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Jhe Foraminifera and Sediments.of.Biscame.Bav,. Florida.and.... submitted by

their ecology .. Mr.o..Jewes. Buah .in partial fulfllment of

the requirements of the degree of. FhD .
and recommend its acceptance. In support of this recommendation we present the following
joint statement of evaluation to be filed with the thesis.

This dissexrtation is the result of an ambitious program of sampling
in both the sediments and Foraminifera of Biscayne Bay, in the southeast cor-
ner of the peninsula of Florida. Mr. Bush establishes the relationships that
exist in Biscayne Bay between the sedimentary and organic environment. The
study of physical oceanographic factors of an area like this cne leads him to
the following conclusionss

1, The quartz sand is autochtonous in origin, being derived from re-
working Pamlico sediments.

2. The quartz sand deposition areas are the least favorable organic
environment of the Bay.

3. Limey sediments in the southwest Bay area are not precipitated in
the Bay through the action of bacteria as had been supposed by other authors,
but are fragmented organic debris.

k. Aveas of limey CaCOj sediment deposition are the most favorable as
organic environments.

5. The foraminiferal fauna is provincial in nature due to adaptation
of the Foraminifera to rigorous changes in salinity and temperature, and
isolation geologically.

6. Although the enclosed Bay fauna is relatively uninfluenced by the
open ocean areas to the east, the physical oceanographic factors of the Bay
atfect the fauna of the open ocean. These are due to dilution of the ocean
waters by the shore waters of the Bay.

7. Thirteen biotopes are recognized and shown to be influenced in their
faunal composition by factors of current, constancy of salinity and temperature,
and type of substrate.

Mr. Bush has done a tremendous amount of work collecting sampies from 63
stations and maeking mechanical analyses of the sediment. The results of the
analysis are given in the form of grauphs. Distribution of CaCO3 conmtent of
each sample was obtained by treatment with ECl. The residue from the acid
treatment was centrifuged in tetrabromoethane and heavy minerals separated out
and studied petrographically. S8tudies such as this by Mr. Bush provide much
information of value not only from the standpoint of ecology and physical
sedimentation but also potential data of great importance to geological
interpretation.
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AB3TRACT

Biscayne Bay is located in the southeastern portion of the
peninsula of Florida, east and south of Miami, Numerous canals
intermittently drain into the bay which in turn drains into the
Straits of Florida. Circulation in the bay is governed by tidal
action, The bay waters vary in depth betwesa zero and fifteen
feet., The water temperature ranges between sixty-eight and
eighty-six degrees Fahrenheit, The salinity varies from two to
thirty-nine parts per thousand and is more uniform in the north-
ern than in the southern portion of the bay.

Life in Biscayne Bay is varied, and in places prolific.
Typically warm-water marine life is found in the greater part
of the bay. Halimeda and Thalassia are the two most common
plants; the most adbundant FYoraminifera are Archaias angulatus,
Quingucloculina lamarckians, Q. peeyana, Q. torrei, and Tri-
looulina flinti. Though these species are unusually common, they
ary not the most characteristic of the thirteem biotopes found
in the bay.

The bottom sediment of Biscayne Bay consists largely of
fraguental calcareous shells and quarts grains. Heavy minerals
compose less than one temth of one per ceant of the sediment
with epidote the main heavy mineral constituent. Primarily,
the sediment is sandy with a slight amcunt of silt and clay -~
size particlesi foraminiferal tests compose approximately 0.3
per cent to 60 per cent of the deposits. The distribdbution of
the characteristic Foraminifera and minerals are: discussed,



INTRODUCTIOR
GENERAL STATEMENT

Sediment bottom samples were collected from Biscayne Bay,
Florida, in the summer of 1948, The sediment was analyzed for
its composition, physical parameters and included organic cal-
careous remains. The results of this analysis are compared with
chemical and physical oéoanographic factors obtaincd bty others.

Bottom samples from Biscayne Bay had previously been col-
lected and analyzed by oths: .uvestigators. However, no one
individual had ever sampled the bay nor analyzed any of the
raterial with relation to areal distribution patterns and in-
terrelation between the sediment and its incliuded organic cal-
careous remains, Since it is primarily these calcareous remains
which are preserved for geologic record, other fdrms of life
were not studied.

The purpose of this study was made for the following
reasons:

l. To obtain distribution patterns of the sedi-
ment in a warm water, marine, shallow tay
environment.

2. To map the distribution pattern of the For-
aminifera in the bay and compare them with
those found outside the bay.

3¢ To find any relationship between the sediment
and faunal distributions in order to better
understand geologically recorded environments.

Assemblage mounts and biotopes of figured foraminiferal
specimens are on deposit in the Paleontology Museum, University



of Washington Geolegy Department, Saattle, Washington, as Lot
Noe 30,
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LOCATION OF ANEA

Biscayne Bay is located in the southeast ceraer of the
Peainsula of Florida, east and south of Mismi, frem approxi-
mately 25°23% te 25°S5'K lstitude and frem 80°08¢ to 80°20%W
Tongitude. Its main axis lies M3°% with a total length of
3% mautical miles and a maximum width of 8.3 milus,



The northera fourth of the bay, the area west of Miami
Beasdh, . .Aarrows to approximately two miles in width, This sec-
tica has been disturbed by man in the process of building
tridges, causeways and man-rads islands, a; woll as by dredg-
ing of ship channels. Because of this continual change it was
noet included in the area of study.

The mainland, with its bordering mangrove swasmps and in-
terxzittent streams, lies to the west. The Florida Xeym are
situated east of the day, while =till fartper east is %:is
Straits of Ylorida with the morth-flowing florida Curreamt.

PREVIONS WORK

Vaughan (1909-1935) and Vaughan and Ssas (1915) initiated
an imtensive and carefwl study of the sheyl-water deposits of
soxthera Florida and the Bahamas.

Vaughan (1909a) discussed the geologic werk of mangroves
in southera !1or1das noting the modes of egcurremce and pre-
cesses by which mangroves build new land. Thoge on the west
side of Biscayne Bay and their method of extending the land
bayward were particularly stressed. He (1319, was the first
te deseribe the bays to the seuth, At the gorthera emd of the
bay and at Virginia Key he found corals, and golleeted tenm
bottom samples from within the bay and fowr from east of the
Keys. Matson (1910) analyszed these samplesu and described the
sediment, However, he did not discuss in Agatil the asseciated
life, Vaughan (1910, pe 114) stated that tpe purpose of col-
lecting the samples was to ascertain the nature of the depos~
its "anow being laid down behind the keys." He suamarised (p.
116) the sediments of Biscayne Bay as followas



“These obaervations on the bottom deposits of Biscayne
Bay indicate that considerable quarts is being washed:
into tke northern end of the bay, and that as one pro-
daeds southward the calcareocus constituents become
Predoninant, while the siliceous constitueats become
insignificant. The m«lerial, when collected, consisted
nostly of eezes and no intimation of the formatioa of
oolite was observed.”

Ee contimwed,in summary (p. 119):

"The materisl at present being laid down inside of the
keys consists mestly of silica and carbonate of lime,
8ilica is abundant in the form of sand inm the northern
portion of Biscayne Bay, it becomes rarer toward the
southwest, and is present in smeall quantities as far
as Big Pine Key., Toward the southwest, as the siliceous
material becomes rarer, calcium carbonate becomes pro-
gressively mere abdundant, ococurring as a flococuleat
sediment or oese over practically the entire region
frea the lower portinn of Biscayne Bay to thoe gulf end
of Florida Bay."

