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FORAMINIFERA FROM LATE PLEISTOCENE
CLAY NEAR WATERVILLE, MAINE

By MARTIN A. BUZAS
U. S. National Mtiseum

Smithsonian Institution

(With Five Plates)

INTRODUCTION

A blue, plastic, marine silty-clay of Late Pleistocene age is found

in southeastern New Hampshire and in southwestern, central, and

southeastern Maine. It has been referred to by various authors as

"marine clay," "the clay," or "leda clay." No formal name had been

assigned to this clay until Bloom (1960) proposed the name "Pre-

sumpscot formation" for this well-defined unit, and his designation

has been adopted here.

Mollusks are relatively common in the Presumpscot formation.

Clapp (1907) gave an extensive faunal list, and Little (1917) com-

piled a similar list for the Waterville, Maine, area. Bloom (1960)

presented a chart showing the present latitudinal range of mollusks

found in the Presumpscot formation. The microfossils have been

largely overlooked, and the only published work is that of Morton

(1897), who listed 45 species of Foraminifera from samples taken

in southern Maine. The present study describes the Foraminifera

contained in samples from a series of borings near Waterville, Maine.

The depositional environment is inferred by comparing the distribu-

tion and abundance of the fauna in the clay with modern counter-

parts.

I wish to thank Dr. R. Cifelli, who suggested the study and devoted

much of his time and energy to it. Dr. Leo LaPorte also offered many
helpful suggestions throughout the investigation. Miss Ruth Todd
made many helpful comments concerning the manuscript. F. Boyce,

Jr., of the Soils Laboratory, Maine State Highway Commission, was

kind enough to send samples from several borings and furnish perti-

nent data concerning the bore holes. Dr. A. Norvang generously sent
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specimens for comparison from the Museum in Copenhagen. Thanks

are also due to Dr. Koons and Dr. Hickox of Colby College for point-

ing out field relations in the Waterville area. Dr. Bloom was kind

enough to show me several interesting localities in southwestern

Maine. The Foraminifera were illustrated by Lawrence B. Isham,

scientific illustrator, U. S. National Museum. Figured specimens are

deposited in the U. S. National Museum.

LOCATION AND METHODS

The samples used in the present study were taken from borings

made across Messalonskee Stream in Kennebec County, approxi-

mately 1 mile northwest of Waterville, Maine. The samples were

obtained from the Soils Laboratory, Maine State Highway Commis-

sion, who made the borings to determine soil stratification and con-

sistency data of the Messalonskee Stream area. Figure 1 shows the

location of the Waterville area and the locations of the borings.

Of the 39 samples of clay obtained from the Soils Laboratory, 38

were from four borings and 1 from a fifth boring. The samples were

fairly uniform in size, each containing about 750 cc. of clay.

Each sample was disaggregated by boiling in water and then

washed in a 200-mesh brass screen. Microscopic examination of the

residues showed them to be composed mainly of quartz with some

mica and lithic fragments. Some of the residues were treated with

carbon tetrachloride in the manner described by Cushman (1948a,

p. 27). Although many of the foraminiferal tests floated in this treat-

ment, an appreciable percentage did not. A liquid with a specific

gravity of 2.58 was then obtained by mixing acetylene tetrabromide

and acetone. When a washed-samples residue was poured into a sepa-

ratory funnel containing this liquid, the quartz sank while the tests of

the Foraminifera floated. The fraction of the residue that initially

sank was subjected to a second separation to insure maximum recovery

of foraminiferal tests. This method yielded a concentration of sink to

float of 20:1. A quantitative study made on three samples showed

that the poorest recovery yielded 95 percent of the total population,

the best, 100 percent.

BEDROCK GEOLOGY

The area of this study is underlain by the Waterville formation

(named by Perkins and Smith, 1925), which has two predominant

lithologies: bluish calcareous shale and gray arenaceous shale, and

dark-bluish slate interbedded with quartzitic layers. These two
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lithologies are interbedded and folded into a series of small plung-

ing folds. The average strike of the beds is in a northeasterly direc-

tion. Graptolite-bearing slates from an abandoned quarry northwest

of Waterville indicate a Mid-Silurian age.

PRESUMPSCOT FORMATION

During Late Pleistocene time, when a sufficient quantity of water

was returned to the sea from the melting continental glacier, the

southern and central portions of Maine which had been depressed by

the ice were partially submerged. Within the drowned valleys of this

area a blanket of marine clay was deposited. The clay occurs at sea

level along the coast and at higher elevations toward the north-north-

west, reaching a height of 440 feet in west central Maine (Goldthwait,

1949). The marine clay overlies till, bedrock, or stratified sand and

gravel. It is the youngest stratigraphic unit in the Waterville area

and has been given the name "Presumpscot formation" by Bloom

(1960).

In the Waterville area a time lapse between the retreat of the

glacier and the advance of the sea was hypothesized by Little (1917),

who presented several lines of evidence from examination of eroded

esker deposits. Further evidence of subaerial erosion was cited by

Goldthwait (1951), who has shown that in the Portland-Sebago area,

valleys were cut into outwash plains prior to the deposition of the

clay. However, 25 miles southeast of Portland in the Biddeford area,

Bloom (1960) has indicated that a local glacial advance occurred

after the marine submergence was already in progress.

Because there is a lack of well-defined shore features, Caldwell

(1959, p. 16) believed that the inundation lasted for a relatively short

period of time, and that the sea began its retreat soon after reaching

its maximum northern extension. Leavitt and Perkins (1935, p. 202)

for similar reasons concluded that the marine submergence was rela-

tively short, "a few thousand years at the most."

I am aware of only one radiocarbon date that indicates the age of

the clay. R. L. Dow of the Maine Department of Sea and Shore

Fisheries collected some mollusk shells from marine clay in the

Morrison Corner gravel pit 8 miles north of Waterville. A radio-

carbon date made on this material in 1958 by the U. S. Geological

Survey indicates an age of 11,800 ±200 years. The exact strati-

graphic location of the shells was not indicated. However, owing to

the proximity of the Morrison Corner gravel pit to the area under

study, the clays of the two areas are probably of the same age.
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The Presumpscot formation varies greatly in thickness because it

was deposited on a very irregular surface. The maximum thicknesses

(over 110 feet) are found in buried valleys. The "clay" is composed

mainly of clear angular quartz, although some mica and feldspar are

present. According to Goldthwait (1953), analyses of grain size of

43 samples by E. Cromier in 1949 showed an average of 39 percent

clay, 37^ percent silt, and 23-|- percent sand. There was, however,

much variation between samples. No analyses were made of the

samples used in the present study.

