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ABSTRACT 


Late Miocene-Pliocene menardiform and crassa­
form species of Globorotalia are recorded and figured 
from a sampling site on the west flank of the Mid­
Atlantic Ridge, in the southern Sargasso Sea near the 
core of the North Atlantic Gyre. At the present time 
menardiform and other endemic tropical species occur 
sparsely in this part of the ocean, but they are abun­
dantly represented in the late Miocene and Pliocene. 
In sediments of late Miocene age menardiform species 
are widely distributed in the North Atlantic and Med­
iterranean, suggesting that tropical and warm gyra] 
waters were greatly expanded at that time. A retrac­
tion of menardiforms towards the south occurred in 

the early Pliocene, but only on the eastern side of the 
ocean. A speculative comparison between modern and 
Pliocene circulation in the North Atlantic is shown by 
sketches. 

Some remarks are made on the taxonomy and re­
lationships of the menardiform and crassaform 
species. Ontogenetic development appears to provide 
a means of defining these groups and establishing their 
relationships. On Miocene forms of Globorotalia men­
ardii an imperforate band joins the keel on the umbil­
ical face of the final chambers, a feature that disap­
pears in younger forms. 

INTRODUCTION 

In this paper we record and describe late Tertiary 
species of Globorotalia from an isolated area in the 
southern part of the North Atlantic Ocean. The 
species belong to two distinct groups: the menardi­
forms (centered around G. menardii) and the crassa­
forms (centered around G. crassaformis). These 
groups radiated at separate times during the Cenozoic 
and have exploited overlapping habitats. The menar­
diforms, endemic to tropical waters, began their ra­
diation in the middle Miocene, while the more ubiq­
uitous crassaforms did not originate and expand until 
about the beginning of the Pliocene. An understanding 
of the historic development of these groups is impor­
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tant not only for biostratigraphic correlations, but also 
for the interpretation of the evolution of ocean climate. 
However, documentation of their time-space relation­
ships is handicapped by large sampling gaps in the 
oceans. Samples from DSDP and IPOD continue to 
fill in many empty spaces, but important segments of 
the North Atlantic and other oceans remain unsampled 
below the Pleistocene. Here we propose to fill a late 
Miocene-Pliocene gap in the North Atlantic, from a 
sampling site in the southern Sargasso Sea, near the 
core of the present North Atlantic Gyre (Fig. 1). 
Waters of this region now support a distinctly warm­
water subtropical fauna, but are sufficiently far re­
moved from the tropics so that menardiforms and oth­
er tropical expatriates are excluded (Cifelli and Smith, 
1974; Phleger and others, 1953). A review of the re­
lationships between the distribution of living plank­
tonic foraminifera and circulation is given by Cifelli 
(in press). 
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FIGURE 1 

Location of present sampling site and DSDP sites against background of North Atlantic circulation (from the files of The Woods Hole 
Oceanographic Institution). 

Faunas of the present sampling site and late Mio­
cene-Pliocene faunas from various North Atlantic sites 
are reviewed and compared with modern faunas within 
the framework of North Atlantic circulation. Special 
emphasis is placed on the menardiform species, be­
cause of their close tropical affinities and common oc­
currence both in the Pliocene and Miocene. As pre­
viously noted (Cifelli, 1976) the distributional pattern 
of menardiforms has changed markedly since the Mio­
cene, suggesting a major change in the distribution of 
surface water masses since that time. 

The state of menardiform and crassaform taxonomy 
does not permit full synonymization of species at the 
present time. It is clear, however, that the species 
Globorotalia menardi; has been interpreted in too 

broad a sense (e.g., Cifelli, 1976). We follow the rec­
ommendation of Stainforth and others (1975) in limit­
ing G. menardii to Miocene forms that are represented 
commonly in the Mediterranean. The modern menar­
diform G. cultrata, appears to be of relatively recent 
origin, probably dating back no further than Pleisto­
cene. We cannot be positive of this assertion at the 
present time, but so far we have encountered no pre­
Pleistocene menardiforms that are strictly referable to 
the modern G. cultrata. 

SAMPLING SITE 

The three samples recorded here come from the 
west flank of the Mid-Atlantic Ridge, between lati­
tudes 22°-23°N (Fig. 2). Two of the samples were re­
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FIGURE 2 


Location of samples on the flank of the Mid-Atlantic Ridge (after Cifelli, 1970). 


23° 

covered by free-fall corers (FC 24, 26), the other by 
dredge (Dr. 10). A preliminary account of the age re­
lationships of the sediments and the planktonic fora­
minifera has been given previously (Cifelli and others, 
1966; Cifelli, 1970). The sediment consists of loosely 
consolidated foraminiferal ooze, often containing frag­
ments of volcanic debris. The slightly indurated sedi­
ment is exposed at the flanks of valleys that contain 
loose ponded sediments. A full account of the sedi­
ments of the Ridge flank is given by van Andel and 
Bowin (1968). 

PRESENT BIOGEOGRAPHIC SETTING 

Figure 1 shows the sampling site in relation to the 
gyral circulation of the North Atlantic. It lies in the 
Southern Sargasso Sea, near the core of the Gyre, 
about midway between the American and African con­
tinents. Circulation in this part of the ocean is very 
weak, and there are only minor incursions of water 
from the North Equatorial Current. There is very little 
opportunity for expatriated species to reach the core 
of the Gyre and the fauna is a "pure" subtropical one, 

i.e., warm-water assemblage but lacking species in­
digenous to the tropics (Cife1li and Smith, 1974). Im­
portantly, the menardiform species (Globorotalia 
"menardii," G. tumida, G. ungulata) are virtually ab­
sent in the water column of this part of the ocean 
today. Individuals may be captured in net tows on 
rare instances, but the waters around the core of the 
Gyre are not a normal habitat for the menardiforms at 
the present time. In Quaternary sediments menardi­
forms are somewhat more common because they have 
accumulated there over many years. According to 
Kipp (1976), frequencies of G. menardU range from 
0.1-2% in the total interior area of the Gyre. The Qua­
ternary distributional pattern given by Kipp agrees 
well with the plankton distribution, showing impov­
erishment in the gyral core and concentration around 
the southern and western margins. The most important 
species in the modern North Atlantic SUbtropical fauna 
include: 

Globigerinoides ruber 
Globigerinoides trilobus 
Globigerinoides conglobatus 
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Globigerinoides aequilateralis 
Globorotalia hirsuta 
Globorotalia truncatulinoides 
Globorotalia crassaformis 
Orbulina universa 
Globigerina dutertrei 
Hastigerina pelagica 

Composition of planktonic assemblages outside of 
the gyral core is strongly influenced by the clockwise 
motion of the circulation. Not only is there consider- 
able faunal mixing around the margins of the Gyre, 
but also a pronounced latitudinal asymmetry in distri- 
bution of tropical forms (Cifelli and Benier, 1976). On 
the eastern side of the ocean the northern limit of trop- 
ical forms occurs between the Cape Verde and Canary 
Islands, or at about latitude 22"N (near Sites 139, 140). 
However, on the ocean's western side tropical forms 
are carried by the Gulf Stream as far north as the slope 
waters, in the vicinity of latitude 42"N (north of Site 
106). Therefore, there is a displacement of tropical 
forms 20" northward on the ocean's western side. The 
clockwise spin of the circulation also causes a south- 
ward displacement of northern forms on the ocean's 
eastern side. Faunas along the Iberian coast (area of 
Sites 119,398B, 135, 136) and the Mediterranean (Sites 
122, 124) consist of mixtures of northern and subtrop- 
ical species (Cifelli, 1974). 

