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INTRODUCTION

Froblem

This problem was begun in 1939 at the Institute of Marine Biology
at Coos Bay and continued in the summers of 1940 and 1941, During
the summer of 1939 colleetions were made in the littersl zone some~
what at random in an effort to determine the habitat of the foraminif-
era, While a few tests were found in open sandy beach areas, they were
obviously dead and abraded from constant wave setion., The sand in
protected spots behind boulders and the debris collected on the oute
side surfaces of ses anemones gave negative results, The living speci~
mens, characterized by the glossiness of their tests and the transe
lucency of some forms, were found among plants, where they were com-
mon in the sand and mud surrounding the hold fasts of algae and the
roots of eelgrase, and adhering to the plants themselves. |

The work of collecting, separating, mbunting and classifying the
specimens weni on during the summers of 1940 and 1941 at Coes Bay,
Additional material was collected in the winter of 1942-1943 and worked
over at the University of Oregon.

This study of the foraminifera of the Coos Bay region is taxon~
omic in nature, In view of the fast that species are determined on
the morphologicsl differences of the test in sometimes widely differe

ent sexual and msexual phases of the 1life eyele, and since compara-




tively little appears to be known sbout the life eyecle of most species,
it seems advisable to limit the classifiocation of moet of the speeci~-
mens desoribed and figured here to genus, In a few instances, speei~
mens have so e¢losely resembled those desoribed and illustrated in the
works of Brady (1884) and Natland (1937) that identifying them to
species seems Justified,

Work on the littoral ferme of foraminifera on the Pacific coast
is esonspisuously laeking. As a matter of fmet, data on even the deep~
water forms are net oxéonlivn‘ Brady's study of collections made dur~
ing the voyage of H.M.8, Challenger in 1873=1876 ineludes material
from the Philippines, Hawaii, and mid~Pacific stations southward to
the Straits of Magellan, The U. 5, Bureau of Fisheries steamer Alba-
tross while engaged in a eable survey in 1891 took innumerable bottom
samples along the islands of Japan and the coast of Siberias, U.5.S.
Nero made eable surveys across the north Pacifie from Hawaii to Midway
island, thence to Guam, to Luson, teo Guam, to Yokohama, and baek to
Hawaii, Muech ofetho'dradging done in these areas was in very deep
water in red clay areas, and almosg no foraminifera were found, but
many areas of shallower water were covered with typical Glebigerine
oose. Cushman published his oxténsivo work on collections from these
three ships and U.B;B. Alert (1910-1916), and notes that the region
where the fewest samples wore taken is that of western United States,
and that the reason 13 partly that the Albatross when in these waters
was often engaged in work other than dredgzing,

Two papers, of Goe and Allen (1937) and Natlsnd (1938), deal with



recent foraminifera of the Pacific coast, but they boih refer to South-
ern California. The former refers to foraminifera only incidentally,
in connection with growth of sedentary marine organisms, and the latter
describes species mostly dredged from 884 up to 9 fathoms,

Net only in the study of foraminifera has the coast of Oregon
been neglected, but Praser (1937) decries the almost complete lack of
material on hydroids from San Francise¢o bay te Cape Fiattory, and
atates that little shore eollecting has been done in this area, and
although the Albatross did some dredging off the ocoast in deeper water,
colleetions heve been examined from vefy fow stations, At tha present
time, less is known of the hydroid possibilities here than in any other
area on the whole coast,

Considering that shallow water and littoral :oﬂoa are by far the
best sourees for large numbers of spesies of foraminifera, it seems
remarkable that theee areas have been negleoted, Foraminifera seem to
be very ¢ommon in protected areas where there is plant 1ife, and while
they individuslly are not conspiecuous, they in some cascs form a con-
siderable proportion of the sand, The commonest of the foraminifera
on the British coast, Massilina secans, is found on the louﬁhorn coasts
in streteches of beach miles long, where it makes up as much as 95% of
the sand (Heron~Allen and Earland, 1910).

The subject of formminifera had been of purely scientific interczt )
until 1917, when micropaleontology was applied te the problems of pe-
troleum geology. Fossil foreminifera are used by oil companies ir

determining the formetions through which they must drill, The sanxples




taken with a drill sre necessarily smell end frequently mixed, and the

characteristie formation and the larger fossils often destroyed, Since
most foraminifera are so small and so numerous, they make the best and

most reliable means of identifieation,

Most of the soologists who have studied foraminifers have used the
same specific names for Paleosois, Mosozdic, and Recent forms, They
have been most interested in the similarities and relationships of the
forms and their environments, Paleontologists, on the other hand, are
interested in the faet that foeeil species are not always the same aos
the recent formej; therefore the value of foraminifere in identifying
formations lies in the faet that there are differences from age to age
in what the soologists call e single species, It has long been believed
that foraminifera were very persistent, the various species living con-
tinuously through many geologiec periods and that they were of little
chronolegie valus. Only in the last few years has the fact been real- :
iged that not only do distinct speeies of feraminifera characterize the
greater perleds, Sut the aubdivisibna and horisons,

Oooaaionally foramiriifers which seemingly designate a formgtion
reappear several perieds later, a fast apparently eontrary to the
logical statement that a specises once extinet never réappoara. No doubt
thia reappearance of species is due to the faet that they existed in
some other locality and returned when the temperature, depths, amount
of suapondeé material and other conditions were favorable in the area

of deposition (Carsey, 1926).



Geographical Distributien

Foraminifers sre ususlly considered marine organisme. Only cerinin
species of one family, the Lagynidae, live in fresh water. This fumily
has been removed from the foraminifera by some authors, leaving in the
order only sslt water forms that can be preserved as fossils, Kudo’
(1939) puts the Legynidee in Order Testacea, but D¥flein (1929),
Galloway (1933) and Cushman (1933) put' it in the foraminifera.

Ahumbler (1904) put most of the Lagynidae in a third order, Filosa.

It would seem, therefore, that the Order Forgminifcra in general ean
be called marine, Entzie, = chitinous form in the Trochamminidee, has
been found in inlend salt water in Hungary, a sea supposed to be the
remnants of an old Miocene sea, OCushman (1933) suggests that it is
probable that foraminifers will be found in salt or brackisi lakes in
many parts of the world,

Most spescies live on the bottom, some on algas, and about twenty-
five species are pelagie. The largest and most speeialized forums are
adjusted to & partieular habitat, susch as the deep, cold weter in which
the Astrohrizidae live, The phylaaphobi; éonora, at the evolutionary
stage when they are in their prime, sush aslxg;gggglgng, Quinqueloculina,
and the Nodosariidae and Rotaliidae, live in nearly &ll marine habitets,
Attached forms ooccur mosily in very shallow and warm water, or in very |
cold end deep water,

In general, it may be said that temperature is the eritical factor

in distribution, while depth, except as related to temperature, is much
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less important, The habitat of the once living forms, as indicated by
a.foesil fauna, can be learned by a study of the highly specialized or
highly degenerate forms, whish are mueh more restricted than the ohylo-
ephebie gonofa.

Geelogie Distributien

It has been stated that ninety percent of the world has, et one
time or unofher, been covered by the sea, Today seventy percent of the
earth's surface ie eovered by water, Thus foraminifera are found dis-~
tributed over most of the earth in formations on land as well es under
the sea. On Mount Everest, at the 22,000-foot levol there is a seam of
foraminifera 200 feet thiek, They are found in the mardle in the
quarries of Italy, énd in the rock of the Pyremids of Egypt.

It is unlikely that those forms which developad fragile chitin
tests have been preserved, The more durable arenaceous group, espec~
ially those whioh have very well-defined tests, are capable of good
preservation if iﬁnditicnl are favorable, The calcareous forme are
well preserved as a rule, unless there has been leaching, or the mater-
ial turned to greensand before it was fully fossilized.

The earliest known foraminifer, Cgyeuxina Galloway, ocsurs in the
pre-Cambrian of Brittany. The strueturs of the specimens is obliter~
ated, howsver, and some of them may be equally well referred to the
radiolaria. The Cambrian of the Malverns in England reveals species of

Lagena, Nodosaria, Spirilline and others. Silurien foraminifere ere

known from Bnglend and the central United Stetes, Devonian and



iigsissippian forms are rare. Pennsylvanian forms ocour in wany parts
of the world, and belong mainly to the familles Endothyridae, Nodosin-
ellidee, Textulariidse and Fusulinidae, 2ll of which are extinet, aund
to the Spirillinidae, which is still in existence,

Triassic forms are rare, and belong to sueh modern familiee as the
Rotaliidae and Nedosariidae, Foraminifera became abundant with the
Jurassie, and Cretaceous forms are numerous and have a modern aspect,
except for some highly specialiszed genéra. Eocene and Oligocene foram-
fnifers are abundant, and meny of their genera continue to the Recent,
but there are several specialized geners characteristic of these epochs,
The Reoent fauns began with the Miocene, and most of the genera and

many species have continued to the present time,

Historieal Review

The French naturalist Alcide d'Orbigny was the first to collect
the genera of foraminifera into one soological group. Brady (1884)
writes that bgfore d'Orbigny's day the external form of the tests had
been studied by u long line of eminent obeervers--by Plancus and Soldani '
in Italy, Ledermiiller in Germany, Linnaeus in Sweden, Fichtel and loll
in Austria, walker and Montagu in England, Lamarck and Blainville in
¥ranee, and many others, The earliest writers considered the foramin-
era minute varieties of the larger animals which their tests most nearly
resembled. They were frequently assigned to such genera as Nautilus
and Serpula. Leter, when they were recognized as distinct orgenisms,

they were put into independent genera but distributed widely among the



invertebrate groups, Their true status was not determined until the
living organisms were studied, but meanwhile d*Ordigny forwarded the
study of the group by putting them in a diitinot seetion in the animal
kingdem,

In 4'0rbigny's "Tableau Methodique™, pudlished in 1826, the
Gephalopodous Mollusea (Class Céphalepodes) vﬁro divided inte three
orders, one of which was the Order foruminiftroo, divided into five
families based upon the manner in whieh the chambere were combined to
form the test, In the meantime Dujardin had described the true-ehurac-
ter of the Rhisepoda, This removed the foraminifera to & lower posi-
tion in the soelogieal seale, In d'Ordigny's later works, the Foram~
iniféres constitute the fourth class 6! Zoophytes, dividad into seven
ordere based on arrangement of the ghambers, .