Boulders are scattered throughout the Presumpscot formation and

were presumably ice-rafted to their present position.

Much of the marine clay is fossiliferous, and mollusk shells have

been reported from various areas. Some of the workers who have

compiled faunal lists are Clapp (1907), Little (1917), and Bloom

(1960).

Although mega fossils are found in many areas, their distribution

is patchy, and mollusk shells are normally found only in isolated

pockets of the marine clay. Foraminifera appear to be abundant

where mollusk shells are present.

STRATIGRAPHY AT MESSALONSKEE STREAM

The profiles made across Messalonskee Stream by the Soils Labo-

ratory indicate that the clay rests on till west of the stream and on

bedrock east of the stream. Sand layers are occasionally found in

the clay. In this area the clay is directly overlain by soil. The clay

attains a maximum thickness of 90 feet in the lower parts of the

stream valley and extends in constantly diminishing thicknesses on

either side of the stream. It has an average thickness of 54 feet in

these borings.

A brown clay overlies a blue-gray clay in the Messalonskee area.

The detailed boring sheets of the Soils Laboratory do not indicate

the nature of the contact. Goldthwait (1951) has observed these

color variations in the clay elsewhere and has suggested that the brown

color is due to oxidation of the blue clay. Caldwell (1959, p. 30) has

made a chemical analyses of two pairs of brown and blue clay

samples from the Farmington area. He found, as one would expect

if the brown clay represents weathering of blue clay, that the ratio

of ferric to ferrous iron is greater in the brown clay. I have observed

that in some gravel pits the brown clay is directly overlain by soil,

which indicates that brown clay is actually the C-horizon of a soil



6 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. I45

profile and is, as Goldthwait (1951) suggested, a weathering phe-

nomenon.

In correlating the borings of the Messalonskee area (figs. 2 and 4)

the following assumptions were made

:

1. The base of the clay represents the original depositional surface

and is time-equivalent throughout the area.

2. The rate of sedimentation was constant within the area studied.

These assumptions appear to be reasonable because the borings

studied are confined to an area that measures only 0.1 by 0.2 miles.

Figure 2 shows the stratigraphic relations of the borings. In boring

No. 1058 clay rests directly on bedrock, while in borings Nos. 118,

108, and 109 till underlies the clay. The dashed line indicates the

original depositional surface.

FORAMINIFERAL DISTRIBUTION

Of the samples obtained from the Messalonskee Stream area, 26

yielded Foraminifera, whereas 13 were barren. Of the 13 barren

samples 11 were within the top 13 feet of the borings. Two of these

were samples of soil and the rest of brown silty clay. Because the top

samples of some of the borings are actually soil and because the zone

of weathering extends to at least the depth of the first two samples

of each boring, I conclude that the absence of fossils in these upper-

most samples is due to their destruction by leaching. However, it is

doubtful that leaching is responsible for the absence or scarcity of

Foraminifera in the upper 30 feet or so of the section shown in

figure 4.

Foramini feral abundance is generally low in all samples. Only

14 of the 26 samples that contained Foraminifera yielded more than

160 individuals. If one disregards the effect of compaction, then

these samples contain only about 3 individuals per 10 ml. A 10-ml.

sample from an area such as Long Island Sound usually contains

several hundred individuals.

Altogether 19 species representing 13 genera are present. Only five

species are abundant or common ; the remainder are rare and either

occur in only one sample or else are distributed at random through-

out. All the Foraminifera are benthonic, and only one species, repre-

sented by two specimens, is arenaceous. Elphidium clavatum is by

far the most abundant species in the samples.

The percentage distribution of the Foraminifera found in the

samples from the Messalonskee area is shown in figure 3. In figure

4 the percentage distribution of the common Foraminifera is shown
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diagrammatically, using the depositional surface of figure 2 as the

base. Fourteen samples have more than 160 individuals and 1 1 have

less than 50. Curiously, no sample has a total number of individuals

that falls between these two figures. Samples with more than 160

individuals are marked black on the diagram, while samples with

less than 50 individuals have the actual number of specimens present

indicated within the rectangle representing the sample. The lower

part of the section shown in figure 4 contains all the samples that have

more than 160 individuals. In order to minimize the possibility of

fluctuation in the distribution curve that might be due to inadequate

populations, only samples with more than 160 individuals were used

in plotting the data from the lower part of the section. In the upper

part of the section where there are no samples with more than 160

individuals, samples with less than 50 individuals were used in plot-

ting the data.

DISTRIBUTION OF THE COMMON SPECIES

Elphidium clavatum Cushman is very abundant. This species com-

prises at least 40 percent of the total population in all but 2 samples

and has an average abundance of 58 percent in samples with more

than 160 individuals. In samples with less than 50 individuals it aver-

ages 86 percent of the total population.

Elphidium orbiculare (Brady) is present in 15 samples and com-

prises 40 percent of the total population in 1 sample. It has an aver-

age abundance of 17 percent in samples with more than 160 individ-

uals.

Cassidulina barbara n. sp. occurs in 11 samples. It is generally low

in abundance, but in 2 samples it comprises 69 and 88 percent of the

total population.

Elphidium varium n. sp. occurs in 12 samples. It comprises 29

percent of the total population in 1 sample, but has an average abun-

dance of only 13 percent in samples with more than 160 individuals.

Buccella frigida (Cushman) comprises 15 percent of the total pop-

ulation in 1 sample, but averages less than 6 percent in samples with

more than 160 individuals.

PALEOECOLOGY

Cushman (1944) recognized that a faunal boundary for the distri-

bution of benthonic Foraminifera occurs at about the latitude of Cape

Cod. The work of Parker (1948) and Phleger (1952) substantiates

this. A few species are restricted in occurrence to either the north
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or the south of Cape Cod. According to Parker (1948) the boundary

is characterized by a decrease in the number of species to the north.

However, the species that cross the boundary tend to be represented

by more individuals in the northern region. This northern fauna in

turn grades into a true Arctic fauna which has even fewer species in

common with the southern region.

Table 1 lists 12 of the species found in the Messalonskee clay

with their reported occurrences in 3 faunal regions. The remaining

species are not included because they are poorly represented in the

Messalonskee clay and their synonymies are uncertain. All the spe-

cies listed are reported from the Arctic, and most of them have also

Table 1.