At high latitudes, beyond the North Atlantic Gyre, 
circulation is counterclockwise and displacement oc- 
curs in an opposite direction. The Hatton-Rockall Ba- 
sin (Site 116), at latitude 55"N, supports a fauna similar 
in composition to that of the western slope waters at 
a latitude of about 44"N. No subtropical species occurs 
here, but neither does the polar species, Globigerina 
pachyderma. The fauna consists of G. bulloides, G. 
incompta, G. egelida and Globorotalia inflata. On the 
other hand, the Labrador Sea (Sites 1 1  lA,  112A) on 
the western ocean side, fed by the southward moving 
Labrador Current, supports a typically polar fauna 
consisting almost entirely of Globigerina pachyderma. 

Except for piston core CH-61 described by Berggren 
(1968) there is a total absence of described fossil 
planktonic successions from sediments in the interior 
of the Gyre. Tertiary planktonic successions have 
been established from surface sections mainly from 
two regions, the Caribbean and the Mediterranean. 
Both of these regions lie outside of the North Atlantic 
proper. The Caribbean is located in the tropics, adja- 
cent to the southwestern side of the Gyre and serves 
a feeder of water to the northward flowing Gulf 
Stream. The Mediterranean is located diametrically 
opposite, in the temperate region on the eastern side 

of the Gyre. It forms a partial detour for the southward 
moving currents along the European and African 
coasts. 

Sampling gaps between these remotely separated 
regions are being filled by DSDP. Thus far, the DSDP 
sites tend to follow the margin of the Gyre with im- 
portant extensions to the north (Sites 11 1, 112) and 
into the Mediterranean. Legs 4 and 37 of the DSDP 
crossed the Gyre, but only a few late Tertiary species 
were reported. Some sediments of late Tertiary age 
have been recovered by piston cores (Saito and others, 
1966), but faunas have not been described. 

AGE AND FAUNAL COMPOSITION 
OF SAMPLES 

The free fall and dredge samples from the present 
site yielded the following assemblages of planktonic 
foraminifera (number of specimens observed and 
picked shown in brackets): 

FC 24 (late Pliocene) 
Globigerina praebulloides Blow (2) 
Globigerinella aequilateralis (Brady) (1) 
Globigerinoides elongatus (dlOrbigny) (33) 

ruber (dlOrbigny) (2) 
sicanus De Stephani-transitorius Blow homeo- 

morphs (2) 
trilobus (Reuss) (2) 

Globorotalia crassaformis Galloway and Wissler 
sensu lato (12) 

miocenica Palmer (16) 
obesa Bolli (3) 
pertenuis Beard (15) 
scitula (Brady) (2) 
truncatulinoides (dlOrbigny) (1) 

Orbulina universa d'orbigny (2) 
Sphaeroidinella dehiscens dehiscens Parker and 

Jones (1) 
immatura Cushman (1) 

FC 26 (? early Pliocene) 
Globigerina nepenthes Todd (6) 
Globigerinoides trilobus (Reuss) (20) 
Globoquadrina altispira (Cushman and Jarvis) (6) 
Globorotalia menardii (Parker, Jones and Brady) 

(32) 
scitula (Brady) (2) 

Orbulina universa dlOrbigny (1) 
Sphaeroidinellopsis seminulina (Schwager) (9) 

Dr 10-P1 (early Pliocene) 
Globigerina nepenthes Todd (2 1) 
Globigerinella aequilateralis (Brady) (2) 
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Globigerinoides obliquus Bolli (10) 

sieanus De Stephani homeomorphs (3) 

trilobus (Brady) (6) 


Globoquadrina altispira (Cushman and Jarvis) (3) 
Globorotalia erassaformis Galloway and Wissler 

sensu lato (2) 
multieamerata Cushman and Jarvis (3) 
praemioeeniea Lamb and Beard (4) 
scitula (Brady) (1) 

Orbulina universa d'Orbigny (2) 
Sphaeroidinellopsis seminulina (Schwager) (3) 

sphaeroides Lamb and Beard (4) 
subdehiseens Blow (5) 

Dr 10-P2 (late Miocene) 
Globigerina nepenthes Todd (7) 
Globigerinella aequilateralis (Brady) (4) 
Globigerinoides obliquus Bolli (10) 

subsaeeulifer Cita, Premoli-Silva and Rossi (3) 
trilobus (Reuss) (18) 

Globoquadrina dehiseens Chapman, Parr and 
Collins (30) 

Globorotalia menardii (Parker, Jones and Brady) 
(6) 

merotumida Blow and Banner (3) 
pseudotumida Blow and Banner (4) 

Orbulina universa d'Orbigny (8) 
Sphaeroidinellopsis seminulina Schwager (16) 

Sample FC 24 contains the richest assemblage of 
planktonic foraminifera with the menardiform and 
crassaform groups occurring in abundance. The men­
ardiforms are represented by Globorotalia mioeeniea 
and G. pertenuis indicating a late Pliocene age. A di­
verse range of morphology is displayed by the cras­
saform group (PI. 3, Figs. 1-5) but all forms are 
grouped here under G. erassaformis sensu lato and G. 
erotonensis because of uncertainties in crassaform 
taxonomy. Species that have been subdivided from G. 
erassaformis are very variable, and so far have not 
proved stratigraphically useful (Gla~on, Vergnaud and 
others, 1973). Rare specimens of G. truneatulinoides 
occur in the assemblage but may be contaminants, 
since, to out knowledge, there are no previous records 
of that species occurring in association with Pliocene­
restricted menardiforms such as G. mioeeniea and G. 
pertenuis. The assemblage also contains some forms 
of Globigerinoides that closely resemble the middle 
Miocene G. sieanus group. As discussed in an earlier 
paper (Cifelli and others, 1966), we regard these forms 
as heterochronous homeomorphs. Sample FC 24 was 
recovered from the flank of the Mid-Atlantic Ridge, 
not far from the crest range (Fig. 2) so there seems no 

possibility that these forms could have been reworked 
from a middle Miocene source. 