In 1854, Max Schultse published his "abor den Organismus der Poly~
thalamen (Foraminiferen)®, 1In this he divided the Rhizopoda into two
sections, Nuda and Testaceas the former, based on Amoeba as its type,
inoluded all naked forms, and the latter included all the species have
ing an external shell, The Testneea were divided into twe suberders,
Honothalamia and Polythalamia, This secheme showed a wider grasp of
the subjest than did that of d'Orbigny, but it had many obvious dis~
advantages., For example, by this arrangement, Orbulinas and Lagena
fall into one primary division, and Globigerina and Nodosaris in the
other. On the basis of our present knowledge, such & condition is
highly improbable,

Galloway (1933) points out that W. C. Williemson, in 1848 and



again in 1858, advenced the idea that there is & great variamtion in
all groups of foraminifera, and maintained that all efforts te clac-
8ify them are futile because there were no charscters on which one
could depend, His idea that there was variation in ell directions
has had considereble influence on the classification of the foreminif~
era as used by the British workers, whose system has been bazed upon
general structurasl similarities, and in which they attempted to use as
few species, genera, and higher groups, as possible, The English alse
failed to see any evolution of foraminifera during geclogic time,

In the years 1861=2, there appeared almost simultanéously two

systems of claseifiestion having mueh in common. According to Brady

(1884), the fact that Reuss and Carpenter should arrive independently
at conclusions that are 1do$t1¢¢1 in their more important features, is
some agsurance that the results in either case "have some foundation
in natural laws." It seems poesible that these resulte might indieate

also that both of these workers showed the same fundamental error; i,e.,

the lack of consideration of the phylogenetie relationshipe of the
group, But such a lack of consideration is understendable since Imr-
win'e "Origin of Species™ wes published in 1859, and was by no means
universally accepted for many years after that,

These systems were based on (1) the number of chambers, whether
one or manyj; (2) material and structure of the test; (3) arrangesment
of chambers and form of the test, Reuss, in a postseript to his paper,
gave another outline, in which the monothalamous, chitinous forms were

removed from the group, and classification was based on (1) absence
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or presenes of mural pores; (2) material and structure of walls; (3)
arrangement of chambers and form of tests,

Brady (1884) produced a eclassifieation which has been standard
since that time, It was based on a combination of structural similari-
ties, wall material and structure, number and arrangement of chambers,
form of the test and charmoter of the aperture, He made no attempt to
mnke & genetic elassifiestion, or to usa any one standard fo distin-
guish between genera or families. He says, (p. 58) "The study of the
Foraminifera as assemblages of forms grouped round a comparatively
small number of central or typical specles, a2s advocated by Carpenter
and his colleagues, is, I am convinced, the only means of afriving
at a eorrect understanding of the bioclogical relations of the group.”

According to Galloway (1933) Ludwig Rhumbler, in 1897, made the
first classification based on a phylogonetic’rolationship. He inter-
preted the early ontogenetis .tagoa'u- the form toward which the line
wes evolving, rtthpr than as indieating the ancestral form, es agreed
upon by most other naturalists.

Workers sinee then, Henri Douvilld, R, J. Schubert, and J. A.
Cushman, have all improved on the earlier systems, partieuinrly that
of Brady, but they all make what is to Gallowsy s fundamental misteke,
of sssuming th@t calearecus forms ere derived from arenaceous ancestors,

Galloway (1933) published a claseification for the group that
seems to take the desirable features from the aystems of Schultse,
Reuss, and Brady, and combines them with what seems to be a logieal

development of the phylogeny of the group. A comparison of his system
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with others in eurrent uee will bs msde later,
Morphelogy

The charscteristia features of this croup are the poesession of
retioculose pseudovodim end a teet, The foreaminifers in generzl are
oreeping forms, moving slowly by means of their pseudopodiam; some are
pelagies, such as Globigerins (pl. 3, fig. 1), and some, such as

Gjibieides (pl. 7, fige 1), which ie found on the stems and leaves of

eselgrass, are sedentary, nttaching themselves to some object,

s epecies of this order were without a test, either as a form
that never acjuired it or s one having lost it secondarily, it would
be placed in the Order Proteomyxs, Kinehin (1912) suggests that it is
probable that meny of the large marine proteomyxs are alliesd to the true
foraminifere, as forme iithor primitively or caiondarily without & tesi.
finumbler (1904) ;ut the two groups in the section Retieulose, and Gal-
loway (1933) hes followed the sume plan.

‘The test im the havd structure of forsminifers, and is the festure
of most interest to students of the order. It is neither a shell nor
the wall of the cell, but sctually s ekeleton, because during the
active lifc.of the animal it iz conmpletely surrounded boéh inside and
outzide by protoplasm, In the test csn be found £ll the characters
used in taxonomy within the order, oxcept for some forms in the family
Lagynidae,

The test is composed of one or more chambers or locules., The first

ehamber formed is the prolooculum., Adjoining chamber cavities sre con-
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nected by an opening through a septum, whence the name Foraminifera, to
poesess foramina,

In the tests having more than 8 eingle chamboer the apertures become
internal, as a rule., One of the simplest arrangements of chambers,
aceording to Cushman (1910-1916), is a linear series. Another very
common plan eof arrangement is a planospiral, as in Cornuspira (p. 1,
fig. 1). This may be varied by having the line of coiling in a spiral,
and the whole test becoming troeheid, or coiled around an axis in = low
spire., Such a tost frequently becomes rotaloid, so that all chambers
are visible on the dorsal side and only those of the last whorl on the
ventral side, as in Treghemmina (pl. 2, fige. 1-3). Another eommon
arrangement is & biseriel one, the shambers on opposite sides of the
axis, as in Textularia. These plans or some modification of them are
the fundamental arrangements for the chambers. Frequently more than
orre plan enters into the ontogenetic development of a speéies. The test
mey start with a -eolled arrangement end cevelop a straight stage, or
become uniserial after a triserial or bdiserisl stage., The fact that
there may be more than one distinet method of growth within one test
seems to have a definite phylogenetie bearing on the families in whieh
it appears.

. The number of chambers varies from = few to a grest many., The
chambers are usually simple, that is, undivided, but in some of the
higher forms they are divided into chamberlets, ususlly in free ecommun-

ication, Another characteristioc modification in eome genera is the
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Jevelopment of labyrinthic structures inside the chambers. In genersl,
thié geems to be & mark of the culmination of certain lines in develop-
ment or specialization, and many of the genera whioh developed such
labyrinthic structures are now extinet (Calloway, 1933).

In most foraminifera the wall is perforate, These openings,
either large or small, as well as the larger aperture, ullow the fine
protoplasmic ihreads mecess to the exterior.

The wall may be locally thickened, giving rise to a pattern, as is
seen in Lagens (pl. 3, fig. 3) and Yyigerina (pl. 7, fig. 4), In the
orbulinidae e nighly speciulized character is found in the fine spines.
Thase are outurowths of the wall, and in theae pelagic forms, according
to Cushman (1933), may be orzans of flotation, supporting the foramin-

for in the water anywhere from & few feoet above the substratum io the
surface of the waler.

The aperture varies greatly with the different forms. It may be
gimple and round, fissurine, streight or curved, or nay be radiate,
phialine, or virguline. There may be accessory apertural characters,
ss velves, teeth, or lips. The aperture may have &n extornal nack,
sctosolenian, or an intofnal neck, entosolenian, The aperture may be
¢endritis, cridrate, a line of pores or several lines, or ¢losed by a
perforate plate, & trematophore, In sowe forms there is no aperture,

External characters which have no apparent use are designated as
ornsmentstion, such as striations, plications, costse, reticulations,
granules, tubercles, knobs, spines, bosses, carinae, keels and limba-

tions. They oocur in 8ll families.
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The color of the eumpty tesis is notl e prominent feature. GSome of
the arenaceous forms have iron cempounde in the'cementing materisl,
imparting to the test a reddish brown coler., The send grains also may
zive it color, as for example white coral particles or siliceous sinds,
In the chitinous test the ususl yellowish-brown yrevails. The secreted
canlecureous test 1s white when empty., /An exception is ithne firsi cham-
berc of Diecorbis (pl. 6, fig. 3) which are a light brown. Cushman
{1910-19156) sugzests that when meny species are alive there is probebly
more or less color whieh disappears when the test is empty. Foseil
apecimens are usually the color of the sgurrounding rocks The surfsce
0f living specimens is glosey or matt, and that of fossils usually dull,

The gmallest foraminifer rmeasured was 0.2 mm, in diameter, and
the largest waes about 1 mm, The average size wae about (.5 =m., Gal-
loway (1933) eites Cayquxins and some of the Lagynidae as the smallest
foraminifera, from C.Cl to 6502 mm. in diameter.

Cushman (1933), in common with most of the previous workers, holds
that the most primitivo form of the test is thet of the Astrorhizidae,
where thers is s centrsl body with numerous irregular channels formed
by material eollected by the pseudopodim, After the single chamber,
according to Cushman {1933), the next stzge of development ig the form-
ztion of an elongmte tubulsr chamber, usually coiled around the proloc-
ulum. This may eventually be broken up inte chamhare, becoming more
and more regular, In brief, Cushmen's idea iz that the primitive forﬁs,
except in a few groups, seem to have arisen from the coiled, tubular

forms, the evidence of which is seen in the early stages of various
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primitive forms.