—

Distribution in 3 faunal regions of 12 species found in the Messa-

lonskee clay. Note the decrease in occurrence of species to the south.

Species Arctic

Buccella frigida X
Cassidulina barbara X
Eggerella advena X
Elphidium clavatum X
E. orbiculare X
E. varium X
Globulina glaciallis X
Nonionella auricula X
Pateoris hauerinoides X
Pyrgo williamsoni X
Quinqueloculina seminula X
Triloculina trihedra X

been recorded as far south as the Cape Cod boundary. Two of the

species have not been recorded from south of Cape Cod, and three

others have only questionable occurrences south of the boundary.

The comparison in table 1 shows that the Messalonskee fauna, in

terms of species present, is most similar to the faunas from the Arctic

and north of Cape Cod. If only presence or absence criteria are con-

sidered, it is difficult to pick one of these regions in preference to

another. However, Elphidium orbiculare and Cassidulina barbara

are relatively rare in the modern fauna north of Cape Cod, but are

relatively common in both the Arctic and in the Messalonskee fauna.

Thus, it appears that the Messalonskee fauna has closer Arctic affini-

ties than the fauna off the present coast of Maine.

Bloom (1960) came to a similar conclusion by plotting the present

latitudinal range of the mollusks found in the Presumpscot formation.

He showed that a similar fauna could be found today 7 to 8 degrees

North of South of

Cape Cod Cape Cod

X X
X ?

X X
X X
? X
? X
X ?

?

X X
?

X X
? 7
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of latitude farther north. He attributed the faunal shift to an increase

of water temperature since the late Pleistocene and indicated that

meltwater streams may have also had a cooling effect during the time

of deposition of the Presumpscot formation.

The Messalonskee fauna is not exactly like any modern fauna that

has been studied to date. It is, however, quite similar to faunas found

in the upper part of Narragansett Bay (Said, 1951) and the near-

shore areas of Long Island Sound (Buzas, 1963). In all these areas

the assemblages are characterized by the great abundance of species

of Elphidium, especially E. clavatum.

The Recent distribution and abundance of the five common species

in the Messalonskee fauna will now be reviewed.

Elphidium clavatum Cushman has been recorded from all along

the eastern coast of North America as well as from the Arctic.

Parker (1948) has recorded this species from all depths south of

Cape Cod, but has indicated that species of Elphidium are most

abundant at depths of to 15 m. Phleger (1952) has found that

E. clavatum occurs only at depths of less than 30 m. in the Gulf of

Maine.

Using the data given by Phleger (1952) for stations 338-523,

Kendall's rank order correlation test was computed for the variables

depth and abundance of E. clavatum. This is a distribution free test

based on inversions. Bradley (1960) gives a detailed discussion of

this statistic. In computation one of the variables (x) is ranked

from 1 to n while the other (y) is arranged in increasing order of

the x rank. The number of times a y rank is followed by a smaller y
rank is defined as k. Kendall's rank correlation coefficient is defined

4fe . p
as y = — —— 1. y varies from —1 for perfect negative corre-

al («— 1)

lation to + 1 for perfect positive correlation. Actually it is not neces-

sary to compute y because the equivalent statistic k has been tabled.

Owing to the large n (55) in the present sample, a normal approxima-

tion instead of exact tables was used. The normal approximation is

n(n— 1)

given by k—_ 4 jjes were Seated in a manner least

</
n(n — l) (2-W+ 5)

72

conducive to rejection of the null hypothesis. The results show a

highly significant negative correlation between depth and the abun-

dance of E. clavatum in the Gulf of Maine.

Loeblich and Tappan (1953) recorded E. clavatum from all depths
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off Point Barrow, Alaska. Unfortunately, they gave no data as to

relative abundance. It is probably significant that in shallow-water

samples, where only a few species are present in the Point Barrow

area, one of them is E. clavatum. Said (1951) recorded this species

in abundance from shallow depths in Narragansett Bay, Rhode Island.

Examination of the 34 samples that he studied showed that E.

clavatum was most abundant in 9 samples. The average depth of

these samples was 6 m., while the average depth of all the samples

was 16 m. Buzas (1963) has shown that E. clavatum comprises over

90 percent of the population in Long Island Sound in areas less

than 10 m. deep. In deeper water farther from shore the relative

abundance of this species decreases.

Elphidium orbiculare (Brady) has not been recorded with certainty

off the present coast of Maine. Cushman ( 1944) recorded this species

from the bays of Maine, but Parker (1952a) after examining the

specimens found that they were not the same as the forms recorded

from the Arctic and placed them in another species. Todd and Low
(1961), however, have recorded this species from the shallow water

off Martha's Vineyard but indicated that it is relatively rare in that

area. Loeblich and Tappan (1953) have recorded this species from

almost all depths off Point Barrow, Alaska. E. orbiculare is typically

an Arctic species.

Elphidium varium n. sp. is identical with specimens from Hudson
Bay identified as E. incertum by Cushman (1948b). It is possible

that this species has been identified as E. incertum by other workers

and may be widely distributed. It is present with low frequencies

in Long Island Sound (Buzas, 1963).

Cassidulina barbara n. sp. is identical with specimens identified as

C. islandica var. minuta which has been recorded in the "lower core"

fauna of the Gulf of Maine (Parker, 1952a). Loeblich and Tappan

(1953) have recorded this species (as C. islandica) from nearly all

depths off Point Barrow, Alaska.

Buccella frigida (Cushman), like E. clavatum, is widely distributed.

Parker (1948) reported this species from all depths off the coast of

Maryland. Phleger (1952) recorded it in near-shore samples from

the Gulf of Maine. Loeblich and Tappan (1953) recorded it from

a wide variety of depths in the Point Barrow area. This species has

also been reported from Narragansett Bay by Said (1951), and in

Long Island Sound it is relatively common.

