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(LARGER FORAMINIFERA) 

W. STORRS COLE 

Cornell University, Ithaca, New York 

ABSTRACT 
Twenty-one specific names have been proposed for 

Ame rican mlogypsin ids (Foraminifera) since Cush ma n In 
19 18 described the firs t s pec ies . J-[e terosteg lnoldes pan· 
nmensls. Several authors (Drooger. 19 52 . 1963; Cole. 
19570 , 1964 ; H anzawa. 19 62 ; Barker. 1965) have a na
lyzed these s l)ec ies and proposed difterent c lassifications, 
This article expands the postulate (Cole. 1964) that the 
recognition of on ly three species Is sufficient to account 
for the biolog ic development as well as the geographic a.nd 
s tra tigraphic distribution of American miogypslnlds. 

l\1I0J;')'11Slnoldes eOlllulnnutn, (Schlumbe rger) has a stra ti
graphic range from the marine Frio Into the fJeterostegll1t\ 
zone of the Ana huac Formation at the Gul f Coast of the 
U nited States. The unl serlal (Cole. 1964. P. 142) l'Il.Io· 
gypsll1a Ila na l1l ens is (Cushman) is res tricted to the Hetero· 
steglna zone of the Anahuac FOl'lnation a nd to strati 
graphically equ ivalent sediments In Florida. Mexico. 
Panama. P ue rto Rico and other Caribbean loca lities . The 
biserial (Cole . 1964. p . 144) 1\liogY I)s lna a ntlllen. (Cushman) 
occurs in the Discorbls zone of the Anahuac F o rmation. 
the Culebra a nd La Boca Formations of Pa nama. s trati
graphically e«u lvalent sediments in Florida. and at varl· 
ous other Caribbean loca lities. 

!\liogypslnoides cOI1lJ)lnnnta occurs below the Globo~ 

rotalla kugleri planktonic zone. l\liogypslua IHlnnmens is is 
restricted to the G. ku gleri zone. and M. o utHlea has a 
stratig raphic ra nge from the CnbllJ8ydi'ax dlss lmllis into 
the Globige rlnntella ins uetn pla nktonic zone. 

The status of the su bge ne ra (Heteros teg inoldes. L epitlo. 
semlcyclina . 1\llole llidoc)'cLina and !\Jlogypslnita) of 1\,110· 
gyps ln a. is discussed. All of these su bgenera are regarded 
as synonyms of l\liogypslnu, s.s. 

INTRODUCTION 
Although numerous authors (see summary : 

Vaughan and Cole, 1941 , p. 77-80) described 
species of American miogypsinids previous to 1952, 
and the origin of this kind of larger Foraminifera 
had been suggested ( Barker and Grimsdale, 1937), 
the first extensive analysis devoted to American 
miogypsinids was that of Drooger (1952). This was 
followed by two articles by Cole ( 19570; 1964) and 
one by Barker (1965) . In 1963 Drooger published 
an expanded account of his concept of the classifi
cation and evolution of miogypsinids in general in 
which he cited numerous American examples. 

The first attempt to use American miogypsinids 
and planktonic Foraminifera obtained primarily 
from samples from deep wells for stratigraphic cor
relation over an extensive geographic area in the 
United States was by Akers and Drooger (1957) . 
Previous to 1957 several authors, including Drooger 

his detailed statement (1956), suggested strati
graphic correlation between America and Europe, 

not only by planktonic Foraminifera, but also 
by miogypsinids. 

Hanzawa (1940) developed a general classifica
tion of miogypsinids which he refined and expanded 
in 1957. At that time he was concerned largely 
with Indo-Pacific miogypsinids. In 1962 after he 
had the opportunity of studying additional Amer
ican specimens, he devoted a section of his article 
on "three-layered larger Foraminifera" to miogyp
sinids and di scussed many American species. In 
1965 Hanzawa gave a summary of his concept 
of the classification and relationship of species 
of miogypsinids. 

Drooger (1952) by statistical analysis of speci
mens of Miogypsilla from 50 American localities 
recognized 14 species (of which 4 were new) . In 
addition, some 7 kinds were given hyphenated 
names under the designation exemplum illlercell
Irale, a notation for specimens " ... which are near 
the border-line of two adjoining species." Cole 
( 19570) recognized 5 valid species (Miogypsilloides 
com pialJata, Miogy psina antil/ea, gunteri, palJa· 
m ellsis and slaufferi) . 

In 1964 Cole (p. 138) presented " ... another 
classification based on the development of the em
bryonic apparatus ... " of miogypsinids. He rec
ognized only two genera, Miogypsilloides with one 
species, and Miogypsilla with two species, in the 
Americas. In this article he corrected his misidenti
fication of certain specimens of uniserial Miogypsilla 
which he had referred to the biseri al M. alllillea. 

Barker in 1965 published a competent review of 
American miogypsinids. It is evident that this ar
ticle had been in press for considerable time, as 
Barker refers to a number of articles from 1956 to 
1963 on American miogypsinids in an "addenda" 
(p. 339) to his excellent bibliography which were 
not mentioned in the text. 

Barker (1965, p. 312, 313) listed 21 specific 
names which had been applied to American rr:io
gypsinids, of which he considered 14 represented 
valid species. However, Barker expressed consid
erable doubt concerning the status of some of the 
species. He referred to M. ClIshmalli as a probable 
synonym of M. alllillea (p. 315), M. basraellsis as 
" . .. a minor early variation of M. gUllleri Cole" 
(p. 316), M. brollllimalllli as a variation of M. 
m exicalla (p. 317), M. ecuadorellsis as a variety of 
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M. pallamellsis (p. 321), and M. tlw/malllli as pos
sibly the same as Miogypsilloides comp/allata. 

If these questioned species are deleted there re
main 9 valid species, two assigned to Miogy psin
oides (M. cf. bermudezi and M. comp/allata) and 
7 to Miogypsina (M. antil/ea, M. g/obulilla, M. 
gUllteri, M. interm edia , M. mexicQlla, M. panamen
sis and M. talli). To this list should be added M. 
co/ei, a new species described by Barker (1965, p. 
331). The classification developed by Barker 
(1965) is intermediate between that of Drooger 
(1952; 1963) and Cole (1957a; 1964) in regard to 
the number of valid species recognized. 

This article is an enlargement of the thesis pro
posed in 1964 (Cole) that there are only 3 Amer
ican species of miogypsinids, Miogypsilloides com
p/allala (Schlumberger), the uniserial Miogypsina, 
M. pallamellsis (Cushman), and the biserial Mio
gypsilla, M. antil/ea (Cushman). 

It is recognized that a number of objections will 
be raised concerning this radical reduction of the 
number of species, as it is entirely possible to rec
ognize differences between specimens. At first in
spection it would seem that the "M. talli" kind 
(Plate 8, fig. 1) is entirely distinct from the M. 
pallamellsis kind (Plate 8, fig . 7). However, when 
large numbers of specimens are studied, it can be 
shown that "M. talli" is at one end of a specific 
series which interconnects through the American 
specimens referred to M. g/obulilla (Plate 9, fig. 
10), M. gUllte,; (Plate 8, fig. 2; plate 9, fig. 1, Cole, 
1964) and M. basraellsis to M. pallamellsis (Plate 
8, fig . 7) at the other end of the series. 

All of these supposed species occur at the same 
or nearly the same stratigraphic horizon, and vari
ous combinations of them have been found in as
sociation in samples. Of the numerous samples 
which have been examined, specimens of typical 
M. pallamellsis have been reported from few local
ities, as specimens with a smaller number of cham
bers around the embryonic apparatus are more 
commonly encountered (Table 1). Cole (1964, p. 
144) wrote "Since the basic pattern of development 
is similar, such differences may be assigned to eco
logical rather than genetic controL" 

This discourse which attempts to elaborate on 
the concept (Cole, 1964) that there are only three 
American species of miogypsinids emphasizes the 
geographic and stratigraphic occurrence of Amer
ican miogypsinids as well as the development of the 
test of these organisms. Analysis of the structure 
of the test is the best means of determining species, 
but species which are recognized should be tested 
against known geographic and stratigraphic rela
tionships. Moreover, associated species of similar 
as well as different organisms must be considered. 
Other larger Foraminifera which occur with Arner-
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ican miogypsinids have been given previously 
(Cole, 1964) and these data will not be repeated. 

LOCALITIES OF THE FIGURED SPECIMENS 
Georgia 

Loc. l---Carpenter Oil Co., C. T. Thurman No.2 
well, Land District 1, Land Lot 189, 450 feet 
northwest of the center of the SE14 of Land 
Lot 189, Coffee County, at a depth of 460-
470 feet. (Reference: Cole and Applin, 1961, 
p. 127). Oligocene. 

Florida 
Loc. 2-Port St. Joe Test well no. 3, Port St. Joe, 

Gulf County at depths of 890-911 and 996-
1017 feet. (Reference: Cole, 1938, pI. 8, figs. 
2, 3). Suwannee Limestone, Oligocene. 

California 
Loc. 3-From the vicinity of the locality described 

by Graham and Drooger, 1952, p. 22 as fol
lows: "Calcareous grit outcrop on C. H. Wil
liams Ranch, central part of N!n Sec. 1, T. 7 
S., R. 4 W., Santa Cruz Quadrangle, Califor
nia;" specimens sent through the courtesy of 
Earl E. Brabb. 

Mexico 
Loc. 4--500 meters east of Rancho Abajo which is 

near kilomele{ 9 on the Huasteca Petroleum 
Company's nar~ow gauge railroad between San 
Geronimo and Cerro Azul, Tampico Embay
ment Area. (References: Cole, 1957a, p. 319; 
1964, p. 145). Meson Formation, Oligocene. 

Loc. 5-Papantia-Tajin Road, bend in road north
east of Finca de los Tremari, Veracruz. (Ref
erences: Nuttall, 1933, p. 176; Cole, 1952, p. 
36; 1964, p. 140, 146) . Tuxpan Formation, 
Miocene. 

Trinidad 
Loc. 6-Kugler loc. 11399, Morne Diablo Quarry; 

collected by Hans G . Kugler. (References: 
Cole, 1957a, p. 326; 1957b, p. 32; 1964, p. 
147). Morne Diablo Limestone. 

Panama Canal Zone 
Loc. 7-Low garden islet 0.25 mile northeast of 

landing, Barro Colorado Island; 53, collected 
by S. M. Jones and W. P. Woodring, 1947. 
(References: Cole, 1952, p. 6; 1964, p. 146; 
Woodring, 1957, p. 116; 1958, p. 34). Middle 
member of Caimito Formation. 

Loc. 8-Panama Railroad, east side of second cut 
southeast of Bohio Peninsula. Soft calcareous 
tuffaceous sandstone. USGS locality 6025, 
type locality of M. pallamellsis = locality 55, 
collected by S. M. Jones and W. P. Woodring, 
1947. (References: Cushman, 1918, p. 97, 98; 
Vaughan and Cole, 1932, p. 510; Cole, 1952, 
p. 6, 7; 1964, p. 139, 146; Woodring, 1957, p. 
116; 1958, p. 34). 



TABLE I 
Data on Selected Localities with Uniserial Miogypsilla 

Stated mean 
No. of values 
speci- Per- (Drooger, 

Locality Ki nd Number of chambers around embryonic chambers Mean mens cent 1952) 

20 18 17 16 15 14 13 12 11 10 9 8 7 6 5 

A All specimens 1 3 3 4 1 9 . 5 12 100 

"sunteri" 1 3 2 10.8 6 50 9-12.5 
"tani" 1 4 1 8.1 6 50 6- 9 

B All specimens 1 3 4 3 6 4 1 7.9 22 100 

"sunteri" 
, 

1 3 3 9.9 7 32 9-12.5 

"tani" 1 3 6 4 1 6.9 15 68 6- 9 

1 All specimens 1 3 4 7.3 8 100 
(text) 

"sunteri" 1 1 9.0 2 25 9-12.5 

"tani" 2 4 6.7 6 75 6- 9 

2 All specimens 2 2 2 3 10.0 9 100 
(text) 

c "basraensis" 3 13 3 12.5-15 
panamensis 1 1 12.5 2 

8 Eanamensis 1 2 2 2 2 2 3 15 . 6 14 100 15 
(text) 

A Stream east of Shannon Trail, about 335 meters southeast of Shannon I, Barro Colorado Island, Panama Canal Zone (Cole, 1957a, p. 313) -
Bohio formation, Oligocene. 

B Stream crossing Standley Trail at Standley I I plus 60 meters, about 30 meters downstream from trail, Barro Colorado Island, Panama Canal 
Zone (Cole, 1957a, p. 316) - Caimito formation, Oligocene. 

C Fossiliferous marl from a cut on the San Sebastian-Lares Road (Rte. lll ) where it crosses Quebrada Collazo at Km. 26.8, Puerto Rico (Sachs, 
1959, pI. 36, figs. 1, 3-6) - Oligocene. 
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CLASSIFICA nON OF 
AMERICAN MIOGYPSINIDS 

Genus Miogypsinoides Yahe and Hanzawa, 1928 

Gelleral statemel/t.-The type of Miogypsilloides 
Yabe and Hanzawa, 1928, is Miogypsilla dehaartii 
van der Vlerk, 1924, from Tertiary e of Larat, East 
Malay Archipelago. The excellent illustration (Van 
der Vlerk, 1924, p. 431 , text fig. 2) of the embry
onic apparatus shows the bilocular embryonic 
chambers so situated that the second embryonic 
chamber is adjacent to the periphery of the test and 
is not separated from the periphery by periembry
onic chambers. There are eight chambers which 
partially surround the embryonic chambers. 

The embryonic apparatus of the type of M. de
Iwartii has essentially the same appearance as that 
found in certain species of Miogypsilla (compare 
text fig. 2, p. 431, Van der Vlerk, 1924 with fig. 6, 
pI. 9, Cole, 1964) . Although the embryonic appa
ratus of certain specimens of Miogypsilloides is 
similar to that of Miogypsilla, Miogypsilloides does 
not have distinct, well developed lateral chambers 
as Miogypsilla does. However, some specimens of 
Miogypsilloides may develop vacuoles in the walls 
covering the equatorial layer (Drooger, in Drooger 
et 01., 1955, p. 19) , but these cavities are not typical 
lateral chambers. 

Hanzawa (1940, p. 773 ; 1957, p. 94-96; 1962, p. 
154) postulated that the orientation of the embry
onic chambers and the position of the periembry
onic chambers within specimens of a species of 
Miogypsilloides are constant. By these criteria he 
recognized numerous species of Miogypsilloides, 
several of which occurred in the same sample 
(Hanzawa, 1957, tables 2, 3). 

Cole (1957c, p. 339) wrote "Although the num
ber of coils and the number of periembryonic 
chambers are significant in specific classification, it 
does not appear that the position of the periembry
onic chambers, with regard to the apical part of the 
test has any special significance." Drooger (1963, 
p. 344) stated "Hanzawa's (1957) pronounced split
ting of Miogypsilloides into species . .. completely 
disregards the existing variation in every sample." 

Hanzawa (1940, p. 782, 783) recognized two 
species of Miogypsilloides from a sample in the 
Kita-Daitii-Zima (North Borodino Island) test well. 
One of these, M. lateralis (Hanzawa, 1940, pI. 39, 
figs. 13, 14) has an embryonic apparatus similar to 
that of the type of M. delwartii (Van der Vlerk, 
1924, p. 431, text fig . 2) except the axis across both 
embryonic chambers is at nearly right angles to the 
axis between the proximal and distal apexes of the 
test instead of parallel to this ax is. 

From this sample Hanzawa (1940, pI. 39, figs. 
16-19) identified other specimens as Miogypsilloides 
balltamellsis Tan. These specimens have the second 
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embryonic chamber oriented toward the distal mar
gin of the test, and the embryonic chambers are 
separated from the periphery of the test by peri
embryonic chambers. 

Hanzawa (1940, p. 783) noted in the description 
of M. lateralis "In its external form and transverse 
section alone, the present form is almost indis
tinguishable from Miogypsilloides balltamensis Tan 
Sin Hok. . .. But, the former is easily distinguish
able from the latter by the characteristics of its 
juvenarium." 

Cole (l957c, p. 339) suggested that M. lateralis 
did not differ sufficiently in the development of the 
embryonic apparatus from M. bantamensis to be 
regarded as a valid species. "Therefore, M . lateralis 
Hanzawa is combined with M. bantamellsis," an 
opinion accepted by Drooger (1963, p. 346). 

In the sample immediately overlying the one 
from which Hanzawa (1940, p. 780) identified M. 
balltamellsis and M. lateralis, he recovered typical 
specimens of Miogypsilloides aellaartii (llis M. de
Iwarti pustulosa). The embryonic apparatus of 
these specimens is identical with that of type 
M. dellaartii. 

Another species commonly recognized in the 
Indo-Pacific area should be mentioned. Miogyp
sinoides formosellsis Yabe and Hanzawa [described 
as Miogypsilla (Miogypsilloides) dellaartii- van der 
Vlerk formosellsis Yabe and Hanzawa, 1928, p. 
535] has an embryonic apparatus in the type 
(Hanzawa, 1964, pI. 5, fig. 7) which resembles that 
of M. bantamellsis, except the axis across the em
bryonic chambers is at right angles to the long axis, 
connecting the apexes of the test instead of parallel 
to this axis. Certain topotypes of M. formosensis 
(Cole, 1957c, pI. Ill, fig. 10), however, are identi
cal with M. balltamensis. 

Cole (l957c) published illustrations of several 
specimens from locality B391, Saipan Island, which 
by a strict adherence to types could be separated 
into three species: M. bantamellsis Tan (pI. 110, 
fig. 12; pI. Ill, fig. 2); M. lateralis H anzawa (pI. 
110, fig. 15); and M. formosensis Yabe and Hanz
awa (pI. Ill , fig . 3) . From locality S701 Cole 
( 1957c) illustrated two equatorial sections, one 
(pI. 111 , fig . 6) represents the "latera lis" kind, and 
the other (pI. Ill, fig . 7) the "de"aartii" kind. 

Although Cole (l957c, p. 339) combined M. 
lateralis with M. bantamellsis and M. formosensis 
with M. dellaartii , he inconsistently maintained M. 
balltamensis as a valid species. Drooger (1963, p. 
346) arranged M. formosellsis, M. balltamensis, 
and M. dellaartii stratigraphically on a chronostrati
graphic scale of the miogypsinids of the Indo-Pacific 
area. Hanzawa (1964, p. 157; 1965, p. 253) main
tained these four as valid species. 

From the illustrations which have been cited, it 
can be demonstrated that the "latera lis" kind of 
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specimen occurs with the "balllamellsis" and "de
Iwarlii" kinds, and the "balllamellsis" kind occurs 
with the "formosellsis" ki nd . It is reasonable to 
expect that these fo ur kinds should occur in as
sociation if a sufficient number of specimens were 
examined. 

Hanzawa (1957, Tables 2, 3) reported the fol
lowing species were associated with M. delwarlii at 
one or more localities on Saipan Island: M. ball
/am ellsis , M. borodill ensis, M. la/eralis, and M. 
maurelallicus. Although H anzawa (1957, p. 92) 
recognized M. formosellsis on Sa ipan Island, he re
corded it as occurring with M. borodillellsis, M. 
complallalus, and M. laleralis, but not with 
M. dehaarlii. 

In a study just completed of sam ples from a deep 
well drilled on Midway Atoll in which large num
bers of specimens of Miogypsilloides were sect ioned, 
the following kinds could be recognized: M. ball
lamellsis, M. dehaarlii, M. laleralis and M. mall
relallicus. In add ition, many specimens had embry
onic apparatuses which were intermediate between 
the four typical kinds. 

U puhlished illustrations of these species are 
studied, it will be observed that the coil of peri
embryonic chambers becomes progressively longer 
as the orientation of the embryonic chambers shifts 
from a position in which tbe second embryonic 
chamber faces tbe proximal apex of the test to tbe 
one in whicb tbe second embryonic chamber is 
directed toward the distal margin of the test. Tbe 
following illustrations exem pli fy tbis: I ) M. de
Iwarlii kind, (Cole, 1957c, pI. 111, fig. 7), 2) M. 
laleralis kind (Cole, 1957c, pI. Ill, fig. 6), 3) M. 
maurelollicus kind (Cole, 1957c, pI. 110, fig. 15 ), 
4) M. formose llsis kind (Cole, 1957c, pI. Ill, fig. 
3) , and M. balllamellsis kind (Cole, 1957c, pI. 110, 
fig. 12; pI. III , fig. 2) . 

As it has been demonstrated tbat tbese su pposed
ly valid species occur in association , and represent 
a gradational sequence, only one species should be 
recognized, namely, Miogypsilloides dellOorlii (van 
der Vlerk ). 

Cole ( 1966, p. 240) postul ated that many species 
of Camerilla if they were arra nged in a gradational 
series could be combined. He stated "Tbis decision 
is based first on tbe evidence wbicb may be ob
tained by tbe study of numerous specimens from a 
given locality arranged in a series, and secondl y on 
tbe biology of species of Foraminifera. They have 
botb an asexua l and a sexual mode of propagation. 
In sexual reproduction gametes fuse to produce tbe 
zygotes. T he gametes are not necessaril y from one 
individual but may come from different individuals. 
If one assumes tbere are more than one species in a 
population such as tbis, tben one must assume tbat 
the gametes of one species will not unite with those 

of another, otberwise each species will not retain 
its individual cbaracteristics. 

"In the population under discussion all the speci
mens are essentially the same. The differences be
tween individual specimens are those of degree, not 
kind, and if a sufficie nt number of specimens are 
analyzed there is complete intergradation. Tbere
fore, it is doubtful if the ga metes from one individ
ual would repel those from another. If the gametes 
from individuals, regard less of the relati ve differ
ences between two reproducing individ uals, fuse, 
only one species is present in such a popul ation." 

As the reproduction of tbe miogypsinids seeming
ly is parallel to that of the camerinids, the numer
ous species reported either from single samples, or 
occurring a t the same stratigraphic position wi thin 
a faunal province must be based upon minor varia
tions within the embryonic apparatus of specimens 
which represent only one species. 

Specific names of American Miogypsilloides 

1900. Miogypsilla complanala SCHLUMBERGER ( p. 
330, pI. 2, fi gs. 13-16; pI. 3, fi gs. 18-21) . 
American specimens from Mexico were as
signed first to this European species by Nuttall 
(1933, p. 176, 177, pI. 24, fi gs. 7, 9, 11 , 13 , 
14 ), and later by Barker and Grimsdale ( 1937, 
p. 162, 163, pI. 5, fig . 6; pI. 6, figs . 1-6, 8; pI. 
7, fig. 1; pI. 8, fig. 6) . 

1940. Miogypsinella salljosensis HA NZAWA ( p. 
766, text fig. 3). A new specific name for 
American specimens from Mexico previously 
ass i g n ed to Miogypsilloides cOlllplalla/a 
(Schlumberger) by Nuttall (1933) and Barker 
and Grimsdale (1937). 

195 1. Miogypsina (Miogypsillella) bermlldezi 
D ROOGER ( p. 357-359, fi gs. 1-6). Specimensob
tained from a well at a depth of3 ,687-3 ,689 fee t 
near Banos in Pinar del Rio Province , Cuba. 

1952. Miogypsilla (Miogypsina) I II a 1m a 1111 i 
DRoOGER (p. 15, 16, pI. I, figs. 1-5 ; pI. 2, figs. 
1-5; pI. 3, figs. la, b). Tabera formation 
( Bermudez, 1949, p. 12 ), Rio Yaque de l 
Norte at Baitao, Santiago Province, Dominican 
Republic. 