Galloway (1933), on the other hand, maintains that the wost prim-
itive form iz a globular test, because (1) the prsleculum of all forms
whieh have a proloculum is globular, not tubular, and out of it devel-
ops other similar, globular chambers or a tubej (2) the sphericeal form
is physically more simple than the eylindery (3) the earliest foramin-
ifer known, Cayeuxina, is made up of spheroidal chambers; (4) the
admittedly most simple and most primitive foraminifera, the Lagynidae,
are mostly globular, while the few tubular forms are clearly phyloger-
ontie, or have bescome decmdent ae s race., There i3 no early ontogen-
stic tubular stage in any of the Rotaliidae, the Buliminidae, the
Camerinidas and other families, as thers ahodld be if the view be cor-
rect that those familiss evolved from tubular ancestors,

According to Galloway (1933), most authorities since 1860 have
agsumed that the arenageous or agglutinated test wall, next to the
chitinous wall, iz the original iexture from which 8ll other typaé of
wall structure have bien derived, Galloway claims that the arenaceous
forws, partieularly the Astrorhizidas, are not primitive, at least not
aneestral to more complex forms, but are degenerate or speeianlized, He
bases his claim on the following points: (1) the arcnacedus forms do
not oceur first in the geologzie column; they appear in the Silurian and
do not besome important until the Pennsylvanian, whereas the caleareous,
non-arenaceous forms rangze from the pre-Cambrian, Cambrian and Ordovie-

ian onward; (2) most of the Astrorhizidae are found only in Reeent
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deposits and are always rareg (3) they occur mostly in very deep water,
indicating epecialization for an unusual habitat; (4) the arQnaeeous
forme are many tim;u larger, on the average, than the calcareous, and
large forms, among all forms of life, are more highly evolved than their
smaller relatives; (5) the arenacecus forms show avidences of uncoiling,
whereas if they were primitive they would show that coiled forms were
derived from them; this they fall to doj (6) the arenanceous forms are
m;stly attached and irregular in form, indicating degeneraey, but not a
primitive conditiong (7) many calcareous forms, as in the ¥iliolidae and
+he Textulariidae, have ocalcareous walls in the early ontogenetie stage,
and foreign particles are added in the later stages, showing that the
calcareous texture csme first; and (8) no known foraminifer has an
arenaceous nepioni¢ or neanie stago followsd by a ocalcareous ephedbic
stage, as would be the case if the arensceous wall developed into one
secreted by the animal, The evidence all favors the conviction that
the arenaceous forms were derived from similar chitinous and caleareous
forms, and not tﬁe reverse.

Gallowaey (1933) has interpreted the phylogeny of the order and
based his claseification on thess biologic prineiples and postulates:

1. Foraminifers have evolved in geologlc time, and in confornity
with biologic laws applying te other lines of organic svolution,

2. The biogenetic law applies to foraminifera just as it does to
alher organioms,
1. Ohranagenenti hadde wn well Tor forsmlnilers o Far wny nther

avoup) onribior furie wre ansanbral Corme whon sulfietant (nolp urs knawn,
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4, Development of form:
(a) Spheroidaleeetubular~=~irregular
K\multiloaular ~wtybular--=irregular
R\irrogulur
(v) Sixplee=-complexr--spscialized-»~degenerate
degenerate
degenerate
5S¢ Evolution of wall strueture:
Gelatinous===arsnacecus
| hitinous~==arenaceous
ranulare--arenaceous
X\fibrou ~3renaceous
alveolar~-=arenaceous {7,
hyaline~~~arenaceous
q\porcouanoous

\aronacoous

6. The taxonomic values of the various structures in the order of

their importance:

Family chersoters: Material of the walls, arrangement of chambers,
number of chambers, character of the apertures.

Generic charscterss Shapes of the tests, number and arrangement
of septa, character of perforations, character, position and
number of apertures, and particular material of the wells,

Specific characterss Ornamentation, size, number of chambers and

small differences in any combination of charamoters, whiech
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seem to be eonstant,
varietal characterss Ome small difference whieh does net occur in
8ll the specimens of a species,

While Galloway directly refutes all previous workers, &8s represent-
ed by Cushmen, and appareatly is alone in his highly contreversisl
presentation of the phylegeny of the order, particularly in comnection
with the errangement of the chambers and structure of the test wall, his
arguments seem entirely logiecal. He cites specific families and genera
to eonfirm his points, whereas other workers merely generalize. For

these reasone, Gelloway's system of elassification hes been used in

this problem,

Life History

The foramimifera rsproduce in two ways, asexually and sexuslly.
Galloway (1933) netes thst Munier-Chalmes, in 1880, first discevered
the two main forms in the 1ifs histery, the megaspheric and microspheriec.,
Lister (1906) tipliihQG this as due to altermation of gcneratioﬁs. In
general, the megaspherie form has a large proleculum in which the an-
cestral steges may be skipped, but the test is comparatively small and
outnumbers the tests ef the microspheric tern‘np to 300 to 1, The
proloculum of the microspheric form is small by comparison with the
megaspheric and the ancesiral siages are feeapitulated to a greater or
less deéroe, and tho‘entiro test usually is several times as large as
that of the megaspheric form.

Only within the last few years has any conclusive work been done
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on the details of the life cycle of any species. According to Lister
{1906}, there is muck mecunulated knowledge on.particular phases of the
1ife history of many ferms, but nothing is ecemplete. Lister worked out
the 1ife cycle of Polystomells grispa, which according to Myers (1935a)
is the first complete account of the lif'e cycle of a dimorphic foram—
inifer in literature. The evidence presented in suppori of ?his life
cycle, however, is nowhere verified by aéaquafe eytologicnl proof;

Figure 1 is a disgrammatic presentation of the life history of a
typical foraminifer, illustrating the slternation of gensrations, sex-
ual and asexusl, and showing ihe morphologieal differences as demon-
strated in the two lypes of tests.

The life cycle of Patellina sorrugsts (Myere, 1935) marks a defin-
ite advance in our knowledpe of life processes in the foraminifera in
that the eytological evidence presentesd is complets in every essential,

The work done by Myers on Patellina gorrugata shows what is evident-

1y a typical life e¢ycle among the foraminifera.

There it an orderly succession of sexuel and asexuél'zenerations.
This alternation of generations results in a morpholeogical difference
in the calcareous tests, depending en the mode of origin, These di-
morphie individuals are designated megaspherie and mierospheric, and
are the gamonts and mgamorts, or the sexual and asexual generations,
respeciively.

Myers (1940), in his work en the life history of Diseorbis, found

that the gametes are triflagellsted, and that their genetic relation-




F igure 1

Diagram illustrating the life oycle of foraminifera.

1. Miorospheric form with proloculum
2, 3., Multinuoleate microspherioc (asexual) generation

4. Megaspheric form with proloculum

6. Gemete formation
6, 7. Formation of zygote
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ghip ie easily demornstrated, since gametogenesis, fertilization, and the
development of two~ and thres-chambered multinucleate microspheric
agamonts take place within the exeavated tests of two or more mono-
nucleate megaspheric gamonts associated in sysygy., This life cycle of

Discorbis agrees in general with Lister's account of Polystomells

orispa. _
Plate 6, fig, 2 illuastrates the manner in which the microaphefic

agamonts develop within the exeavated tests of two individuals of

Discorbis associated in eysygzy,

Mothod

The samples of mud and sand from whioh the materials of this study
were fakon ere all from the littoral sone on the coast of Oregon. The
. samples from which speciss were described are all from the Coos Bay
aree in Coos County., A few collections were made at the Tillamook
county eocast, but the specimens were used for comparative purposes only,
No figures or descrintions are made from them,

The scmples were collected at low tide when the most tide pools
and algase=covered rocks are oxposed, Sand and mud surrounding the
holdfmsts of algne and roots of eslgrass, together with the stems of
the plante themselves, were collected, The plant material was removed
after the whole mess had been washed vigorously in fresh weter,

The samples were decanted to remove most of the fine mud end or-
zenic materisl, While this decanting process took cineilderably longer

than the systerm of sieves of verious mesh sises recommended by Cushman
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(1933); it seemed mors efficient because it preserved s larger number
of the more delicate tesis, The remaining material was allowed to dry
thoroughly.‘ To remove the tests from the sand, carben tetrachloride
was poured over the dry material, The empty tests, along with bits of
mollusk and erustacean shell and wood, floated to the surfece of the
heavy liquid., The tetrachloride was filtered from the floating material
and the foraminifera picked out by means of & moistened sable brush.,
The specimens were studied with the aid of e binocular and e com~
pound mioroscope, A camera lucida was used for making the outlines of
the figures, The specimens were mounted on black-backed eardboard
slides with tragacanth gum, which is water soluble, and makes it pos-
sible io move the spedimens quiekly ard easily with less danger of
breaking the tests than if glue, balsam, or some similar substance were

used,
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Wall agglutinated

Test spirally coiled with low 6Pire « « ¢ o o o

Test spirally coiled with high spire. « « ¢ o

%ull calcareous
Wall imperforate, porcellansous « « « » « o ¢ o

Wall typieslly perforate, hyaline

Apertureradiato..-.-.--..‘o.

Aperture not radiate
Test rotaleoid, at least in young

Chambers closely appressed .

L]
[}

Chambers loosely appressed . . .
Test not rotaloid
Test discoidal, typiecally plani~-
opiral . . o s s 6 0 s e e e e o
Test high=spired to uniserial
Aperture virguline. « « « «

Aperture phialine « « o « «
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«Trochamminidse

«Ataxophragmiidae

»Miliolidae

oNodosariidae

. sRotalildee

«Urbulinidae

«Nonionidae

<Buliminidae

«Uvigerinidee

In order to reduse the number of references, the methed of Cush~

man (1927) has besn adopted of giving only the original refsrence, and

then a reference to 2 recent work in which the synonymy is fairly com-

plete, such as Bulletin 71 or 104 of the United States National Museunm.

