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ABSTRACT

Several upper Paleogene species of Chiloguembelina
have an internal apertural plate that is very similar to
the internal plate typical of the Neogene genus Strep-
tochilus. The type species of Chiloguembelina, C. mid-
wayensis midwayensis (Cushman), however, lacks any
internal apertural structure or modifications. There-
fore, the following “Chiloguembelina”, which have an
internal plate, are assigned to Streptochilus: S. cu-
bensis (Palmer), S. martini (Pijpers) and S. sp. aff. S.
martini.

INTRODUCTION

Cenozoic biserial planktonic foraminifers are grouped
into two genera. Paleogene forms are referred to Chi-
loguembelina and Neogene forms are referred to Strep-
tochilus. As presently defined and understood, the two
are primarily differentiated by apertural features. Chi-
loguembelina is characterized by a simple rimmed ap-
erture without an infolded margin or internal plate
(Bronnimann and Resig, 1971; Beckmann, 1957). In
contrast, the aperture of Streptochilus has an internal
plate that is formed by the infolding and downward
extension of one margin of the rimmed aperture (Bron-
nimannn and Resig, 1971; Resig and Kroopnick, 1983).

In the course of a reconnaissance study of upper
Paleogene biserial planktonic foraminifers, however,
we have found that an internal apertural plate is a
consistent feature in several species of Chiloguembe-
lina. We have also found that upper Paleogene Chil-
oguembelina exhibit two basic types of surface texture;
one of which is nearly identical to the surface texture
of Streptochilus. Thus, the separation of Chiloguem-
belina and Streptochilus requires reevaluation.

The purpose of this note is to document the apertural
and surface texture features we have noted in upper
Paleogene Chiloguembelina, and to show how these
data warrant extension of the range of the genus Strep-
tochilus into the Paleogene. Results reported here are
based on study of biserial forms in upper Eocene and
Oligocene samples from Deep Sea Drilling Project Sites
(DSDP) 366, 522 (Atlantic Ocean), and Eureka Core
E-67-128 (Gulf of Mexico), middle Eocene through
Oligocene samples from DSDP Site 317 (Pacific Ocean)
and from upper Paleocene samples from DSDP Site
524 (Atlantic Ocean) and 577 (Pacific Ocean). A JOEL
JSM-35C was used for the scanning electron micro-
scope work. Illustrated specimens are deposited in the
Cushman Collection of the U.S. National Museum.

APERTURAL AND SURFACE TEXTURE
FEATURES

INTERNAL PLATE

Chiloguembelina examined during this study exhibit
arched, highly asymmetrical to symmetrical apertures
that are bordered by a distinct rim or collar. In most
specimens the aperture is infolded on one side and the
apertural rim extends inside the aperture and down to
connect with the rim of the preceding aperture, thus
forming an internal plate (Pl. 1, Figs. 6, 11). The in-
ternal plate observed in upper Paleogene Chiloguem-
belina (this study) and in Neogene Streptochilus (Bron-
nimann and Resig, 1971; Resig and Kroopnick 1983)
differs from a tooth plate in that the internal plate of
these biserial planktonic foraminifers does not extend
out into the aperture. Our studies to date have focused
on three taxa: “Chiloguembelina” martini (Pijpers),
“C.” sp. aff. “C.” martini and “C.” cubensis (Palmer).
Although internal plates occur in all three of these taxa,
the details of the internal plates show variation be-
tween and within taxa.

The aperture of “Chiloguembelina” martini has a
prominent rim along its margin. The lower portion of
one margin is infolded and the rim extends straight
down to and along the infolded margin of the previous
aperture (Pl. 1, Fig. 6). A straight internal plate that
connects the infolded margins of successive apertures
appears to be a uniform feature in “C.” martini. Com-
parison of PlL. 1, Fig. 6 with Pl. 1 of Resig and Kroop-
nick (1983) shows that the internal plate of “Chilo-
guembelina” martini is identical to the internal plate
of Streptochilus.

In contrast, the internal plate of “Chiloguembelina”
sp. aff. “C.” martini usually intersects the rim of the
previous aperture near the middle of the loop-like
opening. The aperture of this form is usually slanted
towards alternate sides of the test, and the internal plate
in these specimens intersects the previous aperture at
a distinct angle forming a herringbone pattern (PL. 1,
Fig. 11). The orientation and shape of the aperture of
“Chiloguembelina” sp. aff. ““C.” martini are quite vari-
able. Some individuals have a broadly oval, almost
subcircular aperture that is strongly slanted towards
one side of the test (PL. 1, Fig. 15), whereas other in-
dividuals have more elongated and slightly slanted ap-
ertures (Pl. 1, Figs. 9, 10, 12, 13). Some individuals
exhibit very narrow, elongated apertures that are al-
most parallel to the long axis of the test. These latter
forms closely approach the external and internal mor-
phology of “Chiloguembelina’ martini (Pl. 1, Fig. 14).
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The development of an internal plate in “Chilo-
guembelina” cubensis is very variable. Figures 7, 8, 12,
and 13 of Pl. 2 show that the internal plate of “C.”
cubensis can be attached near the infolded or the pro-
truding side of the previous aperture. The position of
the internal plate can change within individual speci-
mens. Commonly, the attachment point of the internal
plate progressively migrates away from the infolded
edge of the previous chamber during ontogeny (Pl. 2,
Fig. 8). In some cases, this trend results in the absence
of an internal plate in the last formed chambers (Pl. 2,
Fig. 7).