An examination of the Messalonskee fauna immediately rules out

any possibility of its representing a marsh environment. Phleger and
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Walton (1950) and Parker and Athearn (1959) have shown that

marshes along the northeastern coast are characterized by certain

species of arenaceous Foraminifera. None of these species is found

in the Messalonskee area. A review of the data available on the dis-

tribution and relative abundance of the common species of this study

indicates that the assemblage could either be from a near-shore

open-ocean environment or a bay environment. Both of these en-

vironments are subjected to large amounts of runoff and subsequent

reduction of salinity. The effects of such runoff, however, are

usually more pronounced in the bays. The work of Parker (1952b)

and Said (1951) has shown that Elphidium clavatum and Buccella

frigida are two of the most common species in the larger bays along

the northeastern coast. These same species are common along the

open coast. However, in open-ocean near-shore areas these species

are often intermingled with other forms which are typically more

oceanic in their occurrence. Said (1951) believed that the lower

salinities (25-28 o/oo) in the northern parts of Narragansett Bay

were responsible for the high percentages of E. clavatum and the ex-

clusion of most other species. It is probable that other factors in

addition to salinity are important in near-shore bay environments. At

any rate, faunas from stations 12, 14, 16, and 17 of Said (1951)

from the northern parts of Narragansett Bay are comprised mainly

of E. clavatum and B. frigida and are quite similar to the faunas of

this study. As mentioned earlier the average depth of these Narra-

gansett Bay samples is only 6 m. In Long Island Sound E. clavatum

comprises 90 percent of the fauna in water less than 10 m. deep and

becomes much less abundant in deeper water. In both of these areas

arenaceous species are rare. In the Messalonskee clay E. clavatum

has an average abundance of 58 percent in samples with more than

160 individuals. In all samples it has an average abundance of 71

percent. If we consider samples with more than 160 individuals,

Elphidium comprises 88 percent of the total population. If we con-

sider all samples, the percentage of Elphidium is even higher. The
northern parts of Narragansett Bay and the near-shore areas of Long
Island Sound, except for the lower abundance of E. varium and

absence of E. orbiculare, are strikingly similar to the Messalonskee

fauna. The comparisons made above indicate that the Messalonskee

fauna lived in a marine embayment where ecologic conditions were
similar to those found in the near-shore areas of Long Island Sound
or the northern parts of Narragansett Bay and where the depth of

water was certainly less than 30 m. and probably less than 15 m.
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A glance at the Glacial Map of the United States shows that the

late-glacial clay in the Waterville area is restricted to stream valleys

and lowlands. The borings of this study were taken 90 miles inland

across the valley of a tributary (Messalonskee Stream) to the Ken-

nebec River. The geographic position of the borings and the distribu-

tional pattern of the marine clay support the idea that the Mes-

salonskee fauna lived in a shallow marine embayment.

It is quite likely that meltwater streams entered the marine embay-

ment in which the Presumpscot formation was being deposited in the

Waterville area. The poor sorting, angular unweathered fragments,

and lack of stratification of the sediment suggest rapid deposition of

material derived from meltwater streams. The presence of scattered

boulders indicates that floating ice was in the area. This meltwater

must have reduced the salinity of the oceanic water in the marine em-

bayments. No experimental data are available as to the salinity toler-

ance of any of the species found in the Messalonskee area. In Great

Pond, E. Falmouth, Mass., Said (1953) found that a calcareous as-

semblage dominated by Elphidium could stand a wide fluctuation in

salinity. This assemblage was found in the southern part of the east-

ern arm of Great Pond. As Said examined the fauna farther north

in this arm, he found that the assemblage quickly changed to one

dominated by arenaceous species. He suggested that although the

calcareous species could withstand a great fluctuation in salinity, when

the salinity dropped below 20 o/oo, arenaceous species became domi-

nant and calcareous forms became very rare. It is probably safe to

assume that although meltwater must have reduced the salinity of the

marine embayments, it could not have reduced it far below the salini-

ties found in Narragansett Bay and Long Island Sound today.

At Messalonskee Stream the number of foraminiferal specimens

per sample is low. Either the area supported a sparse fauna or else

sedimentation was sufficiently rapid to prevent any great accumulation

of tests. The latter of these possibilities is supported by the fact

that during late-glacial time a significant amount of sediment was

being washed into the marine embayments by meltwater from the

glacier farther north.

SUMMARY OF LATE-GLACIAL EVENTS IN THE
WATERVILLE AREA

The series of late-glacial events that took place in the Waterville

area may now be summarized. After the ice retreated, the land under-

went a period of subaerial erosion as is indicated by the erosion of

esker deposits. The sea gradually inundated the depressed land, and
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the stream valleys of the Kennebec and its tributaries became marine

embayments.

The fauna at the base of the section contains a high percentage of

Elphidium clavatum, which is indicative of Recent shallow water

assemblages. We may envisage the Messalonskee environment at the

outset as a shallow marine embayment. Glacial material washed into

this set by meltwater streams was quickly flocculated, and deposition

must have been rapid. As floating ice melted, it scattered boulders

on the bottom.

Only two samples diverge from the characteristic high percentage

of Elphidium. The relatively great abundance of Cassidulina barbara

in these samples may represent a deepening of the marine embayment

and at the same time its maximum extension. No data are available as

to the depth tolerance of this species, however, and such a conclusion

must be regarded as tentative.

Above the C. barbara horizon E. clavatum and other species of

Elphidium once again dominate the fauna. Shallow depths (probably

less than 15 m.) were again attained, and the marine embayment

was retreating as the land underwent isostatic rebound. The fauna

remains essentially the same until about 35 feet below the top of the

section shown in figure 4. In this part of the section Foraminifera

are very rare, and for the last 20 feet no Foraminifera occur at all.

The top two samples in each boring are sufficiently altered so that

one can assume that the Foraminifera have been leached out of these

samples. However, since so many feet of the section are without

Foraminifera, it is probable that the top 35 feet of the clay in the

Messalonskee area represent the transition from the marine embay-

ment of late-glacial time to a fluvial environment.

SYSTEMATIC DESCRIPTIONS

Phylum PROTOZOA
Class SARCODINA Butschli, 1882

Order FORAMINIFERA d'Orbigny, 1826

Family VALVULINIDAE
Genus EGGERELLA Cushman, 1933

EGGERELLA ADVENA (Cushman)

Plate 1, figure 1

Verneuilina advena Cushman, 1922, Contr. Canadian Biol., No. 9 (1921), p. 141.

Eggerella advena (Cushman) Cushman, 1937, Cushman Lab. Foram. Res. Spec.

Publ. 8, p. 51, pi. 5, figs. 12-15; 1948b, Cushman Lab. Foram. Res. Spec.

Publ. 23, p. 32, pi. 3, fig. 12.
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Two small specimens found in B-109, S-8U are the only occurrence

of this species observed in the Messalonskee fauna.

Family MILIOLIDAE

Genus QUINQUELOCULINA d'Orbigny, 1826

QUINQUELOCULINA SEMINULA (Linnaeus)

Plate 1, figures 2a, 2b

Serpula seminulum Linnaeus, 1758, System Naturae. 10th ed., Holmiae, Suicia

(Swedin), impensis L. Salvii, p. 786.