The deseriptions of families and gemers are mostly from Galloway.

The plates are f{rom original drawings.
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FAMILY YILIOLIDAE d°Orbigny, 1839

2141i0lidae d*Orbigny, Hist. Phys. Pol. Nat. Cubs, 1839, Forem., p. xxxix.
Tests free, rarely attached, typically spirally colled with each
chamber half a coil in length, longer in more primitive and shorter in
sp;cialized generaj walls calcareous, with chitinous btese, imperforate,
porcellaneous in appearance, sometimes covered with sand; aperture typ-
jcally with s bifid tooth, sometines gimple or eribrate., In braekish
water the test may be reduced to s transparent chitinous film, and in
very deep water the wall may be only a siliceous film,--Mostly shallow,
werm water, few in deep, cold water.-~0arboniferous te Recent, forming

beds of limestone in Cretaseous, Eocene and Olligocene.

Key to Subfamilies

Test planispiral in young stages . « « . o .« s o s s e .Corﬁuapirinae
Test irregular or unilocular « « « o o ¢ ¢ o ¢ o o o o .Nubeculariinsae
Test milio;inn in young stages

Hilioline or embracing fn adult . . + ¢ ¢ ¢ o o « Jiliolinze

Planispirel or evolute in mdult . . « o o ¢ ¢ o » .Hauerininee
‘“he subfemilies Cornuspiriname and Miliolinae are represented here.

Subfamily Cornuspirinae Reuss, 1861

Cornuspiridea Reuss, Sitx. k. k. Wiss. Wien., Math.-Naturw. Cl.,

vol. 44, pt. 1, 1861, p. 394.

Genus Cornuspirs Schultze, 1854

Genotype (first species, designated by Cushman, 1928), Cornuspira

planorbis Schultze, Organis. Pelythsl., 1854, p. 40, pl. 2, fig. 21.

(Recent, coast of Mozambique.)
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Test free, planiepiral, couwposed of a proloculum followed by a
long, round or flasttened tube, enlarzing gradually, sometimes iith a few
septa; wall porcellaneous, imperforate, smooth except for growth lines;
aperture the open end of the tube, luﬁate or elongate, sometimes con=-
stricted with thickened lip. Dismeter, up to 31 mm.--Strand down to
1900 fathoms.-~Carboniferous to Recent.

Cornuspira sp.
Plate 1, figure 1

Test discoidal, tube enlarging very gradually, with flange extend-
ing toward proloculum; no sapta; aperture the end of the tube, broadly
crescentic., Diameter .47 muz. Rare in the sand and mud surrounding the
holdfasts of alise,. |

Subfamily iiliolinae Reuss, 1861
¥iliolidea Reuss, Sitz, k. ik, Wiss, Wien, M¥ath,~~Naturw. Cl., vol. 44,
pt. 1, 1861, p. 374,
Genus Quingueloculins d'Crbigny, 1826
Quinqueloculine d'Crbieny, Ann. Sei. Nat., vols T, 1826, p. 303.--Cush-

wan, U. 5. Nat. Mue. Bull, 71, pt. 6, 1917, p. 42,

Test free; the nucleoconch in the mierospheric form consists of an
oval proloculum and one or two chambers a coil or less in length, and
in the megaspheric form of & larger proloculws and one chember less than
one coil in length; the nucleoconch in boith and microspheric and meva-
spberie fofma iz followed by chsmbers one~half coil in length, wound
lengthwise about an elonzate axis, and spirally transverss to the |

elongate axis where successive chambers are 144° apart, so that fivo.
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chembers make two complete whorls and every fifth ehember is radielly
superimposed on another, adjacent chambers being 72° spart; four cham-
bars are vizsible from one side of the test and three from the other; wall

porcellaneous, smooth or variously ornamented or covered with sand grains,

but with very little thickening tissue insidej aperture flush with the
surface or with neck, round or elongate, with plate-like or bifid iooth;
the aperturs alternates from end to end of the test; length up to 3.75
rm,, average about 1 mm,~-Warm seas, shallew to medium depth, and down
to 3000 fathome.--~Jurnssic to Reeent, abundant Eccene to Recent.
Quingueloeulina sp,
Plate 1, figure 2
Test smooth, entirely ealcarsous, porcellaneous, compressed; aper~
ture with & rim and pretruding bifid tooth, Length 0,89 mm, Feirly
common in the sand ané mud around plents,

Quinqueloeulina sp.

Plate 1, figurse 3

Teet slightly irregulsr transversely, porcellaneous or chitinous,
rounded in eontour; aperture'largo, with a small rim, entirely tooth-

lese., Length 0,86 mm, Famirly commen et stations in mud and send sur-

S o AT -5 2,

rounding plants,

This species, while aihibiting most of the charazeters of the genus,
lecks the apertural teeoth that ia.chnracteristie. -However, in general
the species seems to fit here,

Quingueloculina sp.
Plate 1, figure 4

Test smooth, thin, porcellaneous or ocossionally chitinouss aper~



ture without rim, with bifid tooth. TLength 0.55 mm. Common in sand

and mud sreund nl-~se; in protscted bay areas,
FAMILY TROCHAMMINIDAE Schwager, 1877

Trochamminidee Schwacer, Boll. R, Com, Ceol., Italis, vol, 8, 1877, p. 21.
Test fres or attached, rotaleid or nautiloid throughout, or spirsal
in the voung znd later evelute or embreeing or frregular; chambers num-
erous, not labyrinthie inside; well agglutineted, arenaceous or spioc-
uloss, or chitinous with ineluded grains; aperture single or multiple,
at the base of the septum, on the septum or terminal, or absent,~-Chal~
low, warm water, or deep, ¢0ld water, few fn temperats water of medium
depth; one in continental salt water.~~Penngylvanian teo Jurassic, rare;

Cretaceous commorj Tertiary, rare; Rescent, not common,

Key to S8ubfamilies

P SR S e e RS

Test rotaleid or trochoié, at lesst in young stagee. ., Trochemmininae
§ Test nautiloid, at least in young stages « ¢ « o » o o Placopsilininae
Subfamily Trochammininae Brady, 1884
Trochammininae Brady, Rep. Voy. Challenger, Zool., vel. 9, 1884, p. 06,
Genus Trochammina Parker and Jones, 1859

Troghammina Parker and Jones, Amn, ¥ag. Nat, Hist., ser. 3, vol. 4,

1859, p. 3‘7"‘0“'“&"' U. S. Nat. “u‘- B“ll. 104. ptg 2, 1920’ pQ 72.
Test free, rarely attached by the ventral side, rotsloid; spire
depressed, visible from the doreal side, only the last whorl visible

from the ventral side; chambers rather closely appressed, 4 to 8 in the
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last whorl; wall finely to coarsely arenaceous with mueh cement; aper~-
ture a curved slit at the base of the lmst chamber on the ventral side
between umbilicus and periphery., Diameter up to 2 mm.~-Shallow to deep,
cold water.-~Carboniferous, Jurassic to Recent.
Troshamming sp.
Plate 2, figure 1
Test finely arenaceous with much cement, smooth, reddish brown in

color; chambers rather inflated, 4~5 in last whorl; periphery rounded ;
sutures depressed; dnbilieu- slightly concave, with rounded flni lobes
extonding about one~fourth the way out on the sutures; aperture a small
curved slit along base of last chamber on ventral side. Diametor 0.35
mm., breadth 0,18 mm. Not teo common in sand and mud among holdfasto
of algre,

Iroghemming ep.

Plate 2, figure 2

Test finely arenaceous and -nootﬁ; cement reddish brown; chambers
somewhat appressed, 5«6 in last whorl; sutures not much depressed;
periphery only slightly rounded; dorsal and ventral sides almost flat;
umbilicus emall, concave; aperture a narrow slit slong base of last
chamber on ventral side, Dismeter 0,53 mm., breadth 0,15 mm, Fairly
common in sand and mud around algae,
Irochemmina inflata Montagu, 1308
Plate 2, figure 3

Kautilus inflatus Yontagu, 18CB, Test. Brit., Supp., p. 61, xviii, figc. 3.
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Trochammine inflate Carpenter, 1862, Introd., Foresm., p. 141, pl. xi,

fig. S.

Test free, trochoid, all the chembers visible on the dorsal side,
only the last whorl on the vcntral,.conaisting of about three whorls,
with 5«6 in the last onej sutures distinet, wall fimely arenaceous,
with much cement; ventral facevsomevhat conceve, umbilicue depressed;
peripheral marcin lobulated; aperture small, arohod,‘a glit on the
inner periphery of the septzl face, somewhat ventrsl, Color pale brown,
the small primary chémbéra a dark brown., Dismeter (,45 mm, One spec~-
imen of this sppcios was found in a tide pool at Suneet Bay. Three were

removed fromn South slough, in Coos bey, from an alge, in breckish water,

Subfamily Plaeopsilininaelcushman, 1927,
Pla;opailininae Cushman, Contridb, Cushman Lab. Foram., Res., vol, 3,

1927, Pe 41,

Genus Haplophragmejdes Cushman, 1910
Haplophragmoides Cusihmen, U. 5, Nat. Mus. Bull. 71, pt. 1, 191, o. 99,

fig. 149; Bull. 104, pt. 2, 1920, p. 37.

