889, p. 137) as Columbella re-
curva Sowerby. Rutsch (1934, p. 68) commented on
the occurrence of the genus there in very young, prob-
ably Pleistocene, deposits. Three specimens from Cu-
mané in the Guppy collection (USNM 115516) are
labelled “Columbella gradata Guppy var. crassa”: a
nude name. 8. pumilio is indeed closely related to the
Miocene Jamaican 8. gradata (Guppy) (Woodring,
1928, p. 283, pl. 17, figs. 3, 4). All except the earliest
post-protoconch whorls of S. pumilio, however, are
more distinctly shouldered than those of S. gradata
and are spirally sculptured.

Some 40 species of Strombina from the Tertiary de-
posits of tropical America have been named. Though
several groups are represented among both the fossil
and living species, recognition of subgenera has not
gone far.

Subgenus?

Strombina cf. S. quirosana H. XK. Hodson

A poorly preserved, small, slender, smooth (aside
from spiral sculpture on the pillar) columbellid
(height 2.6 mm, diameter 1.1 mm) from the Culebra
formation is of interest as representing the earliest
species of Strombina now known in the Caribbean
region. It is more slender than the late early Miocene
Venezuelan 8. quirosana (Hodson and Hodson, 1931,
p. 27, pl. 10, figs. 12, 13).

Occurrence: Culebra formation (early Miocene),
locality 114.

Subgenus Strombina s. s.

Strombina (Strombina) lessepsiana Brown and Pilsbry
Plate 40, figures 22, 23, 30, 31

Strombina lessepsiana Brown and Pilsbry, Acad. Nat. Sci.
Phila. Proc., v. 63, p. 352, pl. 25, figs. 11, 12, 1911 (Miocene,
Canal Zone). Olsson, Bull. Am. Paleontology, v. 9, no. 39.
p. 126, pl. 10, figs. 13, 20, 1922 (Miocene, Canal Zone and
Costa Rica).
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Columbella (Strombina) gatunensis Toula, K. k. Geol
Reichsanstalt Jahrb., Band 61, p. 501, pl. 30, fig. 8, 1911
(Miocene, Canal Zone).

Of medium size to large, slender, smoothly tapering
or somewhat turreted, horizontal cross section of body
whorl strongly triangular. Protoconch large, 2%%-
whorled. Narrow sutural channel on early post-proto-
conch whorls formed by spiral groove just above su-
ture. Faint axial ribs visible on first to third
post-protoconch whorls on a few specimens. Narrow
axial ribs appearing on posterior part of fourth or
fifth post-protoconch whorl, or suppressed until a later
stage, as late as body whorl. Ribs continuing on body
whorl to dorsal hump, or suppressed except on dorsal
hump; almost invariably suppressed between dorsal
~hump and outer lip. Ribbed whorls and dorsal hump
slightly shouldered, forming a somewhat turreted out-
line. Ribbed part of whorls bearing weak to very
faint spiral sculpture. Pillar strongly sculptured spir-
ally, as in most species of the genus. Outer lip slightly
ascending toward suture.

Height 32.7 mm, diameter 12 mm (figured specimen
from lower part of Gatun formation). Height 27
mm, diameter 10 mm (figured specimen from middle
part of Gatun formation).

Type: Acad. Nat. Sci. Phila. 1718.

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

Strombina lessepsiana is the most abundant and
most widespread columbellid in the Gatun formation.
It is found throughout the formation. In general, the
fossils from successively younger parts of the forma-
tion are progressively smaller. All of 42 specimens
from the upper part of the formation in the eastern
area at locality 177b are small, the largest having a
height of 23 mm and a diameter of 9 mm. The smallest
of all were collected at locality 183, in the upper part
in the western area. The largest of 20 from that lo-
cality measures about 18 mm by 7 mm, but it may
not be quite mature.

About 100 specimens were collected in the lower
part of the Gatun at locality 138c. Though that num-
ber is the result of long-continued collecting, 46 speci-
mens were found later in a single visit at the same
place (locality 138d).

Both axial and spiral sculpture are variable. Most
of the preserved early post-protoconch whorls are too
worn to show whether the first to third whorls bear
faint axial ribs. Such ribs are most distinct on shells
from localities 177h and 183, already mentioned. Rela-
tively strong axial sculpture on intermediate and late
whorls is accompanied by a somewhat turreted outline
(pl. 40, fig. 30, 31). On a few specimens axial ribs
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disappear on intermediate or late whorls and then
reappear. Even the strongest spiral sculpture is weak.
‘Both the type of S. lessepsiana and the type of Toula’s
S. gatunensis (height 26.6 mm, diameter 9.8 mm) are
weakly sculptured. About a third of the specimens
from the lower part of the Gatun and a few from
the middle part bear microscopic, irregularly arranged,
crudely spiral striae.

8. lessepsiana is a representative of a group of tri-
angular species sculptured with narrow axial ribs.
Species of this group occur in Miocene deposits—
middle Miocene wherever the dating is known—in
Florida, the Dominican Republic, Costa Rica, Pan-
amé, southwestern Colombia, and Ecuador. S. prisma
Pilsbry and Johnson (Brown and Pilsbry, 1911, p.
352, footnote, pl. 25, figs. 9, 10; Dominican Republic)
and 8. waltonia Gardner (1926-47, p. 513, pl. 52, figs.
26-27, 1947; Florida) are perhaps the most closely

.allied species. Both lack a channeled suture and S.

prisma is more inflated than 8. lessepsiana.