Quinqueloculina seminula (Linnaeus) Cushman, 1944, Cushman Lab. Foram.

Res. Spec. Publ. 12, p. 13, pi. 2, fig. 14.—Parker, 1952b, Bull. Mus. Comp.

Zool., Harvard Coll., vol. 106, No. 10, p. 456, pi. 2, figs. 7a, b.

Although there is variation in size among specimens, all have a

smooth polished wall and lack a neck. Specimens compare well with

ones deposited at the U. S. National Museum by Cushman and by

Parker.

Genus TRILOCULINA d'Orbigny, 1826

TRILOCULINA sp.

Plate 1, figures 3a, 3b

One specimen referable to this genus was found in B-118, S-11U.

The specimen lacks any development of a neck and is similar in size

and shape to Q. seminula. However, the chambers are triloculine in

arrangement.

TRILOCULINA TRIHEDRA Loeblich and Tappan

Plate 1, figures 4a, 4b

Triloculina trihedra Loeblich and Tappan, 1953, Smithsonian Misc. Coll.,

vol. 121 No. 7, p. 45, pi. 4, fig. 10.

Specimens found in the Messalonskee clay compare well with the

types of this species from Point Barrow, Alaska. The pleistotypes

of Cushman (1944) and Parker (1952a) identified as T. tricarinata

also compare favorably with the Messalonskee specimens. Owing to

lack of material and poor preservation, no further synonymy is

attempted here.

A few specimens of this species were found in B-118, S-11U.
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Genus PATEORIS Loeblich and Tappan, 1953

PATEORIS HAUERINOIDES (Rhumbler)

Plate 1, figure 5

Quinqu-eloculina subrotunda (Montagu) forma hauerinoides Rhumbler, 1956,

Kiel Meersef., Kiel, Deutschland, vol. 1, No. 1, pp. 206, 217, 226, text figs.

167, 208-212.

Quhiqueloculina subrotunda (Montagu) ? Cushman, 1948b, Cushman Lab.

Foram. Res. Spec. Publ. 23, p. 35, pi. 3, figs. 20, 21, pi. 4, fig. 1.

Quinqueloculina subrotunda (Montagu) Parker, 1952a, Bull. Mus. Comp. Zool.,

Harvard College, vol. 106, No. 9, p. 406, pi. 4, figs. 4a, b.

Pateoris hauerinoides (Rhumbler) Loeblich and Tappan, 1953, Smithsonian

Misc. Coll., vol. 121, No. 7, p. 42, pi. 6, figs. 8-12, text figs, la, b.

Specimens clearly show an earl}'- quinqueloculine stage and a later

hauerine one. The aperture is always toothless. These specimens

compare well with hypotypes of Loeblich and Tappan (1953) from

Point Barrow, Alaska, as well as with plesiotypes of Cushman

(1948b) from the Arctic and of Parker (1952a) from the Ports-

mouth, N. H., area.

This species was found in seven samples, but specimens were rare.

Genus PYRGO Defranee, 1824

PYRGO WILLIAMSONI (Silvestri)

Plate 2, figure 1

Biloculina williamsoni Silvestri, 1923, Accad. Pont. Romana Nuovi Lincei,

Atti, Roma, Italia, vol. 76, p. 73.

Pyrgo elongata (d'Orbigny) Cushman, 1948b (not Biloculina elongata d'Or-

bigny, 1826), Cushman Lab. Foram. Res. Spec. Publ. 23, p. 39, pi. 4, figs. 7, 8.

Pyrgo williamsoni (Silvestri) Loeblich and Tappan, 1953, Smithsonian Misc.

Coll., vol. 121, No. 7, p. 48, pi. 6, figs. 1-4.

Most specimens are elongate, but a few large ones are somewhat

rounded. Specimens found in the Messalonskee clay average about

0.46 mm. in their greatest diameter. The figured specimens of

Loeblich and Tappan from Point Barrow are larger and average

0.56 mm. in their greatest diameter.

This species appears in six samples, but specimens are rare.

Family OPHTHALMIDIIDAE
Genus CORNTJSPIRA Schultze, 1854

CORNUSPIRA sp.

Plate 2, figure 2



l8 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. T45

A single broken specimen referable to this genus was found in

B-118, S-9U. The test is planispiral and tubular, but only parts of

the last two whorls are preserved. The two whorls are comparable

in thickness and diameter to those of C. involvens (Reuss) as figured

by Loeblich and Tappan (1953, p. 49, pi. 7, figs. 4, 5).

Family LAGENIDAE
Genus LAGENA Walker and Jacob, 1873

LAGENA CLAVATA (d'Orbigny)

Plate 2, figure 3

Oolina clavata d'Orbigny, 1846, Foraminiferes fossils du Bassin Tertiaire de

Vienne, Paris, Gide et Comp., p. 24, pi. 1, figs. 2, 3.

Lagena clavata (d'Orbigny) Cushman, 1944, Cushman Lab. Foram. Res. Spec.

Publ. 12, p. 21, pi. 3, fig. 6.

The few specimens found in the Messalonskee clay agree well with

d'Orbigny's figures and are identical with the specimen figured by

Cushman from the New England coast.

This species is rare, but occurs in four samples.

Genus FISSURINA Reuss, 1850

FISSURINA cf. CUCURBITASEMA Loeblich and Tappan

Plate 2, figure 4

Specimens compare favorably with those figured by Loeblich and

Tappan (1953, p. 76, pi. 14, figs. 10, 11) from the Point Barrow area.

The material from the Messalonskee clay, however, is often frosty

in appearance, and the character of the entosolenian tube is difficult

to distinguish.

Six specimens of this species were found in three samples.

Family POLYMORPHINIDAE
Genus GLOBULINA d'Orbigny, 1839

GLOBULINA GLACIALIS Cushman and Ozawa

Plate 2, figures 5a, 5b

Globulina glacialis Cushman and Ozawa, 1930, Proc. U. S. Nat. Mus., vol. 77,

art. 6, p. 71, pi. 15, figs. 6, 7.

Specimens compare well with the types of Cushman and Ozawa.

This species occurs in 14 samples. Individuals are not common.
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Family NONIONIDAE
Genus NONIONELLA Cushman, 1926

NONIONELLA AURICULA Heron-Allen and Earland

Plate 2, figures 6a, 6b

Nonionella auricula Heron-Allen and Earland, 1930, Journ. Roy. Micr. Soc,

London, England, ser. 3, vol. 50, p. 192, pi. 5, figs. 68-70.