Test fgoo, planispiral; whorle partially involute; sutures de-
pressed; chambers inflated, not labyrinthic; vail fiﬁoly to coarsely
arensceous, with varying amounts of cement in the different species;
aperture s semieircular slit, at or near the inner edge of the last
chamber, on or near the inner periphery., Diameter, up to 2;5 nmm, ~=Shal~
low to deep, cold weter, 27-3590 fathoms.--Carboniferous, Jurassic to

Recent,
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Haplophragmeides sp.
Plate 2, figure 4

Test roughly arenaceousj cementing materiél reddish browns cham-
bers inflated, enlarging, 7 in last coil; sutures not well marked; um=
bilicus filled; aperture a semieiroular slit at base of septal face.
Diameter 0.83 mm., breadth 0,50 mm. One specimen of this species was
found in the sand among the holdfasts of Algao.

Haplephragmoldes sp.
Plate 2, figure 5

Test neutiloid, smooth, finely srenaceous with mueh reddish~brown
cement; ehambers inflated, 7 in last coil; sutures well defined, de-
pressed; umbilieus eoneave; aperture s creseent near the base of the
last septal face, Diameter 0,54 mm,, breadth 0,09 mm, Rare in the mud

and sand around holdfasts of algae.
FAMILY ORBULIMNIDAE Schultse, 1854

Orbulinida Schultse, Organis. Polythel., 1854, p, 52,
Globigerinide Oarpenter, Introd. Foram., 1862, p. 171.

Tests free, essentially a polythalamous test composed of inflated
chambers; trochoid or planispiral in the young and variously modified
in the adult to invelute, glodbular or slightly evelute; chambers glob-
ulur, generally loosely appresased, each retaining its individuality,
few as compared with Rotsliidse; walls calcarecus, ususlly thin end
hyaline; with large,‘medium or small perforations; surface minutely

svinose or smoothy aperture single or several or none, or & row of pores
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on the sutures, generslly in the umbillicus, sometimee on the inner per~
iphery and also on the top of the spire, simple or sometimes with outer,
ruised border,--Narly all pelagio,~=Pennsylvanian (?); Jurassic, rare;
Crotaceous to Recent, sbundent,
Genus Glgbiserine d'Orbigny, 1826
Genotype (designated by Parker, Jonmes and Bredy, 1865), Glebizerina
bullojdes &'Orbigny, Ann. Boi. Nat., vol., 7, 1826, p, 277, Model

No. 76,~=Cushmmn, U, 6, Nat, Mus, Bull, 71, pt. 4. 1914, p, 53

Bull, 104, pt. 5, 1924, p. 5.

Test free, troochoid or trochoid in the young of the microspheric
stage and beeoming planispiral 4in later stages; chambers modsrate in
number (2-20), globular, not closely appressed but more appressed in the
young of the mieroepheric form; wall calsareous, hyaline, coersely or
finely perforate; su:faco reticulate or papillate, with pores at the
base of the depressions, or smooth in the earlier speeies; aperture
large, a.narrov 8lit to high areh, opening 1nt6 the umbilious or be~
tweon umbilicus and periphery, frequently with a¢ecessory apertures in
the sutures on the dorsal side of the testj; ornamentation practically
lacking, except for minute spines in well=-preserved, ﬁeccnt gpeaimens.
Diameter, up to 2 mm., average about (.5 mm.,~-Pelagie, all oceans, and
benthonie; most abundant in warm watef.~-?onnay1vnnian (?), Hiddle
Jurassic to HRecent,

globigzerins sp.
Plate 3, figure 1

Test free, hyslinej chamvers globular, about 5 in last whorlj wall
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ornamented with minute tudereles, perforates; aperture large, in umbil~
icus at base of last-formed chamber, DIiameter 0,22 im. Not common in

mud and sand around holdfasts of algne,
FAMILY ATAXOPHRAGMIIDAE Schweger, 1877

Ataxopﬁragmidea Sohwager, Boll, R. Gom, Geol, Italla, vol, 8§, 1877, p. 22
Teste free, rarely atteched, trochoid spiral, conical, pyreamidal or
cylindrical, with three chambers to a whorl in the more oprimitive geners,
evolving toward looser eoiling with five or six echambers to a whorl, and
toward reduetion in the number of ehambers in a whorl to two and finally
becoming uniserial; walls finely or coarsely arenaceous; aperiure a slit
at the base of the aoptuu,”or a virguline or eribrate aperture in the
septum, or terminal, single and round,--Shallow o deep water, wosily in
depths of a few hundred feet,~~Lower Jurasesic to Recent, well repre-

sented in Recent seas,

Key to Subdfamilies
Test trochoid, 3«6 chambers to a whorl . « ¢ ¢ o ¢ o + JAtaxophragmiinee
Test elongate, triserial to uniserial. .+ « ¢ « & « + + JVerneuilininee
Only the subfamily Verneuilininase 1? represented here,
Subfemily Yerneuilininae Cushman, 1911
Verneuilininae Cushman, U, S, Nat, Mus, Bull. 71, pt. 2, léll, p. 52.
Oenus Verneuilins d'Orbigny, 1840

Genotype ¥ernmeuilina iricarinata d'Orbigny, Mém. Soc., Géol. France,
Ber. 1. vol. 4' Po 38, pl. 4’ figB. 3, 4."Gu8hman, Us. S, Nat, Mus,
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Bull, 104, pt. 3, 1922, p. 54,
Test free, high=spired, typieslly pyremidal, usually conieal; cham-
bers three to a whorl, c¢losely appressed or inflsted; wall finely or

coarsely arenaceouss aperture a slit at the base of the last chamber,

nearly transverse to the axis of the test, with or without ruised rim,
Length, up to 4 mm,~=Moetly in ehellow, warm water, but occuring down
to nearly 3000 fathoms.--Lower Oretaceous to Recent.
Verneuilina polyetropha Reuss, 1845
Plate 3, figure 2

gg;;g;gg polystropha Reuss, 1845, Verstein, BShm, Kreid., pt. 2, p. 109,

pl. xxiv. fiz, 53,
Verneuilins polystrophs Brady, 1878, Ann, and lag. Nat. Hist., ser. 5,

vol, 1, p. 436, pl. xx.

Test free, highespired, somewhat roughly arenaceous but with much
cement, light brown in color; chambers inflated, triserial throughout;
aperture a wide slit at base of last septum, without rim, Length

6.38 mm, Pairly common in mud and send surrounding the holdfaste of algse,
FAMILY NODOSARIIDAE Schultze, 1854

Nodosarida Sehultse, Organis, Pelythal,, 1854, p, 53.

Tests free, rarely attached, pelythalamous, or monothalsmous; cham=-

bers arranged in a plahiapiral ¢oil end embrecing to umbilicus in the
moet primitive forms, thb derived forme unéoiling more and more until «
straight form is produced, with a tandensy to embrace the earlier chawm~

bers or to become separated, and becoming separate and monothalamous in
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the phylogerontic stages wa;l c¢aleareous, hyaline, very finely perfor-
ates surface smooth or variously ornamented; aperture on the outer edge
of the terminal septum or terminal and central in the higher forms,
glitlike in the Robdulinme, or ectosolenian, thesperture at the end of o
long neek outside the test, or entesolenian, the neck inside the ehamber,
simple or with a phialine lip.;-uhrino, benthonic, werm te oceld, shale
low to deep water and down to over 3000 fathome, more common in temper«
ate and cold water.»-Triassic to Resent, Paleoszoic lsomorphs belong to
the Endothyridae and the Nodosinellidame,
Key to Subfaliiios
Aperture round
Test compresoed throughoUt « + a o ¢« ¢ o ¢ o » ¢ Frondiculariinae
Teat round in adul? stages , o s « o« o ¢« o ¢ o o Hodosariinae
Aperture fissurine. ¢ s o s ¢ o o ¢ ¢ 2 ¢ 0 ¢ ¢ o 0. Robulinne
The subfamilies Nodosariinee and Robulinaa are representsd here,
Subfamily Nodesariinac Reuss, 1851
Nodo;aridoa Rouss; 84tz. K. Ak, Wiss, Wien, vol, 44, pi, 1, 1861, p. 395.
Genus lagena Walker and Boys, 1784
Serpyla (Leagena) Walker and Boys, in Walker, Testacen Minuta, ete.,
1784, pe 2, pl. 1, figs., 6~9, Qenera named mononowinally and
Linnean, species not named binominally but binary. (See Opinion
20, Int. Com, .?.;:ol. Nomen, )
Lagzena (part) Guahman, U. 8§, Nat. Mﬁa. Bull. 104, pt. 4, 1923, p. 3.
Test free, unilooular except in retmarded or monstirous speeimens, in

which there may be two or more chambers; wall hyaline, very finely per-



forate; surface variously ovnamented; averture eotoaolenian} round, with
an slongnte, exiternal neck whieh may have a phialine 1in, Length ¢.2

to 1 mm,, average, about 0.5 mm,==Mostly in cool to cold, shallow to
deep water.~~Juressic to Recent, |

Lagena sguamosa Montagu, 1803
Plate 3, figure 3

Yormiculum scuamosum Montegu, 1803, Test. Brit. p. 526, pl, xiv, fig, 2,
Lajzens squamosa Jones, Parker, =nd Brady, 1866, Monogr. Foram. frag,

pP. 39, pl. iv, fig. 7.