Sample FC 26 contains fewer planktonic foraminif­
era than FC 24 and preservation is not as good. 
Species are stratigraphically undiagnostic beyond in­
dicating an undifferentiated age of late-middle Mio­
cene to early Pliocene. The menardiforms are repre­
sented by Globorotalia menardii, a long-ranging 
species that had a peak development in the late Mio­
cene. However, Miocene forms have an imperforate 
band adjacent to the keel on the umbilical side of all 
test chambers (Cifelli and Gla~on, 1978). All speci­
mens in the FC 26 assemblage lack the imperforate 
band on the chambers of the last whorl (Le., the cham­
ber perforations abut against the keel). Loss of the 
imperforate band is a development that apparently be­
gan in late Miocene and becomes common after the 
Miocene (Cifelli and Gla~on, 1978). Identical forms of 
G. menardii lacking the imperforate band have been 
figured by Lamb and Beard (1972) from the early Plio­
cene of the Gulf of Mexico. Therefore, we are inclined 
to regard FC 26 as early Pliocene, although determi­
nation is not certain. 

Sample Dr 10 PI contains a more diverse assem­
blage of planktonic foraminifera than does FC 26. An 
early Pliocene age is indicated by the presence of Glo­
bigerina nepenthes, Globorotalia multieamerata and 
G. praemioeenica. In DR 10-P2, the menardiforms are 
represented by G. merotumida, G. pseudotumida and 
G. menardii, indicating a late Miocene age. In contrast 
to the menardiforms found in the Pliocene assemblage, 
these forms have imperforate bands adjacent to the 
keel of the final test chambers. 

PALEOBIOGEOGRAPHY 

The present samples are late Pliocene (FC 24-5), 
early Pliocene (Dr 10-P1, FC 26) and late Miocene 
(DR 10-P2) in age. All of the faunal assemblages dis­
play strong warm-water affinities, allowing for the fact 
that a number of the species are extinct and their ac­
tual habitat preferences are not known. Among the 
Pliocene assemblages there are appreciable numbers 
of extant species, which now occupy the warm sub­
tropical waters and the tropical waters farther south. 
These species include Globigerinoides ruber, G. tri­
lobus, G. eonglobatus, Globigerinella aequilateralis, 
Orbulina universa, Globorotalia erassaformis. In ad­
dition, there also occurs Sphaeroidinella dehiseens, 
a modern species presently restricted to tropical 
waters. Importantly, menardiform species are abun­
dantly represented. These species include G. mioeen­
iea, and G. pertenuis in the late Pliocene and G. mul­
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ticamerata, G. praemiocenica in the early Pliocene. 
N one of these species is extant, but they are morpho­
typically close to the modern menardiform species G. 
cultrata which is a tropical inhabitant. The Pliocene 
assemblages, therefore, can be classified as tropical in 
contrast to the living fauna of this region which is sub­
tropical (Cifelli and Benier, 1976). 

The late Miocene assemblage (Dr 10-P2) contains 
fewer extant species, so that analogy with living fau­
nas is less clear-cut. Nevertheless, the general aspect 
of the assemblage is very similar to that of the Plio­
cene. Among the extant species are Globigerinoides 
trilobus, Globigerinella aequilateralis and Orbulina 
universa. The genus Globigerinoides is also repre­
sented by the extinct form G. obliquus and the Sphae­
roidinella group by Sphaeroidinellopsis seminulina, 
the antecedent of Sphaerodinella dehiscens. In addi­
tion, menardiform species also are well represented 
by G. plesiotumida, G. menardii, G. merotumida. 
They are not as abundant as in the Pliocene, but to­
taled together they make up about 8% of the assem­
blage, a frequency that is comparable with modern 
tropical assemblages (Kipp, 1976). 

In comparing these assemblages with others of sim­
ilar age we will start with the relatively nearby CH61 
core, proceed to the Caribbean and equatorial regions, 
and then continue counterclockwise around the ocean. 

RELATIONSHIPS WITH DATA FROM 

PREVIOUSLY DESCRIBED SAMPLES 

Gyral core (CH61-171). On cruise 61 of the R/V 
CHAIN a piston core was raised approximately 520 
miles NE of the present site that contained some sec­
tions of late Pliocene age. The lower part of the core 
(below 580 cm) appears approximately correlative 
with the late Pliocene of the present site. Berggren 
(1968) reports assemblages similar to those recorded 
here, with abundant Globigerinoides ruber and Or­
bulina universa. The CH61-171 assemblages also con­
tain Globorotalia miocenica, G. multicamerata, G. 
jimbriata and the extant tropical species Sphaeroidi­
nella dehiscens and Pulleniatina obliquiloculata. The 
Pliocene of the CH61-171 core, therefore is distinctly 
tropical in aspect. 

Caribbean (Sites 29, 30, 31). Mostly late Pliocene 
was represented at the Caribbean sites with some mid­
dle Pliocene and Miocene. Parker (1973) recorded rich 
faunas which, in the Pliocene, include numerous ex­
tant species; among them are the subtropical-tropical 
forms Globigerinoides ruber, G. trilobus, G. conglo­
batus and Globigerinella aequilateralis, Orbulina uni­
versa and the more tropically restricted Sphaeroidi­

nella dehiscens, Pulleniatina obliquiloculata, Candeina 
nitida, Globorotalia tumida. Parker also recorded G. 
cultrata, but according to our present views of the 
menardiforms, Parker's form may not be the same as 
the modern G. cultrata which appears to be of post­
Pliocene origin. However, the menardiforms are well 
represented in the Caribbean Pliocene by G. miocen­
ica, G. multicamerata, G. limbata, G. exilis. The cras­
saform species are also well represented by G. cras­
s aform is , G. crotonensis, R. ronda. 

The late Miocene contains fewer extant species than 
the Pliocene but include the modern warm water forms 
G. ruber, G. trilobus, G. conglobatus, Globigerinella 
aequilateralis, Candeina nitida, Orbulina universa. 
Menardiform species are represented by G. "cultra­
ta," G. merotumida, G. plesiotumida, G. limbata. 
Parker also recorded Globigerina praebulloides from 
the late Miocene. 

The Miocene and Pliocene faunas of the present site 
are very similar to the Caribbean faunas, although the 
Caribbean faunas are somewhat richer in species. One 
of the principal differences, biogeographically, is that 
Pulleniatina obliquiloculata is absent at the present 
site but rather common in the late Pliocene of the Ca­
ribbean sites. 