In addition, Vaughan (p. 145) nlso described deltas forming on
the seaward side of some passagzes between the keys,

Neither Matson nor Vaughan compared or related. the distri-
buticn of the sediments with the distribution of the fauna. They
did net mention the fauna in the sediment, even though Matsen
desoribed the sediment from the area discusssd in this report,

Drew (1914) did research on the precipitation of calcium
carbonate by bacteria in the Florida - Bahama area. He coacluded:
that bacteria were fundamentally reaponsible for upsetting the
chemical equilibrium, causiag rrecipitation of calcium carbonate,
He stated (. 4h);

"The very extensive chalky mud flats forming the Great
Bahama Bank and those which are found in places iam the
neighborheed of the Florida Xeys are now being precip-
itated by the actien of the Bacterium caleis on the
caloium salts preseant in solution iz sea water."

Dole (1914) analyszed the waters im and around Biscayne Bay,
stating (pe 75):



"No analyaes of water from Miami River above tidul
influence are available, but as it received drainage
from the Everglades its water is doubtless siailar

in concentration and cemposition to that of Loke Okee-
ehobee and Yort Launderdale, analyses of calcium car-
bonate waters of low mineral conteat carrying cemsid-
erable organic matter. Normally Miami River may be
expected to contain.a small amount of free carbon di-
oxide and no cardonate (CO,).“

Un po 78 he states:

"The water in the south part of the bay is somewhat
mere coaceatrated, samples Nos. 9, 5, and 8 having
salinities of 36,73, 36,64, and 36,64 respectively.
This evidence that the water in this part of the bay
is concentrated by evaporation during its retention
in the shallows serves. further to indicate that e¢ir-
culation there is noet very rapid and that the greater
bulk ef the water imnsids the keys is not thorewghly
mixed or shifted by the tides. The inside samples.
only as far as 0ld Marn Beacon give evidenmce of di-
lution by fresh water; therefore it may be concluded
that, at least at the time these samples were ¢ol-
lected, the sffect of Niami River en the water of
the bay did not extend south of Seldier Key mer out-
side the keys., Sample 1 has a salinity obviously
higher than the pure water of Mismi River alone may
beo expected to have, and represeats adaixtwre with
bay waterj carbenates are i &dseat fream it, dut bi-
carbenates are much higher and may be attributed te
reaction of the carbom dioxide that the river watexr
carries, In all other samples normal carbeaates are
preseat in sea-~water and free carben diexide is en-
tirely absemt, bdut there are wide differences in

the alkalinity from poimt to poimt.,”

Dels anéd Chambers (1918) &i4 soms further work em the
waters aear Biscayne Bay. They compared tho precipitatiea at
Mismi with the salinity at Yowey Rocks, stating (p. 311):

“precipitation at Miami ‘s almost invariabdly fol-
10104:-;}111 twenty=-foenr hours »y reductioa of con-
tent of chleride at Yowey Rock,"

They further states

"The quantitative effect of precipitation on the
sontent of shloride is mot entirely regular, for
it is cemplicated by the effects of tide, wind,
srd curreat,"



On pe 311 Dole and Chambers state:

“osaasiusatly 44 =2y be concluded that the aormal
salinity of the thf Stream off Fowey Recks is iikw
that of the Guif of Mexico, but that it is dscreased
at times by rains and by dischargs of fresh water
foom Mismi Hver and md.rna--d aauifurs aleng tke

coast, T

The water in the south part of the bay is some-
vhat concentrated . . . o This evidence, that the
water in this part of the bay is concentrated by
evaporation during its retention ia the shallows,
serves further to indicate that ocirculation thexre
is not very rapid and that 'the gresdter bulk of the
water inside the keys is not thoroughly mixed or
shifted by the tides.”

It is worth moting that Dolc ard Chambers considered the
seuthern portion of the bay to be that area morth of Featherbed
Bank which, in this paper, is regarded as the ceatral portiom
of the Bay. Dele and Chambers did not discuss the area south
of Yeatherbed Bamk,

Vaughan (1918, 1923) compared some life and bottom samples
from the Florida and Bakama region with those from ths areas in
the wosterz Pacific. Though the sediments and fauna were com-
pared, only ene sample was taken froem the area of the present
study. This sample was from the beach on the east sids of Sands
Key (station no. 68). The sediments were reported (p. 281) as
being coarse (93¢3% 2,0-0,5mm, 4.3% silt). The only abundant
Foraminifera reported was Orbiculina adunca., Others listed as

present were Orbivol¢tes marginalis, Pemeroplis pertusus, Quia-
gueloculine sgglutinass, Zrilecwlins linneissa, Bileculina car-
inata, Claywliua angularis, Trechammina inflata, Vermeuilina

affixa, Discorbina vilardcseana, and Planorbulina mediterran-
ensis, Taughan (ppe 285-6) further stated that there are three

types of bettom samples from Floridas 1) beach sand, and 4,3%
silt and clay; 2) lagoonal mud deposits; 3) deposits in 60



fathoms which are relatively coarse grained with benthonic

and pslagic form s of life.

Cuskman (1918a, 1920, 1922, 1922a, 1923, 1924a, 1929,
1930, 1931) published a series of papers on the Foraminifera
of the Atlantic Ocean and on the shallow water Foraminifera
of the Tortugas region. The earlier papers included some lo-
cations in and around Florida., The Foraminifera, environments,
and the sediments, were not related nor was the Florida region

particularly stressed.

Dole and Chambers (1918) tabulated the wind directiomn and
velocity, the chloride content, salinity, and specific gravity
of the sea water at Fowey Rock for a period of nineteen months
during the years 1914 and 1915. A comparison was made between
these analyses and the precipitation at Miami, 15 milews to the
northweste. Ansther comparison was made between the empirical
data derived at Fowey Rock and those from a few stations in-
sido of Biscayne Bay, They noted (p. 313) the higher salinities
(364l4=36473), during the month of June in the southern part of
the bay, which the attributed to concentration by evaporation
aided by poor circulation and mixing. They also stated (p. 313):

"it may be concluded that, at the time these samples
were collected, the effect of Miami River on the
water of the bay did not extend south of Soldier Key
nor outside %ihe keys., Yet the longer series later
examined at Fowey Rocks shows that the diluting
effect is at times apparent as far out as the light-
house,"

Norton (1930) published a paper on the ecologic relations
of some Foraminifera. His stationa wmere located in Australia
23 well as the Florida-Bahama region. He discussed the Foram-
inifera ir relation to depth of water and temperature, and
concluded (p. 361) that the Miliolidae, Nonionidae, Penero-



plidae, and Rotaliidae, decreased in abundance with a decrease
in temperature and increase in deupth, However, the Globorotali-
idae and Lagenidae inoreased with a decrease in temperature and
increase in depth, but the Anomaliridse were not zffected in
their abundance with a change in teaperature or depth. Of the
Foraminifera listed, the Miliolidae were the most abundant
types in the warm, shallow water, while the Globigerinidae were
found to be most abundant in the stations which were deeper and
cslder. Norton noted that the open-sea palagic Foraminifera
were rot washed into the lagoons, but that the shallow water
lagoonal fauna was found intermingled with the deep sea and
pelagic types, apparently after having been washed up on the

beaches and transported into deeper water.