Occurrence: Lower, middle, and upper parts of
Gatun formation (middle and late Miocene). Lower
part, localities 136, 136a, 137, 137a, 138, 138a, 138b,
138c, 138d. Middle part, eastern area, localities 139c,
139f, 155, 155a, 155b, 157; western area, localities 161,
161a, 161b. Upper part, eastern area, localities 171,
172, 178, 176a, 17%, 177b, (small form) ; western area,
locality 183 (small form). Middle Miocene, Costa Rica.
small form.

Strombina (Strombina) ochyra Woodring, n. sp.
Plate 39, figures 11, 12

Moderately large, rapidly enlarging in diameter,
somewhat turreted, horizontal cross section of body
whorl practically circular to distinctly triangular.
Protoconch not preserved. Narrow to moderately wide
axial ribs appearing on antepenult or penult whorl
and on body whorl extending to dorsal hump or, in
its absence, to position of dorsal hump. Ribs disappear-
ing on anterior part of spire whorls and at corres-
ponding level on body whorl. Spiral sculpture fairly
strong on posterior part of late spire whorls and on
corresponding part of body whorl. Outer lip strongly
ascending toward suture.

Height (incomplete, 5 whorls) 19 mm, diameter 9
mm (type).

Type: USNM 643640.

Type locality: 157 (USGS 16926, westernmost cut
on Panama Railroad cutoff south of Fort Davis, 1.2
miles (1.9 kilometers) northeast of Gatun railroad
station, Canal Zone), middle part of Gatun forma-
tion.
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Five specimens, all found in the middle part of the
Gatun formation at and near the Gatun Third Locks
excavation, are referred to Strombina ochyra. They
are not as slender as S. lessepsiana and their outer lip
is more strongly ascending. In general they are also
less triangular and have heavier axial ribs and strong-
er spiral sculpture. Nevertheless in those three features
even these five specimens practically intergrade with
8. lessepsiana. The specimen that has the strongest
triangular outline (locality 155a) also has the nar-
rowest ribs. The type has a slight dorsal hump and
a faint hump preceding the dorsal hump. The speci-
men from locality 155 and the more slender of two
from locality 155¢ are practically circular. Though
these two practically circular fossils are most unlike
8. lessepsiana in outline, they show the microscopic
irregular striae mentioned under that species.

8. ochyra is larger than 8. costaricensis Olsson (1922,
p- 128, pl. 10, figs. 8, 16, 17; middle Miocene, Costa
Rica) and has weaker spiral sculpture.

Occurrence: Middle part of Gatun formation (mid-
dle Miocene), eastern area, localities 155, 155a, 155c¢,
157.

Strombina (Strombina?) pleurica Woodring, n. sp.
Plate 40, figures 5, 6

Of medium size, rapidly enlarging in diameter, hori-
zontal cross section of body whorl circular. Protoconch
conical, 2V2-whorled. Weak axial ribs appearing on
later part of first post-protoconch whorl, continuing on
second, then disappearing, reappearing in subdued
form on later part of penult whorl, and continuing
with greater strength on body whorl. Ribs extending
from suture to suture on spire whorls and beyond
periphery on body whorl. Spiral sculpture weak on
later part of penult whorl and on posterior part of
body whorl, stronger below periphery on body whorl,
merging into strong sculpture of pillar. Outer lip
slightly ascending. Posterior part of parietal wall
bearing a strong oblique ridge, comparable to elongate
denticles on interior of outer lip.

Height 14 mm, diameter 6.4 mm (type).

Type: USNM 643641.

Type locality: 138d (USGS 22016, about 100 meters
north of Transisthmian Highway and about 75 meters
west of road to refinery on Payardi Island, Panami;
immediately east of Cativa and 100 meters north of
USGS 16909, same locality as USGS 21956), lower
part of Gatun formation.

This Amphissa-like Strombina is characterized by
its circular cross section and relatively strong axial
and spiral sculpture on the body whorl. It is larger
than §. bassi Maury (1917, p. 96, pl. 15, fig. 17; Gu-
rabo formation, Dominican Republic) and has less
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uniform axial sculpture. The type, found in the lower
part of the Gatun formation, in association with .
lessepsiana and S. cf. S. lissa, is the only specimen.
It may not be fully mature.
Occurrence: Lower part of Gatun formation (mid-
dle Miocene), locality 138d.

Strombina (Strombina?) cf. §. lissa Gardner

Of medium size, rapidly enlarging in diameter, hori-
zontal cross section of body whorl circular or almost
circular. Dorsal hump absent or weak, hump preceding
dorsal hump absent. Protoconch conical, about 2V5-
whorled, not clearly set off from remainder of shell.
Spire whorls and body whorl devoid of sculpture,
except weak spiral sculpture on pillar. Outer lip mod-
erately ascending toward suture. Posterior part of
parietal wall heavily callused.