A lIalysis of Ihe specific lIames of A mericall M io
gypsinoides.-The assignment of certa in American 
specimens to Miogypsilloides complallala (Schlum
berger), a European species, bas been accepted 
(N utta ll , 1933, p. 176; Barker and Grimsdale. 1937. 
p. 162; Cole, 1938, pI. 8, fig. 10; Drooger, 1951. p. 
360; Cole, 19570, p. 318; Barker, 1965, p. 317). In 
1940 Hanzawa (p. 766) proposed tbat certain 
American specimens assigned to M. com plallolO 
should be designated Miogypsill ella salljosetlsis . 
Cole (ill Cushman, 1948, p. 376) considered that 
Miogypsillella H anzawa, 1940, was a synonym of 
Miogypsilloides Yabe and Hanzawa, 1928, a con-
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elusion accepted by Drooger (1953, p. 120). There 
is general agreement (Drooger, 1951, p. 360; Cole, 
19570, p. 319; Barker, 1965, p. 318), even by Hanz
awa (1962, p. 157), that M . salljosellsis is a syno
nym of Miogypsilloides comp/allata (Schlumberger). 

Drooger (1963, p. 346) and Barker ( 1965, p. 
316) retained Miogypsilloides bermudezi Drooger 
(1951, p. 357) as a valid species although Cole 
(19570, p. 319) placed this species in the synonymy 
of M . comp/allata . Drooger (1951, p. 359) stated 
"M. bermudezi is more easily separable from M. 
comp/anata Schlumberger, which, in addition to 
generally still thicker outer walls than M. borodin
ellsis, is different from the other two species for its 
usually higher average number of coils." Later 
Drooger (1963, p. 336) wrote "The validity of 
thickening of the sidewalls as a rigorous evolution
ary trend must now be doubted." 

Four specimens (Plate 9, figs. 1, 3, 5, 8) of M. 
comp/allata from the Meson Formation of Mexico 
are illustrated. The average length of these speci
mens is 1.18 mm.; the average number of coils of 
periembryonic chambers is 1.55 ; and the average 
number of peri embryonic chambers is 17.2. Type 
specimens of M . bermudezi (Drooger, 1951 , p. 
357) have a maximum diameter of 1.0 mm. and 
15-19 periembryonic chambers in 1.5-2 whorls. As 
there does not seem to be any valid criterion by 
which M. bermudezi can be recognized , it must be 
a synonym of M. comp/allata. 

Barker (1965, p. 316) gave the stratigraphic 
range of specimens identified as Miogypsilla (Mio
gypsilloides) cf. M. bermudezi as " ... throughout 
the upper part of the marine Frio in the Gulf Coast 
subsurface." Miogypsilloides comp/anata accord
ing to Barker (1965 , p. 318) occurs in the marine 
Frio of Louisiana and in Mexico in the " ... upper 
Palma Real and in sandy beds termed lower Meson 
which occur below the typical upper Palma Real in 
Acontitla well no. 4 near Poza Rica , Veracruz." 
Cole (1964, p. 145) demonstrated that M. com
p/anata in Mexico occurs with Heterostegina alltil
lea Cushman, Camerina pallamellsis, and two 
species of L epidocyclilla . 

Barker (1965, p. 330) observed concerning M. 
t/w/malllli "The median section figured by Drooger 
(1952, pI. 3, fig . 10) shows great similarity to M. 
comp/allata Schlumberger ... and is also superfi
cially similar to some sections of M. gunteri ... " 
Cole (19570, p. 321) previously had referred to M. 
tha/malllli as a synonym of M. gUllt eri. Barker 
(1965, p. 331) emphasized "The only difference be
tween M. t/w/malllli and M. comp/allata appears 
to be the presence of rudimentary lateral chambers 
observed in transverse section of M. tha/malllli . .. " 

M. tha/malllli was based on specimens from the 
Tabera Formation, Dominican Republic, in associ
ation with H eterostegina all til/eo Cushman and 
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A/maella a/avensis (D. K. Palmer) (Bermudez, 
1949, p. 12). M. comp/allata occurs in Mexico in 
association with Heterostegilla all til/eo (Cole, 1964, 
p. 145) . Certain of these Mexican specimens (Plate 
9, fig . 1) have median sections which are identical 
with those of M. tha/malllli. Moreover, the vertical 
sections (Cole, 1964, pI. 11 , fig. 10) demonstrate 
the presence of a " ... distinctly trochoid embryonic 
nepionic stage" (Drooger, 1952, p. 16), and these 
Mexican specimens have a few, poorly developed, 
vacuoles in the covering walls. 

Drooger (1955, p. 19) stated concerning Euro
pean specimens which he referred to M. comp/anata 
"Occasionally, single, irregular cavities occur in 
the side walls, especially near the nepionic spi
ral." Therefore, there is not any valid criterion 
by which M. tha/mallni can be distinguished from 
M. comp/anata. 

Genus Miogypsin3 Sacco, 1893 
Status of the subgenera: Mio/epidocyclina, 

Miogypsillita, L epidosemicyclina and 
H eterostegilloides 

Mio/epidocyclilla Silvestri, 1907: type, Orbitoides 
(Lepidocyclilla) burdiga/ellsis Gumbel, 1870, is 
based upon European specimens in which the em
bryonic apparatus both in the megalospheric and 
microspheric forms is subcentrally located. Mio
gypsillita Drooger, 1952: type Miogypsilla m exicalla 
Nuttall , 1933, was erected for American specimens 
in which the embryonic apparatus in the megalo
spheric form was separated from the periphery of 
the test by rows of equatorial chambers, but in the 
microspheric form the embryonic apparatus was 
peripherally located. 

Barker (1965) retained both of these names as 
subgenera of Miogypsilla, assigning M. eCl/adorensis 
and M. panamellsis to Mio/epidocyclilla, and M. 
brollnimanni and M. m exicana to Miogypsinita. 
Drooger (1963, p. 317) placed the last mentioned 
species under Miogypsillita, but assigned M. ecua
dorellsis and M. pallamensis, to H eterostegilloides 
Cushman, 1919. 

Cole (1958, pI. 27, fig. 2) illustrated a micro
spheric specimen from Carriacou, British West 
Indies, identified as M. (Mio/epidocyclilla) pallam
ellsis which occurred in association in the same 
sample with megalospheric specimens (Cole, 1958, 
pI. 27, fig. 1) of M. pallamellsis. This microspheric 
specimen has a peripheral embryonic apparatus . 
Among topotypes of M. pallamellsis there are in
frequent microspheric specimens, one of which is 
illustrated as figures 2, 4, Plate 9. The embryonic 
apparatus is located at the periphery. 

A microspheric topotype of M. m exicalla with a 
peripherally located embryonic apparatus is illus
trated as figure 6, Plate 9. Similar specimens were 
found associated with topotypes of M. brollnimall-
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Ili. Specimens from the Port St. J oe test well 3, 
Gul f County, F lorida, at a depth of 700-721 feet 
had rare microspheric specimens (Cole, 1938, pI. 
II, fi g. 8) associated with abundant megalospheric 
specimens identified by Cole ( 1938, p. 43, 44) as 
M. hawkillsi and M. vellezuelalla. Drooger (1952, 
p. 22 ) referred these specimens to his intermediate 
category M . ex interc. cushmalli-mexicalla. 

As the embryonic apparatus of tbe microspheric 
form of M . panamellsis (a species commonly as
signed to Miolepidocyclilla) has a periphera lly sit
ua ted embryonic apparatus similar to tbat of species 
assigned to M iogypsillita, the position of the em
bryonic appara tus of the microspheric form can not 
be used to define these subgenera insofar as Amer
ican specimens are concerned . 

In the megalospheric generation certa in speci
mens of M . panam ellsis have subcentrally located 
embryonic apparatuses si milar in position to the 
embryonic apparatuses of certai n specimens of M . 
mexicalla. H owever, the embryonic apparatus of 
M. pallamensis is uniseria l (Cole, 1964, p . 142 ) 
whereas that of M . mexicalla is biseria l (Cole, 
1964, p. 144). 

Drooger (1952, p. 58), in proposing the sub
ge nus M iogypsinila, recognized that the position of 
the embryonic apparatus within the test was not the 
absolute criterion for defining this subgenus. There
fore, he correctly based its definition largely o n the 
more highly deve loped embryonic appara tus of M. 
mexicalla. Drooger ( 1952, p . 58) emphasized that 
the embryonic apparatu s of M . cushmani, a lthough 
peripherally located, was similar to that of M. 
m exicalla. H owever , he assigned M. cushmani to 
the subgenus M iogypsilla, thereby indirectly stress
ing the position of the embryonic appar atus within 
the test , as both M. mexicana and M. cushmani are 
biseria l Miogypsina. 

M iolepidocyclilla is based on E uropean speci
mens which have a subcentrall y located embryonic 
appara tus in the mega lospheric and microspheric 
specimens (Schlumberger, 1900, pI. 3, fi g. 22 ) . The 
embryonic apparatus of microspheric specimens of 
Miolepidocyclina burdigalell sis, except for its sub
central position, is similar to that of specimens as
signed to Miogypsina irregularis ( = M . globulina ) 
(Schlum berger, 1900, pI. 3, fi g. 17) and the same 
si milarities are found if the embryonic appara tuses 
of megalospheric specimens a re compared . 

Drooger (1 955, p. 24) reporte:! M. burdigalellsis 
in association with M . lalli and M . irregularis (= 
M. globulilla) in a faun a which he considered was 
a mi xed fa una. Bronnimann (1940, p. 81, 88) 
identified these two species as occurring in the 
same sample. 

Cole (1 964, p. 145 ) concluded with regard to a 
similar association o f Indo-Pacific miogypsinids in 
which certain specimens had a subcentrall y located 

and others a peripherally situated em bryonic ap
paratus " Under the classification presented in this 
articl e the specimens would represent superfic ia ll y 
different development of the embryonic apparati 
with in ind ividuals of the same species . . . and the 
subgenus Miolepidocyclilla would be a syno nym 
of M iogypsilla." 

The Indo-Pacific specimens were described by 
Tan ( 1937) from Madoera under the names M . 
exceil lrica ( pI. 3, fi gs. 2a, b) and M . thecideae
formis ( pI. 3, fi gs. Il a, b) and a re si milar to the 
Amer ica n kinds M. m exicalla and M. cushmalli . 
The Indo-Pacific specimens a re biseria l. M . ex
ceillrica has a subcen, ra ll y located embryonic ap
paratus, and tha t o f M . Ihecideaeformis is periph
era ll y located. Drooger ( 1963 , p. 3 17) assigned the 
Indo-Pacific specimens to one subgenus, L epido
semicyclilla Rutten, 19 11 , and American specimens 
to two subgenera. 

L epidosemicyclilla Rutten, 19 11 : type, L. Ihe
cideaeformis Rutten, 19 11 , is an Indo-Pacific spe
cies in which some of the equ atori a l chambers es
pecia ll y at the dista l pe riphery of the test, are 
hexagonal in shape. Galloway as early as 1928 ( p. 
68) had placej LepidosemicyC/illa in the synonymy 
of M iogypsilla. Mohan (1 958, p. 375 ) wrote "On 
the basis of the hexagonal chambers, the subge nus 
Lepidosemicyclilla Rutten , 19 11 , is reinstated as a 
subgenus of Miogypsilla Sacco .. . " 

Drooger (1953, p. 110) restudied the ty pes of 
M. Ihecideaeformis. He observed "The equatorial 
chambers are successively ogival, rhombic and hex
agona l in shape. Most hexagonal chambers are 
about isod iametric ; o nly occasio nall y they have the 
elongate shape, which is dominant in M. poly
morpha. In some sectioned specimens of M. Ihe
cideaeformis the latter kind of equatoria l chamber 
is not present, in the others they occur only near 
the fro nta l margin. Short, hexagonal chambers be
come dominant after 10-20 rows of a lternating 
ogival and rhombic equatorial chambers." 

Although the presence of hexagonal equatorial 
cham bers has not been emphasized in A merican 
miogypsinids, Cole (1938 , pI. 7, figs. 2, 3, 6, 7 ) il
lustrated four thin sections in which toward the 
distal periphery di stinct hexagonal equatori a l cham
bers occur interspersed between arcuate and dia
mond-shape equatorial chambers. Other American 
specimens (Cole, 1961, pI. 8, fig . 8) have a partial 
row of hexagonal chambers at the dista l periphery 
of the test. T he shape and arrangement o f the 
equatoria l cham bers in these A merican specimens 
are simil ar to the description given by Drooger and 
to the shape and arrangement in specimens of M. 
thecideaeformis illustrated by Rutten (1 9 12, pI. 12, 
fi g. 4 ) . 

In specimens assigned to M . polymorplw (Co le, 
ill Cole el aI, 1960, pI. II , figs. 6-8) the hexagonal 
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equatorial chambers are more numerous and have 
a longer axis, but they are interspersed between 
arcuate and diamond-shape equatorial chambers. 

Orooger (1953, p. 119) wrote " If it can be 
proved that in single assemblages populations of the 
M. palymarplw-group are morphologically distinct
ly separable from populations of Miagypsifla s. sir., 
in which hexagonal chambers do not dominate, a 
subgeneric name for the former group may be in
troduced, for which is available Lepidasemicyclifla 
L. Rutten, 1911." 

There is abundant evidence to demonstrate that 
in many species of miogypsinids at least three 
major shapes of equatorial cbambers develop in a 
single individual. Even in specimens in whicb nu
merous elongate hexagonal chambers occur, these 
are interspersed with chambers of otber shapes 
(Cole, 1954, pI. 219, figs. 4, 5, 7, 10; Cole ill Cole 
el aI, 1960, pI. II, figs. 6-8). Drooger (1963 , p. 
333) observed "Chambers of somewhat hexagonal 
sbape frequently occur towards tbe frontal margin 
in larger specimens of younger species all over 
the world ." 

The sbape of any equatorial chamber must be 
governed by the mass of protoplasm from the sur
face of wbicb the chamber walls form. If tbe mass 
of protoplasm has a semicircular front, an arcuate 
wall will develop. A slight radial elongation of the 
mass will produce diamond-sbape walls, and slight
ly greater radial expansion will result in hexagonal 
sbapes. It is logical, therefore, that several shapes 
of equatoria l chambers should occur in a single in
dividual. Moreover, under this concept more bex
agonal chambers sbou ld occur toward tbe distal 
periphery of tbe test, and generally arcuate sbape 
cbambers sbould be more frequent in tbe proximal 
zone of the test. 

Tbe development of more or less elongate pro
trusions of protoplasm at tbe distal or growing 
margin of tbe test may depend on the rapidity witb 
wbicb tbe entire mass of protoplasm within the test 
increases. If the bulk of protoplasm is large, more 
will be extruded at the distal margin. Tbe availa
bility of food may be a factor in certain situations, 
as a smaller supply of food may result in longer ex
tension of the protoplasm. 

Altbough exceptions occur, species of larger size, 
sucb as M . Ihecideaejarmis (2.1 -4.5 mm. in diam
eter) and M. palymarpha (3.5-10 mm. in diameter) 
(Orooger, 1953 , p. 107, 109) develop more hex
agonal cbambers, and of these two species the 
larger, M. palymarpha, has tbe more numerous and 
better developed bexagonal cbambers. 

If this concept is tbe correct one to explain the 
development of equatorial cbambers, tbe occur
rence, variation in sbape, or position in the equa
torial layer of these chambers can not be used as a 
distinct structure on which to base a subgenus. 
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Therefore, Lepidasemicyclina is a synonym of 
Miagypsina. 

M. m exicallll, the type of Miagypsillila, and M. 
Ihecideaejarmis, tbe type of Lepidasemicyclilla, are 
both biserial M iagypsilla. If it is desirable to sepa
rate subgenerically uniserial and biserial Miagyp
silla, Lepidasemicyclilla sbould be used, as it has 
priority. However, it is doubtful if the genus Mia
gypsina should be subdivided into subgenera. 

The generic name Heleraslegillaides Cushman, 
based upon Miagypsilla pallamellsis, must be a syn
onym of Miagypsifla , as tbe type of Heleraslegill
aides does not have any distinctive structure which 
would differentiate it from other uniserial Miagyp
sina (Cole, 1964, p. 143) . 

Uniserial Miagypsilla 

Gelleral slalemefll.-Various methods of statis
tical analysis have been used to recognize specjes of 
miogypsinids. Drooger (1952, p. 50) suggested 
tbat one approach to the analysis of uniserial Mia
gypsifla sbould " ... be based on the differences of 
the calcu lated va lues of Mx [mean values of the 
number of periembryonic cbambers) for the sepa
rate samples." Drooger (1952, p. 45) stated " ... 
we assume tbat each sample only contains speci
mens of a single, homogenous population, unless it 
can be proved from the distribution of the numer
ical values of the individual features in tbe sample, 
that tbis supposition was not justified." 

Tbis assumption is accepted. However, the ap
plication of this postulate to individual samples may 
be interpreted differently. Drooger (1952, p. 51) 
defined three species on tbe "Ranges of the mean 
values of X .. . " as M. lalli (6-9) , M. gUllleri (9-
12.5) and M. basraellsis (12 .5-15). In addition, he 
(Orooger, 1952, p. 72; 1963, p. 346) arranged these 
tbree species on a chronostratigraphic scale which 
implies both an evolutionary and a time separation 
of tbese species. 

Recently, Cole (1964, p. 144) suggested that 
" ... specimens classified into several species, such 
as Miagypsilla lalli Drooger, M . gllllieri Cole and 
M. pallamellsis (Cushman ), must represent only 
one species." Barker (1964, p. 312, 329) accepted 
M. lalli, M. gUllleri, M. basraeflsis and M . pallam
ellsis as valid species. However, he wrote under the 
discussion of M. lani "Median sections show great 
similarity to M. gunleri and M. basraeflsis .. . this 
species is arbitrarily separated on the evidence of 
median sections which sbow the presence of fewer 
than 9 cbambers in the nepionic spiral . .. Available 
evidence indicates tbat M. lani has a range over
lapping that of M. gUllleri, commencing higher in 
the section and continuing later tban M. gUllleri has 
been found to date." 

At locality B (Table 1) (Caimito Formation) 
7 (32%) specimens with a mean number of cham-
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bers surrounding the embryonic chambers of 9.9 
(Table I ) are identica l wi th the type illustration of 
M. gUllferi (compare pI. 8, fig. I , Cole, 1938, with 
pI. ll , fi g. 4, Cole, 1964). Fifteen (68 % ) speci
mens with a mean number of chambers surround
ing the embryonic chambers of 6.9 are identical 
with the type of M. falli (com pare pI. 3, fig. 2a, 
Drooger, 1952 with pI. 9, fig. 6, Cole, 1964). All 
specimens from this loca lity give a mean value of 
the number of chambers surrounding the embryonic 
chambers of 7.9. 

Simi lar data are shown in Table I for 4 localities 
at a ll of which the "gunteri" and " talli" kind of 
specimens occur. This association has been dem
onstrated at other loca lities. Sachs (1959) illus
trated from a localit y in Puerto Rico a specimen 
( pI. 34, fi g. 8) which is identical with M. talli, and 
another specimen (pI. 34, fi g. 11) which is entirely 
si mil ar to one of the types of M. gUllteri illustrated 
as fig. 2, Plate 8. 

Specimens identical with M. talli and M. gUllteri 
o~cur in associat ion. If the mean value of the num
ber of chambers surrounding the embryonic cham
bers fo r a ll of the specimens in each of the samples 
(Table 1) is used as the criterion, the specimens at 
locality B (mean 7.9) and loca lity 1 (mean 7.3) 
should be assigned to M. talli, whereas those at lo
ca lity A (mean 9.5) and at locality 2 (mean 10) 
shou ld be assigned to M. gUllteri . 

Unfortunately, relatively few adequate photo
microgra phs have been publi shed whereby the tota l 
range of var iati on between specimens of a popula
tion can be evaluated. Even in the case where there 
are a sufficient number of pho tomicrographs dif
ferent interpretations have been made. When the 
fa una from localit y I (Table 1) was anal yzed first 
(Cole and Applin , 1961) two species were recog
nized. Specimens ( identified as M. alltillea) with 
the M . talli kind ( Plate 8, fig. 1; Cole and Applin, 
196 1, pI. 7, figs . 1, 2, 4, 5, 6) of embryonic appara
tus occur wi th o:hers of the M. gUllteri kind (com
pare fig . 1, pI. II , Cole, 1964, with fig. 1, pI. 26, 
Cole, 1957a, a topotype of M. gUll teri). 

Drooger (1962, p. 39) correctly criticized this 
treatment and wrote " . . . there is no reason to rec
ognize more than one species, probably M. talli , for 
these figured specimens." 

However, the illustrations cited prove that at all 
localities at which there are adequate data speci
mens of the M. talli and M. gUllteri kind occur to
gether. Moreover, at these localities there are other 
specimens which are intermediate between the two 
"typical" kinds. Should one species be recognized 
based on the dominance of one kind, or should two 
or more species be recognized by an analysis of 
,elected specimens? At loca li ty A 50% of the spec
ime ns are well within the limits of M . talli, whereas 

I ). Should these specimens be referred to M. 
lani-gunleri? 

If there is strict adherence to the concept of type 
specimens, a min imum of two species should be 
recorded. If the mean va lue of the number of 
chambers is used, each locality would have only a 
single species, but the specimens at localities B and 
1 would be designated M . talli , those at locality 2 
M. gUllteri, and those at locality A M. glill teri-talli. 

As neither of these methods of designation ap
peared to be realistic, Cole ( 1964, p. 142) suggested 
tha t recognition be given to the development of the 
test. Certa in specimens may develop a small num
ber of chambers around the embryonic chambers, 
whereas other specimens may develop a larger 
number. In certai n environments specimens with a 
small number of chambers may dominate, whereas 
a t other localities specimens with a greater number 
of chambers may be prevalent. However, a t each 
of these localities, if a sufficient number of speci
mens are sectioned, a gradational series occurs 
from specimens with relatively few chambers 
a round the embryonic chambers to those with a 
larger number of chambers. 

There is the add itional consideration that equa
toria l chambers have been included in the count of 
the spirally arranged chambers around the embry
onic chambers (T able 2). Although typical M. 
pallamellsis has a large num ber of spirally arranged 
chambers (Cole, 1964, text fig. I E; Text fig. 1) 
only a limited number of these are periembryonic 
chambers. If only the periembryonic chambers are 
counted, specimens of the M. gli llteri kind (Cole, 
1964, pI. 9, fi g. 1) may have the same number of 
periembryonic chambers as topotypes of M. po/!
amellsis ( Plate 8, fi g. 7) (also Table 2). 

As the specimens at a locality (for example, B, 
Table I) may have a wide range of spira l cham-

TABLE 2 
lliustrations of the M. pallamellsis series 

Pcri-
Kind of embryonic embryonic Spiral 

Reference apparafll s chambers chambers 

PI. 8, fig. 1 "talli" 4 7 
' pl. 9, fig. 6 "Ialli" 4 7 

PI. 8, fig. 2 "I a Il i -gun I eri" 6 9 
' pl. 9, fi g. 4 "llIni-gunleri" 8 10 
• pI. 9, fig. 1 "gullleri" 9 11 
t pl. 36, fig. 3 "basraells;s" 9 13 

PI. 8, fig. 3 "gunleri-
plll1am eJlsis" 6 12 

PI. 8, fig. 7 pllllam ells;s 9 16 
• pI. 9, fig. 5 plll1am ensis 10 15 
t pl. 27, fig . 7 pllnamellsis 10 17 

PI. 8, fig. 6 "ecuadorellsis" 8 20 
PI. 9, fig. 7 "ecuadorell sis" 8 15 

:he others are within the limits of M. gunteri (Table • Cole, 1964; t 1957a ; t Sachs, 1959. 
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bers (5 to 12) , arranged either as the "M. tan;" 
kind or "M. gUll ter;" kind, severa l interpretations 
may be made. On types alone two species could 
be recognized. If the mean number of chambers 
(7.9) is used, the specimens would be assigned to 
M. tan;. However, if these specimens are regarded 
as a part of the M. pallamells;s series (Cole, 1964) , 
they would be identified as that species even if 
"typical" specimens of M. pallamellsis were not 
found at this locality. 