Thorp (1935, 1939) published the most detailed paper to
date cn the marine calcareous shullow water deposits of Florida
and the Banamas, listing 17 sample localities from the Biscayne
Bay vicinity, of which 7 were inside the bay area, and the rest
either on some of the keys or cn the east side of the keys., He
suanariszsed the order of quantitative importance of the consti-
tuents composing the bottom doposits in the Florida region, as
follows (1935, p. 52)

“Calcareous algae, 25%; Mollusca, 17.5%; silt,
13,5%3 coral, 9.3%; Foraminifera, 9.0%; clay, 7.8%;
spicules, 4.3%; minerals, 3.9%; Crustacea, l.4%;
worm tubes, 1l.48%; Bryozoa, C.4t%¥; ocolites, O.h¥%;
pellets, trace."

Although Thorp showed histograms of the sediment analyses and
catalogued the general type of life present, he identified the
Foraminifera only to genus. The genus Archaias he listed as
comprising the bulk of the Foraminifera (pe. 57), the genera
Peneroplis and Quinqueloculina as being frequent, while the
genera Clavulina and Valwvulina as being numerous in shallow

waters. The most important algae were the Corallinacea, and



the genus Ralimada. The presence of eel grass, Zostera, was
also reporied. (This is prebably in error as eel grass does
not normally occur in this area; the genus Thalassia, however,
is occamnn,) Ee further noted the occurrence of epidote and
maguetite sast of the keys but did not mention their preasence
within the bay itself, Quartz was lis=ted as the principal non-

calcareous mineral,

Haight (1935) published some notes on current observations
around the Florida Keys. He stated (p. 142):

"st stations 15 and 16, south of Key Biscayne,
currents of between 1 and 1% knots, setting into
and out of Biscayne Bay on the flood and ebb, re-
spsotively, were obmervaed.

Flood and ebb velocities excesiaing 3 knots are in-
dicated in Miami Entrance, Btation 17. The results
of a two-day series of observations taken in this
fatrance in 1929 by the Coast and Geodetic Survey
show a mean velocity of abeut 2% Jmots at strength
of fleod and about 3 kmots at strength of ebb,

At station 18 im morris Cut and station 19 in
Bear Cut, passages into Biscayns Bay southward of
Miami{ Entrance, velocities scmewhat in excess of
1 knot were observed,"

The direction of flood 1s from 240° - 290° from 1.1-346
knots while that of ebb from 110° - 150°, l.0=3,2 knots,

Mann (1935) reported on the diatoms from the Bahamas and
the Florida Keys. In five samples from immediately east of the
Keys, he noted 24 genera which included 84 species, Diatoms
were generslly scanty and delicate with a large percentage of
orippled and misshapen individuals, "as though each plant,
dvriag the period of its formation, was insufficiently sup-
plied with the necessary amount of silica to give it external
rigidity, resulting in frequent distortions." The genus Masto-
Eloia was the most varied, and was more abundant in the Florida
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wators than in other parts of the world, although they auf-

fered here from 2 lack of silica,

Siubbs (1940) published on the Foraminifera of the Miami
aroa, Four of kis stations were in Biscayne Bay, while throe
were outside of the bay. He listed 23 genera and 61 apecies as
being present; the Miliolidae as the most predominant, followed
in aburndance by the Peneroplidae. Archaias angulatus and Elphidium

sagrum were reported as abundant within the bay, while six other
species were reported as common. Many of Stubbs identifications
however, have been proven to be erronecus by subsequent in-

vestigators,

Tha geology of the area around Biscayne Bay, as well) as
that of scuthern Florida, was discussed in considerable detail
by Parkar and Cooke (1944), Althougk Cooke (1945) corsidered
this same arez, a5 well as. the geolegy of the entire Florida
region, neither was particularly c:uacerned with the history of
Bigzcayne Bay as such.

The relationship of salt water to fresh water in the sub-
stratum around Biscayne Bay was discusassd by Brown and Parker
(1945). They stated, (p. 241):

“"No viasible springs now exist alzng the shore al-
though in the early days before drainage lowered the
water table, many springs flowed near the base of the:
limestone cliff slong Silver Bluff and elsewhere along
the coast,

The land surface of the wave-cut bench is always
noist, and near the shore is guite damp, indicating
continuous ground water dischargo."

Brown and Parker indicated that bay water was slowly en-
croaching upon the land below the water table, The scline water
made its grestest advances along the canals and from there

spread inland,



11

Weiss (1948) studied the fouling conditions and the organ-
isas involved in fouling through the year. He investigated thres
areas: two located west of the southern end of Miami Beack in
the vicinity of Government Cut, one located at Tahiti Beach, at
approximatoly 25°42¢N latitude and 80°15'W longitude. The or-
ganic remains most commonly found in the sediment wore not re-
corded, Weiss indicated that the north bay water is isolated
from that of the open sea, as indicated by the higher fluctua-
tion of salinity in the bay froa that in the open sea, and con-
cluded (1948, p. 156):

"little mixing occurs botween water of the north bay
and the ocean at ezch tidal cycle. Apparently, the
bay water is pushed back by the ccean water entering
at flood tide, bdut ret=rns unchanzvd to its maximal
cxtent with the ebb,"

Weiss furtber noted the cccurremce of the same 3pecies at all
station but not im the z2=3 abundance, Tahiti being lowest in
fouling organisms. This lack of fouling at Tahiti he allayed
to the lack of tidal currents bringing in food to this area,

and the absence of a mource ef fouling on the surrounding shores,

Bush (1949) described the general distribution of the
foraminiferal genera from ten stations in Biscayne Bay,

Parker and Stringfield (1950) discussed the effects of
factors affeeting the water table of sounthern Floridam, and re-
lated some oceanograprhic factors of Biscayne Bay to the neigh-
boring fresh ground water levels and their fluctuations.

Parker (1951) stressed the geologiec and hydrelogic fact-
ors affecting the yield of the Biscayne aquifer. He stated (p.
825) that of the averages 60 inch rainfall per year, 38 inches
was lost by evapotransyiration to the atmosphere, and approx-
imately 20 inches reached the Eiscayne aquifer to be discharged
from. it by ground water flow, either into drainage canals and
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thence into Biscayne Bay, or directly into the bay, He further
emphasized (p. 825) that a mile of drainage canal is ordinarily
somevhat more than twice as effective as & mile of shore line

along Biscayne Bay in discharging ground water.

Rsgarding the ground water under the keys, Parker said
(p. 829):

", ..o on the Florida Xeys ..c... a small lens of fresh
water, if present, rests entirely on and in equilib-
rium with sea water under each ksy,"

Plankton samples taken from south Florida areas were dis-
cussed by Davis (1950). In two samples from South EBeach and
Miami Beach, just beyond the surf where 19,5% were foraminiferal
remains, the Foraminifersa were most common, Globigerina was
found at 30 fathocas east of Cape Florida and off Miami Beach.
Most of the Foraminifera encountered were tychopelagic, but
they were not specificelly identified. Davis noted that the
plankton, except at some localities in the vicinity of cities,
were relatively oparse., Sewage in the vicinity of Miami made
for richer plankton.