" Height 15 mm, diameter 6.9 mm (largest specimen).
Height 11.2 mm, diameter 5.8 mm.

This species apparently is smooth, aside from weak
spiral sculpture on the pillar. Tt is represented by six
specimens from the lower part of the Gatun forma-
tion. All are somewhat worn and incomplete or other-
wise damaged. The four specimens from locality 136
are smaller and more slender than the two from local-
ity 138e, and show narrow brownish zigzag bands.

8. cf. S. lissa has a more heavily margined aperture
than S. lissa (Gardner, 1926-47, p. 514, pl. 52, figs.
14, 15, 1947), a species from the Shoal River forma-
tion of Florida. It is unlikely that these smooth Mio-
cene forms are closely related to the Recent 8. pavonina
(Hinds) (Keen, 1958, p. 396, fig. 518), which ranges
from Mazatlan, México, to Panamé. S. pavoning also
is smooth, aside from a weakly sculptured pillar. It
has, however, a larger protoconch than the Miocene
forms and a deep siphonal notch, deeper than in other
species of Strombina examined.

Occurrence: Lower part of Gatun formation (mid-
dle Miocene), localities 136, 138d.

Subgenus Sincola Olsson and Harbison

Olsson and Harbison, Acad., Nat. Sci. Phila. Mon. §, p. 230, 1953.
Type (orthotype and tautotype): Strombina sincola Olsson,
Miocene, Costa Rica.

Though the species of Sincola are small, they have
a large aperture and many, including the type species
and those in Panam4, have a heavily margined aper-
ture. Such species occur in the Miocene of Jamaica,
the Dominican Republic, Costa Rica, Panamé, Colom-
bia, and Trinidad, in the Pliocene of Trinidad and
Ecuador, and in present eastern Pacific waters. Strom-
bina gibberula (Sowerby) (Keen, 1958, p. 394, fig.
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512), which ranges from Baja California to Per, is
the species living in eastern Pacific waters.

Strombina (Sincola) amphidyma Woodring, n. sp.
Plate 40, figures 7, 8, 14, 15

Small, slender to rapidly enlarging in diameter,
horizontal cross section of body whorl moderately tri-
angular. Dorsal hump weak, hump preceding dorsal
hump moderately strong. Protoconch conical, 3- to
3% -whorled. End of protoconch marked by appear-
ance of axial ribs, which disappear on penult whorl.
Ribs strongly or slightly pinched adjoining suture
and overridden by weak sutural cord. Outer lip strong-
ly ascending toward suture.

Height 7.7 mm, diameter 4.1 mm (type, inflated
form). Height 7.7 mm, diameter 3.6 mm (figured
slender form).

Type: USNM 643642.

Type locality: 138¢c (USGS 21956, about 100 meters
north of Transisthmian Highway and about 75 meters
west of road to refinery on Payardi Island, Panami;
immediately east of Cativa and 100 meters north of
USGS 16909), lower part of Gatun formation.

Strombina amphidyma, represented by an inflated
form and a slender form, is distinguished from other
species of Sincole by its moderately triangular cross
section and pinched ribs. It occurs in the lower part of
the Gatun formation at locality 138c, where five
specimens were collected: two of the inflated form and
three of the slender form. The ribs of one of the in-
flated specimens are only slightly pinched. That speci-
men, aside from the weaker humps, resembles S. chéri-
quiensis, the next species described.

Occurrence: Lower part of Gatun formation (mid-
dle Miocene), locality 138c.

Strombina (Sincola) chiriquiensis Olsson
Plate 40, figures 12, 13

Strombina chiriquiensis Olsson, Bull. Am. Paleontology, v. 9,
no. 39, p. 130, pl. 10, figs. 14, 24, 1922 (Miocene, Panamai).
Anderson, Calif. Acad. Sci. Proc., 4th ser., v. 18. no. 4,
p. 143, 1929 (Miocene, Colombia).

Pyrenc (Strombina) chiriquiensis (Olsson), Oinomikado, Geol.
Soc. Japan Jour., v. 46, p. 621, pl. 29, figs. 6a, b, 1939
(Miocene, Colombia).

Small, rapidly enlarging in diameter, horizontal
cross section of body whorl strongly triangular. Proto-
conch conical, 3%-whorled. End of protoconch marked
by appearance of axial ribs, which disappear at be-
ginning of body whorl. Second and third post-proto-
conch whorl bearing a faint sutural cord. Quter lip
strongly ascending toward suture.

Height 8.3 mm, diameter 44 mm (figured speci-
men).
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Type material: 3 syntypes, Paleontological Research
Institution 21052.

Type locality: Water Cay [Cayo de Agua], Archi-
piélago de Bocas del Toro, Panamé, deposits of late
Miocene age.

In the middle and upper parts of the Gatun forma-
tion Strombina emphidyma is replaced by the strongly
triangular S. chiriquiensis. A few specimens were found
at each of four localities. Three mature shells from
locality 155¢ and two from locality 157 show micro-
scopic undulating spiral striae on the body whorl.

S. chiriquiensis 1s more inflated than S. sincola Ols-
son (1922, p. 129, pl. 10, figs. 19, 21; middle Miocene,
Costa Rica) and has stronger axial sculpture than
8. walli Mansfield (1925, p. 47, pl. 8, figs. 5, 7; middle
Miocene, Trinidad).