—

Cushman, 1944,

Cushman Lab. Foram. Res. Spec. Publ. 12, p. 25, pi. 3, figs. 26, 27.

—

Loeb-

lich and Tappan, 1953, Smithsonian Misc. Coll., vol. 121, No. 7, p. 92,

pi. 16, figs. 6-10.

In the material studied by Heron-Allen and Earland the greatest

diameter of the specimens varied between 0.18 and 0.25 mm. The

greatest diameter of the specimens in the Messalonskee fauna is about

0.32 mm. Loeblich and Tappan indicated that the greatest diameter of

their specimens is about 0.70 mm. There is, therefore, a wide size

range in this species.

Five specimens of this species were found in two samples.

Family ELPHIDIIDAE

There are various opinions regarding the relationships of Elphidium

and allied genera to the Nonionidae. The Elphidium group has been

considered a separate family with questionable relationships to

Nonion by Loeblich and Tappan (1953), and as a family of different

origin from Nonion by Smout (1955) and Reiss (1958). The differ-

ences in opinion are due largely to the emphasis placed on the

significance of wall structure. Wood (1949) found that all the

species of Elphidium that he examined have radial walls, while those

of Nonion are granular. This seemed to indicate that there is a funda-

mental difference between these two genera and that their resemblance

to each other is superficial. To some workers wall structure appeared

to provide a sure method of distinguishing Nonion and Elphidium and

also a way of disposing of the problematic forms with weakly

developed retral processes, sutural pores, and multiple apertures

which seemed to be intermediate in structure between the two genera.

Haynes (1956), however, found two species in the English

Paleocene which resemble Nonion but have multiple aperture and

radial walls. He believed that these species provided a link between

Nonion and Elphidium. He set up the genus Protoelphidium for the

species which he included in the subfamily Nonionidae. A modern

representative of this genus, P. tisburyensis (Butcher), has been

recorded by Parker and Athearn (1959) from the Recent sediments
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of Cape Cod. Parker and Athearn placed Protoelphidium in the

family Elphidiidae.

In the Messalonskee fauna there are two species which are inter-

mediate in structure and which further suggest linkage between

Nonion and Elphidium. One of these, Elphidiwm varium, has retral

processes, sutural pores, and a multiple aperture, but a wall that is

granular. It is, in other words, superficially an Elphidium, but in

wall structure a Nonion, just the reverse of Protoelphidium. This

combination of characters casts much doubt on the infallibility of

wall structure as a key to distinguishing Nonion from Elphidium.

I have placed the species under Elphidium because of the dominance

of the characters of that genus, particularly the retral processes.

Aside from the Elphidium group, retral processes occur rarely in

Foraminifera, and it is probable that their occurrence is of genetic

significance.

The other intermediate species, Elphidium orbiculare, has a radial

wall, a multiple aperture, a few sutural pores and faint retral

processes which were observed on only a few specimens. The Elphi-

dium characters are poorly developed, and the generic assignment of

this species is somewhat arbitrary; it could, as easily, be referred to

Protoelphidium.

Elphidium orbiculare is very similar in appearance to some speci-

mens of E. varium and the superficial characters of both species are

highly variable. The two species are in some cases difficult to separate,

but are, nevertheless, distinct. Although the differences between them

are minor, I did not observe any transitions between them. The
difference in wall structure between the two species is very sharp,

the structure being distinctly granular in E. varium and clearly radial

in E. orbiculare.

Curiously, there appears to be yet another kind of wall structure

characteristic of certain species of Elphidium. This is what Krashe-

ninnikov (1956) has termed "indistinct radial wall." In this type of

structure the wall is radial, but the crystals are collected in bunches

and they bend in a complex wavy fashion ; sometimes the crystals

are oblique or even parallel to the wall surface. According to Krashe-

ninnikov, the "indistinct radial wall" is characteristic of Elphidium.

I examined one crushed specimen of E. macellum (type species of

Elphidium) from the Mediterranean and it showed a very indistinct

cross, being observable in only a few of the fragments. This is sug-

gestive of the type of structure that Krasheninnikov describes.

Thus it appears that Elphidium cannot be so easily separated from
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Nonion on the basis of wall structure. Clearly, the wall structures

of many more species, particularly in oriented sections, need to be

studied before the significance of this structure can be evaluated.

The species intermediate in structure between Elphidium and

Nonion can hardly be considered ancestral forms, as they occur in

Recent sediments. However, they do indicate a close relationship

between the two genera. On the other hand, Elphidium and allied

forms, in my view, comprise a large enough group to be considered

a family separate from, though closely related to, the Nonionidae.

The families, of course, are not phylogenetic, representing a single

divergence in geologic time, but are probably no more polyphyletic

than many other foraminiferal families.

Genus ELPHIDIUM Montfort, 1808

ELPHIDIUM VARIUM n. sp.

Plate 2, figure 7; plate 3, figures 1, 2a, 2b

Elphidium incertum (Williamson) Cushman, 1948 (non Polystomella um-
bilicatula var. incerta Williamson 1858), Cushman Lab. Foram. Res. Spec.

Publ. 23, p. 56, pi. 6, figs. 7a, b.

Diagnosis.—Test small to medium sized, planispiral, involute,

slightly compressed
;
periphery rounded, margin moderately lobulate

;

8 to 11 chambers in the final whorl, slightly inflated, gradually in-

creasing in size as added; sutures distinct, depressed, often slitlike,

poorly developed around the periphery, with sutural pores in a single

row, sometimes extending to umbilical area ; retral processes short,

few, not developed on all sutures ; wall calcareous, perforate granular,

translucent to opaque; umbilicus fairly large, flush or slightly de-

pressed, with very slight umbilical knob ; aperture composed of a

single row of small openings at the base of the apertural face.

Greatest diameter of holotype 0.56 mm.
Least diameter of holotype, 0.46 mm.
Thickness of holotype, 0.26 mm.
Greatest diameter of paratypes, from 0.38 to 0.64 mm.

Discussion.—The retral processes are poorly to moderately well

developed in this species. They are most strongly developed in the

early part of the test and can be clearly seen in the first two or three

chambers of the final whorl. In the final few chambers, they are

often barely perceptible.
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The wall appearance is highly variable, with young forms being

translucent and adult forms thick and opaque.

The walls of half a dozen specimens were examined under polar-

ized light and all of them proved to be distinctly granular.