Differences in the position of the internal plate are
associated with a wide range of variation in the ap-
erture of “Chiloguembelina” cubensis. Highly arched,
strongly asymmetrical apertures that are restricted to
one side of the test (Pl. 2, Figs. 1, 2) coincide with
internal plates that are attached at or near the infolded
edge of the previous aperture. Broad, low-arched, but
still clearly asymmetrical apertures (Pl. 2, Fig. 3), co-
incide with internal plates that are attached near the
protruding edge of the previous aperture. Broad, slight-
ly asymmetrical to symmetrical apertures (Pl. 2, Figs.
4-7) occur when an internal plate is absent. In addition
to variability in the symmetry and extent of its aper-
ture, “Chiloguembelina” cubensis can also develop
multiple apertures (Pl. 2, Figs. 9, 11, 12). Multiple
apertures appear to be a modification of broad, slightly
asymmetrical to symmetrical apertures (Pl. 2, Fig. 12).

SURFACE TEXTURE

Two basic types of surface texture occur on upper
Eocene and Oligocene “Chiloguembelina.” One type
is characteristic of “Chiloguembelina™ cubensis where-
as the other type is characteristic of “C.” martini.

The youngest chambers of well-preserved ““Chilo-
guembelina” cubensis have a smooth, more or less
uniformly perforate surface, that has numerous small,
randomly oriented pustules interspersed among the
pores (Pl. 2, Fig. 10). On progressively older, more
calcified chambers, the individual pustules of calcite
tend to grow and coalesce into paraliel ridges with pores
being concentrated between the ridges (Pl. 2, Figs. 3—
6). Heavily calcified specimens develop very promi-
nent ridges that impart a striated appearance to the

test (Pl. 2, Fig. 6). The striated surface texture of heavi-
ly calcified “Chiloguembelina™ cubensis is very similar
to the striated surface texture of several species of Cre-
taceous biserial planktonic foraminifers (for example,
Smith and Pessagano, 1973, PL. 5 and 9).

The second basic type of surface texture is illustrated
by “Chiloguembelina” martini. The youngest cham-
bers of well-preserved specimens have a very fine gran-
ular surface with irregularly spaced small pores. The
test surface lacks any indicaticns of discrete pustules
or other structures. Pores on older chambers of most
specimens generally increase in size, and selected pores
on some specimens are quite enlarged (Pl. 1, Figs. 1-
4). Increased calcification on older chambers results in
a coarser granular texture which may constrict and
even totally obscure pores on the oldest chambers of
the test. In rare heavily encrusted specimens, a very
coarse granular texture covers the entire test including
the ultimate chamber (PI. 1, Fig. 7).

We have not observed any evidence for the devel-
opment of ridges or other raised structures on the test
surface of “Chiloguembelina” martini. In fact, en-
crusted specimens of “Chiloguembelina” martini are
sparse; more commonly, specimens show indications
of etching and exfoliation of the test surface. Granular
surface texture is also typical of “Chiloguembelina’ sp.
aff. ““C.” martini. The similarity of surface texture and
the morphologic gradation between *“Chiloguembeli-
na” martini and “C.” sp. aff. “C.”” martini suggest that
these two forms represent subspecies rather than sep-
arate species. We prefer to delay formal classification
and description of “Chiloguembelina’ sp. aff. <“C.”
martini until additional information is obtained on its
stratigraphic and geographic range.

Whereas one of the two basic surface texture types
is characteristic of most individuals, some individuals
exhibit features of both. For example, the minute
“Chiloguembelina” shown on Pl. 2, Fig. 14 has gran-
ular surface texture, but pustules occur on the ultimate
and penultimate chambers.

The granular surface texture typical of ““Chiloguem-
belina” martini is very similar to the surface texture
observed on most species of Streptochilus. In addition,
the selective enlargement of pores, presumably by dis-
solution, seen in “Chiloguembelina” martini also oc-
cursin Streptochilus(e.g., Bronnimann and Resig, 1971,

PLATE 1

Figures 1-7, Streptochilus martini (Pijpers). 1 Side view, DSDP Site 522 37, core catcher, upper Eocene; scale bar = 30 uym. 2, 3 Detail of
Fig. 1, note enlargement of pores on older chambers of the test and granular secondary calcite at apex; scale bar = 10 um for both. 4, 5 Edge
views of different specimens, DSDP Site 522 37, core catcher; scale bar = 30 um. 6 Dissected specimen, note internal plate connecting infolded
margins of adjacent chambers, E-67-128, 5,192 ft.; lower Oligocene; scale bar = 10 um. 7 Detail of final chamber showing course granular
surface texture, DSDP 522 38-2, 32-34 cm.; upper Eocene; scale bar = 10 um.