Occurrence: Middle and upper parts of Gatun for-
mation (middle Miocene). Middle part, eastern area,
locality 155¢; western area, locality 161c. Upper part,
eastern area, locality 163. Middle Miocene, northeast-
ern and southwestern Colombia. Late Miocene, north-
western Panama.

Genus Strombinella Dall

Dall, in Guppy and Dall, U.S. Nat. Mus. Proc., v. 19, p. 312,
1896.

Type (orthotype): Strombinella acuformis Dall,
Dominican Republic.

Miocene,

Though Strombinella closely mimics small species
of Strioterebrum in outline and sculpture, the aper-
tural features give it away as a columbellid. So far
only three species are known: an undescribed species
from the Thomonde formation of Haiti (late early
Miocene), smaller and more delicately sculptured than
the type species; the type species from the Gurabo
formation of the Dominican Republic (late middle
Miocene) ; and 8. olssoni from the middle part of the
Gatun formation (late middle Miocene). The type
species itself is rare. Four specimens are at the Acad-
emy of Natural Sciences of Philadelphia, two at the
U.S. National Museum, and one, collected by Gabb, at
Cornell University. S. olssoni is represented by 21
specimens and the Haitian species by about 100.

Strombinella olssoni Woodring, n. sp.
Plate 39, figures 6-8

Moderately small, moderately slender. Protoconch
conical, 2V6- to 234-whorled. End of protoconch
marked by appearance of axial ribs. Ribs extending
from suture to suture and continuing to varix near
outer lip, 11 to 13 ribs on body whorl. Spiral sculpture
appearing on first post-protoconch whorl, consisting of
flat spiral bands separated by very marrow grooves,
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6 or 7 bands on penult whorl. Sutural cord weak on
earliest post-protoconch whorls, strong on remaining
whorls. Outer lip slightly ascending. Interior of outer
lip bearing elongate denticles. Columellar lip strongly
denticulate. Siphonal notch moderately deep.

Height (incomplete, 6 whorls) 11.8 mm, diameter
4.6 mm (type). Height (almost complete) 13.2 mm,
diameter 4.8 mm.

Type: USNM 643645; paratype USNM 643646.

Type locality : 161c (USGS 8382, railroad cuts west
of Gatun Dam, station B, Canal Zone), middle part
of Gatun formation.

Strombinella olssoni is more elongate and more
strongly sculptured spirally than 8. acuformis Dall
(Guppy and Dall, 1896, p. 312, pl. 29, fig. 6) and has
more elongate and less beadlike axial ribs on the sutural
cord. None of the 21 specimens, all of which were
found in the middle part of the Gatun formation
in the western area west of Gatun Lake, is undamaged.
Twelve of the 21 were collected at the type locality.

This species is named for A. A. Olsson, who col-
lected all the specimens some 40 years ago.

Occurrence: Middle part of Gatun formation, west-
ern area (middle Miocene), localities 161c, 161d, 170,
170a.

Family BUCCINIDAE

Genus Hanetia Jousseaume

Jousseaume, Le Naturaliste, 2d year, no. 42, p. 335, 1880.
Type (orthotype and tautotype) : Murex haneti Petit, Recent,
Brazil.

It is unfortunate that Hanetia supplants Dall’s well
known name Solenosteira (Dall, 1890-1903, p. 122,
1890; type (orthotype): Pyrula onomala Reeve, Re-
cent, Baja California to Perd), for the habitat of
Honetia haneti is doubtful. Petit (1856, p. 90, pl. 2,
figs. 7, 8) cited Brazil, but that locality record still
awaits confirmation. Smith’s (1939, p. 16, pl. 12, fig.
7) illustration of a worn Brazilian shell, under the
name 7'ritonalia haneti, is not convincing as Petit’s
species. The specimen he illustrated, labeled Ocinebra
haneti and collected by von Thering, is in the U.S.
National Museum (catalog no. 150767). Olsson and
Harbison (1953, p. 227) recognized Solenosteira as a
subgenus of Hanetia, but Petit’s illustrations of his
species do not support that solution; in fact, they sug-
gest a small specimen of “Pyrula” anomala that has a
rounded periphery.

Hanetia is widespread in middle and late Miocene
deposits along the south border of the present Carib-
bean Sea and on the Pacific coast of northern South
America. Though it apparently bypassed the West
Indies, it reached Florida in late Miocene time. Plio-
cene species occur in Florida, Panam4i, and on the
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Pacific coast of northern South and Central America.
Whether the genus survives in western Atlantic waters
depends on the doubtful locality record for the type
species.

Two incomplete impressions from the Toro lime-
stone member of the Chagres sandstone are identified
as Hanetia? sp.

Hanetia dalli dalli (Brown and Pilsbry)
Plate 41, figures 7, 9, 10, 11

Solenosteira dalli Brown and Pilsbry, Acad. Nat. Sci., Phila.
Proc., v. 63, p. 348, pl. 24, fig. 14, 1911 (Miocene, Canal
Zone). Pilsbry and Brown, idem, v. 69, p. 34, 1917
(Miocene, Colombia). Olsson, Bull. Am. Paleontology, v. 9,
no. 39, p. 113, pl. 8, fig. 8, 1922 (Miocene, Canal Zone).