E. varium differs from Polystemella umbilicatula var. incerta

Williamson (1858, fig. 82a) in that it has less curvature of the

sutures, poorer development of retral processes, and a larger umbili-

cal area. However, the specimen illustrated by Cushman (1948b,

pi. 6, figs. 7a, b) as E. incertum is identical with the species described

here. Other specimens deposited in the Cushman collection and

identified as E. incertum from Fox Basin, Canada, and Greenland

were also found to be identical. The wall structures of two speci-

mens from Fox Basin, Canada, were examined. Both specimens are

perforate granular.

Most other specimens identified as Elphidium incertum from

eastern North America appear to represent a mixed bag, belonging

to E. clavatum, E. orbiculare, and E. bartletti (Loeblich and Tappan,

1953, pp. 100-101).

Broadly rounded translucent specimens of E. varium closely re-

semble specimens of E. orbiculare, especially when the sutures of

E. varium lack any development of retral processes. The two species

can be separated by their external appearance, however, because the

test of E. orbiculare is thicker in cross section and more circular in

outline. Although some specimens of these two species resemble one

another so closely that they are difficult to distinguish by their external

appearance, they can be easily separated by their markedly different

wall structure, for E. orbiculare is distinctly radial.

Some juvenile forms of E. varium are quite similar to some speci-

mens of E. subarcticum. The two species are separable because E.

subarcticum usually shows an opaque band on either side of its

sutures. The wall structure affords a more striking criterion because

it is distinctly radial in E. subarcticum.

Paratypes of E. voorthuyseni Haake deposited at the U. S. National

Museum closely resemble some juveniles of E. varium. Haake's

(1962) specimens are, however, much smaller than adults of E.

varium and are narrower in the umbilical region. The paratypes of

E. voorthuyseni were found to be granular in wall structure and the

two species are probably closely related.

This species occurs in only about half of the samples that have

Foraminifera. It usually accounts for less than 15 percent of the

Foraminifera in any sample.



NO. 8 PLEISTOCENE FORAMINIFERA FROM MAINE—BUZAS 2T,

ELPHIDIUM CLAVATUM Cushman

Plate 3, figures 3a, 3b, 4a, 4b

Elphidium incertum (Williamson) var. clavatnm Cushman, 1930, U. S. Nat.

Mus. Bull. 104, pt. 7, p. 20, pi. 7, fig. 10.

Elphidium clavatnm Cushman, emend. Loeblich and Tappan, 1953, Smithsonian

Misc. Coll., vol. 121, No. 7, pp. 98, 101, 102, pi. 19, figs. 8-10.

Most of the specimens are yellow-brown in color and have moder-

ately well developed retral processes. The tests are commonly bium-

bonate and very distinctly perforated. The specimens are identical

with those described by Cushman and by Loeblich and Tappan, but

are somewhat smaller. The average greatest diameter of 12 selected

specimens from the Messalonskee clay is 0.24 mm. The largest single

measurement was 0.30 mm. The hypotypes of Loeblich and Tappan

(1953) range from 0.23 to 0.70 mm. in their greatest diameter.

This species is most abundant in the Messalonskee fauna. It ap-

pears in all samples and usually constitutes over 50 percent of the

total population.

ELPHIDIUM ORBICULARE (Brady)

Plate 3, figures 5a, 5b; plate 4, figures la, lb

Nonionhia orbicularis Brady, 1881, Ann. Mag. Nat. Hist., ser. 5, vol. 8, p. 45,

pi. 21, figs. 5a, b.

Nonion orbiculare (Brady) Cushman, 1930, U. S. Nat. Mus. Bull. 104, pt. 7,

p. 12, pi. 5, figs. 1-3 ; 1939, U. S. Geol. Surv. Prof. Pap. 191, p. 23, pi. 16,

figs. 17-19; 1948b, Cushman Lab. Foram. Res. Spec. Publ. 23, p. 53, pi. 6,

fig. 3.

Elphidium orbiculare (Brady) Loeblich and Tappan, 1953, Smithsonian Misc.

Coll., vol. 121, No. 7, p. 102, pi. 19, figs. 1-4.
.

Although originally placed in the genus Nonion, Cushman (1939,

p. 24) stated : "The aperture tends toward that of Elphidium, and

some specimens show what may be slight traces of retral processes."

Loeblich and Tappan (1953) placed this species in the genus Elphi-

dium because of the characters Cushman mentioned and because they

found that the wall structure was radiate.

Specimens from the Messalonskee clay have few sutural pores and

but faint retral processes which occur on rare specimens. The aper-

ture always consists of a single row of openings at the base of the

apertural face.

Specimens from the Messalonskee clay are smaller than those

described by Cushman and by Loeblich and Tappan. Cushman
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indicated that the greatest diameter is 0.75 mm. while Loeblich and

Tappan measured specimens which range from 0.55 to 1.0 mm. in

diameter. My specimens average only 0.44 mm. in their greatest

diameter. They are, however, identical in all other respects with

those of both Cushman and Loeblich and Tappan.

This species occurs in over half of the samples ; it averages less

than 20 percent of the total population, but comprises 40 percent in

one sample.

ELPHIDIUM sp.

Plate 4, figure 2

The material consists of six specimens which were found in B-1058,

S-13U. The specimens are irregular, and some of the chambers are

malformed. Possibly they represent abnormal individuals of E.

clavatum.

Family ROTALIIDAE
Genus BUCCELLA Andersen, 1952

BUCCELLA FRIGIDA (Cushman)

Plate 4, figures 3a, 3b, 4a, 4b

Pulvinulina frigida Cushman, 1922, Contr. Canadian Biol., No. 9 (1921), p. 2

(144).

Buccella frigida (Cushman) Andersen, 1952, Journ. Washington Acad. Sci.,

vol. 42, No. 5, p. 144, figs. 4a-c, 5, 6a-c.

Specimens are identical with the hypotypes of Cushman and of

Andersen. They lie within the normal size range of this species.

This species occurs in 10 of the samples, but individuals are not

common.

Family CASSIDULINIDAE
Genus CASSIDULINA d'Orbigny, 1826

CASSIDULINA TERETIS Tappan

Plate 5, figures 2a, 2b, 3a, 3b

Cassididina teretis Tappan, 1951, Contr. Cushman Found. Foram. Res., vol. 2,

pt. 1, p. 7, pi. 1, figs. 30a-c.