Sachs (1959, pI. 36, figs. I , 3, 4) illustrated three 
specimens (identified as M. gUllteri) with a suffi
cient number (mean 12.6) of chambers surround
ing the embryonic apparatus to be sligbtly over the 
arbitrary line (mean 12.5) separating M. gUllteri 
and M. basraensis. From tbis same locality he 
(Sachs, 1959, pI. 36, figs. 5, 6) illustrated two speci
mens witb subcentrally located embryonic appara
tuses whicb are similar to certain specimens of M. 
pallamellsis (compare pI. 36, fig. 6, Sacbs, 1959, 
with tbe specimen illustrated as fig . 7, Plate 8). 
Cole identified a specimen (1938, pI. 8, fig. 3; Plate 
8, fig. 3) from tbe same sample from wbich tbe 
types of M. gllllteri were obtained as M. gUllteri. 
Later, this specimen was assigned to M . pallamells;s 
(Cole, 1957, p. 321). 

From tbe few recorded occurrences whicb are 
available, it would appear tbat "M. tall;" and "M. 
gUllter;" occur in association, and "M. gunteri
basraells;s" and typical M. panamells;s are associ-

A 
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ated at certain other localities. All of these sup
posedly valid species occur at the same, or nearly 
the same, stratigraphic horizon. 

To demonstrate the concept that several sup
posed ly valid species can be arranged in an inter
grading series, additional illustrations are given 
(Plate 8, figs. 1, 2, 3, 7) at the same enlargement 
and oriented in the same manner as those published 
previously (Cole, 1964, pI. 9, figs. 1-6, text fig . 1). 
Table 2 lists critical illustrations which should be 
compared and the order in which this should be 
done. For each specimen the kind of embryonic ap
paratus, the number of periembryonic chambers 
(see: Cole, 1964, text fig. 1), and the total number 
of chambers (periembryonic and others) around 
the embryonic chambers are given. 

The specimens illustrated by figures 2, 3, Plate 
8 and figure I, plate 9 (Cole, 1964) are enlarge
ments of illustrations of specimens on whiclj the 
type description of M. gunter; was based (Cole, 
1938, p. 42). 

The development of intercalary c ham b e r s 
(Drooger, 1952, text fig. 2) in M. panamensis is 
variable. Some specimens (Cole, 1964, pI. 10, fig. 
5) lack these chambers. Otbers (Plate 8, fig . 7) 
have a few, and still others have numerous well 
developed intercalary chambers (Cole, 1964, pI. 27, 
fig. 7). The position of the embryonic apparatus 
within tbe test sbifts from nearly marginal (Plate 
8, fig. 7) to subcentral (Cole, 1952, pI. 25, fig. 4). 

FIGURE 1 
Diagrams of the embryonic apparatuses of uniserial 
Miogy psilla (periembryonic sequence indicated by 
numbers; spiral equatorial chambers stippled). 

FIGURE 2 
Diagrams of the embryonic apparatuses of biserial Miogypsina 
with incom plete (A-C) and complete ( D) closure of the embry
onic chambers by periembryonic sequences (initial periembryonic 
cbambers lined). 
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Two specimens (Plate 8, fi g. 6; Plate 9, fi g. 7) of 
the kind which have been identified as M. ecuador
ellsis by Graham and Drooger ( 1952) are illus
trated , and the embryonic apparatus of one of these 
(Plate 8, fig . 6) is shown diagrammatically (Text 
fig. I B) for comparison with a topotype of M. pall
amellsis (Text fig. IA; Cole, 19570, pI. 27, fig. 7). 

From the analysis which has been presented con
cerning the development of the test (Cole, 1964, p. 
142-144) , the association of certa in of the sup
posed ly valid species, and the stratigraphic occur
rence of these, it seems logica l that M. lall i, M. 
gUllleri, M. basraellsis, M. pallamellsis and M. 
ecuadorell sis are names which have been applied to 
variants of a single species, M. pC/llamellsis (Cush
man) . To this list of names should be added M. 
colei Barker ( 1965, p. 33 1), and , at least some of 
the American specimens which have been identified 
as M. globulilla. 

Specific names of American uni serial Miogypsilla 

1841. Nummulilla globulilla MICHELOTTI ( p. 297, 
pI. 3, fig . 6). La collina di Torino, Italy. Sev
eral authors have identified American speci
mens with this European species. Although the 
specific name Miogypsina irregularis (Michel
otti) 1841, has been used commonl y, Drooger 
and Socin (1959, p. 420) demonstrated that 
the correct name of this European species 
should be M. globulilla (Michelotti ) , as N lIIn
muliles irregularis Michelotti (1841) is a hom
onym of N ummuliles irregularis D es h ayes 
(1838), a true Camerilla . Barker and Grims
dale (1937, p. 163-166, pI. 5, figs . 4, 5, 7-10; 
pI. 7, figs. 2, 3) were tbe first to compare speci
mens from Mexico with M. cf. M. irregularis. 
These specimens later were referred by Cole 
(1938, p. 42) to M. gUllleri. Drooger ( 1952, 
p. 32-34) assigned other American specimens 
from the J aruco Formation of H abana Prov
ince, Cuba, and from the subsurface of Mon
roe County, Florida, to M . irregularis (= M. 
globulina). Moreover, Drooger ( 1952, p. 34) 
considered M. bracuellsis Vaughan was a syn
onym of M. irregularis (= M. globulilla). 

1918. H eteroslegilloides pallamellsis CUSHMAN ( p. 
97, pI. 43 , figs. 3-8, 11 0 1 figs . 1, 2). Caimito 
Formation (Woodring, 1957, p. 117), Panama 
Canal Zone. 

1928. Miogypsilla bracuellsis VAUGHAN ( p. 283, 
284, pI. 45 , figs . 1-3). Montpelier white lime
stone, Trelawny, Jamaica, West Indies. 

1933 . Miogypsilla bramlellei GRAVELL ( p. 32-34, 
pI. 6, figs. 5-10). Specimens from the Rod
riguez no. 23 well at a depth of 2,482 feet , 
Ambrosia field, District of Bolivar, Falcon, 
Venezuela. 

1936. Miolepidocyclilla ecuadorellsis TAN ( p. 59 ). 

A new specific name for specimens from near 
San Pedro, Ecuador, assigned by Barker t 193 2, 
v. 69, p. 280, pI. 16, fig . 7) to Miogypsilla cf. 
pallamellsis (Cushman) . 

1938. M iogy psillc/ ( M iogy psilla) glllJleri C OLE 

( p. 42, 43, pI. 6, figs. 10-12, 14; pI. . figs. 1-
9). Specimens from the Port St. Joe well 
T. 3 at a depth of 890-911 feet, Gulf Counry, 
Florida. 

1940. Miogypsilla basraellsis B RONN IMANN ( p. 6-
88, pI. 6, figs. 2, 4; pI. 8, fi gs. 13-17; texl fi gs. 
27,28). Upper Oligocene and lower Miocene, 
northwest Morocco. American specimens from 
the G lobigerilla dissimilis zone of Kapur quar
ry, Trinidad were referred to this African 
species by Orooger (1952, p. 21). 

1952. Miogypsilla (Miogypsillc/) lall i O ROOGER 

( p. 26 , 27, pI. 2, fi gs. 20-24; pI. 3, fi gs. a, b) . 
Rio Reventazon, Costa Rica. 

1965. Miogypsillc/ (Miogypsilla) colei B ARKER ( p. 
33 1,332, pI. 3, figs. 7, 8, 10 ). H eleroslegillC/ 
zone of the Anahuac formation from the Shell 
Oil Company, Kratzer no. 1 well at a depth of 
8, 194 and 8,204 feet , Jefferson D avis Parish, 
Louisiana. 

A Ilalysis of Ihe specific Ilam es of A !nericall uni
serial M iogypsilla.-Nine specific names have been 
proposed for American Miogy psilla with uniseri al 
embryonic apparatuses. Two of these species are 
accepted by Orooger (1952) and Barker ( 1965) as 
synonyms. M. bracuellsis Vaughan ( 1928, p. 283) 
and M. bramlellei Gravell ( 1933, p. 32) are placed 
in the synonymy of M . irregularis (= M . globlll
ilia) ( Orooger, 1952, p. 34, 55 ; Barker, 1965, p. 
312 ) . 

Barker ( 1965, p. 315, 330) suggested that M. 
basraellsis Bronnimann may be a synonym of M . 
gUllleri Cole, and that M. ecuadorellsis " . .. is ex
tremely close to M. panamellsis and has been con
sidered here as a variety of that species, q . v." Cole 
(1957a, p. 323 ) placed M . ecuadorellsis in the syn
onymy of M . pallamellsis, and in 1964 (Cole, p. 
142-144) postul ated that M. lalli, M. gUllleri, and 
M . pCl/wmellsis were based upon specimens which 
form a continuous, intergrading series representing 
only one species, M. pallamellsis. 

Orooger (1952, p. 51) had previously arra nged 
M. lalli (9 or less spiral chambers) , M. gUllleri (9 
to 12.5 spiral chambers), and M . basraellsis (12.5 
or more spiral chambers) in a series, but main
tai ned each as a separate species. Cole ( 1964, p. 
142) added M. pallamellsis to Orooger's original 
series and combined the 4 species under one spe
cific nanle. 

Authors commonly have reported only single 
species of MiogypsillQ fro m a given loca li ty . There 
is a tendency to arrange tbese species in time with 
distinct stratigraphic ranges (Orooger, 1952, p. 72 ; 
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1956, p. 188; 1963, p. 346) for each species. How
ever, certain of these species may occur in associa
tion in a single sample. 

Barker (1965) recorded four (M. colei, p. 332; 
M. gUllteri, p. 323; M. pallamensis, p. 328 ; and M. 
talli, p. 329) species of uniserial Miogypsilla as oc
curring in the H eterostegilla zone of the Anahuac 
formation . Although Barker did not specifically as
sign M. basraensis and M. ecuadorellsis to the Het
erostegina zone, he did state that M. basraell sis was 
a minor variant of M. gUllteri (p. 316) and M. 
ecuadorellsis was probably a variety of M. pall
amellsis ( p. 321). 

M. colei ( Barker, 1965, p. 331), based on speci
mens from a well in Jefferson Davis Parish, Louisi
ana, is a uni seria l Miogypsilla which resembles top
otypes of M. talli (compare fig. 7, pI. 3, Barker, 
1965 , with figs. 8,9, pI. 8, Cole, 1961 ) . Therefore, 
M. colei is based upon small specimens of M . pall
amellsis and is another synonym of that species. 

American specimens similar to the specimen il
lustrated as figure 10, Plate 9 have been referred to 
M. globulina (= M. irregularis). Drooger (1952, 
p. 33) and Barker (1965, pI. 3, fig. 9) have noted 
that some specimens have a uniseria l embryonic 
apparatus, but others seemingly have a biserial em
bryonic apparatus. However, it is doubtful if these 
specimens are actually biserial with two initial 
peri embryonic chambers. 

An enlargement of the embryonic apparatus 
(Cole, 1964, pI. 9, fi g. 2) of a specimen of M. pall
amellsis (which is similar in all other respects to 
specimens previously referred to M. talli) shows a 
small chamber on the right side of the embryonic 
chambers which might be mistaken for a second 
initial periembryonic chamber. However, this small 
chamber interconnects by a stolon with the lower 
chamber of the first tier of normal equatorial cham
bers that develop from the last periembryonic 
chamber of the true periembryonic whorl. As this 
chamber is not developed from a stolon in the sec
ond embryonic chamber, it can not be an initial 
periembryonic chamber. 

Many specimens identified as M . globulilla (= 
M. irregularis) have a uniserial embryonic appa
ratus and should be referred to M. panamellsis 
(Cushman). It seems probable that specimens as
sociated with these uniseri al specimens that have 
been reported to have a biserial embryonic appa
ratus actually are uniserial. 

Specimens identified by Barker ( 1965, p. 341) as 
M. globulilla were reported both from the Hetero
stegilla and Discorbis zones of the Anahuac Forma
tion . This was the only uniserial Miogypsilla that 
apparently ranged above the Heterostegilla zone. 
The specimens from the Discorbis zone were prob
ably misidentified, and they should have been re
ferred to the biserial M. alltil/ea. 

COLE-A~lERICAN l\lIOGYPSJNID REVIE,V 

Biserial Miogypsilla 
Miogypsilla alltil/ea series.-The biserial Mio

gy psilla (Cole, 1964, p. 144) have embryonic ap
paratuses in which the periembryonic coils develop 
from two initia l periembryonic chambers (text fig . 
2, lined ones) formed from two stolons in the wall 
of the second embryonic chamber. In certain spec
imens these coils of periembryonic chambers do 
not completely surround the embryonic chambers 
(text fi g. 2, A, B, C), whereas in other specimens 
they enclose both embryonic chambers (text fig. 2, 
D) . Specimens of both kinds occur together al
though in any popula tion one kind dominates . 

Thus, on superficial examination specimens might 
be assigned to two species, those with incomplete 
closure (M. alltil/ea kind , Cole, 1938, pI. 7, fig. 2) 
of the embryonic chambers by periembryonic 
chambers, and those with the periembryonic cham
bers completely around the embryonic chafllbers 
(M. staufferi kind , Cole, 1938, pI. 7, fig. 7). An
other example of these two kinds of specimens oc
curring in association is shown by figures 4, 7, plate 
9 (Cole, 196 1) and by the specimens illustrated as 
figure 4, Plate 8, and figure 9, Plate 9. 

The diagrams ( text fi g. 2) were constructed from 
the following: 

Text figure 2 
A 

B 

C 

D 

I/Iustrated specimen Idelltification 
pI. 29, fig . 8, Cole, Topotype of 
1957a M. cushmalli 
pI. 29, fig. 1, Cole, Topotype of 
1957a M. alltil/ea 
Plate 8, fig. 4 

Plate 9, fig. 9 Topotype of 
M. bronllimalllJi 

The illustrations and the diagrams demonstrate 
that the basic arrangement and development of the 
periembryonic chambers is the same. Cole (1964, 
p. 145 ) concluded that such specimens " . . . repre
sent superficia lly different development of the em
bryonic apparatuses within individuals of the 
same species." 

Certain specimens (Cole, 1961, pI. 9, fig. 3) of 
biserial Miogypsina in which the equatorial section 
is not absolutely centered, or in which one of the 
initial periembryonic chambers is poorly developed 
may have an embryonic apparatus which resembles 
that of the uniserial Miogypsina. However, careful 
examination of a number of specimens from any 
locality should enable one to identify the species. 

Specific names of American biserial Miogypsina 

1919. Heterostegilloides antil/ea CUSHMAN (p. 50, 
pI. 5, figs. 5, 6). Anguilla Formation, Anguil
la, West Indies. 

1924. Miogypsina cushmani VAUGHAN (p. 813, pI. 
36, figs. 4-6 ). C ulebra Formation (Woodring, 
1957, p. 122), Panama Canal Zone. 
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1926. Miogypsina stau[Jeri KOCH (p. 751-753, pI. 
28, figs. 1-3). Falcon, Venezuela (February). 

1926. Miogypsilla hawkins; HODSON (p. 28, 29, pI. 
7, fig. 9; pI. 8, figs. I, 2). District of Buchi
vacoa, Falcon, Venezuela (December). 

1926. Miogypsilla vellezuelalla HODSON (p. 29, 30, 
pI. 8, figs. 3-6). District of Buchivacoa, Fal
con, Venezuela (December). 

1933. Miogypsilla mexicalla NUTTALL (p. 175, 
176, pI. 24, figs. 1-6, 8, 10, 12). Papantla
Tajin road, bend in road northeast of Finca 
de los Tremari, Veracruz, Mexico. 

1952. Miogypsilla (Miogypsillita) brollllimalllli 
DROOGER (p. 28-30, pI. 1, figs. 35-39; pI. 3, 
figs. 3a-c, not fig. 3b). Morne Diablo quarry, 
Trinidad. 

1952. Miogypsilla (Miogypsilla) ill t e r m e d i a 
DROOGER (p. 35, 36, pI. 2, figs. 30-34; pI. 3, 
figs. 4a, b). Paso Real Formation, Pinar del 
Rio Province, Cuba. 

A lIalysis of the specific lIames of A m erica" bi
serial Miogypsilla.-Barker (1965, p. 315) wrote 
"The writer has noted the very close similarity of 
M. cus'"nalli to topotype L. alltillea as far back as 
1937, but owing to lack of topotype M . cushmani 
has not been able to establish positive synonymy. 
It seems highly probable, however, that both M. 
hawkillsi and M. cus',mall; should be referred to 
the synonymy of M. alltillea ... " 

Although Drooger (1952, p. 61) considered that 
M. mexicana and M. bronnimalllli were distinct 
species, Barker (1965, p. 317) concluded " ... M. 
brollllimalllli is very close indeed to M. m exicana 
and not markedly more primitive. It can even be 
considered as a variation of mexicana, and in the 
type area of the last named, the two forms are 
associated." 

Although Cole (1941 , p. 47, pI. 17, figs. 3-5) was 
the first to refer specimens from Florida to M. 
cushmalli Vaughan, similar specimens (Cole, 1941, 
p. 47 , pI. 17, figs . 1, 2) were identified as M. 
hawkillsi. Previously, Cole (1938) had assigned 
other specimens (1938, pI. 7, figs . 5-7) from Flor
ida to M . hawkillsi and to M . venezuelana (1938, 
pI. 7, figs. 1-4) . Drooger (1952, p. 41 , 56) was the 
first to state that M. hawkills; was probably a syn
onym of M. cushmalli. Specimens which Cole 
(1938, pI. 7) had assigned to M. hawkinsi and M. 
venezuelalla were identified by Drooger (1952, p. 
22) as M . ex interc. cushmalli-mexicana to which 
category he (Drooger, 1952, p. 41) also tentatively 
referred M. stau[Jeri. Drooger (1952, p. 58) rec
ognized " . .. M. mexicalla is linked to M. cushmalli 
by samples among our material, which are inter
mediate in character between the two species." 

Cole (1952, p. 35) definitely placed M. cushmalli 
in the synonymy of M . antillea and in 1957a (Cole, 
p. 321 , pI. 29 , figs. 1, 8, 9) published new illustra-

tions of topotypes of M. alltillea and M . cushman;. 
However, Cole (1957a, p. 320) incorrectly assigned 
specimens from the Caimito Formation of Pan
ama to M. alltillea, but in 1964 (Cole, p. 145), 
these specimens were restudied and referred to 
M. panamellsis. 

All of the specimens on which these species are 
based are biserial Miogypsina (Cole, 1964, p. 144 ) . 
The embryonic apparatus of M . alltillea, M. cush
malli and M. ha wkinsi is located at the periphery 
of the test, whereas that of M . brollllimalllli, M . 
mexicalla, M. stau[Jeri, and M . vellezuelalla is sep
arated from the periphery of the test by equatorial 
chambers. Although Cole (1957a , p. 317) con
sidered that the position of the embryonic apparatus 
could be used as a stable character for the recog
nition of species, he (1964, p. 144) later abandoned 
this concept. 

M. intermedia Drooger (1952, p. 35 ) was based 
on specimens from the Paso Real formation of 
Cuba. Other specimens assigned to this species 
came from a well at Marathon, Monroe County, 
Florida and from USGS loc. 6505, Panama Canal 
Zone. Barker (1965 , p. 324) wrote "Median sec
tion shows M. illtermedia to be intermediate be
tween M. globulina (Michelotti) and M . cushmalli 
Vaughan, with one or perhaps occasionall y two 
principal auxili ary chambers." The drawing of the 
embryonic apparatus (Barker, pI. 5, fi g. 8) and the 
stratigraphic position of the samples from which 
M. illtermedia was obtained suggests that these 
specimens represent M. antillea. 

STRA TIG RAPHIC IMPLICA nONS 
Drooger (1963, p. 346) arranged 15 American 

species of ntiogypsinids on a chronostratigraphic 
scale which implied these species are distributed 
from Rupelian-Chattian to the Helvetian. The as
signment of a few of these species follows: M. pan
amellsis is placed in the Rupelian-Chattian, M . 
gUllteri and M . talli are shown in the Aquitanian, 
M. brollnimanlli occurs near the base of the Burdi
gali an with M. mexicana toward the top of this 
stage, and M. cushmalli and M. antillea are referred 
to the Helvetian. 

Woodring (1960, p. 31) several years ago stated 
" It may be pointed out that the type locality of 
Miogypsilla cushmalli, shown by Akers and Drooger 
(1957 , fig. 1) as a Helvetian (middle Miocene) 
species, is in the Culebra formation , which is as
signed to the early part of the early Miocene on the 
basis of its molluscan fauna." As the type locality 
of M . alllillea is in the Anguilla Formation , it 
should also be placed in the early part of the 
early Miocene, as Woodring (1957, p. 37) cor
related the Anguilla formation with the Culebra 
Formation. Moreover, M . cushman; is without 
question a synonym of M. alltillea. 
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Although it may be inferred from the placement 
of M. alllillea on this chronostratigraphic scale 
(Drooger, 1963, p. 346) that M. alllillea is strati
graphically the youngest American species of Mio
gypsil1a, Barker (1965, p. 334) stated "The final 
stage was reached ... with the appearance of Mio
gypsillila mexicana in beds of late lower Miocene 
age (top of Oligocene 'Discorbis' ... ). It persisted 
throughout the lower Miocene and probably into 
the middle Miocene. It is the latest and most sym
metrical of the Miogypsinidae in the region." 

III Panama, biserial Miogypsilla with a subcen
trally located embryonic apparatus (identified as 
M. slauDeri) occur in the Culebra and La Boca 
Formations (Cole, 1961, p. 139) . In Trinidad, 
similar bi serial Miogypsilla have been reported 
from the Morne Diablo Quarry in a zone which 
" ... represents the Globigerillalel/a illsuela zone or 
slightly older" (Cole, 1957, p. 32). Bronnimann 
and Rigassi (1963, p. 442) were of the opinion that 
"Miogypsilla apparently became extinct at the end 
of the Globigerillalella illsllela zone ." 

Stainforth (1960, p. 221) and Bandy (1964, p. 
11) placed the Globigerillalel/a illsllela zone at the 
top of the Aquitanian , but McTavish (1966, p. 11 , 
table 4) assigned this zone to the Burdigalian. Even 
with these differences, the data available suggest 
that Miogypsil1a in the Americas would not range 
higher than Burdigalian. 

Woodring (1958, p. 27; 1960, p. 27) not only re
ferred the Caimito Formation of the Gatun Lake 
area to the late Oligocene, but also assigned it to 
the G loborolalia kugleri zone on the basis of plank
tonic Foraminifera identified by Bolli (Woodring, 
1958, p. 22, 23). Abundant specimens of Miogyp
sina occur at certain localities in this formation 
which have been identified as M. gllnleri, M . lalli, 
and M. pallamellsis (Cole, 1964, p. 142-144, 146). 

Barker ( 1965, p. 332-334) assigned M. gUllleri 
and M. lalli to the H eleroslegilla zone of the Ana
huac Formation and noted (p. 328) concerning M . 
pallamellsis "A single occurrence was recorded by 
Akers and Drooger (1957, p. 671, 676) from near 

COLE-AMER ICAN MIOGYPSINlD REVIEW 

the top of the Heleroslegilla zone in a well in 
... Louisiana." 

Akers and Drooger ( 1957) reported on the oc
currence of miogypsinids in samples from 34 wells 
from Louisiana to Florida. They definitely estab
lished that the stratigraphically oldest species are 
Miogypsilloides. They found M. complallala in 2 
wells and M. cf. M. bermudezi in 2 other wells. 
As the stratigraphically youngest species, they re
ported M. brollllimal1l1i from 5 wells in Louisiana, 
and M. mexicalla (1 well) , M. cushmalli (4 wells) 
and M. cushmalli-mexicalla (2 wells) from Florida. 
In samples intermediate between these two extremes 
such species as M . lalli, M. gllllleri, M. irregularis 
and others were recorded . 

If the numerous names used by Akers and 
Drooger (1957) are plotted, the miogypsinids seem
ingly fall into three distinct zones which even on 
the incomplete data available extend from Louisi
ana to Florida. But , one would hesitate to draw 
correlation lines across the entire area because of 
the many specific names that were used. This dif
ficulty disappears if only three species are recog
nized. However, such manipulation of names is 
c~rtainly open to challenge. -. 

If the argument advanced elsewhere in this ar-
ticle that most of the specific names given to 
American miogypsinids are based on minor variants 
is accepted, the reduction in names becomes more 
logical , as all the supposed species are found to be 
grouped in three limited stratigraphic zones. 