Coralliophile gatunensis Toula, K. k. Geol. Reichsanstalt
Jahrb., Band 61, p. 502, pl. 30, fig. 9, 1911 (Miocene, Canal
Zone).

Coralliophile incerte Toula, idem, p. 503, pl. 31, fig. 17, 1911
(Miocene, Canal Zone).

Cantharus dalli (Brown and Pilsbry), Oinomikado, Geol. Soc.
Japan Jour. v. 46, p. 622, pl. 29, fig. 12, 1939 (Miocene,
Colombia).

Of medium size to moderately large, moderately in-
flated to strongly inflated, periphery rounded or sub-
rounded. Protoconch conical, 2V5-whorled. End of
protoconch marked by appearance of axial and spiral
sculpture. Axial ribs relatively narrow, widely spaced,
seven to nine (generally eight) on body whorl. Spiral
cords overriding ribs, five or six (generally six) on
penult whorl. Spaces between cords bearing one to
four secondary spiral threads. On large shells second-
ary spirals stronger between periphery and suture than
elsewhere. Faint or microscopic lamellar sculpture
formed by exaggerated growth lines. Siphonal fasciole
conspicuous, but not set off, somewhat lamellar. Um-
bilical cleft wide.

Height (almost complete) 46 mm, diameter 32 mm
(largest specimen, figured).

Type: Acad. Nat. Sci. Phila. 3823.

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

The representatives of the genus Hanetia in the
Canal Zone and adjoining parts of Panamé are con-
sidered forms of one species: Hanetia dalli. They are
found in the three parts of the Gatun formation and
in the Chagres sandstone; that is, they have an age
range of early middle Miocene to early Pliocene. Four
subspecies are recognized, but they do not show a
graded series from one end to the other. They prob-
ably are ecologic subspecies that have no age signifi-
cance. H. dalli protera, the next subspecies described,
is the prevailing form in the lower part of the Gatun
formation. Though H. dalli dalli occurs in the lower

part (two localities, eight specimens), with the ex-
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ception of one specimen, it is the only form in the
middle part (13 localities, 30 specimens) and con-
tinues into the upper part in the eastern area (eight
localities, 20 specimens).

H. dalli dalli is characterized by its rounded or sub-
rounded periphery and strong, relatively narrow, wide-
ly spaced axial ribs. The type (height 41 mm) was
found in the middle part of the Gatun in the eastern
area. In the collections at hand only one of 22 speci-
mens from the middle part in the eastern area is as
large as the type. The large specimen shown on plate
41, figures 10, 11, is the largest in a lot of five large
specimens found in the upper part in the eastern area.
H. chiriquiensis Olsson (1922, p. 114, pl. 8, fig. 3;
upper Miocene, northwestern Panamd), of a size com-
parable to that of the large Canal Zone fossil, is con-
sidered a subspecies of H. dalli that has widely spaced
spiral cords on the anterior part of the body whorl.

The type of Toula’s Coralliophila gatunensis
(height 27.5 mm, diameter 17.5 mm) is an immature
H. dalli dalli and the type of his Coralliophila incerta
(height 11.3 mm, diameter 6.8 mm) is a still more
immature specimen of the same form.

Occurrence: Lower, middle, and upper parts of Ga-
tun formation (middle Miocene). Lower part, locali-
ties 138c, 138d. Middle part, eastern area, localities
189f, 142, 144b, 147h, 153 (identification doubtful),
155, 155a, 155b, 155¢, 156 (identification doubtful),
157, 159; western area, locality 161a. Upper part, east-
ern area, localities 171, 172, 173, 175, 176, 177 (identifi-
cation doubtful), 177b. Middle Miocene, northeastern
Colombia, southwestern Colombia (Oinomikado’s rec-
ord).

Hanetia dalli protera Woodring, n. subsp.
Plate 42, figures 6, 7

Of medium size periphery angular or subangular.
Peripheral spiral cord forming blunt spines on axial
ribs. Axial ribs subdued or not subdued between peri-
phery and suture on late whorls. Other features as in
Hamnetia dalli dalli.

Height (not quite complete) 39 mm, diameter 24.5
mm (type).

Type: USNM 643647; three paratypes, Stanford
Univ.

Type locality: 136a (Stanford Univ. locality 2611,
Transisthmian Highway, latitude 9°21” N., plus 1,100
feet (335 meters), longitude 79°49” W., Panam4 ; same
as USGS 16912), lower part of Gatun formation.

Hanetia dalli protera is distinguished from H. dalli
dalli by its angular or subangular periphery and the
accompanying blunt peripheral spines. As in H. dalli
dalli, both moderately inflated and strongly inflated
forms are represented. The type is moderately inflated
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and on late whorls its ribs are subdued between the
periphery and the suture. )

This is the prevailing subspecies of H. dalli in the
lower part of the Gatun formation and was found in
the middle part at locality 189f. In fact, it is the
only form of Hanetia in all except two of eight col-
lections from the lower part of the formation.