South of gyral margin: equatorial current (Site 25). 
Site 25 was drilled on the western side of the equatorial 
region, in the present pathway of the South Equatorial 
Current. Lower to middle Pliocene and upper Miocene 
were recovered in the cores, with some suspected re­
working and contamination in the Pliocene section 
(Parker, 1973). The faunas are very similar in general 
composition to those of the Caribbean sites; Globi­
gerinoides ruber, G. trilobus, G. conglobatus, Globi­
gerinella aequilateralis, Orbulina universa are all 
present. Curiously, however, extant tropical species 
are not quite as well represented as in the Caribbean 
Pliocene. For example, Sphaeroidinella dehiscens is 
scarce, while Pulleniatina obliquiloculata and Can­
deina nitidia were not recorded at all. It is difficult to 
think of an environmental reason for this discrepancy, 
because Site 25 is situated almost on the equator 
where the faunas should contain as many tropical 
species as the Caribbean. Postdepositional processes 
affecting the composition of faunal assemblages are 
probably involved, but the nature of these processes 
is not all clear. 

The menardiforms are well represented in the Plio­
cene section where Parker recognized the following 
species: G. merotumida, G. miocenica, G. multica,­
merata, G. limbata, G. plesiotumida. The latter 
species as figured in Parker is, in our view, closer to 
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G. praemiocenica Lamb and Beard. Crassaform 
species are also represented in the Pliocene and in­
clude Globorotalia crassaformis, G. ronda, G. cro­
tonensis, G. viola. The late Miocene assemblages re­
corded by Parker are very similar in general 
composition to those of the Pliocene and include the 
menardiform species G. merotumida, G. "plesiotum­
ida, " G. limbata, G. "pseudomiocenica." Globigeri­
na apertura, G. praebulloides, G. falconensis were 
recorded from the late Miocene, although they are not 
common. 

Southeastern gyral margin (Sites 12C, 139-141). 
Sites 12C, and 139-141 are located off the West Af­
rican coast between the Canary and Cape Verde Is­
lands. At the present time this region marks the north­
ern limits of menardiform and other tropical species 
on the eastern side of the North Atlantic. Near the 
north African coast, living assemblages include, along 
with the tropical and subtropical forms, numerous 
northern high-latitude forms which are displaced to 
the south by the clockwise movement of the Gyre 
(Cifelli and Benier, 1976). 

From Site 12C, Parker (1973) records early and mid­
dle Pliocene, but no late Miocene. From the Pliocene 
the same tropical associations occur here as in the 
equatorial and Caribbean sites. Pulleniatina obliqui­
loculata and Candeina nitida, not recorded at equa­
torial Site 25, are reported from Site 12C. The men­
ardiforms are well represented by G. tumida, G. 
miocenica, G. multicamerata, G. cultrata, G. exilis. 
Crassaform species are also well represented and in­
clude G. crassaformis, G. crotonensis, G. ronda, G. 
viola. There are also Globigerina species present, in­
cluding the high-latitude type form G. falconensis. 
However, as in the Pliocene tropical sites farther west, 
this species is sporadic in occurrence, never forming 
an important component of the assemblages. At Site 
12C, Pliocene assemblages have the same tropical as­
pect as those at the tropical sites farther west. They 
are not comparable to mixed, northern, tropical as­
semblages that inhabit the southeastern gyral margin 
today. 

The faunal lists given by Beckmann (1972) for Sites 
139-141 were prepared for a DSDP report and there­
fore are only partial. However, his lists do indicate 
the same type of tropical associations for the Pliocene 
as in Site 12C and previous tropical areas. The men­
ardiforms are represented by G. miocenica. G. per­
tenuis, G. multicamerata and G. tumida. Crassaform 
species are also present. Some middle to late Miocene 
was recorded from Site 141 where Beckmann recorded 
the menardiform species Globorotalia "cultrata." 

Eastern gyral margin and Mediterranean (Sites 135. 
136, 122, 124. 119). This region extends from the 
northern part of the north African coast to the Bay of 
Biscay. It also inc1udes the Mediterranean, which 
serves as a "bypass" for the southward flowing cur­
rents of the eastern margin of the ocean. The modern 
planktonic faunal composition of the Mediterranean is 
the same as that of the adjacent North Atlantic waters 
except that the Mediterranean supports somewhat 
fewer species (Cifelli, 1974). The fauna consists of a 
mixture of subtropical species characteristic of the 
North Atlantic Gyre and high-latitude, northern 
species that are displaced by the southward moving 
currents. Importantly, at these latitudes there is an 
absence of menardiform and other tropical species, 
except for rare expatriates. As mentioned previously, 
the northern limits of menardiform and other tropical 
species occur between the Cape Verde and Canary 
Islands on the eastern side of the North Atlantic. 

Menardiform species are also lacking throughout the 
Pliocene in the mid-latitude portion of the eastern 
north Atlantic and Mediterranean, according to the 
records presently available from DSDP sites (Beck­
mann, 1972; Cita, 1973; Berggren, 1972; Iaccarino and 
Salvatorini, in press). During the Pliocene, the men­
ardiform boundary on the eastern margin of the North 
Atlantic appears to have been located close to where 
it is today, between the Canary and Cape Verde Is­
lands. 

Excellent lower and upper Pliocene sections were 
recovered from Mediterranean Sites 122-124 and the 
faunas were recorded in detail by Cita (1973). These 
faunas consist of a rich association of extant and ex­
tinct species showing a subtropical-northern aspect 
similar to what is found in the Mediterranean today. 
Cita reported the following extant species from the 
Mediterranean sites: 

Northern Subtropical 

Globigerina Globigerinella 
bulloides aequilateralis 

Globigerina Globigerinoides 
quinqueloba conglobatus 

Globigerina Globigerinoides 
pachyderma ruber 
(sensu lato) Globigerinoides 

Globorotalia trilobus 
inflata Globorotalia 

crassaformis 
Orbulina 

universa 

All of the northern forms found in the Pliocene in­
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habit the Mediterranean today. Among the subtropical 
forms, however, Globigerinoides conglobatus and 
Globorotalia crassaformis are presently excluded. It 
is not clear why these species disappeared from the 
Mediterranean since the end of the Pliocene, but they 
may have been victims of increasing stress conditions 
that inhibit diversity. During the Pliocene, the Medi­
terranean supported a higher diversity than it does to­
day if total fauna (extant plus extinct species) is con­
sidered. For example, the Pliocene assemblages 
recorded by Cita (1973) from Site 124 contain between 
16-24 species, while the living assemblage from the 
western Mediterranean contains only 16 species (Ci­
felli, 1974). 

Tropical forms have not been completely excluded 
from this region since the Miocene. Sphaeroidinella 
dehiscens occurs sporadically in the Pliocene of the 
Mediterranean and rare species of Globorotalia men­
ardii (sensu lato) have been recovered there in plank­
ton tows (Cifelli, 1974). Also, Sphaeroidinella dehis­
cens, Pulleniatina obliquiloculata and Globorotalia 
tumida have been recorded sporadically in the Pleis­
tocene at Site 398 near the Iberian Coast (Iaccarino 
and Salvatorini, in press). However, the occasional 
intrusion of these southern expatriates should not de­
tract from the dominantly non-tropical aspect of the 
post-Miocene faunas. Indeed, considering the mixing 
possibility of the ocean, it is somewhat surprising that 
they are not found more commonly. 