Smith, Williams and Davis (1950) publiashed or the ecology
of subtropical inshore waters adjacent to Mia=mi, They chose
elevern stationc distributed throughoat moat of the bay to re-
present ecologically distinct habitats, and compared sea water
tsmperatures, salinities, phosphate-phosphorous, nitrite-nitro-
gon, plankton and foulimg organisms. The conditions in Biscayne
Bay, they concluded, exhibit =~ wide ramge, and tbe land drain-
age and sewage played a great part in the growth of plankton
and sedentary growth, limited by the rate of phoaphate pro-
duction and a graring rate limited by phytoplankton production,

Ginsburg (195A) discussed enviromments in Florida Bay,
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south of Biscayne Bay. He noted differences in the circulation -
salinity across Florida Bay and suggested that (p. 2400):

"The Bay can be divided into an outer or narginal
zone where there is frequent tidal exchange with

the reef tract and salinities are near normal, and

8 larger interior or central zore of semi-restricted

circulation in which there may be larger flustuations
in salinity,™

He further noted (p. 2402) that the differences between the two
circulation-salinity sones are relatively mineor. However, Gins-
burg further stated (pp. 2403, 2404), that:

""The percentage of Foraminifera is the only differ-

ence betwsen the conatituent composzitions of the cen-
tral and marginal zones. Samples from the central

z2one kave 10 per cent or more Foraminifera, and those
from the marginal zone have less than 10 per cent,
Foraminifera are most abundant in samples taken near

the mainland where aalinity fluctustions are the rule.
Perhaps the relatively greater abundance of Foraminifera
in brackish water is due to a iarge population of a

few species which are adapted to the changes in salin-

ity, and the absence of =7llusks able to withstand
such changes.”

In relation to variation of grain size in Florida Bay
Ginsburg stated (p. 241x);
"In all three traverses there is a general increase
in the percentage of fines in the inmer part of the
back reef, espocially in those parts of the area
which are slightly deeper than their surrounding
bottom. « « + In all three traverses the¢ ounter

reef-arc and the near-by pa:rt of the back reef have
little or no fines,"

GEQLCaY

Vaughan (1510) rsgarded the peninsula of Florida as a
part of the area mown as the Floridian Plateau (ses fig, 1).
This platesu extends west to about the fifty fathom line, and
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south and zast beyond the Florida EKeys to the Straits of Flor-
ida. According to Pressler (1947, p. 1852) its steep east and

south margins presumably represent mejor fault zones (sae fig. 2).

Pressler (1947, p. 1851) subdivided the Floridian Platesu
into two provinces: North Flcrida, characterized by a geologic
section composed principally of clastic sedimentary reo~ks, and
South Florida, characterized by a section composed f.r tle
greater part of non-clastic sedimentary rocks consisting of

lirestones, marls and evavporites.,

The core of the plateau is prohably coampsed of igneous and
petamorphic rocks (Mossom, 1926; Campbell, 1939, 1939a; Applin
and Appli=, 1944, p, 1722) <chareas the Ocala uplift, an eleng-
ate doxs trending morthwest and plunging southeast, is the priz-
cipal geoclogic structure in the state (see fig. 3). This uplift
chiefly involves dolcaitea and limustores of Cretaceocus to Oli-
gocene age. The Miocane through Pleistocene overlying beds
thicken southward from the uplift (see fig. 4).

The following geologic history of the Biscayne Bay area
is summariszed from Campbell (1939, pp. 97-105), Parker and
Cooks (194k4), Cooke (1945), Parker (1951), Naegli (1945), and
Ericsen aad Naegli (19453),

The pre~Cretacecus history ef this area is unknown be-
cause of the abmence of identifiable Jurassic or earlier rocks,
The aarliest interpretable history ia that of the Comanchian
Lover Cretaceesus., Thick layers of anhydrite intercalated with
limestone, dolomite and black shales were deposited. Organisms
were unable to live in the evaporating seas at the time of an-
hydrite depositien, However, shallow water Foraminifeva thrived

when fresh sea water was introduced, as shown by the association
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of Orbitolina concava texana, Dictyoconus walnutensis, Coskino-
line adkinsi, Coskinolineoides spo, Textularia sp., and Choffa-
fella sp. as well as ostracods, algae, oysters and echinoids'
with limestcone and black shale deposits, Eased on these data,
the area is interpreted as having been under a warm, shalliow

sea which at times was shut off from open circulation with

marine waters,

In Gulfian (Late Cretaceous) time the area was elevated,
peneplaned, and then subjected to conditions similar to that
of the Comanchkian. Tke ghallow water environment had:. deposited
in it about 2,000 feet of limestone and dolomits intercalated
with evaporites, and has a sparse fauna consisting of Lepidor-
biteldes spe, Ciblcides harperi, Sulcoperculina cosdeni, rotalids,

echinoids and Inoceramus sp.

Conditions continued favorable for the deposition of lime-
stone throughout Paleccenes and Eocene times without any apparent
elevation of thse arsa abovs sea level, A few interbedded evap~
orites indicate that occasionally the region became somewhat
stagrate., Clays from the north were no longer transported this:
far south from the Appalachians, but were, instead, replaced
by occasional sandy zones interspersed through ithe limestone.
The a&rea was still ore of shallow, warm, marine ;aters as algae,
pelecypeds, bryozoa, cstracods, echinoids and the following For~
aminifera were found in the sediment: Amnwkistegina sp.; Borelis
8Pe., Camagueys perplexa, C9skinclina slongata, C. floridana,

Cribrospira sp., Dictyoconus americanus, D. cookei, Discorincpsis
teri, Eponides gunteri, Fabularia raughani, Flintina avon-

parkensis, Giobigerina sp., Gumbelina sp. lepidocyclina favosa,

Lituonella floridana, miliolids, Miogypsina sp., orbitoloids,
Plsnispira sp., Pseudochrysslidina sp.; Pseudouvigerina spe Reus-
ella sp., Valvnllammina nassauensis, and Valwyulina floridanae. It
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is interesting to note here the occurrence of the genus Globi
erina, which is incicative of deeper waters or of nearby con-

nections with open oceans,

Limestone deposition, at times sandy, continued through
Oligocene time with no apparent discontinuity. Though there is
a distinct faunal break between the two epochs, there does not
appear to have been aby change in the depositional emvironment,
The fauna is still one representative of 2 warm, shallow, mar-
ine environmert as evidenced by algae, corals, bryoczos, mol-
lusks, echinoids, asteroids, barnacles, crabs and the follow-
ing Foraminifera: Arekaiass floridanus, Dictyoconus cooksi,
Eponides jacksonensis, Globorotalia sp., Heterostegina texana,

Lepidocyclina aspe., Miogypsina sp., Operculinocides sp., Tyrgo

8pey, Sorites sp., and Textularia sp..

Elevation and erosion of the peninsula tock place after
Oligocene time. Subsequently the early Miocene, porous, whitas,
sc=4y Tanpa limestone was deposited unconformabdbly on the arodedi
serfsce. A transgressing sea then conformably deposited a cal-
careous, shell-quartz sand upon the Tampa limestone. This lat-
toer formation, the Rawthorne, together with the underlying
Tawpa limestons, contain a very abundant fauna, These forma-
tlons ar¢ particularly characterised by an abundance of mol-
lusks togathar with Amphistegina chipolensis, Archaiass flori-
danus, Cibicides floridanus, Elphidium chipolensis and Textu-

iaria barrettii, Agaimn, the fauna is one representing a warm,

shalleow, marire sea near to land, The area was subsequently
li.fted and ercded and then followed by the conformable depo-
sition of the Temismi formation of the uppermost Miocene

(see Parker, 1951, p. 823) and lowermost FPliocene age. This
latter formation vas deposited in a shasllow sea which then re~

ceded and was followed by subsequent erosion of the land. The



upper Pliocsne, Caiocosahatches marl, was deposited in a littoral
and neritic enviroamont with shifting currents (see Parker and
Cooke, 1944, p, 59), lying adjacent tc a low lard mass which
contridbuted fipe sedizments consiating of sand, =21lt, clay and
shells.