H. dalli protera is similar to H. alternata (Nelson),
which occurs in the late Miocene of Pert (Nelson,
1870, p. 198, pl. 7, figs. 3, 4) and the Pliocene of south-
western Panama (Olsson, 1942, p. 67, pl. 10, fig. 1),
and to the Recent Panamic species for which Reeve’s
unavailable name “Fusus” turbinelloides (Reeve, 1847
48, species 56, pl. 15, 1848) has been used. Both of those
species are larger than H. dalli protera. Moreover, the
primary spirals of H. alternata are weaker and H.
“turbinelloides” is more strongly angulated.

The subgeneric name Fusinosteire (Olsson, 1932, p.
179; type (orthotype) : Purpura fusiformis Blainville,
Recent, Panam4i to Pert) has been proposed for an-
gulated species of Solenosteira; that is, Hanetia. H.
fusiformis, however, may be treated as standing by
itself, on account of its biconic outline, relatively mas-
sive peripheral spines, and widely spaced spiral cords.

Occurrence: Lower and middle parts of Gatun for-
mation (middle Miocene). Lower part, localities 136,
136a, 137, 137a, 138, 138a, 138c, 138d. Middle part.
eastern area, locality 139f.

Hanetia dalli medioamericana (Olsson)
Plate 42, figures 1, 2

Solenosteira vaughani Dall var. medioamericana Olsson, Bull.
Am. Paleontology, v. 9, no. 39, p. 113, pl. 8, fig. 7, 1922
(Miocene, northwestern Panaméa and Costa Rica).

Of medium size, strongly inflated, periphery round-
ed. Protoconch not preserved. Axial ribs relatively
wide and therefore closely spaced. Umbilical cleft
narrow. Other features as in H. dalli dalli.

Height (practically complete) 35.3 mm, diameter
(incomplete) 21 mm (figured specimen).

Type: Paleontological Research Institution 21013.

Type locality: Toro Cay [Cayo de Toro], Archi-
piélago de Bocas del Toro, Panamé, deposits of late
Miocene age.

A specimen from the upper part of the Gatun for-
mation in the western area—the only specimen of
Hanetia from that area—is identified as Honetia dalli
medioamericana. The axial ribs are wider than those
of H. dalli dalli and H. dalli protera. The narrow
umbilical cleft suggests that this specimen is immature.
The cleft is wider, however, on topotypes of H. dalli
medioamericana of the same size as the fossil from
the western area.
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H. dalli did not reach southeastern United States.
According to collections available through the kindness
of Druid Wilson, two species of Hanetia are repre-
sented in the late Miocene deposits of Florida: H.
vaughani (Dall) and H. aclinensis (Tucker and Wil-
son), both of which have a few more ribs (10 or 11 on
body whorl) than H. dalli. H. vaughani is relatively
small and strongly inflated. The typical form (Mans-
field, 1930, p. 70, pl. 17, fig. 5), which occurs in north-
western Florida but is rare there, has very closely
spaced ribs. A subspecies at Acline, in peninsular
Florida, has more widely spaced ribs in a type of
ribbing like that of H. dalli medioamericana. Perhaps
Bose’s (1906, p. 40, pl. 4, figs. 25, 26) Melongena
(Pugilina) mengeana Dall, from deposits of Miocene,
apparently middle Miocene, age near Tuxtepec in the
western part of the Tehuantepec area, is this subspecies
of H. vaughani. Nevertheless H. dalli medioamericana
occurs, also in deposits apparently of middle Miocene
age, farther east in the Tehuantepec area (USGS
10352, Pefia Tecolotepec on Rio Coatzacoalcos). H.
aclinensis (Tucker and Wilson, 1932, p. 11, pl. 2, figs.
7, 8), also from Acline, resembles H. dalli medio-
americana in outline. It has subdued ribs on the body
whorl and also subdued primary spirals and strength-
ened secondary spirals.

Occurrence: Upper part of Gatun formation, west-
ern area (late Miocene), locality 179. Middle Miocene,
Costa Rica (Olsson’s record). Middle(?) Miocene,
Tehuantepec area, México. Late Miocene, north-
western Panamaé.

Hanetia dalli (Brown and Pilsbry), subspecies
Plate 47, figures 11, 14

Of medium size, strongly inflated, periphery sub-
angular. Protoconch not preserved. Axial ribs
moderately wide, suppressed between periphery and
suture. Other features as in Hanetia dalli dalli.

Height (almost complete) 36 mm, diameter 26 mm.

The Chagres sandstone proper yielded a specimen
representing a subspecies of Hanetia dalli that is
strongly inflated, and has a subangular periphery and
subdued axial ribs between the periphery and suture.
It is more inflated than H. dalli protera and its ribs
are more subdued than those of specimens of that
subspecies that have a subangular periphery. The
outline of the unnamed subspecies suggests the Mio-
cene Colombian H. hasletti (Anderson, 1929, p. 134,
pl. 16, figs. 7a, 8), but that species has more subdued
axial ribs and finer spiral sculpture,

Occurrence: Chagres sandstone (early Pliocene),
locality 208.
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Genus Trachypollia Woodring

Woodring, Carnegie Inst. Washington Pub. 385, p. 268, 1928.
Type (orthotype): Trachypollia sclera Woodring, Miocene,
Jamaica.