The Miocene faunas differ markedly from those of 
the Pliocene because they have distinct tropical affin­
ities, with a strong development of menardiform 
species. Mazzola (1971) lists G. cultrata, G. miozea, 
G. cibaoensis, G. merotumida, G. menardii for the 
late Miocene (Tortonian). Menardiform taxonomy is 
in a state of flux, but Mazzola's list and figures give 
an idea of the diversity of the group in the late Mio­
cene. Menardiforms persist in the Mediterranean into 
the Messinian (Gla~on and Rehault, 1973). During the 
Messinian, the G. conomiozea makes a brief, enig­
matic appearance (d'Onofrio and others, 1975). 

Outside of the Mediterranean, in the adjacent North 
Atlantic waters, some upper Miocene was recovered 
at Site 135. Only a partial faunal list was given, but 
the late Miocene association recorded by Beckmann 
(1972) appears of tropical aspect, similar to those of 
other regions, and includes the menardiform G. "cul­
trata. " 

The upper Miocene from the Bay of Biscay (Site 
119) yielded mostly undiagnostic assemblages that 
were impoverished in species. Berggren ( 1972) record­
ed Orbulina universa, Globigerinoides sp., Globige­

rina bulloides. Berggren also recorded Globorotalia 
miozea, G. conoidea, but no true, flattened, menar­
diform species. However, in the more recent drilling at 
Site 398, Globorotalia merotumida and G. "cultrata" 
have been reported from the late Miocene (Iaccarino 
and Salvatorini, in press). 

North of gyral margin: eastern side (Site 116). The 
region north of the North Atlantic Gyre on the eastern 
side of the ocean is represented by Site 116 in the 
Hatton-Rockall Basin, located to the northwest of the 
British Isles. This region lies in the path of the North 
Atlantic Current which is formed from the northern 
branch of the Gulf Stream. The North Atlantic Current 
is the eastern arm of the counterclockwise circulation 
of the high latitudes in the North Atlantic. At the pres­
ent time these waters support a typically northern fau­
na composed of Globigerina bulloides, G. incompta, 
G. egelida and Globorotalia infiata. The fauna differs 
from the one farther south, on the eastern margin of 
the Gyre, in its lack of subtropical forms (Cifelli, 
1974). Also lacking is the polar species G. pachyderma 
(sensu Cifelli, 1974) which characterizes the fauna of 
high-latitude waters on the western side of the ocean. 

At Site 116, early and late Pliocene planktonic as­
semblages were recorded in detail by Poore and Berg­
gren (1975). The assemblages closely resemble the liv­
ing assemblages of the region and show a strong 
dominance of Globigerina species which include the 
extant forms G. bulloides, G. pachyderma (sensu 
lato), G. quinqueloba (=G. egelida). Globorotalia in­
fiata also is present, but only in the uppermost part of 
the Pliocene. Unlike the modern fauna of this region, 
however, the Pliocene also includes some extant sub­
tropical forms. Among these are Globorotalia cras­
saformis, Orbulina universa, Globigerinella aequilat­
eralis. In addition, Globorotalia margaritae, an 
extinct species very close morphologically to G. hir­
suta, was recorded. Globigerinoides is represented 
only by the extinct species G. obliquus. Subtropical 
species are less well represented in the Pliocene of 
Site 116 than in the Pliocene of the Mediterranean, or 
possibly, Sites 119 and 398 in the Bay of Biscay. 
Nevertheless, they are conspicuous faunal elements 
that are lacking in waters of this region today. 

In the late Miocene, Globigerina species are also 
important components of the assemblages. However, 
warm-water forms are better represented than in the 
Pliocene. Globigerinoides trilobus was recorded, 
along with Orbulina universa. Importantly, menardi­
forms also occur in the late Miocene, represented by 
Globorotalia menardii (sensu lato). 

North of gyral margin; western side (Sites lILA, 
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112A). The western side of the high-latitude North 
Atlantic is represented by Sites lIlA, l12A, located 
in the Labrador Sea. This side of the ocean is presently 
more frigid than the eastern side, as it is fed by the 
southward flow of the Labrador current, and is iso­
lated from Gulf Stream influence. The living fauna is 
typically polar, consisting predominantly of Globige­
rina pachyderma (sensu stricto) with few individuals 
of G. bulloides and G. egelida. G. incompta and Glo­
borotalia infiata have not been observed in these polar 
waters (Cifelli, 1973). 

The early and late Pliocene assemblages recorded 
from Sites lIlA, Il2A by Poore and Berggren (1974) 
are remarkable for their striking contrast to the mod­
ern fauna of the Labrador Sea. Far from polar in as­
pect, these assemblages show strong tropical affinities 
for much of the Pliocene, especially in the early part. 
Menardiforms occur in variety, and include Globoro­
talia multicamerata. G. miocenica, G. pseudomiocen­
lea, G. exilis, G. menardii (sensu lato). Also, early 
Pliocene assemblages include the extant tropical 
species G. tumida and Sphaeroidinella dehiscens. 
Crassaform species are represented by G. crassafor­
mis and G. crassula. Globigerinoides species include 
G. trilobus, G. ruber, G. conglobatus. Globigerinella 
aequilateralis was also recorded. 

Associated with the above warm-water species are 
numerous representatives of Globigerina, most nota­
bly G. bulloides and the extinct form G. atlantica. 
Through the early Pliocene and part of the late Plio­
cene the assemblages appear to be composed of trop­
ical, subtropical and northern mixtures, like those 
found in the present Gulf Stream, presently located 
over 10° farther to the south. 

In the late Pliocene the warm-water forms diminish, 
but do not disappear. Only at one interval, at Site lIlA 
in part of core 6, do the assemblages approach a polar 
aspect. Above core 6, however, the assemblages re­
vert to a non-polar aspect; for example, Globigerina 
pachyderma (left-coiled) is not the dominant species 
and the assemblages more closely resemble modern 
slope-water types. In Core 112, a polar aspect appears 
to be lacking throughout. 

Western gyral margin (Sites 102,103,106). The gap 
between Labrador and the Caribbean on the eastern 
side of the ocean is filled by Sites 102, 103, 106 which 
lie close to the present path of the Gulf Stream. Sed­
iments of late Miocene and Pliocene age recovered 
from these sites consist of stiff, dark-colored mud, ap­
parently deposited close to the continental margin at 
a rapid rate. Foraminifera are generally scarce, but 
show tropical affinities. At Site 106 the Pliocene men­

ardiforms are represented by Globorotalia mlocenica 
and G. multicamerata (Poag, 1972). In addition, Glo­
bigerinoides trilobus, G. ruber, G. crassaformis and, 
importantly, Sphaeroidinella dehiscens are also pres­
ent, although not listed in the DSDP report. In the late 
Miocene the menardiforms include Globorotalia ci­
baoensis and G. plesiotumida. Sites 102 and 103 con­
tain more diverse assemblages than does Site 106. The 
Pliocene menardiforms include G. multicamerata, G. 
limbata, G. miocenica, G. "cultrata." Late Miocene 
menardiforms are represented by G. cibaoensis, G. 
plesiotumida, G. merotumlda. 