If three species of American miogypsinids are 
recognized as proposed by Cole ( 1964), Miogyp
silloides complallala ranges in the Gulf of Mexico 
area from the marine Frio (Barker, p. 334) into 
the Heleroslegilla zone of the Meson Formation of 
Mexico (Cole, 1964, p. 142, 145). The uniserial 
Miogypsil1a pal1amellsis (i ncluding all the sup· 
posedly valid species here considered to be syno
nyms) is confined to deposits equivalent to the 
Heleroslegilla zone of the Anahuac Formation. The 
biseri al Miogypsilla alllillea (including supposedly 
valid species with a subcentrally located embryonic 
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apparatus) characterizes the so-called Discorbis 
zone of the Anahuac Formation, or ranges from 
the base of Catapsydrax dissimilis planktonic zone 
to the top of the Globigerinatel/a insueta zone. The 
additional stratigraphic data which follows, al
though not as complete as one could wish, tend to 
confirm the fact that three miogypsinid zones would 
allow more precise correlation between areas than 
do multiple zones each of which is based on the 
occurrence of different species. 

Cole (1938) established that biserial Miogypsilla 
(identified as M. hawkillsi and M. vellezuelana by 
Cole, and later as M. cushmalli-mexicalla by 
Drooger, 1952, p. 22) occurred in Florida at least 
170 feet above the first appearance of Heterostegilla 
(identified as H. texalla, later (Cole, 1957a, p. 327) 
assigned to H. alltillea). At the same time Gravell 
and Hanna (1938, p. 989) traced a zone which they 
designated the Miogypsilla-Heterostegilla zone from 
southwest Texas to Alabama. 

The Miogypsilla-Heterostegina zone of Gravell 
and Hanna (1938, p. 996) occurred stratigraphic
ally above their L epidocyclilla (Ell lepidilla) zone. 
They stated the interval between the top of their 
Miogypsilla-Heterostegilla zone and their Lepido
eye/ilia (Elllepidilla) zone was approximately 125-
200 feet in western Alabama. Cole (1938, p. 19) 
recorded this interval in the Port St. Joe Test well 
3 as about 160 feet. These relationships suggest 
that the zones recognized at that time by Gravell 
and Hanna are the same as those observed by Cole 
in Florida. 

In southern Florida Cole (1941, p. II , 12) found 
specimens of Heterostegilla antillea (identified as 
H. texalla) approximately 200 feet below specimens 
identified as M. hawkillsi (later assigned to M. 
cushmani by Drooger, 1952, p. 38). Although the 
Lepidocye/illa (Eulepidilla) zone was not found in 

this well, the occurrence of biserial Miogypsina 
above Heterostegilla strongly suggests that the Mio
gypsina-Heterostegilla zone of Gravell and Hanna 
extends from Texas to southern Florida. 

Specimens of uniserial Miogypsina of which M. 
gllnteri is one of the supposed species have been 
cited by several authors as characteristic of the so
called H eterostegina zone of the Anahuac Forma
tion of Texas and the Caimito Formation of Pan
ama. Wherever data are available, this zone of uni
serial Miogypsilla, Heterostegilla and Elllepidina is 
overlain by a zone of biserial Miogypsina (in Texas 
the Discorbis zone of the Anahuac Formation and 
in the Panama Canal Zone by the Culebra and La 
Boca Formations) and underlain by deposits con
taining Miogypsilloides. These relationships are 
constant elsewhere. In Mexico Barker (1965, p. 
323) recorded uniserial Miogypsilla of the M. 
gllnteri kind in association with Heterostegilla in 
the Meson Formation and biserial Miogypsina rep
resented by the M. mexicalla kind (p. 326) occur
ring in stratigraphically younger deposits, a rela
tionship which was demonstrated previously by 
Butterlin (1958, p. 597). 

Table 3 summarizes in a general manner the 
stratigraphic position of the miogypsinids in com
parison with certain selected genera of other larger 
Foraminifera and with some of the major plank
tonic zones. 

Although most of these data have been available 
for many years, interpretation has been difficult be
cause of problems of nomenclature. Heterostegina 
alltil/ea Cushman has been identified as H. israel
skyi, H . panamensis and H. texalla . Cole (1961, 
p. 373) wrote "As many specific names designate 
a 'form' group within a variable species, they do 
not express a natural relationship. It is entirely 
possible to identify these 'form' groups of individ-
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TABLE 3 

A Stratigraphic Zonation by Larger and Planktonic Foraminifera 

Larger Foraminifera Planktonic zones 

Age Major zones Subzone s 

Camerina cOjimarensis Globorotalia fobs! 

Uiocene 

Lepidocyclina ~.~.-Miogypsina Mio~E!sina (biserial) Globlserinatella insueta 
CatsEsIdrax dissimilis 

*Miosrpsina (uniserial) Globorotalia kusleri 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Oligocene EuleE:idina Mi08::iEsinoides Globigerina ciperoensis 
Globorotalia opLma 

- - - - '- - - - - - - - - - - - - - - - - - - - - - - - - -
Lepidocyclina .!. !L. Globiserina amplia~rtura 

P~eudophra~ina-hsterocxclina Globorotalia cerroazulensis 

Eocene 
(upper) 

Eocene Pol;lle;2 idina DiscocIclina 
(midd te) 

*Heterostegina antil/ea is particularly characteristic of the uniseri al Miogypsil/a subzone in the Gulf 
Coast of the United States, Mexico, Trinidad, Puerto Rico, Panama and elsewhere in the Caribbean 
region . However, in Mexico (Cole, 1964, p. 145) H. antil/ea occurs with Miogypsinoides and in Cuba 
it may occur with biserial Miogypsina (Bronnimann and Rigassi, 1963, p. 444). 

uals to which specific names are given. However, 
the problem arises that another group of specimens 
may have characteristics which are intermediate be
tween two species. The tendency is to assign an
other specific name to such specimens, and, finally 
the literature contains so many specific names that 
one becomes bewildered." 

The nomenclatural confusion illustrated by Het
erostegina is encountered in the miogypsi nids as 
well as other Foraminifera.. Until agreement is 
reached concerning the classification, the precise 
use of species in correlation will be difficult. 

Drooger (1963, p. 346) placed M. bronllimallni 
on a chronostratigraphic scale below (Burdigalian) 
M. mexicana, M. venezuelallll, M. cushmani and 
M. alltil/ea, whose position is stratigraphically 
higher (Helvetian). These are all biserial Miogyp
silla. If all these species and their stratigraphic re
lationships are valid, deposits containing M. broil lIi
malllli can not be correlated with those containing 
the other species. Even sediments in which M. 
cushmani and M. alltil/ea are found are not strati
graphic equivalents, as M. alltil/ea is assumed to oc
cur stratigraphically above M. cushmalli. However, 
M. mexicalla and M. cus/llnalli could occur togeth
er, as their ranges as shown on this sca le overlap. 

The type locality of M. mexicGna is in the vicin
ity of Papantla, Vera Cruz, Mexico. Drooger 

( 1952, p. 79, 80) identified specimens near Papant
la from two localities as M. brollnimallni and from 
another locality close to Papantla he assigned spec
imens to M. mexicalla. He (Drooger, 1952, p. 80) 
wrote "These latter three occurrences of M. bronni
malllli and M. mexicalla , geographically close to
gether, entail the conclusion that both species may 
be closely related in Mexico... Morphologically 
identical populations of M. bronnimalllli possibly 
originated independently of one another in differem 
geographic provinces." There is abundant evidence.. 
however, to demonstrate that the faunas of the Gulf 
of Mexico area developed in one geographic pro,'
ince and that these faunas occur throughout this 
geographic area in sequence. 

Barker (1965, p. 317) decided that M. bronni-
malllli might" . . . even be considered a variation 0{ 

M. mexicalla . . . " and he (p. 326) noted "The nepi... 
onic arrangement is generally similar in M. cush
malli and in M. brollllimallni ... " Drooger (1952) 
and Akers and Drooger (1957) identified speci
mens from various wells in Florida as M . cushmani.. 
M. mexicalla and M. ex. interc. cushmani-mexica 
all of which occur at nearly the same stratigrapl>
ic horizon . 

Although the geographic and stratigraphic distri
bution of these specimens does not necessarily 
prove that only one species shou ld be recognized,. 



CONTRJBUTIONS FROM THE CUS HMA N F OUNDATION F OR F ORAMJ N IFERAL RES EARCH 115 

it does reenforce nomenclatural studies, inasmuch 
as minor variants should occur at the same or near
ly the same stratigraphic horizon. Barker (1965, 
p. 326) admitted that M. brol/I/imal/I/i might be a 
variant of M . mexical/a and that " . .. intermediates 
exist between M. cushmal/i and M. mexicana ... 
These might possibly be confused with M. mexi
COI/O, but such misidentification would not cause 
any serious age determination, since the range of 
such intermediates appears to be almost coextensive 
with the lower range of M. m exical/a." 

The fact remains that the species will be arranged 
on a chronostratigraphic scale. If one finds M. 
bronnimal/ni placed stratigraphically below M. 
m exiCOI/O, different ages are not only implied but 
accepted, and correlation is impossible. 

Drooger (1963, p. 346) and Barker (1965) rec
ognize numerous species, but reach different strati
graphic conclusions. Drooger arranged his species 
as separate entities on an expanded chronostrati
graphic scale, whereas if my interpretation of 
Barker's conclusions is correct the species must be 
grouped into a few zones. 

The stratigraphic distribution of species of Amer
ican miogypsinids presented by Barker (1965) is 
more in agreement with that given by Cole (1964) 
than with the interpretations given by Drooger 
(1952,1963) and by Akers and Drooger (1957). 
Although Barker (1965) recognized more species 
than are accepted in this article, data available sug
gest that a further reduction of specific names is de
fensible both on biologic and stratigraphic evidence. 
If this reduction of specific names is accepted, the 
American miogypsinids can be used more satisfac
torily in stratigraphic correlation within a geo
graphic province. 

American species of miogypsinids, properly in
terpreted, are valuable stratigraphic indices for a 
limited part of the American mid-Tertiary section. 
Whether they occur in the Oligocene, Miocene, or 
both is not debated . The essential fact is that 
species of miogypsinids can assist in establishing 
correlation over wide geographic areas within a 
fauna l province. 

Gravell and Hanna (1938, p. 989) wrote "If the 
terms Miocene and Oligocene must be used in the 
Gulf Coast, we believe it more logical to consider 
the H eterostegino zone and associated beds ... as 
Oligocene ... " The stratigraphic distributions of 
the miogypsinids as well as other larger Forami
nifera which have been investigated since 1938 sug
gests that the postulate of Gravell and Hanna still 
bolds. Woodring (1960, p. 27) after reviewing the 
molluscan as well as tbe foraminiferal faunas of 
the Caribbean region stated "The age assignments 
and correlations outlined ... have the advantage of 
agreeing, so far as known with Bolli's planktonic 
scheme ... [and] the further advantage of agreeing 

with age assignments of correlated formations in 
the southeastern United States." Woodring's inves
tigation substantiates the suggestion made by 
Gravell and Hanna. 
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ABSTRACT 
In 1961 planktonic Foraminife ra were co llected from 

cruise 17 of t he R / V CHAIN a long a traverse extending 
from Cape Cod to the Equator. Late r In the year 3 ad· 
dl t i on al lows were taken from c ruise 21 of t h e R /V 

CHAlN in the Canal'ies Curren t and Sargasso Sea, Con
siderable differ ences In numerica l abundances. a m ounting 

to 4 orders of magnitude. w ere manifested by the various 

waler bodies of t he No r t h and Equatori a l Atlan tic. High· 

est concent ra tions were in the slope waters . lowest in the 
sou t h ern Sargasso Sea. The one well-defin ed faunal 

boundary was encounter ed in the vicinity o f the Gul f 

Stream. The fau na of t he Sargasso Sea was very similar 

to t h at of the e<lua torial waters. the principal differ en ces 

being an increase in ("eclu ene)' of Globorotnlhl m enurdll 

and a slig h t Inc r ease In spec i es diversity In t he equ ator ia l 

waters. A fauna l boundary at the southern edge o f the 

Sargasso Sea was h a.rd to defin e. H owever. Globigerlna 

buUoides showed a disjunct distribu tion. being dominant 

in the sl ope water s. virtually absent in the Sargasso Sea, 

and ubiqui tous south of the Sargasso Sea. Distributional 

patterns in the North and Equator ial Atlantic sho w ed 

many similal' ities to those in the North and Equatorial 

Pacific described by Bradshaw (959). 

INTRODUCTION 
Most of the modern published data on the dis

tribution of planktonic Foraminifera in the Atlantic 
are limited to the northwestern Atlantic (Be, 1959, 
1960; Cifelli, 1962, 1965) and the eastern Equato
rial Atlantic (Boltovskoy, 1964) . In an attempt to 
rectify this imbalance, we have for a number of 
years been participating in cruises of the Woods Hole 
Oceanographic Institution with the purpose of ob
taining planktonic foraminiferal collections from 
the whole of the North Atlantic, with as wide sea
sonal coverage as possible, and using uniform col
lecting procedures. Recently, a comparison was 
made of planktonic foraminiferal and radiolarian 
abundances along a traverse extending from the 
Nova Scotia Shelf to the Caribbean Sea (Cifelli and 
Sachs, 1966). For the greater part of the North 
Atlantic, however, distributional data on planktonic 
Foraminifera are completely lacking. 

The first opportunity to fill some of this gap was 
afforded by cruise 17 of the R/ V CHAIN in the 
winter and spring of 1961. The track of this cruise, 
which was devoted mainly to a study of the Ro
manche Trench, extended from the coast of Cape 
Cod to the vicinity of the Equator, at about longi
tude 16°W. Plankton tows were taken on both the 
outgoing and return legs. In addition, plankton 
tows from three stations were collected in Decem-

ber, 1961 during cruise 21 of R/V CHAIN . The 
track of CHAIN 17 with the plankton stations as 
well as those of CHAIN 21 are shown in text fig. 1. 
Reports from these cruises already have been made 
on the distribution of Acantharia (Massera Bottaz
zi and Vannucci , 1964) and mesopelagic fishes 
(Backus el 01,1965). 

All of the plankton tows were taken with a num
ber 10 mesh nylon net having a * meter opening 
at the mouth. A flow meter to measure the amount 
of water fi.ltered was fixed at the mouth of net. The 
net was towed obliquely for periods of about one 
hour. In order to make uniform comparisons be
tween stations, the nets were towed to depths of al>
proximately 200 meters, except at the shelf stations 
(CH9, CH8) where ihe nets were lowered to about 
half the distance of the bottom. 

The samples were prese~ved in 5 percent buffered 
formalin and aliquoted, with '/8 of the sample used 
for foraminiferal analysis. This study was com
pleted in 1963, before development of the ignition 
technique (Sachs el 01, 1964), and the method of 
laboratory analysis was similar to that described b)' 
Bradshaw (1959, p. 27). Specimens were examined 
and picked directly from the wet samples. Since 
many Foraminifera are obscured by entanglement 
with other plankton, specimen counts obtained this 
way tend to be less than the actual total. This pro~ 
ably accounts in part for the generally lower nu
merical abundances recorded here than those from 
comparable parts of the North Atlantic recorded 
from CHAIN 25 (Cifelli and Sachs, 1966) where 
the samples were prepared by the ignition technique. 
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TABLE I 

Station Localities and Dates of Collections of 
Planktonic Foraminifera 

CHA I N 17 

Station 
CH 17-9 1 

CH 17_82 

CONTIN-ENTAL S IU':;LF 

Location 
400-45'N: 70 030'\V 

400-31 ' N; 70 0 10'W 

Date of Tow 
16-5-61 

16-5-6 1 

1 'Vate r depth 29 fathoms 

2 \Vatel' depth 32 fathoms 

CH 17-7 

C H 17-6 

C H 17-5 
CH 17-4 

C H 17-3 

CH 17-2 

47 

46 

44 
43 

3 

4 

42 

41 

5 
40 

6 
39 

38 

7 

37 

8 
36 

9 

35 

10 

34 

33 

28 

11 

32 

29 
1 2 

30 
13 

CHAI N 

21-2 

21-3 
21-4 

S LOl'E WATERS 
39 051 ' N; 69° 46'W 
39007' N; 69° 14 ' \V 

38035'N; 68°50'W 

38 000 ' N ; 68°26'\V 
GU LF STltEAM 
37020'N ; 67°51'W 

SARGASSO SEA 
36005' N; 67°06'W 

32032'N ; 64°38'\Y 

31 007'N; 61°38'W 

27034 ' N; 54°2 0'\V 

25 044 ' N; 50 056 '\Y 

25°30 ' N; 49 ° 44'\V 

23°24'N; 45°46'\V 

23°22'N ; 4{°16 'W 
220 13'N; 45 ° 14'\Y 
20 059'N; 42°01'\V 

19°44'N; 41°28',\V 

18° 1 6' N; 38°29'\V 

18 010'N ; 39° 1 2'\V 

16 009 ' N; 36°3 0'W 
15032'N; 35°19'W 

~ORTH ~;QUATORIAL CURRE~T 

13°37'N; 33 003 '\V 

12°59'N; 32° 15 'W 
10 052 ' N; 29°26 '\V 

10 016' N ; 29°13'\V 
09023 ' N; 27° 41'\V 

~;QUATORIAL COUNT.; R CU RRENT 
07 01 5' N; 26°00'\V 

21 

06 043' N; 25°0 1'\Y 
05 01 ·{lN; 23°31'\V 

SOUTH EQUATORIAL CURRE~T 
04° 1 2'N ; 16 °01'W 
0 4°03 ' N; 22°52'W 

03°05 ' N; 21°24'W 
020 1 9'N ; 16 ° 43'W 
00051'N; 19°52'W 

00° 1 2' S; 18° 47'\V 

00°32' S ; 17 °05'W 

30 014 ' N; 23° 49'\" 

29 008' N; 31 °15'W 

30 035' N; 55°20'W 

NUMERICAL ABUNDANCES 

16-5-6 1 

15-5-61 
15-5-6 1 

1 5-5-6 1 

15-5-61 

15-5 -61 
14-5-6 1 

12-5-61 

11-5-61 
10-5-61 

23- 2-6 1 
24-2-6 1 

8-5-6 1 
7 -5-61 

25-2-61 

6-5-61 
26-2-6 1 

6-5-61 

5-5-6 1 

27-2-6 1 

4 ~5 -61 

28-2-6 1 

1-5-61 
1-3-6 1 

1-5-6 1 

2-3-6 1 

29-4-61 

29-4 -61 

21-4 -6 1 
3-3-6 1 

28-14-6 1 
22-4-6 1 

4- 3-61 

25-4-61 

5-3-61 

3-12-61 
5-1 2-61 

1 2-12-6 1 

Numerical abundances of total planktonic foram
iniferal assemblages at the various stations, where 
such data were available, are shown in text fig. I. 
The numerical data are given in orders of magni
tude. Considerable differences in numerical abun
dances, amounting to four orders of magnitude, were 
manifested by the various water bodies. Richest in 
planktonic Foraminifera were the outer slope wa
ters, where over 10,000 per 1,000 rn3 were recov
ered at stations CH5 and CH4. The Gulf Stream, 

inner slope waters and northernmost Sargasso Sea 
were also rich, a ll yielding between 1,000-10,000 
specimens per 1,000 m3 . The innermost shelf sta
tion (CH 17-9) was barren, but possibly that sta
tion, at a depth of 29 fathoms, was beyond the 
limits of planktonic foraminiferal distribution. 

In the Sargasso Sea, at about the latitude of 
Bermuda (32" 32' N), abundances dropped sharply, 
and the southern Sargasso Sea, to about the latitude 
of 20 ' N was a foraminiferal "desert," with stations 
yielding fewer than 10 specimens per 1,000 m3 . Be
low latitude 20 ' N abundances again increased and 
in the southernmost Sargasso Sea, through the 
North Equatorial Current , numerical abundances 
were between 1,000 and 10,000 specimens per 
1,000 m3, values comparable to those of the inner 
slope waters and Gulf Stream. Farther south , the 
waters were relatively impoverished, with numerical 
abundances ranging between 10-1 ,000 and 100-
1,000 specimens per 1,000 m3 in the South 
Equatorial Current. 

SPECIES DISTRIBUTION 
In general , species exhibited long ranges, extend

ing across the greater part of the traverse. The 
most ubiquitous were Globigerilloides ruber, G. tri
lobus, G lobigerillella aequilateralis and Globige
rillita glutillata , which were recorded at almost all 
of the stations from the slope waters to the South 
Equatorial Current. The few species that were geo
graphically restricted in range were, for the most 
part, rare forms, limited to the southern latitudes. 
Sphaeroidillella dehiscell s and Hastigerillella rhumb
leri were recorded only from the North Equatorial 
Current while Globorotalia tumida, G. ullgulata and 
G. scitula were encountered no farther north than 
station 38 (latitude 16' N). G. scitula, however, has 
been observed considerably farther north on other 
occasions (unpublished data). 

SLOPE-WATER FAUNA AND THE GULF 
STREAM BOUNDARY 

Because of the long ranges of most of the species, 
faunal boundaries are more discernible on the basis 
of relative abundance and of di versity rather than 
presence or absence of species. Frequencies of 
species at each of the stations along the traverse 
are shown on the chart, text fig . 2. 

It is interesting to note that the traverse, ranging 
over 42 ' of latitude, crossed only one well-defined 
faunal boundary. This was encountered in the vi
cinity of the Gulf Stream where the cool, temper
ate assemblages of the slope waters to the north 
contrasted sharply with the warm assemblages of 
the Sargasso Sea to the south. The boundary is as
sociated with the sharp thermal gradient of the 
Gulf Stream, but is rarely coincident with it. On 
previous occasions (Cifelli, 1962) the faunal 
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TEXT FIGURE 
Plankton stations of CHAIN 17 and 21. 

boundary was encountered mostly north of the Gulf 
Stream and is believed to reflect a mixture of sur
face waters across the Gulf Stream. This is evi
denced by the transitional nature of the faunal 
boundary area where the fauna is composed of a 
mixture of slope water and Sargasso Sea species . 
Like the Gulf Stream, the faunal boundary is dy
namic, varying throughout the year in breadth, po
sition and faunal composition (Ci felli , 1962). 

Characteristic temperate assemblages are seen 
in the two northernmost stations ( text fi g. 2 ) where 
only fo ur species, a ll belonging to GlobigerinG, 
were recorded . By contrast, the Sargasso Sea as
semblages, which may be considered subtropical 
rather than subtemperate, are composed, in most 
cases, of thirteen or more species, belonging to sev
eral genera. Representatives of GlobigerinG, how
ever, are scarce or absent. 

The boundary fauna is seen in slope-water sta
tions CH6, CH5 and CH4, where ten of the Sargas
so Sea species occur in association with the Globig
erina slope-water assemblages. At all of the slope
water stations, however, species of GlobigerinG 
comprised over 80 percent of the combined fauna. 

SARGASSO SEA FAUNA 

Distributional patterns of individual species in the 
Sargasso Sea are complex and showed considerable 
variations in frequencies a long the traverse. Owing 
to the limitations of the data, the significance of 
these variations cannot be meaningfully estimated 
and the distributional patterns are not fully clear. 
Nevertheless, the data do allow for some gener
a lizations concerning the nature of the Sargasso 
Sea fauna. 

First, it can be seen that despite the wide latitu
dinal range of the Sargasso Sea (approximately 21 · 
or more) the plankton foraminiferal fauna through
out its entirety shows a close affinity with that of 
the equatoria l region (text fig. 2). With few ex
ceptions, to be discussed later, this Central Water 
Mass is characterized by the same suite of species 
as are the waters of the various equatorial cur
rents to the south. There are no indications of a 
latitudinal gradient in the Sargasso Sea and the 
southern fa unal boundary with the North Equa
toria l C urrent is rather vaguely defined . The close 
faunal affinity with the equatorial waters is, per
haps, not surprising, as the Sargasso Sea is a rel-
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atively homogeneous, warm body of water without 
a well-defined thermal gradient at its southern edge. 
The North Equatorial Current is largely a surficial, 
wind-driven feature and the southern boundary of 
the Sargasso Sea is rather arbitrarily defined, either 
at about 20' N or about 15 ' N, depending on the 
criteria used (Iselin, 1936; Worthington, 1959; Is
tosbin, 1961; Backus el 01, 1965; Bowen and Su-
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lumida, G. ungulala, G. scilula, PlIllellialina ob
liqlliloclliala and Candeilla nitida. 