Test hysline, ornamented with lengitudinel ridges joined at reg-
ular intervale with uposurving iransverse ridges of equal height; aper-
ture round with short neck without phialine lip, Length 0.25 mm.
Rather rare in the sand end mud around holdfasts -of algae,

Bubfamily Robulinee Galloway, 1933
Robulinae Gullousy, ianual of formainifera, Principia press, Bloomin. -
ton, Ind., 1933, p. 250,
Genus Robulug Montfort, 1868
Genoholotype, Robulus eulirstus Montfort, Conch, Syst., vol. 1, 180E,

p.’ 215, firse

Test free, nautiloid, lentioular, thick or thin, cmrinnte or
keeled; chambers numerous, embreeing to umbilicus usually; wall hyaline,
very finely perforate, smooth or ornamented; aperture a triangular or
elongate slit just below outer point of laest chamber; last septum fre-
gquently coneave, Length, up to 4 ame==Fidely distributed,~-Jurmssiec to

Recent, mosily Gretaceous and Lower Tertiary.
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Robulus ep.
Plete 3, figure 4

Test nsutileid, lentieular, subequally cénnavo betweer umbilieus

and periphery; ohembere embraeing to umbilicus, 8 in last ecoil, narrow

and erched; apertural fage conceve; aperture a slit slightly below per-
ipheral end of wall, Diameter 0,47 mm, Fairly common in mud and sand

around holdfasts of algae,
FAMILY NONIONIDAE Reuss, 1860

Nonioninideas Reuss, 8itz, k., Ak, Wies, Wien, Math,-Naturw, Cey vol, 40,

R N O U O N . S R S A P da i

1860, p, 222,

Tests free or sttached to plents, mestly neutileid, the higher
forms rotaloids chambers numerous, elosely appreesed; walls ealeereous,
hyasline, finely perferate,'with or without canal syctem which opens at
the surface as a row of poeres eleng the ceptsl depressionsj epert: re a
curved slit or a rew of pores st the base of the meptal face, or one or
many pores on théaaeptal face,~~8hallow or deep water,~-Juraseic to Recent,

Key fa Bubfemilies

Futures without pPOres o o o o ¢ o o ¢ ¢ o ¢ o o 0 s « ¢« o o Nondorinae

Sutures with 1arge POTeSe o o« o o ¢ o o o o 5 o o o « o « o Elphidiinae

Subfamily Nonioninae Schultze, 1854
Nonionida Schultse, Organis. Polythal., 1854, p. 53.
Genus Nonien Montfert, 1808
Henjon Mentfort, Conch, Syst,, vol. 1, 18¢8, p, 210, fig,

Honionina d'Ordigny, Ann, 8ei. Nat., vol. 7, 1826, p. 293,
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‘fest free, nautiloid, involute, biumbilicate, round on the back;
chambers numerous, 8~12 in the lasi whorl, closely appressed; well
calcareous; hyaline, finely but distinetly perforate, smooih, sometimes
with umbilieal thiokening; aperture a curved elit at the base of the
last septel face on the inner periphery, Diemeter, up to C.8 mu.
Henthonie¢, in mlldepths of the sea.,~-Jurascic to Kecent,

Bonion etelligerun Cushmen, 1930
Plate 3, figure 5
Nonionins stelligers d'Orbigny, in Barker-Webb and Berthelot, Hist, Nat,

Iles Caneries, vol., 2, pt. 2, 1639, "Foreminiféres,” p. 128, pl, 2,

figs. 1, 2 (N. giellifers on plate).

Honion stelligerum Cushman, bull, 104, U, &. Nal, MHus., pte 7, 193C, p. 7,

ple 2, figs. o=12, pl. 3, {igs. 13,

Test planispiral, completely involuie, compressed, periphery round-
ed, composed of C chambers in the last~formed coll; chembers distinet,
towerd the umbilieal end with a secendary filling, making a stellate
ornementation in the umbilical areas; wall smooth, very finely perforate;
aperture a narrow opening at the base of the apertural fuce, next to the
preseding eoil. Length 0,43 mm,; breadth 0,08 m, One specimen of this
species was found in 8 tide pool al Sunset bay,

Nonien sp.
Plate 3, figure 6

Test bisyumetrisal; shambers 10-12 in last ¢oilj sutures slightly

desresseds well smoothy umbilisus depressed; sperture & narrow slit et

base of last sepitnl face, Diameter 0,33 mm, Rather rare in the mud




and sand eurrounding the holdfansts of slpee,

Cenue Nonionells Cushman, 1926
Genoholotype, Monjonella micegpige Cushmen, Contrib, Cuschren Lab,

forem. lies., vol, 2, pt. 2, 1926, p. 64,

Test free, planispiral in young stuges, rotaloid in later stages,
the inter chambers extending progressivel; farther into the unbilicus
on the venirsl side, wVall ealesareous, [inely perforate, smoothj sper-
ture & narrow 8lit et the boge of the last septum, on the inner per-
iphery snd extending toward the umbilieal region. Diameter, about
Cel mme—~Moatly in oold wmater.--Cretacecus (?j, Zocene to ﬁecent{

Honlonellg =p.
Plate 4, figure 1

Teot rotaloid, smooth, calcareous; chambers 8 in the last whorl;
sutures not depressed, Length 0,28 mu. This species was fairly com~
mon in the sand and mud around holdfasis of algae.

Subfamily Blphidiinae Galloway, 1933
Elphidiinae Galloﬁay, Manual of foraminifera, Principia Press, Bloom=~
ington, Inds, 1933, p. 269.
Genus Blphidium Montlort, 1808
£dphddiug lontfort, Gonch. Syst., vols 1, 1808, p, 14.-~Cushman, Con-

triv. Cusiman Lab, Foram. Res., vel. 3, pt. 1, 1927, n. 49,

Test free, planispiral, equilateral, lenticular or nautiliform;
chambers numerous, closely éppressed, embraeing to theuwnbilical region,
which [requently is filled with secondary tissue; well caleareous,

finely perforate, with canal system which opens at the umbilicus and
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along the sutures by a‘single or double row of pores, frequently with a
regular series of ridzes comnecting or crossing the sutures sxternallys
aperture a curved slit or row of pores at the base of the septal face
on the inner periphery, or numerous pores on the sepial face, Diameter,
up to over 4 mm,-~Cold to warm, shallow water.~=Jurassic to Recent, more
crmon from Wlocene to Pecent,
Zlphidicr ep.
Flats 4, figure 2
Test lenticular; chambers in last coil 15, closely appressed, em-
broeing to umbilicel reglon wiieh has no secondary tissue; canal syste:
opens along sulures by a double row of poresy sutures without trensverse
ridges; aperiure a rov of pores at base of septal facs on the inner
periphery; septel face flai, perforate. Diameter 1 mm, Comuon in sand
end mud around holdfasts of zlgse.
Eilphidiuw sp.
Ilate 4, figure 3
Teat nautil%form, hysline, coarsely perforatej slightly inflated,
chambers 8 in laet coils sutures distinet, slightly rauised, without
transverse processec; canal sysiem opens slong sutures by single row
of pores; aperture & narrow slit at buse of the septal face on the inner
periphery; septal face convex. Diameter 0.45 mm.; breadth C,1E mm,
Fuirly common in mud and sand around holdfasis of 8lgae,
Elphidigs irapeluceny Netland, 1938
*lute 4, figure 4

Test lentioular, hysline and glossy; chambers appressed, ¢ in last
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coil; sutures depressed, iransverse ridges slightly devoloped; canal
system opens along sutures by @ single row of pores; septal face flat;
aperture a series of pores at base of the septal face on the innsr per=
iphery, Dismeter 0,34 mm,; breadth 0,15 mm, Commen in sand and mud

surrounding the holdfaests of algas,
FAMILY ROTALYIDAE Reuss, 1860

hotulidea Reuss, 8itz, k. Ak. Wiss, Wien, Math.-Neturw, 01,, vol, 40,

1860, p. 221,

Test free or attached to plants, t pieslly consisting of many chame
bers eoilgd in a low spire sc that all chambers are vizible on the dore
sal side and enly those of the last whorl on the veniral side (rotaletd),
or derived from a rotaleid aneestor and not far evolved irom it; chambere
nuserous, suppressed in the regular form of the tesi; wall caleareous,
hyaline, finely er coarsely perforatej aperture typically a slit at the
base of the last septal face, varying in position and modified in the
higher and in tio degenerale gonera. Size 0,55 mm, in diameter.-Varm
to cold, shallow {0 deep water, most common in warm, shallow water;

some spoeio-'polagic.--Triasoio rare, Jurassic¢ to Keceni comnmon.

Key to Subfamiliee
Wall finely perforate 2 « o« ¢ ¢ o o ¢ ¢ o ¢ o o o o o JRotaliinae
¥all coarsely to medium perforate |
Aperture ventrael or abment . 4+ ¢ o « o o s o o » JDiscorbinae

Aperture on periphery
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Adult test spirml or irregular . . « « « o oCibicidinae
Adult chembers snnularly errvenged. , + o« « +Planorbulininae
Subfamily Rotaliinme Schultse, 1854
Rotalida Sehultze, Organis. Polythal., 1854, p. 52.
Genus Rotmlia Lamarek, 1804

Genotype (first species, designated by Gallowsy and Wissler, 1927),

Rotalis trogchediformis Lamarok, Ann, Mus,, Paris, vol, 5, 1804,

p. 1845 vol, 8, 1806, pl. 62, fig, 8,~«Custman, U, 5. Nat, lus,

Bull, 71, ot. 5, 1915, vp. 66,

Teet fres, trochold or unequally bisonvex, npiral, all the whorls
vieible on the dorsal side, only the last whorl visible on the ventral
gide (rotaloid)y ventrsl side with umbo or emall umbilicuss chambers
numerous, closely appressed, enlarging graduallyy wall very finely per-
forate; surface smooth or ornamented with an exogenous deposit; tuber=
cles, limbate sutures, hoages or ¢ostaes aperturs a.alit at the base of
the last chamber near the periphery, or an arched slit midway between
umbo and periphery. The larger species may have double septa and inter-
geptal censls, Diameter 0.4 to 2 mam,~~Warm to céld. shallow to deep
water,~~Trisssic to Recent common,.