Late Pliocene time had been & poricd of widespread crus-
tal instability; st which time tho eastern extremity of the
Coastal Plain was completely cubmerged and its gorges bacame
submarine canyons. Later this area was emergent, tilted toward

the west and actively eroded,

The following Pleistocoas history is svamarized from Cooke
(1930, 1945) and Parker aud Cooke (19%%).

The Fort Thoampsern formatien and Key Large limestone were
deposited in the Pleir:iocene seas while the sea rose and fell
upor the area in response to the ccutsrol of giaciation and de-
glaciation, There were five major stages of low sea level, cor=-
reapending to the Nebraskan, Kansan, Illinoian, early Wisconsin
and late Wisconsin stages. In southeastern Florida these are
represented by erosion surfaces, solution holes, soil zones znd

fresh-water limestones and marl.,

Between each of the major low-water stages, the sea ad-
vanced landwerd to major high-water levels, corresponding to
the Aftonian, Yarmouth, Sangamon ex<d nid-Wisconsin interglaciel

stages, at which time terraces and wawe-cut cliffs were formed,

The Key Largo limestone, which inclndes the Fleistocene
reefs of acutheastzrn Florida, is both older tham and in part
contemporaneous with the Miami ocolite, The Miami ovlite over-

iaps the Ffort Thompson formation to the morth and northwest,
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The HMiami overlaps the Fort Thompson formationm tv the norta and
northwest. The reef is about 90 miles long, and has a surficial
width of approximately 3 miles, but is much wider at its base.
Its thickness may exceead 50 feet, The limestone contains cerals
and bryozozns. Cavities in the limestone are filled with amor-
phous celcium carbonate, or detritus from wastage of the reef
which fell, or was washed in, Subsequently this was incorpor-

ated in the rock as a limestone breccia,

The Miami oolite is soft, cross~bedded to massive, and
grades from an almost pure calcium carbonate to sandy limestone
to the north, It is thought to be a remnant of old calcareocus
dunes or beach ridge deposits in part, and marime in other parts.
The Miami colite was formed in a shailow-water marine environ-
feiit in back of the Key Largo reef, At times bars were buillt up
abdove sea level and calcareous dunes and beach ridges were de~-
posited, Several pieees of cross-bedded oolite are embedded in
struetureless czlite; whereas ir otker areas, steep dipping,
erosg-bedded portionc are truncated by horizoatal beds coentain-

ing marine shells.

The Mismi oolite and Key Largo limestones underwent solu-
tion and erosion in early Wiscomsin time. Thereafter the Pamlico
formation was deposited in mid-Wisconsin time. The Pamlico is
restricted below an elevation of 25 feei above sea level, It
consists of white quartz sand which filled im the solution
holes im the underlying rocks. In places it is overlain by
Recert muck, marl and swamp deposits. A shallow szea deposited
the Pamlico sesdiment and, upon its recession, carved a wave -~
ocut notch and bench at 8 and 5 feet above sea lovel in the
Atlantic Coantal Ridge.

Biwcayae Bay is situated east of the Atlantic Coastal Ridge,
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an irregular, low stirip to the west of which are the lower-
lying Everglades., The ridge rises irperceptibly from the Ev-
erglades and descends into the bay. Its altitude averages 8
fret abcve mean sesz leovel and rizes to approximately 25 feel
just west of Coconut Grove at Dinner Key. East of the ridge

in the bay ares is a Pleistocene wave-cut terrace, which aver-
ages approximately 5 foet above sea level (see figs. i and 5,
and Parker, 1951, p. 817) and is called the Silver Bluff
{FParker and Cookse, 194k, p. 24),

From Soldier Key southward to Bahia Honda, Biscayne Bey
is bound on the east by the Keys, which are composed of Key
Largo limestone. North of Soldier Key they are composed pri-
marily of quartz sand, which is now principally derived by
the revorking of the underlying Pleistocene deposits. Sancd
is alse transported froz the merth by the Counter Current anmd
much of it is supposedly vashod into and derssited in the north-
ern part of the bay.

The open water lying between the Koeys and the Florida
Current, which flows northward in the Straits of Florida, is
bound on its eastern side by a series of reefs consiasting of
living corals south ot Fowey Rock, and of dead corals to the
north, However, farther to the north there iz no clearly de-
fined reef, The Counter Current flows southward between the
outside reefs and the east side of the Keys.

Biscayns Bay is the morthern extension of Florida Bay
(see fig. 6). Bounded by the mainland on the west andi the
Keys to the east, it is a lagoon affected by iiies, currents.
and windg, The bay is the result of the rise of the Florida
Platform, the deposition of the Miami oolite in shallow water,
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and the simultaneocus depositiomn of the Key Large limestone on
the southeastern border of the Platform. Deposition of an ap-
sresiable amount of sediment is not now takiag place, for the
Miami ococlite occcurs below a thin veneer of consoclidated sedi-
ment, the Pleistocene Paamlico sand. Cooke and Mossom (1929)
mairtain that the Pleistocene limestone (Miami and Key Largo)
are now being dissolved by the grcat influx of fresh water
from the land, which is charged with humic acids and point

to cavernous limestone in the Keys as proof.

The limestcnes are being taken into solutiocn in the areae
west of the bay, the exposed limestone reefs, and in the sub-
terranesn areas of the entire region by fresh water. Accord-
ing to Vaughan (1914d, pp. 27-28):

"the sea water flowing inte and out of the Tortugas
Lagoon .eoe show that although hotk carbonate and
bicarbonate radicals are in solution, uncombined
carbon dioxide is not present, and that the water
posseuses no capacity for further solution of cal-
ocium carbonsate by virtue of its content of free
carbon dioxidej all the bays, sounds and lagoons
within the Florida reef and key region are fill-
ing with sediment,"”

On this and other bases Vaughan concludes that the formation
of lagoons by submarine soclution may be definitely eliminated

from consideration,

Dole (1914), in determinations of the salinity of the
water within the Tortugas lagoon and at the southern end of
Biscayne Bay, shows a higher concentration than that in the
open sea-water on the outside, indicating that the tidal in-
flow and outflew sre not sufficient to completely mix the
water in the lagoons with the water of the surrounding seu,
and that concentration by evaporation is tsking places.
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The author has obaserved a considerable deposit of calcare-
ous silt in the deeper area running north-south through Biscayne
Bay, which verifies tLe statement made by Vaughsn. It is prob-
able that the bay was formed by solution of the limestone, but,
in the author's opinion, this solution ~eased prior to the last
eubnergence of the area, Since calcium carbonate is being depcs-
ited in the bay, it is unlikely that sclution of the floor is
concurrently taking place. The rocks composing Soldier Key show
the action of solution, bui these rocks are at or above tidal
level where the work of the atmosphicrc and fresh water are ac-
tive, The dilution of the bay water by surface runoff frox the
mainland is not sufficient, along with poor mixing ¢f the bay
water, to produce solution of the bedrock of thc bay, but is,
instead, readily transported out to the waters of the Keys
(Dole and Chambers, 1918). Ginsburg (1953, p. 68) suggested
that the activities of boring and burrowing organisms are a
major “actor in erosion at intertidal level on the Florida Keys.