In tbe Canary Current the two CHAIN 21 sta
tions (CH21-2, -3) sbowed close fauna l affinities 
with tbe Sargasso Sea stations fartber to the west. 
Globigerinella aeqllilateralis was dominant and 
G lobigerilloides rllber was common. 

gihara, 1966). In any case, the planktonic for am- EQUATORIAL FAUNAS AND BOUNDARY 
iniferal fauna, despite its temperate latitudinal CONDITIONS 
range, is appropriately a subtropical one. It is mis- As previously mentioned , tbe soutbern limits of 
leading to refer to the Sargasso fauna as temperate, tbe Sargasso Sea are not well-defined , and tbe 
as has become tbe convention. boundary with the Nortb Equatorial Current is 

In tbe Sargasso Sea four species, Globigeril1ella usually variously placed, according to the criteria 
aequilaleralis, Globigeril1oides ruber, G. Irilobus used to recognize the boundary. For the present 
and Globorolalia trlll1catlllilloides, were observed traverse the boundary is rather arbitrari ly placed at 
to achieve dominance. Globigerillella aeqllilaleralis about 15' N (Y. T . Bowen, personal communica
was best represented in tbe nortbernmost part of tion). Surficially, this boundary is weakly defined , 
the Sargasso Sea, where it was recorded at 60 per- being largely effected by tbe direction and intensity 
cent at station CH2. It was also strongly dominant of the trade winds, with no appreciable gradient in 
with respect to the eupelagic assemblage at the ad- surface temperatures. At relatively shallow deptbs, 
jacent station 47 , but was largely overshadowed however, a major hydographic change occurs in the 
there by Tretomplwills cOllcillllllS. The latter hemi-, _ ,vicinity of this latitude (Schroeder, 1963 , pI. 4; 
pelagic form which spends but a brief part of its Backus el 01, 1965, figure 5). It is here that the 
life cycle in the pelagic state (Myers, 1943, p. 27) isotherms begin to steepen and converge sharply to
was apparently captured at a time of reproductive wards tbe south, forming the sballow, well-defined 
activity and comprised 61 percent of tbe total as- thermocl ine in the vicinity of tbe Equator. For ex
semblage. Station 47 , close by to Bermuda, was the ample, at 15 ' N the 20' and IS ' isotherms occur at 
on ly station at which this species was recorded. If deptbs of 80 and 175 meters respectively, while 
the frequencies at station 47 are recalculated with- near the Equator the same isotherms are found at 
out T. COl1cillnllS, Globigerillella aeqllilaleralis com- depths of less than 50 to 100 meters (Backus el ai, 
prised 41 percent of the eupelagic population. 1965, figure 5 ) . Because of the sballow equatorial 

Globigerilloides rllber showed strong dominances thermocline, there is a disjunct tempera ture distri
in the central and southern Sargasso Sea, with a bution in the North Atlantic at deptbs of 200 
maximum frequency of 50 percent at station 7 meters (Schroeder, 1963, plate 4), being warmest 
(latitude 15 ' N). G. Irilobus dominated only in the at 20 ' N and cooling both toward the pole and the 
southern Sargasso Sea, witb a maximum freque ncy Eq uator . As emphasized by Backus el 01 (1965, p. 
of 62 percent at station 38 (latitude 16' N). Globo- 155) this hydographic feature of the North Atlantic 
rolalia ITlIllcatlllilloides dominated in the central is of great importance in the study of pelagic organ-
Sargasso Sea at three stations, with an unusually isms and may, in part, explain disjunct species 
bigh maximum, 71 percent at station 44 (latitude distributions. 
27 ' N). It was also high at station 47, comprising 8 A disju nct distribution was noted , in fact, botb 
percent of total population and 20 percent of the eu- among Foramini fera and fishes during the traverse 
pelagic population. Oddly, tbis species was relative- of CHAIN 17. Globigerilla blllloides, the dominant 
Iy scarce throughout the remainder of tbe traverse. species in the slope waters but virtually absent in 

Common (10 percent or more), though never tbe Sargasso Sea, was Ubiquitous in the equatorial 
dominant, species in tbe Sargasso Sea were : Globo- waters, being recorded at all stations (althougb in 
rolalia ilirsllla, Globigerilloides elollgallls, G. con- low frequencies) in the Nortb Equatorial Current, 
global us, and Globigeril1ila glulillala. Tbe latter Equatoria l Counter-Current and South Equatorial 
species, bowever, was recorded in about equal per- Current. Boltovskoy (1964, p. 5) a lso recorded this 
centages in a ll water bodies, showing no apparent species in equatoria l waters, a lthough at depths 
preferences. Ubiquitous, but relatively scarce spe- only 300 meters or greater. Backus el al (1965 , p. 
cies (less than 10 percent ) recorded from all , or 155) reported diSjunct distributions for several 
most stations in tbe Sargasso Sea were Orbulina species of fish and suggested a relationship with tbe 
lIniversa, Hastigeril1a pelagica, Globorolalia pllllC- disjunct temperature distribution. An alternate ex
tulala and G. mellardii. Species that were both planation, of course, is tbat tbese organisms arrive 
scarce and recorded rarely in the Sargasso Sea in- from the north via the eas:ern part of the North 
clude representatives of Globigerina, Globorotalia Atlantic Gyre. If this were tbe case, bowever, some 
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contribution would be expected from the Canaries 
Current. The absence of Globigerilla bul/oides 
from the two CHAIN 21 stations in the Canaries 
Current (CH21-2, -3) would appear to argue 
against this latter explanation. 

Aside from the occurrence of G lobigerilla bul/
oides in the equatorial waters the planktonic Fo
raminifera showed no dramatic change across the 
Sargasso Sea-North Equatorial boundary, partic
ularly less so when compared with the change seen 
in the vicinity of the Gulf Stream. The faunas of 
the equatorial waters were, for the most part, of 
similar composition to those of the Sargasso Sea, 
being characterized by the same major constituents. 
Globigerillel/a aequilaleralis, Globigerilloides ruber 
and G. Irilobus, for example, were about as equally 
well .represented in the southern Sargasso Sea as 
they were in the equatorial waters. 

The most notable change in frequency of a spe
cies involved Globorolalia mellardii. North of 
18°N this species was rare or absent, while to the 
south of that latitude it was recorded in appreci
able, though variable, frequencies. In the South 
Equatorial Current, particularly, G. menard;; was 
common and at station 32 dominated the assem
blage with a frequency of 50 percent. The increase 
in relative abundance of G. mellardii in the equa
torial waters, however, does not appear to be 
closely, if at all, related to the hydrographic bound
ary of the southern edge of the Sargasso Sea. 

The other distinguishing feature between the 
Sargasso Sea and equatorial faunas is the slight in
crease in diversity in the equatorial waters. In the 
Sargasso Sea the maximum number of species per 
station was fourteen and the average for all sta
tions (exclusive of those which contained less than 
50 specimens) was eleven. In the equatorial waters 
the maximum was eighteen and the average four
teen. Responsible in part for the increased diversity 
in the equatorial waters was the disjunct distribu
tion of Globigerilla species, particularly G. bul/
oides, which were virtually absent in the Sargasso 
Sea but ubiquitous in the equatorial waters. Also 
accounting for the increased diversity were the re
stricted occurrences of Calldeilla Ililida, Globo
rolalia scilula, G. lumida, G. ungulala , Hasligerill
el/a rhumbleri and Splweroidinel/a dehiscells. The 
restricted ranges of these species appear to correlate 
reasonably well with the Sargasso Sea-North Equa
toria l Current boundary at about latitude 15°N. 

In summary, then, on the CHAIN 17 traverse the 
planktonic foraminiferal fauna of the Sargasso Sea 
showed much in common with that of the equa
torial waters. There appeared to be some faunal 
hange related to the hydrographic boundary, 
hiefty the recurrence of temperate species, such as 

Globigerilla blliloides, and a small increase in diver
sity, but the change was of relatively small signifi-

cance. It is interesting to note that the dis:ributioo 
of Acantharia (Massera Bonazi and Vannucci.. 
1964) and Sroo surface concentrations ( Bowen and 
Sugihara, 1966, p. 135) also fai led to show a .g
nificant change across this boundary. On the oilier 
hand, Backus el al (1965) recognized a chan~ in 
the distribution of mesopelagic fi sh aswOaled 
the boundary which they considered of map g
nificance. The method of analyzing faunal 
bution used by Backus el al is different from 
employed here. Their method, more formal 
quantitative, derives from a mathematical formnb
tion based on first and last captures of fish sp.cics.. 
Basically, it takes into account total range of species 
but does not allow for changes in the freq uencies 
of species occurrences. Despite the differences in 
methods of analysis, simi lar kinds of changes as
sociated with the boundary show up in both plank
tonic Foraminifera and fishes. In both groups ;be 

most apparent changes across the boundary are the 
increase in diversi ty and the occurrence of temper
ate species to the south. However, with the Fo
raminifera, the magnitude of the change, or at 
least the significance attached to it, is considerably 
less than with the fishes. 

SEASONAL FAUNAL CHANGES 
The most suitable part of the traverse for di s

cerning possible seasonal changes in faunal com
position is south of latitude 19°N. Here, nearby 
stations yielding relatively good samples were oc
cupied on both the outgoing (February-early 
March) and return (May) legs of the voyage. Per
haps the most conspicuous change involves the rel
ative frequencies of G lobigerilloides ruber and G. 
Irilobus in the southern Sargasso Sea and North 
Equatorial Current (text fig. 3). During the Feb
ruary traverse the three stations occupied in these 
waters all showed a pronounced dominance of G. 
ruber over G. Irilobus. During the May traverse 
the situation was reversed, with G. Irilobus heavily 
outnumbering G. ruber. An unfortunate gap in 
winter stations exists in much of the Equatorial 
Counter-Current and South Equatorial Current, but 
it would appear that in the southernmost waters of 
the traverse there is no temporal shift in relative 
frequencies of G. ruber and G. Irilobus. 

The February-early March station in the Equa
torial Counter-Current showed a slight dominance 
of G. Irilobus over G. ruber, while in the two sta
tions in the South Equatorial Current the former 
was strongly dominant over the latter. All of the 
May stations in the Equatorial Counter-Current and 
South Equatorial Current showed a pronounced 
dominance of G. Irilobus over G. ruber. 

G lobigerillel/a aequilaleralis had consistently 
higher frequencies in the southern Sargasso Sea, 
North Equatorial Current and Equatorial Counter-
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Current during the Fehruary part of the traverse 
than the May part of the traverse (text fig. 4). 
The differences in frequencies, however, are rela
tively small. 

Globorotalia tumida was recorded only during 
the May part of the traverse in the southern Sargas
so Sea, North Equatorial Current and Equatorial 
Counter-Current. However, in the South Equatorial 
Current it was recorded only during the February
early March part of the traverse. 

COMPARISON WITH THE PACIFIC 
DISTRIBUTION 

The distribution of planktonic Foraminifera in 
the Pacific has been stud ied over a considerably 
more extensive area (Bradshaw 1959; Parker 1960) 
than in the Atlantic. However, the Pacific data 
were compiled from a number of cruises collected 
at different times over a period of several years, 
utilizing several kinds of nets. The present Atlantic 
data, on the other hand, derive mostly from a 
single cruise, using a single collection procedure. 
Thus the data from the two oceans are not 
strictly commensurate and allow for only limited 
comparisons. 

As in the Atlantic, the various water bodies of 
the North Pacific show differences in numerical 
abundances that amount to several orders of mag
nitude (Bradshaw, 1959, text figs. 36, 37, p. 54) . 
Both oceans show very low minima in the Central 
Water Masses (e.g. Pacific Central Water, Sargasso 
Sea). Differences in methods of measuring amount 
of water filtered perhaps prohibits meaningful com
parisons of actual abundance numbers. Yet it is 
interesting to note that in both oceans minima are 
of about the same order of magnitude, ranging be
tween 1-100 specimens per 1,000 m3 . Maxima in 
both oceans occur in the northern regions, although 
numerical values cannot be compared, as the data 
of northernmost Pacific stations are from the small, 
fine-meshed nets which appear to give values about 
an order of magnitude higher than the large, coarse
meshed net (Bradshaw, 1959, text figs. 36, 37). 
There is, however, a difference between the two 
oceans in the occurrence of maximum abundance 
with respect to faunal composition. In the Pacific 
the maximum abundance was found in the sub
arctic region and is associated with the Globigerilla 
fau na, characterised by few species. In the Atlantic 
the maximum abundance was soulh of the "pure" 
Globigerilla fauna, in the boundary slope waters 
which were composed of a mixture of Globigerilla 
and Sargasso Sea species. The difference may 
be owing to the close proximity of the Atlantic 
slope waters to the land mass of eastern North 
America, as contrasted to the open ocean conditions 
of the Pacific. 

To the north and south of the minIma in the 
Central Water Masses similar patterns are shown in 
both oceans, with concentrations of about 100-1 ,000 
specimens per 1,000 m3. In the equatorial water, 
the situation is more complex. Considerable lateral 
patchiness is revealed in the Pacific, but to what 
extent this occurs in the Atlantic is not known yet. 
In general, the numerical values in the Equatorial 
Pacific are of the order of 1,000 specimens per 
1,000 m3 or greater. These seem to be comparable 
to those of the North Equatorial Current where 
numerical abundances of 1,000-10,000 specimens 
we rerecorded. In the Atlantic, however, the 
CHAIN 17 traverse showed a decrease in abund
ance south of the North Equatorial Current, and 
numerical values in the South Equatorial Current 
were of the order of 100-1,000 specimens per 1,000 
m3 . There does not appear to be a similar trend in 
the Pacific of a decrease to the south. 
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Some parallelisms between the North Pacific and 
North Atlantic can be seen also in relationship be
tween water masses and faunal composition. How
ever, because of hydrographic differences in the 
two oceans as well as differences in extent of areas 
and sampling, comparisons of boundary conditions 
are not possible. 
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The Pacific Subarctic fauna of Bradshaw (1959, 
p. 51) bears a close relationship to the temperate 
fauna found in the inner slope water stations of the 
CHAIN 17 traverse. Both faunas contain few spe
cies, virtually all belonging to Globigerilla. The 
principal difference in the faunas is in the occur
rence of Globigerinoides cf. G. millllla in the 
Pacific Subarctic. This species has not been rec
ognized in the Atlantic. Also, in the North At
lantic Globigerina inf/ata was associated with this 
fauna, while in the North Pacific it occurred with 
the Central fauna. 

The Central fauna of Bradshaw, like the Sargas
so fauna, is characterized by a diverse group of 
species, but with few representatives of Globige
rina. The Central fauna of the Pacific showed a 
much greater development of Hastigerilla pelagica 
than did the Sargasso fauna when traversed by 
CHAIN 17 . Orbulilla universa, also, is seemingly 
better represented in the Pacific than the Atlantic. 
Otherwise, it would appear that in Pacific Central 
Water and Atlantic Sargasso Sea the best repre
sented species are G lobigerilloides ruber, G loboro
talia trullcalulilloides and Globigerillella aequilater
alis. In both oceans Globigerinoides trilobus in
creases in importance with respect to G. ruber to
wards the south. 

Moreover, the data of Bradshaw would seem to 
indicate that there is little to distinguish the Equa
torial fauna from that of the Central fauna. As in 
the Atlantic, the chief distinguishing features of the 
equatorial waters are, first, the increased relative 
abundance of Globorotalia menardii and the re
stricted occurrence of r are species such as Globo
rotalia tumida , Sphaeroidinella dehiscells and Has
ligerinella rhumbleri. The data of Bradshaw, how
ever, give no indication of a disjunct distribution . 

The Transition fauna of Bradshaw seems some
what analogous to the North Atlantic boundary 
fauna between the slope-water and Sargasso Sea 
faunas. The Transition fauna in part , at least, ap
pears to be a mixture of the Subarctic and Central 
Water species. However, the area occupied by this 
fauna is considerably larger than that of the bound
ary fauna in the North Atlantic and the hydro
graphic conditions undoubtedly more variable and 
complex. Orbulina universa and Globigerina duler
Irei are far better represented in the Transition 
fauna than any where seen along the CHAIN 17 
traverse in the Atlantic. 

Parker (1960) showed the general di stributional 
patterns of planktonic Foraminifera in the South
west Pacific. However, the differences in southern 
hemispheric circulation do not allow for com
parison with North Atlantic distribution at the 
present time. 

CIFELLI- NORTH ATLANTIC FORAMINIFERA 
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FORAMINIFERA FROM THE SUBANTARCTIC PACIFIC OCEAN* 

ALLAN W. H . BE 
Lamont Geological Observatory of Columbia University, Pali sades, New York 

ABSTRACT 
A new species of. planktonic FOI'aminifera. Globorotalia 

cln 'ernula, has been recognized from Subantarctic wate r s 
of the Pac ific Ocea n north of the Antarctic Polar Front. 

Its diagnosti c featu res are the exlrao l'dlnari ly large, open 
umbilic u s resembling .L CI'ater-like de pression and the im

bricated tinal chambers that form a twis ted tes t. It oc 
curs most abundantly In t he uppe r 250 m ete rs of water 
and i s distributed most ex t en sivel y In October and Novem

be r. when wale l' temperatures are between 4.0 0 and 
6.0 0 C. 

INTRODUCTION 
During our zoogeographic investigations of living 

planktonic Foraminifera in Antarctic and Subant
arctic waters of the Pacific Ocean (Be, in press), 
we encountered one species that was unlike any 
other in our world-wide plankton collection. 

We have examined thousands of plankton tows 
from various depth ranges within the upper 2000 
m . of water and from almost a ll water-masses and 
oceanic regions of the world. Our data indicate that 
nearly every planktonic foraminiferal species ex
hibits a bipolar or anti-tropical distribution in recip
rocal latitudinal zones with similar temperature 
regimes, so that with few exceptions each soutbern 
hemisphere population has a counterpart in the 
northern hemisphere. 

Planktonic Foraminifera possess morpbological 
differences that are associated with geographic vari
ations. Left-coiling populations of Globorotalia 
truncatulinoides occur in the central North Atlantic, 
while right-coiling populations live predominantly 
in the surrounding region of the northeastern At
lantic, equatoria l Atlantic and Gulf Stream system 
(Ericson, Wollin, and Wollin, 1954) . South At
lantic specimens of G. trllncatulinoides have tests 
with relatively low spires, more lobate peripheries 
and less angular chambers (see Boltovskoy, 1959, 
plate 3) in contrast to tbe North Atlantic variety, 
which has a high spire, circular periphery and 
sharply angular chambers. The test sizes of Orbul
ina universa, Globigerilloides ruber and Globigerin
aides sacculi!er vary in relation to latitude and 
other oceanographic factors along a line parallel to 
the coasts of North and South America (Stone, 
1956) . An example of an adaptive morphological 
change is the shell-thickening of many species that 
is apparently associated witb tbeir living at bathy
pelagic depths (Be, 1965). Other subtle differences 
in morphological characters among planktonic Fo-

• Lamont Geologlca.1 Obser vaton'. ContI'. No. 1043. 

raminifera are probab ly also subject to geographic 
variation, but comprehensive biometric studies of 
modern species have not yet been attempted on a 
globa l scale. 

MATERIAL 
The plankton sam ples used in this study were col

lected from USNS ELTANIN during Cruises 10, 
I I, 13, 15, 17, 18 and 19, between November 1963 
and July 1965 in the Pacific sector of the Antarctic 
Ocean. Tbe new species was also found in two 
sam ples obtained by R/ V CONRAD and one haul 
by R/ V VEMA in the Pacific region south of Aus
tra li a and New Zealand (Table 1, text fig. 1). 

Surface (0-10 m) and oblique (0-250 m) plank
ton tows were gathered with nets having a mesh 
aperture of 202 J.L, mouth opening of 0 .25 m 2, and 
length of 2.8 m. A mUltiple opening-and-c1osing 
sampler with 3 nets of identical mesh size and 0.5 
m2 mouth openings was used to obtain seria l verti
ca l hau ls from 500-250 m, 250-100 m, and 100-0 m. 
The instrument described by Be (1962) was modi
fied for sampling during ascent. The amount of 
water filtered by each net haul was measured by a 
Tsurumi-Seiki Kosakusho flo wmeter mounted with
in each net opening. 

Globorotalia cavemula appeared in 38 out of a 
tota l of 1442 plankton samples from 328 station 
that have been examined in the Atlantic and Pacific 
sectors of the Antarctic Ocean. These 38 samples 
were collected at 29 stations in the Pacific Ocean 
and are shown in text fig . 1 and Table 1. The des
cription is based on a total of 121 specimens 
(hypodigm) . 

SYSTEMATICS 
Family GLOBOROTALIIDAE Cushman, 1927 

Genus Globorotalia Cushman, 1927 
Globorotalia cavernula, n. sp. 

Plate 10, figures 1-6 
Diagnosis:-Test moderate in size compared with 

many species of Globorotalia; low, trochospiral 
coi ling; biconvex, the umbilica l side more convex 
than the spiral side; equatorial periphery ovate in 
juveniles, becoming nearly circular in ad ults ; pe
ripberal outline lobate; axial periphery sharply 
angled with thin keel; chambers angular-rhomboid., 
numbering about 13 to 18 and arranged in 2 to 3 
whorls; early whorl often raised above subsequent 
whorls; 5 to 6 chambers usually make up the final 
whorl; cbambers offset from each other, producing 
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TABLE 1 
Plankton Samples contaInIng Globorotalia cavernllia collected In Subantarctic Region of Pacific Ocean 
by USNS ELTANIN (==EL), R/V VEMA (==V) and R/V CONRAD (==RC). 