Trachypollia is related to the genus Cantharus
(Roding, 1798, p. 132; type (logotype), Cossmann,
1889, p. 141: Cantharus tranquebaricus (Gmelin)
[Cantharus globularis Réding = Buccinum. tranque-
baricus Gmelin], Recent, Indian Ocean), which has
much larger shells. Species assigned to Cantharus are
living on both sides of Central America. It is note-
worthy, however, that only one such species has been
found in the Tertiary deposits of the present Carib-
bean region: Cantharus corrugatus (Gabb) (Pilsbry,
1922, p. 348, pl. 22, fig. 15; Miocene, Dominican Re-
public). To be sure, Hanetia is given subgeneric rank
under Cantharus by some zoologists and paleontol-
ogists, but that issue is not involved in the distribu-
tion under consideration.

Trachypollia aneureta Woodring, n. sp.
Plate 42, figures 8§, 9

Small, moderately slender, pillar short. Last 1%
whorls of protoconch preserved. End of protoconch
marked by appearance of axial and spiral sculpture.
Axial ribs wide, six on body whorl. Spiral threads
overriding ribs, three primary threads on penult
whorl, a very fine secondary thread between them.
Siphonal fasciole slightly swollen. Edge of outer lip
broken, interior bearing five elongate denticles.
Columellar lip bearing four elongate denticles and a
parietal low swelling adjoining a faint channel.

Height (practically complete) 7.2 mm, diameter 3.8
mm (type).

Type: USNM 643651.

Type locality: 138 (USGS 16909, north and south
sides of Transisthmian Highway, 1.6 kilometers north-
east of Canal Zone boundary, Panam4), lower part of
Gatun formation.

The type—the only specimen—of this minute buc-
cinid was found in the lower part of the Gatun for-
mation. The apertural features indicate that it is
mature. It has fewer and wider axial ribs than the
Miocene Jamaican 7. sclera (Woodring, 1928, p. 269,
pl. 16, figs. 7, 8), the type of the genus, and its primary
spiral threads are less swollen on the ribs.

Occurrence: Lower part of Gatun formation
(middle Miocene), locality 138.

Genus Metula H. and A. Adams

H. and A. Adams, Genera of Recent Mollusca, v. 1, p. 84, 1853.

Type (hidden tautotype): Metula hindsii H. and A. Adams
(=Buccinum metula Hinds), Recent, Pacific coast of
Panami.
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Traditional usage of the name Metula can be saved
by acceptance of hidden tautonymy (Woodring, 1928,
p- 286; Keen, 1958, p. 405). The only internal evidence
for that interpretation is H. and A. Adams’ citation
of “Syn. Buccinum sp., Hinds” and their citation of
“Hindsii H. and A. Adams”, but not any species of
Hinds, among the four species of Metula. Strictly
speaking the correlation of those two citations is a
matter of presumption, but it is a matter of strong
presumption. If hidden tautonymy is rejected, Kobelt’s
(1876-78, p. 39, 1876) designation of Metula clathrata
(Adams and Reeve) Buccinum clathratum (Adams and
Reeve) as the type species is to be accepted and
Antemetula Rehder (1943, p. 199; type (orthotype):

. Buccinum metulo Hinds) is the name to be used for
the traditional M etula.

Whether M efula survives in western Atlantic waters
is still as uncertain as it was when the matter was
discussed some 30 years ago (Woodring, 1928, p. 286).
Nothing has been found so far to supplement Guppy’s
(1881 [1882], p. 177, 178, pl. 7, fig. 18; Reprint, Harris,
1921, p. 98, 99, pl. 5, fig. 18) record of the dredging,
in the Gulf of Paria, of a specimen which he thought
might be a fossil.

The suggestion that Mefula may be a columbellid
genus (Woodring, 1928, p. 287) was ill advised.

Metula species

Molds and incomplete impressions of small speci-
mens of Metula (height 17.8 mm, diameter 7 mm) oc-
cur in the uppermost part of the Culebra formation:
in the transition zone between the Culebra and Cuca-
racha formations. These fossils represent the earliest
known species of the genus in the present Caribbean
region. If they are mature, the small size and fine
sculpture suggest relationship to M. cancellata Gabb
(Pilsbry, 1922, p. 349, pl. 22, figs. 19, 20; Miocene,
Dominican Republic).

Occurrence: Culebra formation (early Miocene),
localities 110, 112a.

Metula gabbi Brown and Pilsbry
Plate 40, figures 18, 19
Metula gabbi Brown and Pilsbry, Acad. Nat. Sci. Phila. Proc.,
v. 63, p. 351, pl. 25, figs. 4, 8, 1911 (Miocene, Canal Zone).
Olsson, Bull. Am. Paleontology, v. 9, no. 39, p. 115, pl. 10,
fig. 11, 1922 (Miocene, Canal Zone).