BOTTOM TOPOGRAPHY

The average depth in Piscayne Bay is from 7 to 11 feet
(sec fige 7)e The bay shallows toward the mainland to the west
and toward the kxeys to the easiward. There ure soveral small
areas looated on the western side of the Safety Valve where:
depths of as great as 21 feest are reached. These areas are
vory small and few. They result from escouriug by ebb and flood
tidal currents through the channels between the low and flat -
lying "Coral Shoals" 'hiqh make up the 2afety Valve. The Main
Channel, the ship channel through the northern end of the bay,
is maintained by dredging to & depth of 30 fest,

Biscayne Bay is divided topographically into northern and
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southern arecas. The northern, which is approximately twice the
lexgth of the southern, extends from the 1atitudé of Virginia
Key south to Featherbed Banke. The southerz srea lies south of
the Banke

Featherbed Bank is low, concave to the north, and is ex~
posed at the surface during low tides. Another shallow area
extends from»approximately the central portion of the bay east-
ward to the keys. These two banks separate the bay into two de-
finite areas, north and south. These vary not only topographi-
cally but also sedimentologicaily and ozeanographicallye. Feath-
erbed Bank is in no way a unique feature, Similar shallow se-
paration areas occar between the SGuthe:n portion of Biscayne
Bay and Card Sound, between Card Sound and Little Card Sound,

_ and between Little Card Sound and Barues Scund. These banks
thus separate the aligned bays, each of which has its own en=-
vironmental characteristics.

PEYSICAL OCEANOGRAPHY

MOVEMENT OF WATER

The movement of water ie,th;_béy iz zagtwerd teo ths Flora
ida Current and is governed by the tide, the influx of iresh
water and thé winds, which at times reach hurricane velocities,
The tides produce a general change of 2-2% feet in water level
(CoSe Coast and Gscdetic Survey)o. Because of increased rain-
fall, it is most pronounded from June to January.

The primcipal drainage into the bay froz ths land is by
Miami River, Little River, The Tamiami Canal and other dredged
canals: The two rivers meorge 30 miles northwest of the City of
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Miami and continue northwestward to Lake Okeechobee, a distance
of approximately 70 miles, The Tamiami Canal goes westward and
then northwestward from Miami across to Naples on the Gulf, or
westward side of the peninsula. The intracoastal waterway, go-
ing lengthwise through the bay, brings imn additional water,
particularly from Barnes and Card Sounds located south of the:
baye. During the rainy season, principally the months of May,
June, September and October, numerous additional canals alsc
empty their waters into the bay.

Biscayne Bay in turn drains into the Straits of Florida,
in which the Florida Current flows in a northerly direction.
The main movement of water, both into the bay and out to Bea,
is by means of a series of narrow channels through Bakers Haul-
over Cut, Goveranment Cut, Bear Cut, Sands Cuf, Caesar Creek and
that area kunown as the Safety Valve located betwsen the south-

ern end of Key Biscayne and the northern end of Raggedl Keys
{see fig. 6).

Currents between 1 and 1} knots setting into and out of
Biscayne Bay on the flood smd ebb, respectively, were observed
by Hedght (1935). Velocities of as much as 2 knots at strength
of floed and 3 knots at strength of ebb have. been recorded by
the U.S. Coast and Geodetic Survey., Where the water is sghallow
between the keys, the bettom is swept clean of sediment by
strong oscillating tidal currents; but where the water is deep-
er, relatively finegrained sedimeats accumulate on bottoms aw
bove which, at the surface, currenis may be rapid, although nc
observations have been made on such possible surface currents,.

The bay north of Featherbed Bank has a free and fresh flow
of tidal water primarily enterimg through the Safety Valve, A
few narrow and comparatively shaliew “cute" aet as drainage and
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means of entrance into and out of the southern portion of the
bay. The exchange of bay and open-sea waber, therefore, in the
soathern portior of the bay is slow and probably net complete
during a tidal eycle (Dole and Chambers, 1918; Smith, Williams
and Davis, 19590). It is much more complete in the northern pore
tion of tho bay, which arxrea though larger, has a much greatexr
amournt of interchange of water during a tidal cycle. The amount
of water interchange has a definite effect upen the salinity,
oxygen comtent, chemical content of the waters and, subsequently,
of the exlsting life in the two areas, and the movement of the

sediments therein.

The color of the water in the bay varies from a light

green on the easstern side, to a brownish green on the western
side. whis indicates a considerabie amocunt of organlic matter

in the western portion of the bay in relation to that on the
eastern areca as brought cut by Saith, Williams and Davis (1950) 6
They noted higher plankion concentration and more fouling in

the western part of Biscayne Bay than in the eastern part. This
is probably caused by land drainage and sewage which increa=zss

the growth of plankton and sedentary organisms.

TRHPERATURE

The first recorded temperature survey of Biscayne Bay was
made by Dele (1914%). Bleven stations were observed, eight lo-
cated in the bay, the other 3 im the Straits of Florida. The
survey offers inconclusive data for comparative purposes be-
cause the tenmperatures were takern at different times of day,
and only eune observation was made at each station, The only
obher survey was by Smith, Williams and Davis (1950). Herc, al-

sre observed, nine inside the hay and twe



outsido. In alli a total of cight chboervations and comperative
analyses were made at each of the e¢leven stations during July
1945 througi June 19%0. The authors summarized their tempera-
ture data (p. 122) by stating:

WThe seasopnal variations im sea temperature: show the:
expected correlation with air temperature and total
hours of sunshine, as reported by the U.S. Weather
Bureaun., The temperature reached its lowest point at
all stations in December and then increased rapidly
in the Spring. All statioms except Triumph Reef show-
ed similar zeasonal variation in temperature, vary-
ing from the extremes of 18.25 C in winter to 32.2°C
in summer, with a range of 14 C.

Triumph Reef water was cooler in summer and warmer
in winter than water at any other stationj it waried
from 24.35° to 29.,8°C. This small range is character-
istiec of oceanic conditions and is probably due to
the water at Triumph Reef mixing with water from
deeper parts of the Florida Current."

From the observations made by Smith, Williams and Davis
(1950), it iz apparent that the very shallow stations have the
lowest winter temperatures and the warmest summer temperatures
(see figo 8)o It also seems apparent that these shallew areas
are alsec relatively stagnant in comparison with others which
have steady tidal flow. Since. there is very little variatioen
in depth, the temperature variation between the surface and
the bottom is insignificant. The temperature of the water vae-
ries from approximately 18.25°C in the winter to 32.2°C inm
the summer (Smith, Williams and Davis, 1950, p. 122).

SALINITY
In comparison with 36 parts per thouwsand for water in the

open sea (Sverdrup et al, 1946, p. 123; Thorp, 1935, p. 285),
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the mouth of Miumi River to 39,09 parts per thousand at Fsather-
bed Bank (Doley, 1909; Dole and Chambers, 19183 Smith Williams
and Dévis, 1950), According to the U.S. Weather Bureau records
{U.S. Depto Ago, 1941, pe. 3C9), rainfall in southern Florida

is about 60 inchez pex year, and is greatest in summer and fall,
For any one locality salinity varies inversely with the raine-
fall. Precipiiztion im the Miami area has a definite effect on
the chlorinity and salinity of Biscayne Bay, as well as upon

the waters within the Strmits of Florida. Precipitation at Miami
is almost invariably followed within 24 hours by reducticn of
c¢hloride content at Fewey Rock (Dols and Chambers, 1918, p. 31,
as shown by fig. 9. It is obvious that if precipitation in the
Miami area haz such a great effect upon the chlorinity at Fowey
Rock, then it most certainly has a greater effect on the salinity
in Biscayne Bay itsélf. The area.in the bay south of the latitude
through Soldier Key is almost always more ssline than that aren
to the nerth of this parallel, while lower éalinities are: found:
where fresh water from sewage snd drainage outlets dilute the