Rotalis sp.
Plate 5, figure 1

Test unequally bieonvex, deeper on ventral side; ventral side with

tuberculate umboj; chambers appressed, T in last whorl; wall perforaie,

nyaline; aperture & slit between umbo and periphery. Dismeter 0,39 rm,

Rare in sand and mud among holdfaste of algae.
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Rotalig ep.
Plate 5, figure 2
Test equally bisonvex; ventral side with large tuberculate umbo
chambers appreased, 79 in last whorl; periphery carinate with milled
edge; wall calecaresus; aperture & slit near the periphery, Dismeter
0,86 mm, One of the eommenest species in sand around holdfasts of algse,
Retalls sp.
Plate 5, figure 3
vl Test unequally biconvex, the dorsal side desper than the ventral;
veniral side with depressed umbilicus, the 8~9 chambers in the last
whorl elearly marked; periphery rounded; wall hyaline, finely perforate;
aperture a ourved slit near periphery. Diameter 0,38 mm, Feirly com-
mor in the sand around heldfasts of algae.
Rotalis ep.
Plate 5, figure 4
Test equally ﬂuiv‘ox, hyaline, perferate; umbo on ventral side
tubsroulate; chuﬁru oush appressed, 7«8 in last whorl; p&ﬂphory ear-
inate; apoﬂnrc a 81it at base of septal face, midway between periphery
and umbilieus, Diameter 0,50 mm, Common in mud and sand surrounding
holdfasts of algaue,
Subfamily Diseorbinae Cushman, 1927
Discorbisinse Cushmen, Contrib, Cushman Lab, Foram, Res., vol, 3, pt. 1,
1927, ps 75.
Genus Pisgorbis Lamarek, 1804
Genotype (menotypis), Diseorbis vesjouleris Lemarck, Ann. Mus,, vol, 5,



42

1804, p. 183; vol. 8, 1806, p. 387, pl. 62, fig, 7. (Middle Eocene,

Grignen, Paris Basin,)

Diegorbis Oushmen, U, 6. Nat, Mue, Bull, T1, pt. 5, 1915, p. 105 Contrib,

Cushman Lab, Forem, Res., vel, 3, pt. 2, 1927, p. 123, rl, 24,

fig. 1, topotype,

Test free or attashed te organisms by the ventral (apertursl) side,
retaloid, doreal side mere convex and showing the spire, only the last
whorl visible on the ventral side; chambers numerous, globuler or closely
appressed, enlarging rapidly, the last chamber frequently constituting
& third or more of the ventral side; sutures depressed or limbate; well
generally smooth, hyaline, medium to coarsely perforatq aperture at the
base of the last chamber, slitlike, widest in or near the umbilicus and
extending part way to the periphery, with or without valvular lip.
Diameter 0,25 to 1 mm,~-Mostly shallow water, some down to 1300 fathoms,
~-Lower Juressic to Recent,

Riseorbis sp,
Plate 6, figures 1 and 2

Test plenoconvex, the ventiral side flat or slightly coneave; per-
iphery rounded; umbilicus depressed or filled with shall material; cham~
bers appressed, 6~8 in the last whorls aperture near umbilieus, Diam~-
etor 0,40 to 0,65 mme One of the commoner spesocies in the sand and mud
around algae holdfasts, A large proportion of tests were found in
Bysygy, the fontral sides joined tightly together, 8Some of them con-

tained 1= to 3-chambered young inside the excavated teste (fig. 2).

s i
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Riseorbig sp.
Plate 6, figure 3

Test planccenvex, attashed by ventrasl side; tuberculate umbdbilicus;
chambers appressed, 5 in last whorl; wall hyuline, coarsely perforate;
the initial one and one«half whorle brown in eolor; aperture at base
of last chamber, slitlike., Diameter 0,32 mm, Common on selgrass and
algne,.

Bisgorbis parisiensis d4'Orbigny, 1826
' Plate 6, figure 4

Rosaline parisiensis 4'Orbigny, 1826, Ann, Sei, Nat., vol. vii, p. 271,
~ No, 1j=~Hodel No. 38,
Discorbis parisiensip Berthelin, 1878, Foram. de Bourgneuf et Pornichet,

p. 40, No, 65.

Taest planoconvex, rotaloid, the lest whorl only visible on the
veniral side, hyaline, with greenish colorj umbe 1args-tuber§u1ate; the
ventral side covered with rows of fine tubersles; aperture z slit at
base of last chamber on ventral side, Diameter 0451 mm, Rather rare
in mud and send around algae.

Subfemily Cibicidinse Galloway 1933
Cibieidinae Galloway, Manual of foraminifera, Prineipia Fress, Blooming~-
ton, Ind., 1933, p. 290.
Genus Gibieides Monifort, 1808
Genoholotype, $ibieides refulgens Montfort, Coneh, Syst., vol. 1, 1808,
Pe 122, text fig, (Recent, Adriatic,)

Test free or nttached to plants by the dorsal side, rotaloid,
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spire visible on the doreal side, enly the last wherl vieible on the
ventral sidej ventrel side usually the more convex, even conical, and
umbilicate, dorsal side ueuallj flaty chambers numerous, olossly ap=~
pressed, all slike or the last one muech the iargcot; wall hyaline,
soarsely perforate, smooth or with limbate sutures or secondsry thiek-
eningj aperturs e curved slit at thq,b@so'of the last ehamber, on the
inner periphery, extending toward the umbilicus en the veniral sido,
and alse continuing on the dorsal eide for a éhort distance along the
suture line between the laust two whorls, Dismeter up to 1.5 mt,~=5hal~
low water to nearly 3000 fathoms .~~Trisssie to Recent,
Gibicides ep.
Plate 7, figure 1

Test attached to plant by doreal side, planogonvex, the dorsal side
flat exsept for the much inflated last chamber; wall hyaline, coarsely
perforate, smooths chambers 7 in last whorl, Diameter 0,43 sm, OCommon
on leaves and stems of Phyllospadix and Josters.

Subfamily Planorbulininae Galloway 1933

Planorbulininae Galloway, Manual of foraminifera, Prineipia press, Bloom-

ington, Ind., 1933, P 297

Genus Planorbuline d'Orbigny, 1826
Genotype (designated by Cushmen, 1915), Planorbulins mediterraneanengis

d*Orbigny, Ann, Sei; Not., vol. 7, 1826, p. 280, pl. 14, figs. 4=5,
Model No, 79. (Recent, ﬁqditorr&nsan.)
Test attached to plents, compressed, diseoidal} chambers numerous,

visible from either side, planispiral or annularly arranged, wall
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hyaline, ecarsely perforate; aperturs in early portion e »lit on inner
base of ghamber, in later pértion of test n round or oval opening at one
or beth ends of sach chawber, on the periphery, Diameter up to 3 mm,e-
Sheilew, warm water, and dewn te 1125 fathoms,~«Eoccene to Recent,
Elanorbuline sp,
Plate 7, figure 2
Test an irregular diek, eompressed, shaped to substratums chambers
ennularly arranged; primery ehambers on dorsal (attached) side dark
broun in oelor; apertures irregular in arrangswent; diameter 0,85 mm,

One specimen of this speeies was found in a tide pool,
. FAMILY BULIMINIDAE Jones, 1876

Buliminida Jones, Monthly Mier, Jour,, vol, 15, 1876, p. 0.

Tests free, confcal, high spired, with thres ehambers to a whorl,
end evolving into forms with more than three chambers to a whorl, or
into biserial or ﬁninerial farua§ shambers numerous, globulag or closely
arp resed} wall saleareous, hyaline, finely perforate, generally smooth,
sometimes striate, costate or spinose; aperture a ourved slit at the
base of the last chamber, or aperture daubio, or multiple, or single
and termimal, but mere comsonly a comms-shaped (virguline) opening ex-
tending nearly vartiqclly up inte the last septal face, generally sim=~

ple,=-8hallow to deep weter.-=Triassic to Reeent,

Key to Bubfamilies
Aperture transverse to axis of test, or double eor eribrate, Turrilininae

Aperture virgkiime, parallel to axis of test, or round. ., . Bulimininee



Only the subfemily Bulimininae is represented here.
Subfamily 2ulimininae Brady, 1864
Bulimininae Brady, Rep., Voy., Chzllenger, Zool,, vol, 9, 1884, p, 68,
Gerus Buliminelle Cushmen, 1911
Ganoholotypa,‘Bulimingiig glezantissimg (d'Orbigny)=Bulimina elegantis-
sima d'Orbigny, Voy, Ambr, Mbrid,, vol. 5, pt. 5, 1839, p. 51, pl. 7,
figs, 13, 14, (Recent, west of South America,)

Test free, elongate, tapering,»coiiod on a ou.ved éxis, tending to
become involute in the more specialized epecles; chambers numerous,
three or more to a coil, elossly appressed, longer veriieally than wide;

_wall calcareous, hyzline, finely perforate, smooeth or eligntly striate;
apsrture comma-~shaped, nearly vertieal, extending from the last suture

up into the last septal face, and tending to be in the incipieni umbil~

E icus of the curved test, Length, 1 mm, or less.~~Very shallow ito 1525
e fathoms, aversging about 400 fathoms,-<Lowor Oretacecus to Recent.
| Pulisinells sp.

Plate 7, figure 3'

Toat hyeline, very finely perforate, swooth; chambers closely ap=~
pressed, 7-10 in a ceil; sperture in a depression, Length 0,30 imm.

Rather rare in the send ond mud around the holdfaste of algae,

FAMILY UVIGERINIDAE Galloway and Wissler, 1927
Uvigerinidae Galloway and Wissler, Jour, Pal,, vel, 1, 1927, p. T4.