EL 10·1-130 
EL 10-1-131 
EL 10-2-1 33 
EL 10·3-136 
EL 10+139 
EL 10-4-13 9 
EL 10-5-Hl 
EL 10-19-186 
EL 10-19-187 
EL 10-20-190 
EL 10-24-208 
EL 10-28-219 
EL 10-29-22 1 
EL 10-31-22 5 
EL 10-31-226 
EL 10-31-227 
EL 10-32-230 

EL 11-5- 249 
EL 13-1-((3 
EL 13-2-((9 
EL 13-3-466 
EL 13-6-47( 

EL H-4-594 
E L 15-5-151 
EL 15-5-152 
EL 15-5-75 2 
EL 15-11-806 
EL 15-23-8 43 
EL 15-26-864 

EL 11-34·1112 
EL 18-1-1131 
EL 18-2-1138 
EL 18-3-1150 
EL 19-1111 
EL 19-13-1233 

V 16-202 

Re 9-80 
RC 9-92 

55°09' 
55°09' 
55°56' 
58°0:!' 
59°:!O' 
59°20' 
59°56' 
57°5'5' 
57°55' 
56°58' 
62 ° 18' 
59°53' 
58°07 ' 
56°05' 
56°05' 
56°05' 
55°22' 

58°58' 
54°59' 
56°05' 
57°03' 
59°32' 
54°57' 
58°03' 
58°05' 
58°05' 
54°50' 
55°5 4' 
54°00' 

82°43 ' 
82°4:1' 
82°44' 
82°40' 
82°35' 
82°35' 
82°56' 
74°54' 
74 °54' 

78°57' 
79°02' 
79°11' 
79°06 ' 
79°06' 
79°06' 
78°26' 

114 0 4j' 

89°49' 
90°10' 
89°36' 
89°39' 

159°38' 
99°54' 
99°51' 
99°5 1' 

129°46' 
139°56' 
14'5 017' 

57005' 94049' 
54046' 99011' 
56000' 99022' 
57001' 99026' 
60040' 100020' 
56009' 109033' 

4G o OO'S 154°00'E 
49038' 125 035'E 

1963 
Oct. 13 
'Oct. 13 
Oct. 14 
Oct. 17 
Oct. 18 
Oct. 18 
Oct. 19 
No\' , 10 
I"\o\'. 10 
Nov. 11 
No\'. 18 
No\'. 2::: 
Nov. 24 
Nov. 27 
Nov. 2i 
Nov. 27 
Nov. 29 

1964 
Jan. 2 
May 17 

May 20 
May 21 
May 24 
Au&;,. 7 

Oct. 17 
Oct. 17 
Oct . 17 
Nov. 7 
Nov. 14 
Nov. 18 

1965 
ApI'. 28 
June 5 
June 6 
June 8 
July 15 
July 29 

1960 
Mar. 31 

1965 
Allr.15 
May 3 

0835-0926 
0940- 1020 
16 05 -16 30 
0812-0831 
1345-1419 
1427-1442 
1947-2013 
1538-1600 
1511-1538 
1531-1555 
0621-0642 
111 7-1255 
1529-1622 
1725-1751 
1703-172 5 
1551-1640 
1431-1508 

0132-0233 
1455-1531 
1609-1616 
0124-0139 
1955-2015 
0135-0205 

H04-H33 
1610-1615 
1610-1620 
1104-17(0 

0631-0652 
1001-1058 

1146-1151 
0720-0753 
2110-2115 
0625-0642 
0547-0605 
0155-0228 

1852-1922 

1745-1815 
1850-19 15 

0-431 
0-950 
0-100 
0-156 
0-303 

0-88 
0-305 
0-100 

100-250 
100-250 
100-250 

0-490 
0-1000 

100-250 
250-522 

0-883 
250-486 

500-1000 
0-100 
0-100 
0-200 
0-10 
0-10 
0-10 

10 0-2 50 

0-250 
0-500 

250 -500 
500-1000 

0-100 
0-220 
0-100 
0- 250 
0- 240 
0-500 

0-300 

0-1 0 
0-10 

3 
o -

5. 1 

5. 1 
5.1 
4.8 
4.9 
4.9 

4.0 
5.1 
5.1 
4.9 
3.1 
4.1 
5.5 
5.5 
5.5 

5.5 
5,8 

4.0 
6.2 
5.0 
5.3 
4.1 
4.1 
4.4 
4.4 
4.4 
6.0 

4.5 
1.0 

6. 2 
5.8 
5.9 
4.9 
3.1 
4.9 

8.0 

12.5 
7.3 

4 ., .. 

309 
253 
151 
361 
148 

185 
409 
594 
159 
712 

1364 
273 
334 
929 
312 

643 

248 
106 

118 
110 
132 
195 
669 

953 
211 

2280 
861 

103 
230 

'5 
141 
168 
351 

212 

18 

3 

• 
1 

3 
1 

16 

2 

1 

6 
1 
3 

111 
6 

2 
13 

2 

10 
40 
15 
11 

13 
61 
41 
1 2 
(( 

9 

• 
9 

621 
16 

5772 
35 
86 
22 

5 

13 

trace 
trace 
trace 

0. 1 
trace 
trace 

0.' 
t race 

0.1 
trace 
trace 
trace 
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imbricate arrangement; sutures step-like depressions 
and curved on spiral side, depressed and radial on 
umbilical side; umbilicus very deep and broad, 
rimmed by angled umbilical shoulder; aperture 
arched, interiomarginal , extra umbilical-umbilical 
with a lip or rim projecting at the top of the aper
ture ; wall thin and finely perforate. 

Spiral side:-Large specimens have 3 or more 
whorls with a total of 18 or more chambers. In 
typical specimens the last few chambers are each at
tached below the level of the anterior margin of the 
preceding one, producing a step-like sutural depres
sion and an imbricate appearance. The early whorl 
is frequently raised above the later whorls, leaving 
an offset margin between whorls. Thus, the imbri
cate chambers and offset whorls give a character
istically twisted appearance to adult test. 

A pertural side :-Angular-rhomboid, strongly con
vex chambers with depressed, radial sutures. The 
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deep, open umbilicus is so prominent as to give it 
a semblance of a crater-like depression. This is pro
duced by the arrangement of loosely coiling cham
bers and the large, sharply angled umbilical shoul
der (rim) . The early whorl is often visible within 
the umbilicus, owing to the tendency for the final 
whorl to become evolute. The specific name of our 
new species refers to the cave-like depression of 
the prominent umbilicus. 

Wall:-Thin and smooth surface; finely perfo
rate; pustulate and more coarsely crystalline on the 
earlier chambers on the spiral side and around the 
umbilical region and base of the aperture. (The 
coarse pustules in globorotaliids have been termed 
"spinose" by some authors. This is misleading, be
cause they are not homologous to the very elongate, 
true spines possessed only by globigerinids). 

Coiling direction:-The tests of all specimens in 
our collection are sinistral. 

Dimensions: 

Ola meter ( Il) \Vhole Umbi licus 
Tota l no. 1s t O! nd w hole test dlametel' Sam ple no. 

Cha mbel's w h ol'] whorl test thickness {JLl (See Table 1) 

Holotype 17 72 193 419 281 90 EL 15-23-843 
USNM no. 686929 

Paratype 1 18 75 182 364 241 84 EL 10-24-208 
USNM no. 686930 

Paratype 2 15 74 171 319 132 82 RC 9-92 

Paratype 3 17 77 191 414 239 80 

I 
EL 10-5-141 

USNM no. 686931 

Paratype 4 15 54 133 255 136 45 EL 18-1-1137 
USNM no. 686932 

Paratype 5 13 54 122 182 91 27 
USNM no. 686933 EL 18-2-1143 

The holotype and [ou r J)al'atypes a r e deposited In the natIOnal collecllon of Foram in i fera . 
U. S. Nallonal :Museu m . \Vashlngton, D . C. 

Comparison :-Certain morphological variants of 
our new species do somewhat resemble Globoro
talia trullcatulilloides in having rhomboid chambers 
and an umbilical shoulder. Specimens referable to 
Globorotalia caveTllula have not been reported in 
Antarctic surface and subsurface sediments studied 
by Blair (1965 and personal communication) and 
hence its phylogenetic derivation and stratigraphic 
distribution remain unknown. 

Distributioll :-Globorotalia caveTllula is sparsely 
distributed in Subantarctic waters of the South Pa
cific Ocean. It occurs in a belt about 400 miles wide 
north of the Antarctic Polar Front and is found 
only occasionally south of this major water-mass 
boundary. We encountered it most frequently in 
the region east of the Drake Passage; it appeared 
to diminish in frequency and quantity westward to 
New Zealand, where only scattered occurrences 
have been noted . However, our sample coverage in 

this latter region is less extensive. The most north
erly occurrence is at 46° Sand 154° E and the mOSI 
westerly at 49 °38' Sand 125°35' E. It has not yet 
been found in the Indian Ocean and is probably 
absent from the Atlantic Ocean. 

This species lives predominantly in the upper 
250 m of water but is occasionally collected in 
opening-and-c1osing tows from the depth ranges of 
250-500 m and 500-1 ,000 m. The highest fre
quencies of occurrence (23 out of 38 samples) were 
noted during October and November 1963 (EL
TANlN Cruise 10) and again during October and 
November 1964 (ELTANIN Cruise 15). The con
centrations of G. cavernula in all except one of 
these samples are less than 100 specimens/l ,OOO 
m3 of water. In three stations only does the ab
solute abundance exceed this concentration; the 
highest density is observed at ELTANIN 18 sta
tion 2 (J une 1965) with 5772 specimens/l ,000 m3_ 
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TEXT F IGU RE 
Locations of stations and general region (stippled ) where Globorotalia 
cavernula bas been fou nd . It occurred in onl y 29 out of a total of 328 
plankton stations in the area of investi gation bounded by 10' E to 160 ' E 
Long. and 50 ' S to 70' S Lat. 

G loborotalia cavernula is also rare in re lation to 
the total planktonic Foraminifera, making up usu
ally less than one per cent of the population. Its 
relative abundance exceeds 5% in six samples . 

T he observed temperature range in the upper 
250 m of water in which it occurs is 12.5' to 3.3' C. 
The highest concentrations coincide wi th temper
atures between 4.0 ' and 6.0' C and salinities be
tween 34.2 to 34.3 %, . 

T he holotype (USNM no. 686929) is from 55 ' 
54'S and 139 ' 56'W, collected between 250 and 500 
meters on November 14, 1964. 
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EXPLANATION OF PLATE 10 
FIGs. PAGE 
1-6. Globorotalia cavernula Be, n. sp. ...................................................................................................................... .................. 128 

1. Holotype, U.S.N.M. no. 686929 ; a, umbilical side; b, spiral side; c, edge view. Mag
nification X 85. 

2. Paratype 1, U.S.N.M. no. 686930; a, umbilical side; b, oblique view; c, spiral side; d, 
edge view. Magnification X 97. 

3. Paratype 2, a, umbilical side; b, spiral side; c, edge view. Magnification X 98. 
4. Paratype 3, U.s.N.M. no. 686931 ; a, umbilical side; b, spiral side; c, edge view. Mag

nification X 90. 
5. Paratype 4, U.s.N.M. no. 686932; a, umbilical side; b, spiral side. Magnification X 103. 
6. Paratype 5, U.S.N.M. no. 686933; a, umbilical side; b, spiral side. Magnification X 88. 
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334. NEW FORAMINIFERA FROM THE ROSS SEA, ANTARCTICA 
JAMES P. KENNETT 

Allan Hancock Foundation, University of Southern California, Los Angeles, California 

ABSTRACT 
Examination of surface sediment sam ples collecled from 

the Ross Sea, Antarc ti ca , disclosed two new species of 
Fora minifera , M.Hiolillelln. n.ntarctlca and Astrononion 
cchol!;oli. a nd a ne w subspecies , GlobocRssidulina. cra8S3 
(d'Orblgn y) rossensis. 

INTRODUCTION 

In 48 surface sediment samples examined by the 

author from the Ross Sea, three new forms were 

found. Details of the associated foraminifera l as

semblages, their distribution and aspects of their 

environment, have already been discussed else
where (Kennett, 1966; in press). The samples were 

collected by the New Zealand Oceanographic Insti

tute between 1959 and 1961 during three cruises on 

H.M.N .Z.S. Endeavour. 

The holotypes are deposited in the United States 

National Museum. Figured para types and addition

al paratypes are deposited in the micropaleontolog

ical collections of the Allan Hancock Foundation, 

University of Southern California, Los Angeles. 

Additional para types are deposited in the foraminif

eral collections of the New Zealand Geological 

Survey, Lower Hutt. 
The type localities given in the systematics are 

New Zealand Oceanographic Institute sample loca

tions and are shown on a map elsewhere (Kennett, 

in press). 

This work was in part supported by N.S.F. Grant 

No. GA-448, a part of the U. S. Antarctic Research 

Program of the National Science Foundation. Many 

thanks are due Mrs. Mary E. Echols for illustrating 

the specimens of Foraminifera. 

SYSTEMATICS 

Family MILIOLIDAE 

Subfamily MILIOLINELLINAE 

Genus Miliolinella Wiesner 
Miliolinella antarctica Kennett, n. sp. 

Plate II , figures 1-3 

Description:-Test free , moderately small, elon
gate, subovate, compressed, triloculine in chamber 
arrangement in adult form, qu inquelocu line in 
young forms, periphery rounded . Chambers long, 
narrow, increasi ng rapidly in size as added; final 
chamber little wider at the base and tapering toward 
the aperture . Wall calcareous, smooth, imperforate, 
white and porcelaneous in appearance. Sutures al
most flush, often indistinct. Aperture large, high 
and arched, almost completely filled with solid flap 
which leaves only a narrow slit. 

Dimensiolls.- Le nglh Width Thickness 

Holotype (fig. I) 1.01 mm 0.57 mm 0.39 mm 
Paratype (fig. 2) 0.09 mOl 0.45 mm 0.25 mm 
Paratype (fig. 3) 0.65 mm 0.29 mm 0.20mm 

Variability.-The degree of compression varies 
somewhat, and the apertural flap protrudes from 
the aperture in some specimens. 

Types.-Holotype (U.S.N.M. 686794) and 2 fig
ured para types (U.S.C.-MFS307). Two additional 
paratypes (U.S.C.-MFS308) from A468, and one 
(N.Z.Geological Survey Cat. No. TF 1556) from 
A468. 

Type Loca/ities.-Holotype and 3 paratypes, 
A468, east of Beaufort Island, Ross Sea, Antarctica; 
110 meters; 76 ' 59'S; 167 ' 36'E. Two paratypes, 
A463, northern Ross Sea; 466 meters; 72 ' 20'S; 
174' 50'E. 

Type Leve/.-Recent. 

EXPLANATION OF PLATE II 
FIGS. PAGE 

1-3 . Milio/il/ ella antarctica Kennett, n. sp. .... .... ... .......... 133 
I a. front view of holotype; I b. rear view of holotype; Ic. apertural view of holotype; 2. par
atype (A463) ; 3. paratype (A463); X 40. 

4-6. Globocassidulina crassa (d'Orbigny) rossensis ................................................................................................................ 134 
4a. ventral view of holotype; 4b. dorsal view of holotype; 4c. side view of holotype; X 51; 
5. paratype (A533), X 100; 6a. ventral view of paratype (A530); side view of same para
type, X 72. 

7-8 . Astrononion ecllOlsi Kennett, n. sp. ........................ .. .................. .................. .................... ............................ 134 
7a. side view of holotype; 7b. peripheral view of holotype; 8. paratype (A449), X 99. 
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Remarks.-Distinguished . by the compressed, 
elongate test and the high, arched aperture almost 
comple,ely filled by a solid flap . Differs from M . 
williamsolli (Terquem) by having a less elongate, 
less narrow test and a less protruding apertural fl ap. 
Found only in the two type samples. 

Family CASSIDULINIDAE 
Genus Globocassidulina Voloshinova, 1960 

Globocassidulina crassa (d'Orbigny) rossensis 
Kennett, n. sub. sp. 

Plate 11 , figures 4·6 

Description.-Test free , oval to circular in out
line, involute, moderately compressed, periphery 
broadly rounded, slightly lobulate, chambers bi
serially arranged in a planispiral coil, inflated, very 
gradually increasing in size as added, usually five, 
sometimes four pairs making up the last whorl. Su
tures almost flush , often indistinct. Wall fairly thin, 
calcareous, smooth, finely perforate, granular in 
structure . Aperture consists of an elongate narrow 
slit at the base of the last formed chamber, with a 
dist inct aerial branch at r ight angles extending 
about halfway up face of final chamber ; has nar
row rim, which is considerably widened at one side 
of the aerial portion, forming a projecting tooth
like plate. 

Dimensions.- M ax. Min. 
Diame ter Diamete r T hicknes<j 

Holotype (fig. 4) 0.610101 0.47 mOl 0.36 mOl 
Paratype (fig. 5) 0.32mm 0.25 mm 0.20 mOl 
Paratype (fig. 6) 0.490101 0.38 mm 0.27 mm 

Variability.-Apart from variation in length of 
the test and in the numbers of chambers making up 
the final whorl , Globocassidulilla crassa rossensis 
exhibits little variability. 

Types.-Holotype (U.S.N.M. 686795) and 2 fig
ured paratypes (U.S.C.-M FS309). Ten add itional 
paratypes (U.S.C.-MFS310) from A533, and 2 
(N.Z.Geological Survey Cat. No. TF 1557 ) from 
A533. 

Type Localities.-Holotype and 13 paratypes, 
A533, off Cape Barnes, McMurdo Sound, Ross Sea, 
Antarctica ; 90 meters; 77 ' 35'S; 166' 10'E. One 
paratype, A530, Pennell Bank, Ross Sea; 269 me
ters; between 74 ' 03'30" and 74 ' 05'S; between 
179' 21'E and 179 ' 19'E. 

Type Level.-Recent. 

Remarks.-This subspecies is very simi lar to the 
typical form of the species, but differs from d'Or
bigny's type figures and descriptions in being much 
smaller, sli ghtly less compressed; it also appears to 
have different apertural characteristics. Globocassid
IIlilla crassa is interpreted by most previous workers 
( Parker, 1958; Marks, 1951) as being a form with 
no obvious aerial branch to the aperture. However, 

KENNETT-NE W ROSS SEA F ORAMlNIFERA 

Nl'lrvang (1958) showed that some specimens from 
N . Atlantic-Arctic areas, which he identified as G. 
crassa, possessed a very low aeria l apertural branch. 
In others he examined, the aerial branch is com
pletely closed and indicated only by the presence 
of a more or less distinct groove, or there is no 
trace of even a groove. Of the many specimens of 
G lobocassidulina crassa rossensis examined by the 
author from the Ross Sea, there is an open aerial 
apertural branch which in all cases extends well up 
the face of the final chamber and possesses a simple 
plate to one side. Therefore, thi s subspecies is dis
tinguished from the typica l form and from forms 
identified as G. crassa by previous workers on the 
basis of the distinctive and consistent apertural 
characteristics described above. 

Cassidulilla braziliensis has a somewhat similar 
aperture to that of G lobocassidlililla crassa TOSS

ell sis, but its test is smaller, more compressed and 
shows a tendency to uncoi l. 

Widespread and abundant throughout the Ross 
Sea in depths ranging from 90 to 470 meters. Rare 
at greater depths. 

Family NONIONIDAE 
Subfamily NO IONINAE 

Genus Astrononion echolsi Kennett, n. sp . 
" . 
Plate II , figures 7, 8 

Descriptioll.- Test free , of moderate size, plani
spira l and involute, compressed , periphery rounded . 
Chambers increasing grad ually in size as added, 8 
or 9 in final whorl in adu lt, slightly inflated. Su
tures moderately limbate, flush to slightly depressed, 
gently curved. Supplementary chambers small, 
somewhat indistinct, usually tube-like, extending 
from umbilical region about one-third of the dis
tance to the periphery, the outer ends of the tubes 
opening into sli ghtly sunken pits on the sutural 
lines. Supplementary apertures typically forward 
slanting. Surface smooth, glossy, densely and finel y 
perforate. Primary aperture is a low, simple, arched 
slit at the base of the terminal face, extending lat
era ll y into the umbilicus. 

Dimensions.- Max. M in . 
Diam ete l" Dialllelel" Thic kne 

Holotype (fig. 7) 0.34mm 0.27 mOl 0.1601 01 
Paratype (fig. 8) 0.38 mOl 0.32mm 0.18 mm 

Variability.-Varies somewhat in the amount of 
depression of the umbilical region. The supplemen
tary chambers are somewhat irregu lar in shape and 
size, ranging from parallel-sided and tube-like to 
triangular and plate-like. 

Types.-Holotype (U.S.N .M. 686793) and fig
ured para type (U.S.C.-M FS 311) . Seven additional 
paratypes (U.S.C.-MFS 312) from A450, 2 (U.S.C.
MFS 313) from A449, and 2 (N.Z.Geological Sur
vey Cat. No. TF 1558 ) from A449. 
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Type Localities.-Holotype and seven paratypes, 
A450, central Ross Sea, Antarctica; 395 meters; be
tween 76°42'S and 76°36'S; between 179°44'E and 
179°53'E. Five paratypes, A449, central Ross Sea; 
362 meters; InooS's; n OI2'E. 

Type Level.-Recent. 

Remarks.-This species is easily distinguished 
from others of the genus by its short, somewhat in
distinct, irregularly shaped supplementary chambers 
with forward slanting apertures, and by the rela
tively compressed test. 

Widespread and often abundant in the calcareous 
faunas of the Ross Sea, ranging from 90 to 1000 
meters, but most abundant between 250 and 350 
meters. Found in the Scotia Sea most abundantly 
between 250 and 1000 meters (Mr. Ronald J . 
Echols, personal communication) . Deeper than 
1000 meters in the Scotia Sea it is less persistent 
and abundant, but living specimens were found as 
deep as 2000 meters. 

Named after Mr. Ronald J. Echols. 
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NOMENCLATURAL NOTE 
335 . BOLIVINOIDES CULVERENSIS, NEW NAME FOR THE 

CAMPANIAN FORAMINIFER B. HILTERMANNI BARR 
F. T. BARR 

Oasis Oil Company of Libya, Inc." Tripoli, Libya 

Recently, the author (Barr, 1966, Palaeontology, 
vol. 9, pt. 2, pI. 36, fi gs. 7, 8; pI. 37, figs . 1-3) pro
posed the name Bolivinoides hiltermanni for a new 
species from the Upper Cretaceous Chalk of south
ern England. The type locality for this stratigraph
ically important species is located in the lower part 
of the A ctinocamax quadratus Zone (Lower Cam
panian) at Culver Cliff, Isle of Wight. While this 
paper was in press, Goel (1965, Bull. Bur. Rech. 
Geol. Min., no. 5, p. 83, pI. 7, fi gs. 17, 18) pub-

lished a study on certain Upper Cretaceous foram
inifers from the Paris Basin in which he proposed 
the name B. hiltermanni. Therefore, as Goel's spe
cies has priority, the name B. culverensis is here 
proposed 'as a new name for B . iziltermanni Barr. 

The holotype and paratypes are located in the 
British Museum (Natural History), London, under 
the numbers P45724 to P45727. Additional para
types have been deposited in the U. S. National 
Museum, Washington, D. C. 
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RECENT LITERATURE ON THE FORAMINIFERA 

Below are given some of the more recent works 
on the Foraminifera that have come to hand . 

ADSHEAD, PATRICIA C. Collection and laboratory 
maintenance of living planktonic Foraminifera. 
-Micropaleontology, v. 13 , No. 1, January 
1967, p. 32-40, pis. 1,2, text-figs. 1, 2 (photos 
of equipment) .- Description of shipboard col
lection, transfer to laboratory, and successful 
maintenance for as long as 3 months. 

ALlYULLA, KH. New genus Edhemia (Foraminif
era) from the Cenomanian of the Little Cau
casus (Azerbaydzhan) .-Internat. Geo!. Re
view, v. 8, No.9, Sept. 1966, p. 1123-1125, 
text figs . 1, 2.-A Cenomanian polymorphinid, 
2 new species. 

ANSARY, S. E., and EMARA, MADIHA MOHAM ED. A 
new foraminiferal fauna from EI Minshera 
area, North Sinai.-Journ. Geo!. U .A.R., v. 6, 
No.2, 1962 (1966), p. 85-101, pis. 1-3, text 
figs. 1-3 (map, columnar section, check list). 
-Eighteen species and 3 varieties, all new, are 
described from a section extending from Turo
nian to upper Paleocene. 

ARNI, P. A comprehensive graph of the essential 
diagnostics of the nummulites.-Micropaleon
tology, v. 13 , No.1, January 1967, p. 41-54, 
pis. 1-4, text-fig. 1 (graphs), tables 1-11.
Four features are graphed over the same ab
scissa: (I) winding curve, (2) number of 
chambers per whorl, (3) height of chamber, 
and (4) height plus thickness of spiral cord. 
As examples, 6 species and 4 varieties (I new) 
of Nummulites from the Sirte Basin , north
central Libya, are graphed and described and 
illustrated. 

BAKSI, SUBHENDU KUMAR. On the Foraminiferas 
from Raghavapuram mudstone, West Godavari 
District, Andhra Pradesh, India.-Bull. Geo!., 
Mining and Metall. Soc. India, No. 37, May 
1966, p. 1-19, pis. 1, 2, text figs. 1-3 (graphs, 
range chart) .-From a Cretaceous mudstone, 
probably brackish, a fauna of 7 A mmabacu
lites (3 new) , 3 Trachammina (I new) , and 
2 Nanian (both new) is described. 

BANDY, ORVILLE L. Cretaceous planktonic foram
iniferal zonation.-Micropaleontology, v. 13, 
No.1 , January 1967, p. 1-3 1, text figs. 1-13 
(diagrams, graph, r ange charts), table 1.
Phylogenetic diagrams for 18 genera are plot
ted against European time scale and radio-

metric dates, with ranges indicated for species 
of each genus. Species having long ranges in 
the tropics a re restricted to short stratigraphic 
ranges toward tropical boundaries. Thirteen 
planktonic zones encompass the Cretaceous and 
a 3-fold subdivision is recommended : the lower 
typified by primitive globigerines, the middle 
by single-keeled Ratalipara, and the upper by 
single- and double-keeled G labatruncana. 