The material consists of three specimens which were found in

B-118, S-9U.
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CASSIDULINA BARBARA n. sp.

Plate 5, figures 2a, 2b, 3a, 3b

Cassidulina islandica Norvang var. minuta Norvang, Parker, 1952 (non Cas-

sidulina islandica Norvang var. minuta Norvang, 1945), Bull. Mus. Comp.

Zool., Harvard Coll., vol. 106, No. 9, p. 421, pi. 6, figs. 21a, b.

Cassidulina islandica Norvang, Loeblich and Tappan, 1953 (non Cassidulina

islandica Norvang, 1945), Smithsonian Misc. Coll., vol. 121, No. 7, p. 118,

pi. 24, fig. 1.

Diagnosis.—Test small, biconvex, slightly compressed, periphery

rounded ; chambers alternate, four pairs in the final whorl, increasing

in size as added, each chamber extending to the center on one side and

forming a small triangular extension on the other ; wall calcareous,

translucent, perforate granular ; aperture a triangular opening at the

base of the apertural face, alternating from one side to the other as

chambers are added, a flat tooth projecting into the aperture from

the base of the chamber.

Greatest diameter of holotype, 0.22 mm.
Greatest thickness of holotype, 0.14 mm.
Greatest diameter of paratypes, 0.12 to 0.26 mm.

Discussion.—Norvang (1958) named the genus Islandiella, into

which he placed some of the species formerly referred to the genus

Cassidulina. The new genus is characterized by a radiate wall ".
. .

with an internal tooth extending back from the posterior edge of the

aperture to the anterior corner of the foramen of the preceding

chamber" (loc. cit, p. 26). Cassidulina was emended to include

those species ".
. . with a granulate wall and a tripartite aperture,

often with up to two platelike lips fastened on the inwardbent wall

along the rim of the aperture thus obstructing the passage through

the aperture" (loc. cit., p. 25).

I have been able to observe the tooth which Norvang described

in some of the species which he has referred to the genus Islandiella,

although the structure is seldom clearly visible. C. barbara has a flat

tooth which protrudes through the aperture. However, I have not

been able to observe any attachment to the corner of the foramen of

the preceding chamber. Instead the tooth appears to be attached

near the base of the aperture through which it protrudes. None of

the material from the Messalonskee area shows any trace of a groove

which might represent the areal branch of a tripartite aperture.

Externally I cannot distinguish between the flat tooth of C. barbara

and the free tongue of the internal tooth of 7. islandica.

C. barbara differs from I. islandica in that the latter is larger, more
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globular, has more inflation of its chambers, and is radiate in wall

structure.

C. barbara differs from C. crassa d'Orbigny in its smaller size

and in location of the aperture, which is discussed by Loeblich and

Tappan (1953, p. 119).

The figured specimens of Parker (1952a) referred to C. islandica

var. minuta are identical with C. barbara. The hypotypes deposited

at the U. S. National Museum by Loeblich and Tappan (1953) and

referred to C. islandica, although slightly larger, are identical with

the new species described here. The wall structure of two of their

hypotypes was examined and found to be granulate.

This species is generally low in abundance. However, in B-118,

S-9U and in B 109, S-9U it comprises 69 and 88 percent of the total

population respectively.

Family ANOMALINIDAE
Genus CIBICIDES Montfort, 1808

CIBICIDES cf. LOBATULUS (Walker and Jacob)

Plate 5, figures 4a, 4b

The material consists of two specimens which were found in

B-1058, S-13U. The specimens compare favorably with those illus-

trated by Cushman (1948b, p. 78, pi. 8, fig. 14). However, since one

specimen is broken and the other poorly preserved, positive identifi-

cation is not possible.
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EXPLANATION OF PLATES

Plate 1

Fig. 1. Eggerella advena (Cushman). USNM 641122. X148.
Fig. 2. Quinqueloculina seminula (Linne). USNM 641123. a, Edge view.

b, Side view. X93.
Fig. 3. Triloculina sp. USNM 641124. a, Side view, b, Edge view. X65.
Fig. 4. Triloculina trihedra Loeblich and Tappan. USNM 641125. a, Edge

view, b, Side view. X93.
Fig. 5. Pateoris hauerinoides (Rhumbler). USNM 641126. X65.

Plate 2

Fig. 1. Pyrgo williamsoni (Silvestri). USNM 641127. X93.
Fig. 2. Comuspira sp. USNM 641128. X93.
Fig. 3. Lagena clavata (d'Orbigny). USNM 641129. X93.
Fig. 4. Fissurina cf. cucurbitasema Loeblich and Tappan. USNM 641130.

X148.

Fig. 5. Globnlina glacialis Cushman and Ozawa. USNM 641131. a, Edge view.

b, Side view. X93.
Fig. 6. Nonionella auricula Heron-Allen and Earland. USNM 641132. a, Edge

view, b, Side view. X148.
Fig. 7. Elphidium varium n. sp. Holotype. USNM 641133. Edge view. X93.

Plate 3

Fig. 1. Elphidium varium n. sp. Holotype. USNM 641133. Side view. X93.
Fig. 2. Elphidium varium n. sp. Paratype. USNM 641134. a, Edge view.

b, Side view. X65.
Fig. 3. Elphidium clavatum Cushman. USNM 641135. a, Edge view, b, Side

view. X148.
Fig. 4. Elphidium clavatum Cushman. USNM 641136. a, Edge view, b, Side

view. X214.
Fig. 5. Elphidium orbiculare (Brady). USNM 641137. a, Edge view, b, Side

view. X93.

Plate 4

Fig. 1. Elphidium orbiculare (Brady). USNM 641138. a, Side view, b, Edge

view. X93.
Fig. 2. Elphidium sp. USNM 641139. a, Side view, b, Edge view. X93.
Fig. 3. Buccella frigida (Cushman). USNM 641140. a, Edge view, b, Ventral

view. X148.
Fig. 4. Buccella frigida (Cushman). USNM 641141. a, Edge view, b, Dorsal

view. XI 48.

29



30 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. I45

Plate 5

Fig. 1. Cassidulina teretis Tappan. USNM 641142. a and b, Side views. X65.
Fig. 2. Cassidulina barbara n. sp. Holotype. USNM 641143. a and b, Side

views. X148.
Fig. 3. Cassidulina barbara n. sp. Paratype. USNM 641144. a and b, Side

views. X148.
Fig. 4. Cibicides cf. lobatulus (Walker and Jacob). USNM 641145. a, Edge

view, b, Side view. X93.
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