bay water, such as at the mouth of Miami River. The high salin-
ities of 39,099/00 found at Featherbed Bank during the momnth of
July (Smith, Williams and Davis, 1950) is caused by evaporation
of the watex in the bay, producing higher concentia&icns and
salinitieso. This is also pronounced in =reas where %the cirenlation
is kpown to be poor as in Hurricane Harbor, just west of Key
bBiscayne, where the salinity reached as high as 38.69 ofoo in

the same month,

Chemical and physical observations (Dole, 19093 Dole and
Chambers, 1918; Smith, Williams and Davis, 1950) show that the
waters in the southern portion ef the bay tend to be colder in
winter and hotler im summer than those in the northern portion.
Ir addition, there is a terndency for higher salinities both wine

ter and summer in the southerm portion. Though the evaporation
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is equal throughout the entire bay, it has a more pronounced.
effect in the southern portion because of lees mixing. A study
of figo 7 indicates that the northern portiom of Biscayne Bay

is open to a ready circulation from the Straiits of Florida via
the numerous channels and the safety Valve, whercas the south-
ern portiom is comnected to the open sea only by several nar-
row, shallow channels. That area south of Soldier Key has very
few drainage channels, and is influenced by Featherbed Bank

and its associated bank to itz southeast, which have efiectively
atopped the circulation of the water in the southexrn portion of

the bay from mixing with that in the northern portion.

ANALYTICAL, PROCEDURES
SAMPLIRG METHODS

Sixty-threeasémples were collected during July, August
and September 1948. The sample locations are indicated on fig.
10, The comparative University of Washington locality numbers
arc listed in Table III. Each gample was collected in ome of

three wayss

lo The Yorange peel grabber" - This instrument
was lowered to the bay floor by rope aind upon reaching the
bottom, sutomatically closed its four jaws grabbing some sedi-

mente

The instrumant wozrked well where the sediment was not
coverced with planits and was uncomsolidated, If the floor of

the bay had Thalassia or Halimeda growing, them it was impez=

sible to use the "grabber,"™ as it would bring up onrly the
plants.
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2, A can tled to the back of a mavy~tyve anchor
was used to dres the bottom. Upom pulling, the anchor would
tend %o sink into the cediment and the can wowld collect the
sample. Where the grass was excessively thick, as at station
no. 63, another large anchor was tied to the rope 10 feet in
front of the navy-type anchor and can. The first anchor would
gather the grass, making a clear path in which the anchor and
can would follow to collect the sediment.

3. In cases where none of the above techuiques
worked, a third alternative was used - diving overboard with
a small scoop and bottle to collect the sediment by shoveling.
This method was always hesitantly resorted to as there were

numercus sharlk. barracuds: and rays in the waters.

SAMPLE ANALYSIS

To prepzre for analysis, the sediment was fizst washed of
the common sea szlts and dried. The wash water was continuallly
tested with silver chlorids until it no longer showed evidence
of a prceipitate. Then the sediment was quartered. One portion
was weighed and sieved through a set of square root of 2 Vente
worth sieves. The material finer than sand-size was pipetted
by standard techniques (for detailed doscription of metheds
of mochanical analysis of sedimerts, see Krumbein and Petti-
john, 1938). The sediment remaining on each sieve and that
pipetted was weighed and a distribution curve pletted from.
the dato. Bach sieve szise was analyzed for compositien and.

roundnese of graln.

Another portion of the sediment was anelyzed for organ=
ismg, while still another wasz treated with HCl. The residue

from the acid irostment was considered as quartz, while the




STATION LOCATIONS

Fig. 10
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Figure 11 shows the pexcentage distribution of guartz in
the baye. Quartz is the dominant mimeral in the sediment of Bis-
cayne Bay in two localities. The first is thai of the western
shore from Miami south to the vicinity of Black Point. Through-
ont mest of this arca quartz grains make up nore than 90 per
cent of the sediment. The quartz extends in tongue-like fash-
ion from ‘Yahiti Beach southeastward into the middle of the baye.
The second area, located south of Featherbed Bank, externds in
oval shape trending northeast-southwest in the deeper section
of the bay.

Fragmental calcium carbonate shell particles make up the
other dominant meterial found in the sediment of Biscayne Bay,
It is composed primarily of the organic remains of organisms
which have lived in the bay, or are still living there, Figure
12 shows the percentage distribution of CaCO3 in the bay. There:
are. two predominant areas of Biscayne Bay in which calcium car-
berate is the main comstituent ef the sediment. Ore is located
in the vicinity of the Safety Valve wherein calcium carbonate
composes more than 90 per cent of the sediment. However, the
deep channels which go cast-west through the Safety Valve have
a higher perceantags of quartz than those shallow axeas ismedi-
ately adjacent. rhis indicated that quartz is being transported
through the chanmelis into or out of the bay, whercas the shale
low areas, generally less than two feet in depth at low tide,
are composed of a high percentage of calcium carborate derived
from living organisms. The prime organism in this area is the
genus Halimeds, a calcareous alga., The matcerial which is not

Halimeda is composed of other organisms and fragmental substance.

The second area of which calcium carbonate shell fragments

is the main constituent, composing 90 or nore per cent of the
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sediment, is that section south of Black Point and rorth of the
.elongated gquarts area. This extends in tonpgue-~like fashion‘frqm‘
the southwest skore of Biscayne Bay toward the northeast in the
vicinity of Featherbed Banke. The calcium carbonate in this area
is primarily blacﬁ in color, as described!in previous paragraphs.

The sediments east of Biscayne Bay and the Keys ave: com-
posed mainly of calcium carbonate. Statieas'l8, 19 and 20 are
&lmost 100 per cent calcium carbonate; whereas: statica 17 son-
tains only 60 per cent calcium carbonate and 40 per cent quartz,

Figure 13 shows the size disiribution of the sediment at
the different stations in the form of hiatpgramﬁ@wThe absoissa.
iz represented in terms of phi diameter, whéreaé;ﬁhe ordinate
is represeated in frequsacy of oceurrence. The size distribu-
tion of the sediment at each station is hence quite apparemt
from the graphs. The 5th, 16th, 84%th and 95th percentile dia-
meters and the phi median diameters for’the sediment at each
station are listed in Table I. -

The histograms for stations 38 and 45 are particularly

"iﬁferesting and characteristic of some areamss A double maxi-

oum occurs at both of these stations. This double maximum in
the s;ze-frequency is causediby the'composition of the sedi-
ment. Cne peak is caused by the predominance:of calcium care
bonate at this diameter. whercas the other peak is produced
by the dominance of quartze. If either miﬁ&ral were: not pres-
ent, the cuive would be a aingie-maximnm curve. It is worthy
of note that the presence of two deminant minerala in a semple.
with entirely different charactisrisiica introduce=. a secend
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peak in the curve o It is difficulit, in an aven where there is
more than one dominant mineral present, to determine whether
the multimovinma in the sizme=freguency curve is camsed by the
composition of the constituent minerals, or by a physical fac-
tor other than composition of the sediment, such as velocity

of the transport medium, depth of water, etco o

Figures 53 through 60 show the cumulative curves of the
sediment =t the different stations., The abscissa is agein in
phi diemeter, whereas the ordinate iz in per sent., The size
Parameters of the sediment were determined by use of the PET=
centile rather them the gquartile method {see Inmam, 1951).
Figures 14, 15 and 16 were all plotted in terms of the phi
parameters rather than their equivalent diameters. All para-
meters are therefore: directly related to Wentworth grades as
units (Krumbein and Pettijohn, 1938, p. 234), Figure 14 shows
the variation of the phi median diameter throughout the bay.
It becomes cobvicus that the finest size material was located
in the center of Biscayne Bay somewhat separated into two
primary areas, one just north of Featherbed Bank wherein the:
phl median diametesx zeached 502, whereoas the other area, just
weot of the Safety Valve, reackhed a phi median diameter of
S5ekc The ecarsest materisl reached a: phi median diameter of
Co2 and was fouwnd in the arca south of Black Point. Anviher
area of coarse material was that just north and west of Ragged

Heys wherein a phi median diameter of 0.4 was attained.