BANDY, ORVILLE L., and CHI ERICI, MARIA A. Depth
temperature evaluation of selected California 
and Mediterranean bathyal Foraminifera.
Marine Geo!. , v. 4, No.4, Aug. 1966, p. 259-
271, text figs. 1-10 (graphs, depth-range charts, 
drawings).--Severa l species (4 isobathyal ones 
having the same upper bathymetric limit and 
several heterobathyal ones, some having shal
lower and some deeper bathymetric top limits) 
are found both off California and in the Medi
terranean. Since bathyal temperatures and 
bathyal values fo r oxygen and salinity are 
higher in the Mediterranean than off Califor
nia, it appears that depth rather than tempera
ture is the controlling factor in bathymetric 
distribution. Upper bathyal zonation in Ca li
fornia is duplicated in the Mediterranean but 
lower bathyal zonation is not. 

BANN ER, F. T . The morphology, classification and 
stratigraphic value of the Spirocyclinidae (in 
Russian).-Voprosy Mikropaleontologii , Akad. 
Nauk SSSR, Otde!' nauk 0 zemle, geo!. instit., 
vyp. 10, 1966, p. 201-224, pIs. 1-20, text figs. 
1-3 (drawings, diagrams, range chart). 

BAYLISS, D . D. Foraminifera from the Bau Lime
stone Formation, Sarawak, Malaysia.-Malay
sia, Geo!. Survey, Borneo Region , Ann. Rept. 
1965, p. 173-195, pis. 51, 52, text figs. 39-45 
(graphs, drawings, maps).-Nine species, 5 in
determinate, illustrated in thin section. The 
fauna suggests Late Jurassic age. 

BE, ALLAN W. H., and H AM LIN, WILLIAM H . Ecol
ogy of Recent planktonic Foraminifera. Part 
3- Distribution in the North Atlantic during 
the summer of 1962.- Micropaleontology, v. 
13, No. 1, January 1967, p. 87-106, text-figs. 
1-41 (graphs, distrib. maps), tables 1-3.
Study based on surface and vertical plankton 
tows at 70 stations during a traverse, to Scot
land and return from Canary Islands, in which 
subarctic, transitional ( temperate ), subtropica l, 
and tropical faunal zones were crossed. A 
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cold-water and a warm-water fauna are rec
ognized. A fauna transitional between the 
other two is characterized by abundant G lobo
rotalia inf/ata and mixing of subarctic and sub
tro pica l species. Absolute and relative abund
ances of 18 species are plotted on maps. 

BE, ALLAN W. H ., MciNTYRE, ANDREW, and 
BREGER, D EE L. Shell microstructure of a 
planktonic foraminifer , Globorotalia m ellardii 
(d'Orbigny).-Eclogae Geol. Helvetiae, v. 59, 
No. 2, Dec. 3 I , 1966, p. 885-896, pis. 1-17, 
text figs. 1, 2 (map, drawings), table I.- il
lustrated by electron micrographs. Minimum 
crystal size and unobscured cylindrical pores 
occur on the latest-formed chambers. Max i
mum crystal size and minimum pore diameters 
on the earlier chambers result from bilamellar 
shell growth in the photic zone and secondary 
thickening after si nking to greater depths . 

BELFORD, D. 1. Foraminifera fro m bores BMR6 
and 7, Muderong, western Australia.- Aus
tralia Bur. Min. Res., Geol., and Geophysics, 
Repl. No. 81, 1965 , p. 17-20, pis. 1-3.- lIIus
trations of Lower Permian Foraminifera. 

Miocene and Pliocene smaller Foraminifera from 
Papua and New Guinea.-Australia Bur. Min. 
Res., Geol. , and Geophysics, Bull. No. 79, 
1966, p. 1-306, pis. 1-38, m aps 1-8, chart I , 
text fi gs. 1-25 (d rawi ngs) .-U1ustrated system
atic catalog of 156 species (35 new) in 58 
genera of the superfamilies Buliminacea, Dis
corbacea, Rotaliacea, Orbitoidacea, Cassidulin
acea, and Robertinacea. Some changes in gen
eric classification and nomenclature are made 
as a result of study of internal structures and 
wall texture. 

BERGER, WOLFGANG H . Foraminiferal ooze: solu
tion at depths.---Science, v. 156, No. 3773, 
April 21, 1967, p. 383-385, text fig . I (graph ), 
tables 1-4.---Samples of foram ooze a ttached 
to the taut wire of a buoy dissolve at different 
rates depending on depth and on previous his
tory of the sample. Solution is selective. 

BERGGREN, W . A . Phylogenetic and taxonomic 
problems of some Tertiary planktonic foram
inifera lineages ( in Russian) .-Voprosy Mik
ropaleontologii, Akad. Nauk SSSR, Otdel. nauk 
o zemle, geol. instil. , vyp. 10, 1966, p. 309-
332, text figs. 1-4 (illustrated phylogenetic 
charts) .-Zonation by planktonic Foraminifera 
between Paleocene and Pliocene. 

BOGUSH, O. I. , and J UFEREV, O. V. Foraminifery 
Karbona i Permi Verkhojan'ja.-Akad. Nauk 
SSSR, Sibirskoe Otdel., Instil. Geol. i Geofiz., 
lzdal. "Nauka," Moskva, 1966, p. 1-208, pis. 
1-14, text figs. 1-18 (maps, occurrence tables, 

columnar sections, geol. sections), tables 1-7. 
- Includes descriptions and illustrations of 
about 170 species, subspecies and formae (20 
species and I subspecies new and 2 given new 
names) from the Carboni fero us and Permian. 

BORSETTI, A . M. , and AMADESI, E. La presenza 
del Paleocene nella zolla alloctona di Castel di 
Casio (Bologna) .-Giornale di Geol. , Ann. 
Museo Geol. Bologna, ser. 2, v. 33, 1965, fase . 
2, 1966, p. 599-613 , pI. 69, text fig. 1 (map ) . 
- Datin g by 8 planktonic species. 

CARALP, M., and LAMY, A. ~tude paleoecologique 
de la lignee Miocene du Nonion dollfllsi Cush
man.-Actes Soc. Linn. Bordeaux, tome 102, 
ser. B, No. 10, seance Nov. 6, 1965, p. 1-1 9. 
pI. I , text figs . 1, 2 (map, drawings), tables 1-
7 (d iagram of morphologic types, combined 
columnar sections and ra nge charts), range 
charl.-Thirteen morphologic forms are rec
ognized and illustrated in the evolutionary l ine. 
Eight of the forms fall into 3 named species; 
the others are transitional. The line begins be
fore the end of the Oligocene and extends into 
the Helvetian. Range and abu ndance of each 
form is plotted in 5 sections. 

CHIOCCHINI, MAURIZIO, and DI NAPOLI ALLIATA, 
ENRICO. Su lla presenza di "Textulariella min-, 
uta" Hofker e "Textulariella auru ncensis" n. 
sp. (Foraminiferida) nel Cretacico inferiore 
dei Monti Aurunci (Lazio meridionale).
Boll. Servo Geol. Ital., v. 87, 1966, 13 p., pis. 1-
7, text figs. 1,2 (comparison table, drawings), 
tables 1,2 (columnar secti ons, range chart). 

C!RY, RAYMOND. Note de micropaleontologie peri
gourdine.- Revue de Micropaleontologie, v. 9, 
No.4, March 1967, p. 209-218, pis. 1-3.-An 
horizon rich in Fallotia jacqlloti found in the 
Maestrichtian, and a new species of Fascispiro 
in Campanian / Maestrichtian passage beds. 

C!TA, M. B., PREMOLI SILVA, I., and ROSSI, R. Bio
stratigraphie du Tortonien type ( Foraminif
eres planctoniques) .- Internal. U nion Geo!. 
Sci., Proc. 3rd Sess. in Berne 8-13 June 1964, 
1966, p. 216-222, text figs. 64-66 (map, colum
nar section, range chart) .- Ranges for 3 
planktonic species indicated in a sequence of 
22 samples in the type Tortonian. 

COLE, W. STORRS. Additional data on New Zea
land Asterocyclilla (Foraminifera) .-Bull. 
Am. Paleontology, v. 52, No. 233 , Feb. 15, 
1967, p. 1-1 8, pi s. 1,2, text fig . I (drawing), 
tables I, 2.-A new species from upper Eocene 
and another from middle Eocene. 

COLEMAN, P. 1. Upper Cretaceous (Senonian ) 
bathyal pelagic sed iments with G 'obotrllllcallo 
from the Solomon Islands .- J ourn. Geo!. Soc. 
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Australia, v. 13, pI. 2, 1966, p. 439-447, pI. 8, 
1 text fig. (map) .-Specimens illustrated in 
thin section. 

COLOM, G. MicropaIeontologfa del Sahara es
paiiol.-Estudios Geologicos Instil. Invest. 
Geol. "Lucas Mallada ," v. 21 , Nos. 1-4, Dec. 
1965, p. 167-174, pis. 1-5, text figs. 1-5 (map, 
drawings).-IIIustrations of Foraminifera, al
gae, and Radiolaria from several outcrops of 
3 Cenozoic ages and the Maestrichtian. 

COLOM, G., and RANGHEARO, Y. Microfaunes des 
calcaires du Muschelkalk d'Ibiza (Baleares).
Ann. Sci. Univ. Besan90n, ser. 3, Geol., fasc. 
2, 1966, p. 33-35, text figs. 1,2 (drawiogs).
Lamellar beds of Lingulilla and other nodosa
rian Foraminifera in the middle Triassic. 

COLOM, G., and RocHA, A. TAVARES. a Miocen
ico superior, marinho, da sondagem da Quinta 
da Aldeia (Sacavem, Lisboa) .-Bol. Museu 
Lab. Mineral. e Geo!. Fac. Ciencias, v. 10, No. 
2, 1965-1966, p. 119-138, pis. 1-6, map, graphs 
1, 2.-A 112-meter section, dominated by 
Streblus beccarii. 

CRESPIN, I. An additional bibliography of Foram
inifera from Australia and adjacent Indo-Pacif
ic islands (in Russian) .-Voprosy Mikropale
ontologii , Akad. Nauk SSSR, Otdel. nauk 0 

zemle, geol. instit., vyp. 10, 1966, p. 29-36. 

DAIN, L. G. On the variability of some Jurassic 
representatives of the subfamily Tolypammi
ninae (in Russian) .-Voprosy Mikropaleon
tologii, Akad. Nauk SSSR, Otdel. nauk 0 
zemle, geol. instil., vyp. 10, 1966, p. 225-233, 
pis. 1-3 , tables I, 2.-Two new species of 
Tolypammilla and one new of Ammovertella. 

EMILIANI , CESARE. Paleotemperature analysis of 
Caribbean cores P6304-8 and P6304-9 and a 
generalized temperature curve for the past 
425,000 years.-Journ. Geol., v. 74, No.2, 
March 1966, p. 109-124, text figs. 1-7 (graphs, 
correl. chart), tables 1-5, AI, A2.-Eight com
plete glacial / interglacial temperature cycles in 
the past 425,000 years revealed by oxygen iso
topic analysis of Globigerinoides sacculi/era. 

FEYLING-HANSSEN, ROLF W. Geological observa
tions in the Sandnes area, southwest Norway 
(English abstract of Norwegian text) .-Norges 
Geol. Unders. , Nr. 242, 1966, p. 26-43, text 
figs. I-II (maps, outcrop photos, distrib. 
charts, profiles, photomicrographs) .-Pleisto
cene Foraminifera illustrated. 

FOURCAOE, ERIC. Murciella cuvillieri n. gen. n. sp. 
nouveau Foraminifere du Senonian superieur 
du sud-est de l'Espagne.-Revue de Micropale
ontologie, v. 9, No.3, Dec. 1966, p. 147-155, 
pis . 1, 2, text figs. 1, 2 (columnar section, geol. 

map) .-Having characters of both alveolines 
and peneroplids. 

FUJIMOTO, H ., KANUMA, M., and IGO, M. Bio
stratigraphical studies of the upper Paleozoic 
deposits of the Hida Massif, central Japan (in 
Russian) .-Voprosy Mikropaleontologii , Akad. 
Nauk. SSSR, Otdel. nauk 0 zemle, geol. instit., 
vyp. 10, 1966, p. 135-168, text figs. 1-5 (colum
nar sections, maps, geol. section, correl. chart) , 
tables 1-3. 

GOHRDANOT, K. H. A. The geologic age of the 
type I 0 c a lit y of Pseudotextularia elegalls 
(Rzehak).- Micropaleontology, v. 13, No.1, 
January 1967, p. 68-74, pI. I.-A rich upper 
Paleocene planktonic assemblage (belonging 
in the Globorotalia pseudomenardii zone) is 
named and illustrated. The presence of Pseu
dotextularia elegalls, together with other Up
per Cretaceous specimens, is attributed to re
working. 

GUTIERREZ DOMECH, M. R. Nueva especie de Fo
raminifero planktonico del Eoceno Superior de 
la provincia de Matanzas, Cuba.-Instit. Nac. 
R e cur s 0 s Hidraulicos, M icropaleontologia, 
Publ. Especial No.3 , 1967, p. 3-11, pis. 1, 2.
Globigerinoides consuelensis Gutierrez, sp. nov. 

HAGN, H. , and LINOENB ERG, H . G. Revision of 
Globigerina (Subbotina) eocaella GUmbel from 
Eocene of the foot-hills of the Bayerischen 
Alps (in Russian).-Voprosy Mikropaleontol
ogii, Akad. Nauk SSSR, Otdel. nauk 0 zemle, 
geol. instit., vyp. 10, 1966, p. 342-358, 1 pI., 
text figs. 1-4 (maps, diagram, drawings). 

HAMAOUI, M. Microfossils from Cenomanian sec
tions in the Negev.-Israel Geol. Survey, Rept. 
No. Pal / 3/ 66, Aug. 1966, p. 1-12, pis. 1-12, 
text figs. 1-3 (columnar sections), charts 1-7 
(distrib. charts, correl. diagram), map.-Fo
raminifera and associated microfossils illus
trated in thin section. 

HANSEN, HANS Jj1jRGEN. On the sedimentology and 
the quantitative distribution of living Foram
inifera in the northern part of the Oresund.
Ophelia, v. 2, No.2, Dec. 1965, p. 323-331, 
text figs. 1-5 (map, diagrams, drawings) .
Based on sediment samples between 6 and 27 
meters, 3 zones are separated by depth and 
sand grain size. Faunal boundary at 19 meters 
corresponds to a salinity boundary. Foram 
densities are higher on the shallow bottom and 
the 27-meter level than on the slope, and are 
greatest at the foot of the slope. About 12 
species are found alive. Density of specimens 
ranges between 5 and 25 per cm2• 

HANZLIKOVA, EVA. Die Foraminiferen der Lhoty
Schichten.-Casopis Moravskeho Musea, Acta 
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Musei Moraviae, Sci. nat., v. 51, 1966, p. 95-
132, pIs. 1-12, text figs. 1-3 (map, range chart, 
drawings).-Thirty-five species (3 new) from 
beds of Albian age. Rothil/a n. gen. (type 
species R. silesica n. sp.) erected in the 
Rzehakinidae. 

H EDLEY, R. H. , and WAKEFIELD, J. St J.-Clone 
culture studies of a new rosalinid foraminifer 
from Pl ymouth , England and Wellington , New 
Zealand .- Journ. Marine BioI. Assoc. U.K. , v. 
47, No. 1, 1967, p. 121-128, pIs. 1, 2, text fig. 
1 (outline drawings).-RosaJil/a leei sp. nov . 

H ERM, DI ET RI CH. Mikropalaontologisch-stratig
raphische Untersuchungen im Kreideftysch 
zwischen Deva und Zumaya ( Prov. Guipuzcoa, 
Nordspanien ) .-Zeitschr. Deutschen Geol. Ge
sellschaft, Hannover, Band 115, Teil 1, Jahrg. 
1963, May 1965, p. 277-348, pI. 8, text figs . 
1-16 (maps, outcrop sketch, columnar sections, 
diagram, drawings, graphs), tables 1, 2.
From sections of upper Albian , Turonian, 
Campanian, and Maestrichtian. A new Flour
ensil/a and a new subspecies of Globotrll/lCal/a 
are described. 

HOFKER, JAN JR. Note on OrbitoJil/opsis kiJiani 
(Prever ).- Eclogae Geol. Helvetiae, v. 59, No. 
2, Dec. 31, 1966, p. 897-902, pI s. 1-4, text figs. 
1-3 (graphs, diagrams). 

HUTTON, A. N. A new technique for the study of 
smaller Foraminifera in indurated limestone.
Micropaleontology, v. 13, No. I , January 
1967, p. 107-110, pI. I.-Use of surgical sca l
pel and diamond drill bits. 

IRELAND, H. A. Preparatory techniques for micro
fossils and inorganic insoluble residues.-Jour. 
Paleontology, v. 41, No.2, March 1967, p. 523. 
- A final rinsing with a lcohol or acetone per
mits a sample to dry without adhering to dish. 

ITURRALDE VINENT, MANUEL A . Estudio sistem
atico de los Foraminiferos planctonicos del 
Pozo Souvenir 2-25 del Oligoceno Cubano.
Instit. Nac. Recursos Hidraulicos, Micropale
ontologia, Publ. Especial No.3, 1967, p. 13-
32, pIs. 1-3, text fi gs. 1,2 (corre l. table, map). 
- Illustrations of the planktonics characteristic 
of the Oligocene Tinguaro format ion-7 spe
cies and 14 subspecies (2 subspecies of Glo
bigeril/a praeblilloides new). 

J ENKI NS, D. GRAHAM. Planktonic foraminiferal 
datum planes in the Pacific and T rinidad Ter
tiary.-New Zealand Journ. Geol. Geophysics 
( Robin S. Allan Mem. Issue), v. 9, No.4, Dec. 
1966, p. 424,427, text figs. 1, 2 (map, correl. 
chart ).-Twqnty-nine homotaxial (but not 
necessari ly isochronous) planes are listed and 
correlation indicated between stratigraphic sec-

tions from 20 loca lities (11 Asian or western 
Pacific and 9 American). 

KAHLER, FRANZ and GUSTAVA. Fusulinida (Fo
raminiferida). Teil 3.-Fossilium Catalogus. 
I: Animalia , Pars 113 , 's-Gravenhage, Sept. 
30, 1966, p. 539-870. 

Some problems of the study of fusulinids (in 
Russian).-Voprosy Mikropaleontologii, Akad. 
Nauk SSSR, Otdel. nauk 0 zemle, geol. instil., 
vyp. 10, 1966, p. 19-28. 

K ENNETT, J. P. Four Upper Miocene to Lower 
Pl iocene sections, Hawke's Bay to East Cape, 
New Zealand.-Trans. Roy. Soc. New Zealand, 
Geol., v. 4, No. 10, Nov. 25 , 1966, p. 189-
209, text fi gs. 1-7 (maps, columnar sections), 
tables 1-5.-Four zones based on forams (2 
species of BoJi vil/ita in the lower part and 2 of 
Globorotalia above) subdivide the sections. 
Diagnostic species listed for each zone. 

KOCHANSKY-DEVIDE, V. Staffellidae with initi al fo
ramina and parachomata (in Russian).
V 0 pro s y Mikropaleontologii , Akad. Nauk 
SSSR, Otdel. nauk 0 zemle, geol. instit., vyp. 
10, 1966, p. 89-98, pis. 1-5, table 1. 

KOCHANSKY-DEVIDE, VANDA, and RAMOVS, ANTON. 
Oberkarbonische Mikrofossilien und stratig
raphische Entwicklung in den West karawanken 
(German summary of Yugoslavian text).
Acad. Sci. Art. Slovenica, Ljubljana, Razprave, 
v. 9, 1966, p. 299-333 , pi s. I -II , text fig. I 
(map).-IIIustrated catalog of 26 species, 14 
indeterminate. 

KRASHENINNIKOV, V. A. Foraminifera and some 
biostratigraphical problems of Miocene marine 
deposits of the Eastern Mediterranean (in Rus
sian ) .-Voprosy Mikropaleontologii, A k a d_ 
Nauk SSSR, Otdel. nauk 0 zemle, geol. instit~ 

vyp. 10, 1966, p. 398-419, text figs. 1-4 (map, 
columnar sections) .-In Syria. 

KUMMERLE, E ., and GUNAWARDENA, A. Some new 
occurrences of "Lagella"-x in Germany.-Mi
cropaleontology, v. 13, No. I, January 1967, p_ 
115-116, text-figs. 1-3 (d rawings) .-In middle 
and upper Oligocene. 

LEE, JOHN J ., McENERY, M., PI ERCE, S., FREUDEN
THAL, H. D. , and MULLER, W. A. Tracer 
experiments in feeding littoral Foraminifera. 
- Journ . Protozoology, v. 13 , No.4, 1966, p_ 
659-670, pI. I , text figs. 1-7 (diagram, graphs), 
tables 1-7.- Foraminifera are selective of the 
food they eat. Age of the food organism, age 
of the fora minifer, and concentration of the 
food affect feed ing. Some species appear to be 
bloom feeders. A natural bloom of Protel
phidillm tisburyense was studied. 
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LENA, HAYDEE. Foraminiferos Recientes de Ushu
aia (Tierra del Fuego, Argentina) .-Ame
ghiniana, Rev. Asoc. Paleont. Argentina, Y. 4, 
No.9, Sept. 1966, p. 311-336, pIs. 1-4, map.
A subantarctic littoral fa una of 69 species
none new but 4 indeterminate-belonging in 
the Argentine province. 

LINDENBERG, HANS G EORG. Ammopalmula n. g. 
und A mmobaculites Cushman 191 O.-Sencken
bergiana lethaea, Band 47, Nr 5/ 6, Dec. 19, 
1966, p. 461-479, p!. 51 , text figs. 1-7 (graphs, 
drawings) .-From the Bajocian. 

LIPPS, JERE H. Age and environment of a marine 
terrace fauna , San Clemente Island, California. 
- The Veliger, Calif. Malacozoo!. Soc., v. 9, 
No.4, April 1, 1967, p. 388-398, text figs. 1-4 
(map, columnar section, drawings) .-Eighteen 
species of Foraminifera, representing deposi
tion in a shallow protected cove probably late 
in the Pleistocene. 

LIpPS, JERE H., and LIPPS, KAREN LOEBLICH. Phy
letic affinities of the foraminiferan Tremachora 
n. gen. (Tremachoridae n. fam.) .-J our. Pa
leontology, v. 41, No.2, March 1967, p. 496-
499, text figs. 1, 2 (drawings, map).-Differ
ing from Candeina in areal rather than basal 
aperture and in granular rather than radial 
wall structure. In upper Miocene of south
ern Californi a. 

LIpPS, JERE H., and RIBBE, PAUL H . Electron
probe microanalysis of planktonic Foraminif
era.-Jour. Paleontology, v. 41, No.2, March 
1967, p. 492-496, tables 1, 2. 

LUDBROOK, N. H . Cretaceous biostratigraphy of 
the Great Artesian Basin in South Australia.
Geo!. Survey South Australi a, Bul!. No.4, 
1966, p. 1-223 , pIs. 1-28 [1-13, Foraminifera; 
14-28, Mollusca], text figs . 1-34 (outcrop 
photos, corre!' chart, 6 columnar sections with 
micropaleontological log, map, corre!' dia
gram, graphs, drawings), maps 1-11.-Study 
based on 255 surface samples and well samples 
from 16 wells and borings. Four foraminiferal 
zones are recognized in the sequence of lower 
Aptian to upper Albian. Systematic descrip
tions of 134 species of smaller Foraminifera, 
66 new. Two new genera are described: 
A IIdamookia (type species A. davellportellsis 
n. sp.) in the Trochamminidae and H ergoltella 
( type species Patellilla jOllesi Howchin, 1895) 
in the Spirillinidae. 