SUMMARY 

Much more information on faunal assemblages from 
key parts of the circulation is necessary before the 
oceanographic conditions of the North Atlantic during 
the late Cenozoic can be confidently assessed. Never­
theless, even at this early stage of investigation it is 
clear that the distributional patterns of planktonic fo­
raminifera have changed dramatically in the North 
Atlantic since the late Miocene (Cifelli, 1976). Inter­
pretations of the changes may differ, but there is no 
denying that important changes have occurred. 

During the late Miocene, and earlier too, the men­
ardiform species extended far beyond their present 
range. Not only do they occur in the tropics and along 
the western margin of the ocean, where they might be 
expected, but also in the core of the present Gyre and, 
moreover, at high latitudes on the eastern margin of 
the ocean. They flourished in the Mediterranean and 
are well represented in the adjacent eastern North 
Atlantic waters. They also occur in the Miocene near 
the Bay of Biscay and as far north as lat 57°N. in the 
Hatton-Rockall Basin. 

Importantly, the late Miocene menardiforms occur 
in association with other warm-water types of species, 
even at high latitudes. Only at the northernmost re­
corded locality (Site 116) do high-latitude types of 
species dominate the assemblages. But even there, 
warm-water forms are well represented. Therefore, 
there appears to be no reason to suspect that the hab­
itat preference of menardiforms has changed appre­
ciably since the Miocene. 

The extended range of menardiforms implies that 
the limits of warm gyral and tropical waters were 
greatly expanded during the late Miocene with the 
Hatton-Rockall Basin (Site 116) located near the gyral 
margin, but with such a northerly gyral margin, where 
could cold waters (comparable, say, to present slope 
waters) have existed? To our knowledge, late Miocene 
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FIGURE 3a 


Present gyral circulation of the North Atlantic (After Tchernia, 1969, Ocean Adantique, figs. 8-18) 


FIGURE 3b 


Inferred circulation of the North Atlantic during the Pliocene. 


assemblages that could be classified as polar, or even 
truly temperate (i.e., totally lacking in subtropical 
forms), have not yet been recognized in the North 
Atlantic. The North Sea region seems the most likely 
place for their occurrence. North of the Hatton-Rock­
all Basin the ocean tends to become land-locked and 
space that might have been occupied by cold water is 
restricted. 

A retreat of the menardiforms to lower latitudes be­
comes clearly visible in the early Pliocene, although 
it probably started towards the close of the Miocene. 
Termination of menardiforms and tropical affinities in 
the Mediterranean at the end of the Miocene has been 
reorganized for a number of years. Beginning in the 
Pliocene, Mediterranean faunas display a modern type 
of association, consisting of a mixture of subtropical 
and northern species. It was once thought that men­
ardiform termination was due to Mediterranean iso­
lation, but the menardiforms also disappeared along 
the entire eastern margin of the ocean north of the 
Canary Islands. Pliocene faunas of this region consist 
of a mixture of subtropical and northern species. Sub­
tropical species persist as far north as the Hatton­
Rockall Basin, so that the fauna of that northerly re­
gion still showed a warmer aspect that it does today, 
though less so than in the late Miocene. 

Menardiform limits on the eastern margin of the 

ocean during the Pliocene were located close to their 
present position, between the Canary and Cape Verde 
Islands. Faunas from this region have a distinctly trop­
ical aspect and are fully comparable to Pliocene faunas 
of the equatorial and Caribbean regions. 

In the western part of the ocean, menardiform dis­
tribution remained extended, and early Pliocene fau­
nas have the same tropical character as in the late 
Miocene. Early and late Pliocene faunas in the core 
of the present Gyre are distinctly tropical, with abun­
dant menardiforms, suggesting a tropical displacement 
of about 10° since the beginning of the Recent. Men­
ardiform and other tropical species extend all along 
the western margin of the ocean, as far north as the 
Labrador Sea. The faunal contrast during the Pliocene 
between the western margin of the ocean, with a dis­
tinct tropical aspect and the eastern margin with a non­
tropical aspect is very striking. Latitude is generally 
regarded as the limiting factor in plankton distribution 
but longitude is equally important in the North Atlan­
tic for the Pliocene, especially the early Pliocene. The 
modern fauna, of course, shows a similar asymmetry 
in distribution of tropical forms around the margin of 
the ocean but there is considerably less northward dis­
placement along the western side. The early Pliocene 
assemblages in the Labrador Sea are Gulf-Stream type 
associations (Poore and Berggren, 1974) which implies 
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that the western gyral margin was located about 10° 
or more farther north than it is now. Therefore, mod­
ernization in plankton biogeography occurred during 
the early Pliocene, but in a rather distorted fashion, 
as conditions on the western side of the ocean appear 
to have remained largely the same as they were in the 
late Miocene. Retraction on the western side occurred 
in the late Pliocene, but it appears that it was not until 
the Pleistocene that warm-water forms completely 
ceased penetrating into the Labrador Sea. 

In Fig. 3 we attempt a rough approximation of early 
Pliocene circulation and a comparison with modem 
circulation. The core of the Gyre must have been lo­
cated well north, and probably east, of its present po­
sition. The western boundary may have been located 
in the present Labrador Sea, while the eastern margin 
was diffuse, as it is today. Probably some allowance 
should be made for the more pronounced asymmetry 
in distribution of tropical forms in the early Pliocene, 
but assessment at this time is difficult. As in the late 
Miocene, truly cold-water faunas have not yet been 
recorded in the North Atlantic early Pliocene. The 
Hatton-Rockall Basin faunas contain appreciable 
numbers of subtropical forms, and that area must have 
been relatively close to the Gyre during the early Plio­
cene. Because of the lack of cold-water faunas, we 
suspect that thermal gradients were weaker, and cir­
culation not as intense during the early Pliocene. 