Moderately large, spire whorls only slightly bulg-
ing, sculpture moderately fine. Protoconch large, cy-
lindrical, 2- to 214-whorled. End of protoconch marked
by appearance of sculpture. Axial sculpture stronger
than spiral, especially on spire whorls, where the axial
cords are crowded. The two sets of sculpture rec-
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tangular and more nearly equal on body whorl. Closely
spaced interaxial spiral cords of spire whorls trans-
formed on body whorl into more widely spaced cords,
swollen at intersection with axial cords. Groove setting
off one to three spirals adjoining suture generally
deeper or wider than others, forming a weak, narrow
sutural band or bands. This deeper or wider groove,
or grooves, absent on earliest sculptured whorls and
generally absent or subdued on later part of body
whorl. Outer lip thickened. Interior of outer lip bear-
ing short, elongate ridges.

Height (practically complete) 29 mm, diameter 10.5
mm (figured specimen).

Type: Acad. Nat. Sci. Phila. 1716.

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

Metula gabbi is a moderately large and moderately
finely sculptured species. It is larger and more coarsely
sculptured than M. cancellata Gabb, a species from the
Gurabo formation of the Dominican Republic men-
tioned under the preceding species, and is a little more
than half as large as the Pliocene to Recent Panamic
M. amosi Vanatta (Olsson, 1942, p. 69, pl. 9, fig. 9),
which has less crowded axial cords on spire whorls.
The coarsely sculptured M. limonensis Olsson (1922,
p. 116, pl. 10, figs. 5, 6; upper Miocene, Puerto Limén,
Costa Rica) is the largest species from the present
Caribbean region (height 37 mm).

M. gabbi is fairly widespread in the middle and
upper parts of the Gatun formation, but is not abun-
dant. Most of the specimens, like the type, are incom-
plete; in fact, only three, of a total of 38, are prac-
tically complete. The largest number (7) is in the
collection from locality 177b. The only specimen from
the lower part of the Gatun is a doubtfully identified
tip of a few whorls.

Occurrence: Lower, middle, and upper parts of
Gatun formation (middle Miocene). Lower part, lo-
cality 138c (identification doubtful). Middle part,
eastern area, localities 146, 147b, 147h, 151, 155, 155b,
155¢, 157; western area, locality 16la. Upper part,
eastern area, localities 175, 176, 176a, 177b, 177c.

Genus Tritiaria Conrad?
Conrad, Am. Jour. Conchology, v. 1, p. 21, 1865.
Type (monotype): Buccinum mississippiensis Conrad, Oligo-
cene, Miss.

Tritiaria? species

The marine member of the Bohio(?) formation
yielded small poorly preserved fossils suggesting the
genus T'ritiaria. The protoconch consists of about 3%
or 4 whorls, the last of which bears arcuate axial rib-
lets. The post-protoconch whorls are sculptured with
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fairly wide, closely spaced axial ribs and narrower
and more closely spaced spiral threads. The siphonal
fasciole is slightly inflated. Apertural features are in-
determinable. Approximate dimensions are as follows:
height 8.5 mm, diameter 4.5 mm.

Occurrence: Marine member of Bohio(?) forma-
tion (late Eocene or early Oligocene), localities 41a,
41b, 42.

Genus Cymatophos Pilsbry and Olsson
Pilsbry and Olsson, Acad. Nat. Sci. Phila. Proc., v. 93, p. 33,
1941.
Type (orthotype): Cymatophos galerus Pilsbry and Olsson,
Pliocene, Ecuador.

The faunas of the Gatun formation include seven
species of Phos-like gastropods assigned to three gen-
era: Cymatophos, Calophos, Antillophos (and its sub-
genus Rhipophos). A fourth genus (Amarophos) is
found in the Chagres sandstone. The largest and most
boldly sculptured of these species are representatives
of Cymatophos. The siphonal fasciole of Oymatophos
is moderately inflated and is limited by a sharp, nar-
row thread. As in Phos and the other Phos-like genera
of the present report, the columella bears a low basal
fold, followed by a depression, and the interior of the
outer lip bears long, narrow ridges.

Cymatophos is conspicuous in Miocene deposits of
the present Caribbean region and on the Pacific side
of northern South America. It survives in the eastern
Pacific Panamic province (Pilsbry and Olsson, 1941,
p. 33; Olsson, 1942, p. 72), but not in Caribbean waters.

Cymatophos? cf. C. veatchi (Olsson)

Incomplete and fragmentary remains from the Cule-
bra formation suggest an early Oymatophos compara-
ble in general sculptural features to €. veatchs, which
occurs in the Gatun formation. A restored height of
35 millimeters and diameter of 18 millimeters is indi-
cated.

Occurrence: Culebra formation (early Miocene) lo-
calities 110, 112, 114, 115, 115a.

Cymatophos veatchi veatchi (Olsson)
Plate 41. figures 5, 6, 8, 13

Phos veatchi Olsson, Bull. Am. Paleontology, v. 9, no. 39, p. 121,
DL 9. figs. 2, 3, 1922 (Miocene, Costa Rica).
Phos (Phos) buchivacoensis F. Hodson, idem, v. 16, no. 59,
p- 33, pl. 16, figs. 1, 4, 1931 (Miocene, Venezuela).
Moderately large, fairly slender to somewhat in-
flated, periphery of later part of body whorl, as shown
by outline of axial ribs, generally subangular. Proto-
conch generally worn or missing, consisting of 2%
smooth whorls. End of protoconch marked by appear-
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