LUTERBACHER, H. On the development of some 
Paleocene Globorotalia in Central Apennines 
(i n Russian) .-Voprosy Mikropaleontologii , 
Akad. Nauk SSSR, Otde!. nauk 0 zemle, geo!. 
instit., vyp. 10, 1966, p. 333-341, pIs. 1-3 , text 

figs. 1-3 (i llustrated columnar section, corre!' 
table, range chart ). 

MATSUMARU, KUN ITERU. Fusulinids from the 
Funafuseyama Limestone in Yamagata-gun, 
Gifu Prefecture, J apan.-Trans. Proc. Palae
ont. Soc. Japan, n. ser. , No. 64, Dec. 15, 1966, 
p. 338-350, p!. 37, text fig . 1 (map), tables 1, 
2 (range chart, corre!' chart) .-A new Para
/usulina. 

MICARELLI, AURORA. Ricerche micropaleontolo
giche e strat igrafiche del Tratto Barremiano
Eocene Medio del Monte Giove (Appennino 
Marchigiano) .-Bol!. Soc. Geo!. Ita!., Y. 84, 
fasc. 4, 1965, p. 117-1 75, pIs. 1-8, text figs. 1-
12 (map, outcrop photos, zonation table), table 
1 ( range chart) .-Foraminifera from a se
quence between Barremian and middle Eocene. 

MICHAEL, ERHARD. Die Evolution der Gavelinel
liden (Foram.) in der NW-deutschen Unter
kreide.-Senckenbergiana lethaea, Band 47, 
Nr. 5/ 6, Dec. 19, 1966, p. 411-459, p!. 50, text 
figs . 1-16 (drawings, graphs, map, range chart ). 
-Three species of Gavelillella and 2 of Gave/
illOpsis, in the Lower Cretaceous (midd le Bar
remian to lower Cenomanian). 

MINATO, M., and H ONJO, S. Phylogeny of Neo
schwagerininae ( in Russian) .-Voprosy Mi
kropaleontologii, Akad. Nauk SSSR, Otde!. 
nauk 0 zemle, geo!. instit. , vyp. 10, 1966, p. 
109-125, pIs. 1-3, text figs. 1-5 (diagrams, phy
logenetic chart, range chart ). 

MISIK, MILAN. Microfacies of the Mesozoic and 
Tertiary Limestones of the West Carpathians. 
-Slovenska Akad. Vied , 1966,269 p. , 101 pIs., 
3 maps.-Several hundred photomicrographs 
of thin sections illustrating microfacies from 
Triassic to Miocene. Biologic, mineralogic, 
and structura l elements in the microfacies 
are indexed. 

MJ ATLIUK, E. V. On the Foraminifera with a si
liceous skeleton ( in Russian) .-Voprosy Mi
kropaleontologii, Akad. Nauk SSSR, Otde!. 
nauk 0 zemle, geo!. instit. , vyp. 10, 1966, p. 
255-269, pIs. 1-3 , tables 1-3.-Four species (3 
new), one each in the new subgenus Silico
bathysipholl of Bathysipholl and the new gen
era, Carpathiella, Cystammillella, and Marty
schiella. 

MONTANARI, LORIS. Dimorfismo e flosculinizzazi
one in "Fasciolites minutulus" (Reichel) del 
Cuisiano di Palermo.-Riv. Ita!. Pa!. Stratig. , 
v. 72, No.3, Sept. 1966, p. 855-860, pIs. 61 , 62. 

MOULINI ER, MARIE. Variabilite d'une population 
d'Elphidium de la rade de Brest (N. Finistere), 
apparentes a Elphidium crispum (Linne).
Revue de Micropaleontologie, v. 9, No. 3, 
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Dec. 1966, p. 194-200, pI. I, text figs. 1-3 
(histograms), tables 1-3.-Study of morphol
ogy (umbil ical ornamentation, mean thickness, 
and mean number of chambers in final whorl) 
reveals 4 types of Elphidium but they a ll prob
ably belong in Elphidium crispum. 

NIKITINA, Yu. P. On the taxonomic value of cer
ta in morphological features of Spiropleclam
milia belonging to the Spiropleclammilla car
illala morphological group (in Russian).
V 0 pro s y Mikropaleontologii, Akad. Nauk 
SSSR, Otdel. nauk 0 zemle, geol. instil. , vyp. 
10, 1966, p. 359-374, pis. I, 2.-Five species 
(2 new) and I new sUbspecies. 

NYIRO, M. R. Foraminiferes du gres burdigalien 
des gisements du mur du charbon de Salg6-
tarjan (Eperjestelep) .-Ann. Hist.-nal. Musei 
Nation. Hungarici , Tom. 58, 1966, p. 131-139, 
pI. I.-Eighteen species, none new. 

OSMAN, A., and HASSANEIN, A. M. The biostra
tigraphy of the subsurface formations encoun
tered in Ayoun Musa well No. 4, Sinai.
Journ. Geol. U.A.R., v. 6, No. 2, 1962 (1966), 
p. 103-119, pi s. 1,2 (check list), text fig . I 
(map).-Zonal subdivisions of Jurassic (11 
zones), Lower Cretaceous (3 zones), Miocene 
(6 zones), and Post-Miocene by smaller Fo
raminifera . 

PAVLOVEC, RAJKo . Zur Taxonomie der Nummu
litinae . Operculina exili/ormis n. sp. aus dem 
Palaogen im sUd lichen Siowenien (German 
summary of Yugoslavian text) .-Acad. Sci . 
Art. Siovenica, Ljubljana, Razprave, v. 9, 1966, 
p. 253-297, pi s. 1-5, text figs. 1-5 (photomicro
graph, diagrams, phylogenetic chart, graphs), 
tables 1-6. 

PERATH, I. Living Foraminifera in the littoral zone 
of Achziv (northern Israel).- Israel Journ . 
Earth-Sci., v. 15, No.2, Aug. 1966, p. 64-70. 
- Rare living specimens of Peneroplis plana Ius 
and Neoconorbina lerqllemi in a foraminiferal 
thanatocoenosis, probably washed inward from 
greater depths. 

PETROVIC, MIODRAG. La nouvelle contribution 11 
la connaissance des Foraminiferes Tortoniens 
de Vilin Potok (Serbie occidentale) .-Instit. 
Geol. Univ. Beograd, Ann. Geol. de la Penin. 
Balkanique, tome 32, 1966, p. 165-175, pI. I , 
text figs. 1-7 (map, pie diagrams) .-A middle 
Tortonian association dominated by Spiroplec
lamminQ carilla/a and an upper Tortonian one 
by Bolivina dila/ala. 

PFLUG, HANS D. Foraminiferen und ahnliche fos
silreste aus dem Kambrium lind Algonkium .
Palaeontographica, Band 125, Abl. A, lieferung 
1-3 , OCI. 1965, p. 46-60, pis. 10-12, text figs. 

1-4 (photomicrographs, diagrams) .-Scalliella 
scaniensis n. gen. n. sp.-a minute (0.05 
0101), conical, chambered form, spira l, then bi
serial-from the Upper Cambrian of Sweden.. 

PI SHVANOVA, L. S. A systematic position of genus 
Calldorbulina and its importance for biostra
tigraphy (in Russian) .-Voprosy Mikropale
ontologii, Akad . Nauk SSSR, Otdel. nauk 0 

zemle, geol. instil. , vyp. 10, 1966, p. 393-39 , 
text figs. I , 2 (drawings, range chart).-Evo
lution from Globigerinoides glomerosa. 

POIGNANT, ARMELLE. Position generique de trois 
"Nonionides" du Miocene Aquitain.-Revue de 
Micropaleontologie, v. 9, No.4, March 196 _ 
p. 241-245, pI. I .-All placed in Cribrononion.. 

PTUKHJAN, A. E. Nekotorye Nummulity iz Nizh
neeothenovykh Otlozhenij Armjanskoj SSR.
Izvest. Akad. Nauk Armjanskoj SSR, Erevan.. 
Nauki 0 Zemle, tom 19, No.6, 1966, p. 3-14, 
pis. I, 2.-Lower Eocene nummulites and as
silines, 6 species. 

RA NGHEARD, Y. , and COLOM, G. Sobre la edad de 
los calizas "urgonianas" de Ibiza (Ba leares ) 
comprendidas entre el Tit6nico y el Valangin
iense.-Notas y Comunicaciones Instil. GeoL 
Min Espana, No. 77, 1965, p. 165-174, pis. 1-
3, text figs. '1-3 (map, drawings).-Foraminif
era illustrated ',in section. Age interpreted as 
Tithonian-Valanginian. 

REISS, Z. Recent advances in marine Late Paleo
gene and Neogene stratigraphy of Israel.-Is
rae I lourn. Earth-Sciences, v. 15, No.1, June 
1966, p. 8-26, pis. 1-3, text fig. I (range chart )_ 
-Zonation by planktonic Foraminifera. 

REISS, Z., D ERIN, B. , and GERRY, E. On so-call..! 
"calcite eyes" in aggl utinated Foraminifera C 
Russian) .-Voprosy Mikropaleontologii, Akad
Nauk SSSR, Otdel. nauk 0 zemle, geol. instiL 
vyp. 10, 1966, p. 234-242, pis. 1-4.-ln Psell
docyclammina liluus. 

REITLI NGER, E. A. Some problems of classifica
tion and evolution of endothyrins and primi
tive fusulins (in Russian) .-Voprosy Mikro
paleontologii, Akad. Nauk SSSR, Otdel. na 
o zernle, geol. instil., vyp . 10, 1966, p. 39-6 
pis . 1-3 , tables I, 2, 3 text figs. 

RIDDOLLS, B. W. Note on a new occurrence of 
A slerocyclilla speighli.-New Zealand J OUTll. 
Geol. Geophysics (Robin S. Allan Mem. ls
sue), v. 9, No. 4, Dec. 1966, p. 471-473, table 
I.-Middle Eocene of New Zealand. 

ROCHA , A. TAVARES. Contribuicao para 0 estuWo 
dos Foraminiferos do Quaternario do sui cD 
provincia Portuguesa de M~ambique.-G -
cia de Orta, v. 13 , No.3, 1965, p. 407-424, JlIs-
1-5, map, tables 1-3.- lIIustrated catalog of S 
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species, none new, from 28 samples in the 
Quaternary of southern Mozambique. 

ROUVILLOIS, ARMELLE. Contribution a l'etude mi
cropaleontologique de la baie du Roi , au Spitz
berg.-Revue de Micropaleontologie, v. 9, No. 
3, Dec. 1966, p. 169-176, text fig. 1 (map), 
tables I, 2.-Eleven samples between 5 and 25 
meters deep from the inner end of a fjord. 
Thirty-three species of Foraminifera recorded; 
23 found living. 

ROZOVSKAIA, S. E. On systematics of Schwagerin
idae (in Russian).-Voprosy Mikropaleonto
logii , Akad. Nauk SSSR, Otdel. nauk 0 zemle, 
geol. instit., vyp. 10, 1966, p. 99-104, phylo
genetic diagram. 

SAAVEDRA, JOSE LOUIs. La evoluci6n de los Glo
bigerimiceos.- Bol. Real Soc. Espanola Hist. 
Nat. (Biol.), v. 63,1965, p. 317-349, text fi gs. 
1-94 (drawings).-Biological evolution deter
mined by geological evolution (glaciations, 
marine regressions, orogenic movements). 

SAID, RUSHDI, and METWALLI, HAM ED. Foraminif
era of some Miocene sediments of the Cairo
Suez district.-Journ. Geol. U .A.R., v. 7, No. 
I, 1963 (1966), p. 29-65, pIs. 1-4.-Illus
trated systematic catalog includes 65 species, 
none new. 

SALVATORINI, GIANFRANCO. A1cune nuove specie 
di Foraminiferi del Miocene Superiore della 
Toscana Marittima.-Atti Soc. Tosc. Sci. Nat., 
ser. A, v. 73 , 1966, p. 1-13 , pIs. I, 2, text 
fig. 1 (drawing) .-Four new species of Mes
sinian age. 

SCHAROVSKAJA, N. V. Nekotorye Vidy Ammodis
thid i Lituolid iz Mezozojskikh Otlozhenij 
Severa Thentral'noj Sibiri.-Naucho-issl. in
stit. geol. Arktiki , Uchenye Zapiski, Paleont. 
i Biostratig., vyp. 14, 1966, p. 48-74, pIs. 1-7, 
stratig. chart.-Descriptions and illustrations 
for 10 species (9 new) of Glomospira, G lo
m ospirella , Haplop"ragm oides, and A mmo
baclliites in the Lower Cretaceous and Up
per Jurassic. 

SCOTT, G . H . Description of an experimenta l class 
within the Globigerinidae (Foraminifera) - 1. 
-New Zealand J 0 urn. Geol. Geophysics 
( Robin S. Allan Mem. Issue ), v. 9, No.4, 
Dec. 1966, p. 513-540, text figs . 1-39 (dia
grams, co lumnar section , histograms, graphs), 
table I.-Measurements ( rate of expansion of 
chambers, relation between observed and the
oretical diameters for penultimate chamber, 
and angle of attachment of final chamber) 
serve to unite s pecimens usually assigned to 
Globigerilloiaes trilobus, G. bisp"ericlIs, G. 
glom erosus, Orbulilla suturalis, and O.1II1iversa. 

SEROVA, M. VA. On the taxonomic value of cer
tain morphological features of the representa
tives of Rzehakinidae and its systematic posi
tion (in Russian) .-Voprosy Mikropaleontol
ogii, Akad. Nauk SSSR, Otdel. nauk 0 zemle, 
geol. instil., vyp. 10, 1966, p. 270-288, pis. 1-
6, text fi gs. 1-7 (d iagrams, drawings, graphs). 
- Three new species, 2 in Silicosigm oilina and 
I in Silicomassilina, and illustrations of several 
rel ated species. 

SHAUB, G . Nummulitic zones and evolutional se
ries of Nummulites and Assililla (in Russian) . 
- Voprosy Mikropaleontologii , Akad. Nauk 
SSSR, Otdel. nauk 0 zemle, geol. instil., vyp. 
10, 1966, p. 289-301, text figs. 1, 2 ( illustrated 
evolutionary diagrams), tables I, 2.-Nllm
mlliites Il emkovi sp. nov. described from low
er Eocene. 

SIGAL, JACQUES. Le concept taxinomique de spec
tre. Exemples d'application chez les Foram
iniferes. Propositions de regles de nomencla
ture.-Soc. Geol. France, Mem. hors-ser. No. 
3, Dec. 1966, p. 1-126, pis. 1-10, text figs . 1-7 
(drawings).-When a group of specimens, 
united by their specific characters, is subdi
vided into several genera by characters re
garded as of generic importance, a different 
term is needed to unite the group: spectrum. 
The spectrum concept is defined, and is demon
strated and illustrated in several groups of 
specimens : G lobigerillelloides algerialla-Biglo
bigerinella barri, H edbergella was"itellsis, H. 
" elveticllm, Lenticulilla oblollgum , and others. 
Classificat ion systems are compared and dis
cussed and propositions made for a system of 
spectrum nomenclature. Labroglobigerillella 
nov. spectrogen. is erected with Labroglobig
erillella spectrum-algeriallum (Cushman and 
ten Dam 1948) and Sigal 1966 as its type. 

Essai sur I'etat ae tuel d'une zonation strati graph
ique it I'a ide des principales espioces de Rosa
lines (Foraminiferes) .--Compte rendu som
maire des seances Soc. Geol. France, fasc. 2, 
Feb. 6, 1967, p. 48-50, range chart.- Propos
ing a zonation between Albian and Maestrich
tian based on species of rosalines. 

SKINNER, J . W. , and WILDE, G. L. A new Permian 
fusulinid Southern British Columbia, Canada 
(in Russian).-Voprosy Mikropaleontologii , 
Akad. Nauk SSSR, Otdel. nauk 0 zemle, geol. 
instit. , vyp. 10, 1966, p. 105-108, pIs. I , 2, 
map.-Para/usulilla t"omassolli sp. nov. 

Type species of Pseudo/usulilla Dunbar and Skin
ner.- Univ. Kansas Paleont. Contribs., paper 
13 , Dec. 9, 1966, p. 1-7, pIs. 1-4.-Rugoso
/usulilla a junior synonym. 
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SOLOVIEVA, M. N. Rates and stages of the evolu
tionary development of Foraminifera and their 
rel ation to the development of the Earth (i n 
Russian) .-Voprosy Mikropaleontologii , Akad. 
Nauk SSSR, Otdel. nauk 0 zemle, geol. instit. , 
vyp. 10, 1966, p. 68-79, phylogenetic di agrams. 

SOSSIPATROVA, G. P . Foraminifery Tiksinskoj Svity 
Severnogo Kharaulakha.- Russia Nauchno-issl. 
instit. geol. Arktiki, Uchenye Zapiski , Paleont. 
i Biostrat., vyp. I I, 1966, p. 5-32, pI s. 1-3.
Nineteen species in the Archaed iscidae, 5 new. 

SRINIVASAN, M. S. Foraminifera and age of the 
type section of the Tahuian Stage.-New Zea
land Journ . Geol. Geophysics (Robin S. Allan 
Mem. Issue), v. 9, No.4, Dec. 1966, p. 504-
512, text figs. 1-3 (map, type section photo, 
columnar section) , table I.-Foraminifera list
ed. Age is middle and late Eocene. 

STEMPROKOVA-JIROVA, DANA. Revision of some spe
cies of Eouvigerilla Cushman, 1926 (Foram
inifera).-Casopis pro mineral. geol. , roc. 12, 
cis. I , 1967, p. 65-66.-Eouvigerilla serrato 
(Chapman) and E. aculeata (Ehrenberg). 

STEWART, W. J. Schubertellinae from the Wolf
camp, Lower Permian Franklin Mountains, 
Texas ( in Russian) .-Voprosy Mikropaleon
tologii, Akad. Nauk SSSR, Otdel. nauk 0 

zemle, geol. instit. , vyp. 10, 1966, p. 80-88, pIs. 
I, 2, map, tables 1-6.-Seven species, 6 new. 

SULEYMANOV, I. S. New late Eocene species of 
Biglobigerillella.- Internat. Geol. Review, v. 
8, No. 9, Sept. 1966, p. 1126-1128, text figs. I , 
2.-From Kyzyl-Kum. 

TAMBAREAU, YVETTE. Sur une nouvelle espece 
d'operculine cordelee, Operculilla (Nummulit
oides) azilellsis nov. sp.- Bull . Soc. Hist. Nat. 
Toulouse, tome 102, fasc. I, 1966, p. 301-307, 
pI. I , text fi g. I (columnar section) .-From 
the Sparnacian of France. 

TAPPAN, H., and LOEBLlCH, A. R. Microstructure 
of the shell and Discorbacean systematics ( in 
Russian) .-Voprosy Mikropaleontologii , Akad. 
Nauk SSSR, Otdel. nauk 0 zemle, geol. instit. , 
vyp. 10, 1966, p. 375-392, pIs. 1-9, I text fig. 
(drawings).-Illustrations, a few in thin sec
tion, of 30 genera classified in the Discorbidae, 
Pseudoparrellidae, Laticarininidae and Episto
mariidae, and mostly represented by their 
type species. 

THOMPSON, M. L. Distribution of Profu sulillella 
in north America (in Russian) .-Voprosy Mi
kropaleontologii, Akad. Nauk SSSR, Otdel. 
nauk 0 zemle, geol. instit. , vyp. 10, 1966, p. 
126-134, text figs . 1, 2 (map, range chart). 

TORIYAMA, Ryuzo. The fusulinacean zones of Ja
pan.-Mem. Fac. Sci., Kyushu Univ., seT. D , 

Geol., v. 18, No. I, Feb. 15, 1967, p. 35-260, 
text figs. I-I I (local. maps, distrib. maps) , 
charts I, 2 (correl. charts) .-Covering the 
Middle and Upper Carboniferous and the Per
mian, 9 genus zones, with the distribution 
plotted for each. 

VAN DER VLERK, I. M. Tertiary correlation based 
on biometrical invest igation of the genus Lep
idocyC/illa (in Russian) .-Voprosy Mikropale
ontologii, Akad. Nauk SSSR, Otdel. nauk 0 

zemle, geol. instit. , vyp. 10, 1966, p. 302-30 . 
I pI., text figs. 1-4 (diagram, graphs, map) . 

VIGNEAUX, M., ALVINERIE, J ., CARALP, M. , JULI S, 

CH., LATOUCHE, C., MOYES, J ., RECHJNIAC, A .. 
and VALETON, S. Une succession stratigraph
ique en milieu marin epicontinental. Principes 
et methodes d'interpretation.- BuII. In s til . 
Geol. du Bassin d'Aquitaine, No. I , 1966, p. 
1-61 , pIs. 1-8 (graphs, range and abundance 
charts, comparison range chart).- Ranges and 
abundance of benthonic and planktonic Fo
raminifera in a well at Soustons. Two ',zones 
in the Oligocene and 2 in the Miocene are ~ciC
ognized and ranges of species are compared 
with those in the Oligocene-Miocene section 
of Trinidad. 

WALL, JOHN H . Cretaceous Foraminifera of the 
Rocky Mountai n foothills , Alberta.-Research 
Council of Alberta, Bull. 20, Jan. 1967, p. J-
185, pIs. 1-19 [1-15, Foraminifera; 16-19, Out

crop photos], text figs. 1-4 (map, correl. dia
grams, correl. chart), tables 1-4.-A succes
sion of 10 micro faunas recognized in the Al
berta Group, late Albian to Campanian in age. 
Illustrated systematic catalog of 84 species, 51 
as nomina ape,la, none new. 

WEB B, P. N. Lower Cretaceous Foraminifera from 
Red Island and the Waikopiro "High," Hawke 
Bay, Appelldix to An aberrant Aucellinoid 
(Bivalvia, Pteriacea) from Red Island, Hawkes 
Bay, by J. MARWlcK.-New Zealand Journ. 
Geol. Geophysics ( Robin S. Allan Mem. Is
sue) , v. 9, No.4, Dec. 1966, p. 502-503. 

WEZEL, FORESE CARLO. La "Cenozona a Globo
rotalia foilsi" nel F lysch esterno dell a Lucania. 
- Riv. Ital. Pal. Stratig., v. 72, No.4, 1966, 
p. 1269-1296, pI. 100, text figs . 1-3 (map, co
lumnar section, cor reI. chart) .- Proposing a 
local zonation of fewer and longer-ranging spe
cies preliminary to an eventual finer zonation 
and correlation with the American sequence. 

"Globorotalia" aerostoma, nuova specie deW 
Oligomiocene Italiano.-Riv. Ital. Pal. Stratis.. 
v. 72, No. 4, 1966, p. 1297-1312, pI. 101, text 
figs . 1-4 (drawings, correl. chart, graphs). 

WILLE-JANOSCHEK, URSULA. Stratigraphie und Tek-
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tonik der Schichten der Oberkreide und des 
Aittertiiirs im Raume von Gosau und Abtenau 
(Salzburg) .-Austria Geol. Bundes., J ahrbuch, 
Band 109, July 1966, p. 91-172, pis. 1-11 
[1-8, drawings of specimens; 9, range chart; 
10, geol. map; 11 , geol. sections], text figs. 1-3 
(drawings, columnar section, map).-The sec
tion encompasses Coniacian-Santonian, Cam
panian, and Maestrichtian . Six zones are based 
on planktonics. Sixteen species and 3 sub
species (none new) of G lobotruncanidae and 
Heterohelicidae are described and illustrated. 

WISEMAN, J. D . H. Evidence for recent climatic 
changes in cores from the ocean bed.-Royal 

Meteorological Soc., Proc. of the Internal. 
Symposium on World Climate from 8000 to 
o B.C., London, 18-19 April 1966, p. 84-98, 
pis. 1-5, text figs. 15, 21-23 (graphs), tables 1, 
2.-Major fluctuations recognized by using 
proportions of temperature-sensitive species of 
planktonic forams, by oxygen isotopes in cer
tain species of forams, and by changes in coil
ing direction; minor ones studied through the 
rate of carbonate sedimentation in undis
turbed areas. 

RUTH TODD 

U. S. Geological Survey 
Washington, D . C. 
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