SYSTEMATIC PALEONTOLOGY 

SOME REMARKS ON THE MENARDIFORM 

AND CRASSAFORM SPECIES 

Stainforth and others (1975) used the term "men­
ardiform" for a "group of Globorotalias having many 
features in common yet differing widely in aspects." 
The term "crassaform" can be used in a similar fash­
ion for another group of Globorotalias but in both in­
stances the difficulty is to define those features that 

characterize all species of each group. In our opinion, 
the clue to definition lies in ontogenetic development 
of chambers, as viewed from the spiral side. Viewed 
this way, a case can be made for ancestry of both 
groups from scituliform ancestors; the menardiforms 
from G. praescitula in the middle Miocene, the cras­
saforms from G. scitula (indirectly) in the early Plio­
cene. The ancestral condition represented by G. sci­
tula is shown in PI. 1, Fig. la, where chambers are 
isometric, i.e., there is no relative increase in chamber 
height with respect to test size as chambers are added. 
Chambers are symmetrical and crescent shaped 
throughout the entire test. This kind of chamber is 
found in the early ontogenetic stages of both menar­
diforms and crassaforms (Cifelli and Gla90n, 1978). In 
the crassaforms, very little deviation from isometric 
shape occurs, and only in the chambers of the periph­
eral whorl. In the menardiforms, however, chamber 
shape quickly becomes allometric during ontogeny, 
i.e., chamber height increases relative to the test size. 
Chambers are no longer symmetrical, but become ex­
panded, as the axial height of the chambers tends to 
project towards the direction of coiling (PI. 1, Figs. 
2c, 3c, 4c, 5b, 6c; PI. 2, Figs. la, 2a, 3a, 4b, 5a). 

Globorotalia scitula (Brady) 
PI. 1, Fig. la-c 

Pulvinulina scitula BRADY, 1882, p. 716-717 (no figure). 
Globorotalia scitula (Brady). BANNER and BLOW, 1960, p. 27, pI. 

5, fig. 5a-c (lectotype). 

Globorotalia scitula retains the ancestral characters 
of G. praescitula. Chambers are symmetrical and 
crescent shaped throughout the test and a partially 
imperforate band is developed. However, in G. scitula 
the imperforate band surrounds the periphery (PI. 1, 
Fig. Ib) while in G. praescitula it occurs adjacent to 
the periphery on the umbilical side (Bizon and Gla90n, 
1978, pI. 1, fig. 1). 

PLATE 1 
1a-c 	 Globorotalia scitula (Brady). FC 24. Late Pliocene. a. Spi­

ral view. b. Profile. Arrow points to partially imperforate 
band surrounding peripheral margin. c. Umbilical view. 
x 109. USNM 282803. 4a-c 

2a-d 	 Globorotalia menardii (Parker, Jones and Brady). Dr 10­
P2. Late Miocene. 2a. Umbilical view. Arrow points to 
imperforate band. 2b. Profile. 2c. Spiral view. 2d. Part of 
(N-2) chamber enlarged to show imperforate band (ib). 6a-c 
2a-c. x80. 2d. x 133. USNM 282804. 

3, 5 	 Globorotalia menardii (Parker, Jones and Brady). FC 26. 

Early Pliocene. 3. 3a. Umbilical view. Arrow points to mar­

gin of keel showing absence of imperforate band. 3b. Profile 

view. 3c. Spiral view. x77. 5. 5a. Profile. 5b. Spiral view. 

5c. Umbilical view. x99. USNM 282805, 282806. 

Globorotalia plesiotumida Banner and Blow. Dr 10-P2. 

Late Miocene. 4a. Umbilical view. Arrow points to par­

tially imperforate band. 4b. Profile. 4c. Spiral view. x 100. 

USNM 282807. 

Globorotalia merotumida Banner and Blow. Dr 10-P2. Late 

Miocene. 6a. Profile. 6b. Umbilical view. Arrow points to 

partially imperforate band. 6c. Spiral view. x 115. USNM 

282808. 
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Globorotalia menardii (Parker, 

Jones and Brady, 1865) 


ex d'Orbigny 

PI. I, Figs. 2a-d, 3a-c, 5a-c 


Rotalia (Rotalie) menardii D'ORBIGNY, 1826, p. 273 (nomen nu­
dum). 

Rotalia menard;; PARKER, JONES and BRADY, 1865, p. 20, pI. 3, fig. 
81 (part). 

Globorotalia menardii (Parker, Jones and Brady). STAINFORTH and 
others, 1975, p. 371, figs. 178, 179. 

We support the proposal of Stainforth and others 
(1975) to retain Globorotalia menardii as the name "for 
the Miocene (and younger) menardiform species com­
monly recorded under this name in the Mediterranean 
area. " This 'species is distinguished from the modern 
menardiform G. cultrata by its more tightly coiled 
chambers, thicker profile and less lobulate outline, 
particularly in the first chambers of the peripheral 
whorl. Globorotalia cultrata appears to be a species 
of quite recent origin, probably no older than Pleis­
tocene. 

Globorotalia menardii was recorded from sediments 
of both late Miocene and early Pliocene age at the 
present site. Specimens compare very well with Glo­
borotalia form 5 of Tjalsma (1971) from the late Mio­
cene of Guadalquivir Basin, Spain. At the present site 
the Pliocene specimens are slightly more lobulate and 
loosely coiled, but difficult to distinguish from the 
Miocene form. However, the Pliocene form lacks the 
imperforate band, which is clearly seen in the Miocene 
form. Possibly a taxonomic distinction should be made 
on this basis, but additional material needs to be ex­
amined. 

Globorotalia plesiotumida Banner and Blow 

PI. 1, Fig. 4a-c 


Globorotalia tumida plesiotumida BLOW AND BANNER in Banner 
and Blow, 1965, p. 1,353, fig. 2a-c. 

Some individuals from Dr IO-P2 appear referable to 
this species. The ovate outline, with somewhat elon­
gated final chambers is in close agreement with the 

holotype. In the present specimens, however, the um­
bilicus is slightly more open than in the holotype. An 
imperforate band is visible, but weakly developed on 
the keel margin of the umbilical side of the final cham­
bers. 

Globorotalia merotumida Blow and Banner 

PI. 1, Fig. 6a-c 


Globorotalia merotumida BLOW AND BANNER in Banner and Blow, 
1965, p. 1,352, fig. la-c. 

This species closely resembles the young stages of 
Globorotalia menardii, and distinction is sometimes 
difficult. However, some of our specimens appear 
identical with the holotype of G. merotumida and we 
assign them to that species. The imperforate band 
along the keel margin is sharply defined, but intermit­
tent in occurrence on the final chambers. 

Globorotalia pertenuis Beard 

PI. 2, Fig. la-c 


Globorotalia pertenuis BEARD, 1969, p. 552-553, pI. 1, figs. 1-6; pI. 
2, figs. 5-6. 

Like Globorotalia exilis Blow and G. multicamer­
ata Cushman and Jarvis, this species is characterized 
by having more than five chambers in the peripheral 
whorl. However, it can be distinguished from the latter 
two species by its flaring apertural lip which extends 
into the umbilical area (Pl. 2, Fig. 2a-c). It also has a 
thinner test and more lobate keel. 