Figures 8-16, Streptochilus sp. aff. S. martini (Pijpers). 8 Edge view, E-67-128, 5,192 ft; upper Eocene; scale bar = 10 um. 9 Edge view,
DSDP 317B 39-5, 90-93 cm; middle Eocene; scale bar = 10 pm. 10 Detail of Fig. 9, note infolded margin of aperture and granular surface
texture; scale bar = 10 um. 11 Dissected specimen showing internal plate, E-67-128, 5,212 ft.; upper Eocene; scale bar = 10 um. 12, 13 Edge
views, DSDP 317B 39-5, 90-93 cm; middle Eocene; scale bar = 10 um for Fig. 12 and 50 gm for Fig. 13. 14 Dissected specimen, E-67-128,
5,194 ft.; upper Eocene; scale bar = 50 um. 15 Edge view, E-67-128, 5,192 fi.; lower Oligocene; scale bar = 50 um. 16 Detail of Fig. 15,

compare surface texture with Fig. 3; scale bar = 10 um.
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Pl 51, Figs. 1 and 3; Saito and others, 1981, PL. 55).
Thus, both apertural features and test surface texture
link upper Paleogene “Chiloguembelina” and Strep-
tochilus.

CHILOGUEMBELINA OR STREPTOCHILUS

Hofker (1963) reported tooth plates in several species
of Chiloguembelina including the type species, C. mid-
wayensis (Cushman). When they defined Streptochilus,
Brénnimann and Resig (1971, p. 1265) rejected Hof-
ker’s report and concluded, primarily on the basis of
their own examination of “Chiloguembelina’ cubensis,
that Chiloguembelina has a simple aperture without
an infolded margin, a tooth plate or other type of in-
ternal modification. Our study indicates that Hofker
(1963) was at least partly correct, and we surmise that
Bronnimann and Resig (1971) were misled by the ten-
dency of “Chiloguembelina” cubensis 1o develop a
simple aperture in the final one or two chambers of its
test. In order to check the validity of Streptochilus, we
looked for internal structures in Chiloguembelina mid-
wayensis. Relatively well-preserved specimens from
the upper Paleocene of DSDP Sites 524 and 577 show
that, although one margin of its aperture is infolded,
Chiloguembelina midwayensis does not have an inter-
nal plate or other type of internal modification con-
necting successive apertures (PL. 2, Figs. 15, 16).

Therefore, we conclude that both Chiloguembelina
and Streptochilus are valid genera. Paleogene biserial
planktonic foraminifers with an internal plate should
be assigned to Streptochilus whereas those that lack an
internal plate should be retained in Chiloguembelina.
We regard the variable internal structure of Strepro-
chilus cubensis as evidence of a primitive internal plate

and thus, S. cubernsis may represent the transition from
Chiloguembelina to Streptochilus. Our limited study
indicates that Chiloguembelina evolved into Strepto-
chilus through development of an internal plate prior
to the late Eocene. Additional work is required to es-
tablish the stratigraphic limits of Chiloguembelina and
Streptochilus.
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PLATE 2

Figures 1-13, Streptochilus cubensis (Palmer). 1 Edge view, E-67-128, 5,191 ft.; lower Oligocene; scale bar = 10 gm. 2 Detail of Fig. 1, note
infolded margin of aperture; scale bar = 10 um. 3-8 Edge views, E-67-128, 5,083 ft.; lower Oligocene; scale bars = 100 um. 6 Edge view of
heavily calcified specimen, DSDP 366A 37-3, 34-38 cm; lower Oligocene; scale bar = 100 um. 7 Dissected specimen, note internal plate is
present in older chambers but is absent in youngest chambers, E-67-128, 5,188 ft.; lower Oligocene; scale bar = 10 um. 8 Dissected specimen,
E-67-128, 5,191 ft.; lower Oligocene; scale bar = 100 um. 9 Edge view showing multiple apertures, E-67-128, 5,148 ft.; lower Oligocene; scale
bar = 100 um. 10 Detail of Fig. 5, note aperture is symmetrical and lacks an infolded margin; scale bar = 10 um. 11 Edge view, E-67-128,
5,191 ft.; lower Oligocene; scale bar = 100 um. 12 Dissected specimen, E-67-128, 5,188 ft.; lower Oligocene; scale bar = 100 um. 13 Dissected
specimen, E-67-128, 5,083 ft.; lower Oligocene; scale bar = 10 um.

Figure 14, Streptochilus (?) sp. 14 Edge view, note fine granular surface texture over most of test with pustules of calcite developed on final
two chambers, E-67-128, 5,195 ft.; lower Oligocene; scale bar = 10 um.

Figures 15 and 16, Chiloguembelina midwayensis midwayensis (Cushman). 15 Edge view, note infolded margin of aperture, DSDP 524 11,
core catcher; upper Paleocene; scale bar = 100 um. 16 Dissected specimen, note lack of internal plate, DSDP 524 11, core catcher; scale bar =
10 um.