Tests free, pelythelamous; ehambers coiled in a high spire, three

chambers to a whorl in the primitive forms, evolving inte triserial plus
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biseriel, triserial plue uniserial, biserial plus uniserial, and uni-
serial in the most highly evolved forms; wall ocalcareous, finely per=~
forats, smooth, plicate, striste, eostuts or spihose, esperturo terminal,
with peristome, or with neek with or without a thickened lips The
family develops in two msin diresctiens, (1) to asubsylindrieal forms,

and (2) to trihedral, prismatio forms,--iostly shallow water, warm or

cold.~-Jurassie to Recent, more common from Miceene to Recent,

Key to lﬁbfamiliea
‘Tout round in seetion . + » » ... ¢ oo 0 e 0 s oo o« Urigerininae
Test triangular in aodtieuo.. e o o8 s ¢ 9 o s s o o o Angulogerininae
Subfamily Uvigerininse Cushman, 1913
Uvigerininae Cushman, U, 8. Nat. Mus, Bull. 71, rte 3, 1913, p. 91.
Genus Uyjgerina d'Orbigny, 1826
Genotype (first spesies figured, designated by Cushman, 1931), Uvizer-

inn plemes @'Orbigny, Amn. Sei, Nat., vol. 7, 1826, p. 268, pl. 12,

fig. 8; Uodel Ne. 67, 1826,~~Cushman, U. 5. Nat. Mus, Bull, 104,

pt. 4, 1923, p. 160,

Test free, conical, subsylindrisal or fusiforn, round or flattened
in crossesestion, highespired, triserial, rarely biserial, béooming
less regular toward the £inal chamberj chambers numerous, somewhat in-
flated, more slosely appressed at the initial end; wall calearoous,.
hyaline, very finely perforete, smooth, plioate, striste, spinose, or
some combination of two or more of these forms of ornamentation, the
ornsmentation tending to break up or be loat towsrd the apertural endg

aperture terminal, a small tube usuaslly with a phialine 1lip, Length



up to 1 mm, or more,~-8hallow water and down to 260C fathoms,~=Upper

Cretaceous to Reesent, most common from liocene to Recent,

A Taka

Uyigerine selseyensis Heron~allen and Barland, 1777
Plate 7, figure 4

Uvigerina selpeyensis Heron=Allen and Earland, Journ, Roy. lioro, Soc.,

1909, p. 437, pl. 18, figs. 1-3.

Test subovete, broadest toward the apertural end, chambers numerous,

early ones rotund, triserislly arranged, later ones mere or loss tri-

hedral, more loosely arranged, triserisl throughout; walls costate,

angulary aperture with a short broad neck. Length 0,30 mm, One speo-

imen of this species wae foeund in a tide poole

Subfamily Angulogerininse Gelloway, 1933
Angulegerininae Galleway, Manual of foraminifers, Prineipia Press,

Bleemington, Ind., 1933.

52 R PRI v

Angulegerins Cushman, Contrib. Cushman Lab, Foram. Hes., vol, 3, pt. 1,

1927, p. 69.

Test free, elongate, trihedral, high-spirod, three chambers to &
whorl in the early and middle portions of the test and uniserlal in the
later portion; wall oalearo;us hyaline, finely perforate; surface cos-
tate; aperturs terminal, round, with phialine lip. Lengih up to 1 mm,
~-~Temperate, shallow water,--Cretaseous (7), Bocene to Reeent,

Angulegerina ep.
Plate 7, figure 5

Test finely costate except for apertural chamber which is tubere

culate; aperture with short neck, with almost no 1lip, Length 0.45 may

Two specimens of this species were found in a tide pool,




CONCLUSIONS

"This atudy which has been made gives some idea of the poseibilities
for morphological and taxonomic studies to be found in ihe foaminifera
of this region, Net only are the regent forms of interest, but there
are exposed along the ocsean front formations of the Eocene, Oligocene,
liocene, Pliocens and Pleistosene periods that yield rien faunas whieh
include foraminifera, Espeeislly notable in this area is Fossil Point,
on the east ohorc»of-OOQl Bay,. linéo 80 little has been done in the
Oregon coast area, there is a great need for work in the biologieal
field, The newly established Institute of Marine Biolozy mekes excel=
lent headquarters for study in one of the richest areae, zoologically
and botanically speaking, on the entire coasst of Oregon, This survey
merely touches the fringe of the subject of protogooloyy in general
and of foraminifera iﬁ particular,

In general, it has been found that foraminifers thrive.best in
protected areas where there is abundent plant and animel) life., Dead
tests are to be found in open beach arsas, but there are very few live
ing foraminifera there, 8ush places as tide pools that are lined with
elgae, and rocks covered with mud and send entangled in the holdfasts
of slgae and roots of eelgrass, furnish prétaction for the tiny aninmels
from heavy wave agtion, There is slsoc in thesze places zn abundant
food supply, diatome, other protogoa, or any animal small snough to be

captured by the foraminifer's pseudopodia, Probably oxypen is plenti-



ful due to photosynthesis,

The large number of species in thie ares compared with the few
species farther north, on the Tillamook County beaches, may be explained
on this besis, The roeck substratum in the Coos erea is sandstone, com-
paratively soft and rough in texture, allowing animsls to bore into the
substance of the rock, and giving both plants and animals & firm foot~-
hold, The reock northward ig basalt, with a hard smeoth surface that
would make it difficult for organisms to attach themselves, This is
demonstrated by the fact that there are comparatively few algee thers,
and few animels, It would seem, therefore, that the scarcity of foram-
inifera in the northern area can be accounted for by the fast that
there is inaedequate protection, and that the necessary food‘aupply is
lacking because it in turn is umnproteeted,

The representation in the families of foraminifera in this study
agree in general with the findings of the most recent workers., The
families desoribed as being most widely distributed and with the largest
numbers of speeles ;nd individuals, such as the Miliolidae, the Trochame
minidae, tho Nonionidae and the Rotaliidse, are represented most fre-
quently héro. The families whose members are highly speeialized, in
habitat and in form, are not represented in this area whieh is not
extreme or unique in the envirenmental faetors that influence the dis-

tribution of foraminifersa,
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PLATE 1

FAMILY MILIOLIDAR
Subfamily Gornu-pir&nlo

Fig, 1. ﬂmm 8Pey X150
2, lateral Vi"

b, aspertural view

Subfamily Miliolinse
Fig, 2, 3 B8Py %92
a, 8ide vievw
b apertural view
6. side view

Qe © ) o
b. .td- view
¢. apertural view

Fig. 3, ' 8Pey x70

Fig, 4. Quinguelogulina sp., x70
6., oide view
be apertural view
e, oide view
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PLATE 2

¥AM1ILY TROCHAMMINIDAB
Subfamily Trochammininae

Fige 1. Iroghammina sp., x185
a, dorsal view
be epertural view
¢y, ventral view

¥ige 2. Iroghamping ep., 2100
s, dorsal view
be ventral view

6, apertural view

Fig. 3. Trochemming inflats Mentagu, 1808, x100
«, dorsal viev ’

be apertural view
0. ventral view

Subfamily Placopsilininse

Fig. 4, Haplophragmoides sp., x70
as luteral view
be apertural view

Fig. 5., Haplophragmoides sp., x100
as lateral view
b, apertural view







PLATE 3

FAMILY ORBULINIDAE

Fige 1. Qlobigerina sp., x260

a, dorsal view
b, ventral view

FAMILY ATAXOPHRAGMIIDAR

Fig. 2. Yerneuilina pelystrophs Reuss, 1045, x185
a. lateral view
b, apertural view

FAMILY NODOSARIIDAR
Subfamily Nedosariinas
Fig. 3. lLagena 3q Nentagu, 1803, x185

8. latersl view
be apertural view

Subfanily Robulinse

Fig. 4. Robulus sp., x100
a, lateral view
b. apsriural view

FAMILY NONIONIDAR
Subfamily Nonioninams

Fig, 5. Neuion stelligerym Cushman, 1930, x100
a, lateral view
b. apertural view

Fig. 6. M BPey 3185
8, lateral view
b, apertursl view
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PLATE 4

FAMILY NONIONIDAR
Sublamily Nenioninae

Nonjonella spe, x185

a,
b,
Co

vontrel view
apertural view
dorsal view

Subfamily Elphidiinse

Blphidiwm sp., x60
a8, 1latersl view

b,

apertural view

Elphidium spe, x150

2, lateral view

b,

apertural view

Blphidiom irapeluceus Natland, 193, x185

2,
b,

latersl view
apertural view

e
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PLATR §

FAMILY ROTALIIDAR
Bubfamily Retaliinae

I"ig, 1, w B8Py %150
aes dorsal view
b, apertursl view
s, ventral view

Fig. 2. Rotﬁiéa. ﬂp.’ 5'{0
. 8. dorsal view
be ventral view

c. eapertural view
Fig. 3. w EDey 3150

a, dorsal view
be ventrel view
c, apertural view

Fig. 4, Rotalia sp., x100
8. dorsal view
be ventral view
6, apertural view
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F’.SQ 1.

Fig, 2,

Fig. 3.

l‘ig‘ 4,

<)
8,
b,
Ce

PLATE 6

FAMILY ROTALIIDAR
fubfamily Diseerbinae

8Da, X60
dorsal view
ventral view
peripheral view

Disoorbis ep., x140

s, and b, pair of exesvated tests
shewing brood of yeung

Discerdig ep., x165
a, dorsel ';';-W

b
%,

B
be
O

ventral view
peripheral view

parisiensis d'Orbigny, 1826, x100
dorsal view
periphersl view
ventral view
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PLATE ¢

FAMILY ROTALIIDAB
8ubfamily Cibieidinae

Fig. 1. gibicides sp., x128

ae dorsal view
b. ventral view
e. aperturagl view

Subfamily Planorbulininase

Fige 2. Flanarbulina ep,, x70

a8, dorssl view
be apertural view
6. veniral view

FAMILY BULIMINIDAR
Fig. 3. Buliminella sp., x185

lateral view
FAMILY UVIGERINIDAR

Bubfanmily Uvigerininae

Fig, 4. Uvigerina selseyensis Heronwillen
end Esrland, 1909, x185
8, lateral view
b, apertural view

Subfamily Angulogerininse

Fig. 5. Angulegering sp., x100
a, lateral view

be. sapertural view