Globorotalia pertenuis-exilis 

intermediate form 


PI. 2, Fig. 2a-c 


Some individuals closely resemble Globorotalia 
pertenuis and have a projecting lip on the final cham­
ber, but this lip does not quite extend to the umbilical 
area. Also, limbate portion of septal sutures on the 
spiral side is concealed by overlap of succeeding 
chambers in the final portion of the test. This feature 

PLATE 2 

la-c Globorotalia pertenuis Beard. FC 24. Late Pliocene. la. Spi­ Spiral view. 3b. Profile. 3c. Umbilical view. x93. USNM 

ral view. lb. Profile. Ic. Umbilical view. x70. USNM 282811. 
282809. 4a-c Globorotalia multicamerata Cushman and Jarvis. Dr to-PI. 

2a-c Globorotalia pertenuis-exilis intermediate. FC 24. Late Plio­ Early Pliocene. 4a. Umbilical view. 4b. Spiral view. 4c. 
cene. 2a. Spiral view. 2b. Umbilical view. 2c. Profile. 2a-b. Profile. x80. USNM 282812. 
x77. 2c. x93. USNM 282810. 5a-c Globorotalia praemiocenica Lamb and Beard. Dr to-PI. 

3a-c Globorotalia miocenica Palmer. FC 24. Late Pliocene. 3a. Early Pliocene. 5a. Spiral view. 5b. Umbilical view. 5c. 
Profile. x90. USNM 282813. 
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characterizes G. exilis (Stainforth and others, 1975, p. 
349). 

Globorotalia multicamerata Cushman 

and Jarvis 


PI. 2, Fig. 4a-c 


Globorotalia multicamerata CUSHMAN AND JARVIS, 1930, p. 367, 
pI. 34, fig. 8. 

Specimens show some signs of dissolution but are 
distinguishable from G. pertenuis by their thicker, 
more compact test and more robust keel which is 
rounded in early part of peripheral whorl. 

Gloroborotalia praemiocenica Lamb and Beard 

PI. 2, Fig. 5a-c 


Globorotalia praemiocenica LAMB AND BEARD, 1972, p. 55, pI. 17, 
figs. 1-3, 6. 

Specimens mostly lack the final chamber, but they 
all have a conical spiral face, strong limbation of the 
spiral suture and they closely resemble the holotype 
of Globorotalia praemiocenica. 

Globorotalia miocenica Palmer 

PI. 2, Fig. 3a-c 


Globorotalia miocenica PALMER, 1945, p. 70, pI. 1, fig. lO. 

The present specimens have a distinct open umbi­
licus, but otherwise agree well with the holotype fig­
ure. The present individuals appear especially close to 
specimens of G. miocenica figured by Lamb and 
Beard (1972, pI. 16, fig. 1-4). Those specimens also 
show an open umbilicus. 

Globorotalia crassaformis 
(Galloway and Wissler) 

sensu lato 
PI. 3, Figs. 1-4 

Globigerina crassaformis GALLOWAY AND WISSLER, 1927, p. 41, 
pI. 7, fig. 12. 

The crassaform group is highly variable, but is not 
nearly as easy to divide taxonomically as the menar­
diforms. All crassaforms are characterized by a quad­
rate arrangement of quasi-scituline shaped chambers 
throughout all or most of the test; that is, there are 
four chambers per whorl and the chambers are sym­
metrically shaped, with no tendency towards allome­
try. Only in the final one or two chambers is there a 
deviation from this pattern. Final chambers may be­
come kummerform, lobulate or even somewhat en­
larged. The change in shape of the last chamber often 
gives a different appearance to the whole test. For 
example, the specimens shown in PI. 3, Figs. la-c and 
2a-c compare favorably with Globorotalia crassafor­
mis hessi Bolli and Premoli Silva (1973, p. 476). How­
ever, if these specimens are viewed without the final 
chamber, they are inseparable from the specimen fig­
ured in PI. 3, Fig. 3a-c which compares favorably with 
Globorotalia crassacrotonensis Conato and Follador 
(1967, p. 36-37, figs. 3,4). Also, the specimen shown 
in PI. 3, Fig. 4a-c has five chambers in the peripheral 
whorl and compares favorably with Globorotalia cras­
saformis ronda Blow (1969, p. 388, fig. 4-6; pI. 37, fig. 
6-9). However, if the final chamber is removed, the 
specimen becomes inseparable from the Globorotalia 
crassacrotonensis type shown in PI. 3, Fig. 3a-c. 

Globorotalia crotonensis 

Conato and Follador 


PI. 3, Fig. 5a-c 


Globorotalia crotonensis CONATO AND FOLLADOR, 1967, p. 556, 
fig. 1; figs. n-l, 2. 

In the material studied most of the crassaforms are 
thick walled and encrusted to some degree. The thin­
walled crassaforms tend to be rather small and less 
umbilically conical than the thickened forms. The thin­
walled form shown in PI. 3, Fig. 5a-c, compares fa­
vorably with the figure of the holotype of Globorotalia 
crotonensis. Like the holotype, this form is slightly 

PLATE 3 
la-c 	 Globorotalia crassaformis Galloway and Wissler sensu lato. bilical view. x 107. This specimen compares well with Glo­

FC 24. Late Pliocene. la. Spiral view. lb. Profile. lc. Um­ borotalia crassacrotonensis Conato and Follador. USNM 
bilical view. x 67. This specimen resembles but is not iden­ 282816. 
tical with Globorotalia crassaformis hessi Bolli and Premoli 4a-c Globorotalia crassaformis Galloway and Wissler sensu lato. 
Silva. USNM 282814. FC 24. Late Pliocene. 4a. Umbilical view. 4b. Profile. 4c. 

2a-c 	 Globorotalia crassaformis Galloway and Wissler sensu lato. Spiral view. x 100. This specimen resembles but is not iden­
FC. 24. Late Pliocene. 2a. Spiral view. 2b. Profile. 2c. Um­ tical with Globorotalia crassaformis ronda Blow. USNM 
bilical view. x 100. This specimen resembles but is not iden­ 282817. 
tical with Globorotalia crassaformis hessi Billi and Premoli 5a-c Globorotalia crotonensis Conato and Follador. FC 24. Late 
Silva. USNM 282815. Pliocene. 5a. Umbilical view. 5b. Profile. 5c. Spiral view. 

3a-c 	 Globorotalia crassaformis Galloway and Wissler sensu lato. x 134. USNM 282818. 
FC 24. Late Pliocene. 3a. Spiral view. 3b. Profile. 3c. Um­
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biconvex. However, the relationships of Globorotalia 
crotonensis are not clear. This species occurs com­
monly in association with Globorotalia crassafor­
mis and may represent an uncrusted form of that 
species. Both Stainforth and others (1975) and Barbieri 
(1971) consider G. crotonensis and G. aemiliana to be 
synonyms. 
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