Generally speaking then, the sediment composzed of caicium
carbonate is finer in the center of the bay, where the depth
igs comparatively greater, and coarsens toward the margins of
the baye.
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SORTING

In general, those arsas which have a high phi median dia-
meter, fine-sized matoriel, have the poorest scriing, whercas,
those which have the coarsest material tend to have better sorte
ing. The phi doviation measure is listed in Table I for cach
statione Figurs 15 shows the variation of sorting in Biscayne
Bay in terms of the phi parameteor. A Similarity will be noted
between the pattern of the variation of sorting as shown in fig-
ure 15 with the pattern of distribution of quartz or calcium

earbonate; as sheows im figures 12 and 13 respectively.

The well sorted sediment is located in the northwest shore
areca of Biscayne Bay apnd in the central portion of the bay.
These are the same areas which have a predominanceé of quariz in
the sediment, generally over 80 per cent by weight. The poorest
sorting is found in an area just north of Featherbed Bank and
is in that section which containsg the finest sized. sediment in
Biscayne Baye. Almost as poorly sorted is the sediment found
ingt weat of the Safety Valve in the areaAhaving a vexry small
size diameter, or a very large phi diameter. The tongue of
gquartz exiending southeast from 'wahiti Beach is superimposed
upon the southeast tonguo of the sorting patterny as cam read=
ily be seen by comparing figure 12 with that of figure 15, Tho
pattern of thesc two figurcs is very simiiar, and it bccomes
immediately evident that the quartsz is by far the bést sorted

mineral, whereas the calecium cerbomate is the most poorly sorted.

KORTOSIS

The voriabion of knrtesis of the sediment in Bizcayne Bay

is shown in figure 16 and listed in Table I. Ho parametor pabe
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tern of disityribution nor meaning can be interpreted from this

figuree

The importance of kurtosis and an understarding of the
histoxry and ecology of an area in relation to kurtosis is there-

fore: not apparent from this study.

SUMMARY

In summarizing, it may be stated that quartz is the dom-
inant mineral in the sediment which is best sorted, and com-
poses that sediment on the northweétern shore of the bay as
well as that in an area immediately south of Featherbed Bezk.

It appears to be in the process of iransportation in tongue-like:
form from Tshiti Beach southeast toward the central‘portion of

the baye

Calcium carbonate shell fragments are the other principal

. materials contained in the sediment, It composes both the coarm-
est and finest of the fragments in the sediment, In the central
portion of the bay, extending in a northe-south direction north
of Featherbed Bank, it composes the finest sediment., The shale
iow recf-like area is composed of coarse makexrial, as is that

of the arem south of Black Peint where the sediment is consid-
erably blackened by organic matter washed out of the mangrove
swamps to the west, This black sediment can be traced ir a

northeasterly direction toward Bear Cute

It appears anomalous that a tongue of sediment high in
quartz is bheing traasported southeast frem Tehiti Beach, while
another of blackened calciuvm carbonate is being carried north-

cast from the vieinity of Black Poimt. there is no doubt that



the blackenced sediment 1s transported past the southeasterly
tongue of quartz scediment, since black shells are found at both
stations 14 and 34 as well as at stations in the very northern
portion of the bay. However, black shells are not found in amy
of the stations located on the tongue eof quartz sediment ex-
tending southeast from Tahiti Beacho. It is evident that this
condition does exist and is probably caused by the transporta=-
tion of the two types of sediments at different itimes of the
vecars It is possible that since the quartz tongue is now the
predominant tongue in the bay containing no blackened calcium
carbonate, it was being transported southeastward during the
dummer months, the time at which the study samples were col=-
lected; whereas, the blackened calcium carbonate fragments were
transported during another season of the year. Seasonal studies
of the bay will have to be made to substantiate this hypthesis.

The fine c¢lay-sized particles in Biscayne Bay avre composed
of ealcium carbonate, not clay minerals. They appear to be,
upon microscopic examination, derived by the breaking down of
large fragments rather than by precipitation by any calcium
gcarbonate: forming bacteria as postulated by brew (1914). Vaughan
(1910, po 116), stated that the sediment is mainly ooze, while
the present study shows that moet. of the sediment iz of sand =
gizeo, The calecium carbonate, being the dominant material in the
sediment, is derived by the fragmentation of erganisms which
have a calcium carbonate shell., The suthor agrees with Thorp
(1935, ppe 81, 82) that the quartz is derived from the Pamlico
sediment and is not being brought in at any great rate by the
currents at the present time from east of the bay, as proposed
by Martens (1.931) and Vaughan (1910, p. 116). High quartz con-
centration along the western shore of the bay substantiates
Thorp®s interpretation. This indicates the probability that

the guartz is being derived from sediments formerly diposited
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on what iz now the land, and that it is not mow being brought
in from outside of the bay,

LIFE

GENERAL

The fauna of Biscayne Bay and that of the genseral area. of
southeastern Florida: has been discussed in varied detail by
many authors. Most dealt with organisms which would not normally
be fossilized and therefore not of interest to geologists, The
following have some significance to the geologist: Thorp, 1935;
a series of papers by Cushman, 1918a, 1920, 1922a, 3923, 1924a,
1929, 1930, and 1931; Stubbs, 1940; Weiss, 19483 Vaughan, 1918;
Ginsburg, 1956. None of these dealt with the bay in its entirety,

Table I lists the presence by =p "x" of all fauna, execlud-

ing the Foraminifera, and the flora found in the sediment at
cack staticze

FLORA

Some floral remains are found in the sediment of the bay.e
Of these the most common are the calcarcous algae of whick the
most common is the genus Halimeda. This alga lives in the ares
of the Safety valwvs where there is sballow, continually flowing
water. Halimeda is a great contributor to the caleareous oo
posite in this areae. Another calcarecus organism which adds to

the depositzy though not to any great extent, is Neomeris altem

natus. Only its cortical incrustations are found. Anether ime

portant piant in the bay areca. is the geanus Thalessia, nore come
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monly known as Turtle Grass, similar to and often mistaken fom
the genus Zogtera, Eel Grass, found in the more northern elimes.
The genus Thelessia is common in the ceontral portion of the bay
where the water is deeper and particles of sediment finer than
that of the rest of the bay. The genus Thalassia was found
growing at stations 11, 32, 3k, 35, 36, 3, 45, 50, 51, 52, Sk,
56, 62 and 63, and is most important at stationms 32, 51, 52 and
5%, all but the first having a depth of nine feet. Charephyta
is cccasionally found,

FAUNA

Many calcareous organic remains are found in the sediment
of Biscayne Bay. The most important organisme contributing to
the sediment are the Gastropoda, Pelecypeda, and the Foraminifera.
Other remains are ostracos, vertebral oscicles, echinoid plates
and spines, slcyonarian spicules, sponge spicules, Bryozoa, oto-
liths, corals and worm tubes. No attempt has been made to iden-
tify any of the organisms other than the Foraminifera. Very lit-
tle work has previously been done on either the small or imma-
ture forms hence making the identification of the Gastropoda and
Pelecypoda extremely difficult., The only other readily identi-

fiable organisms would be the Ostracoda.

FORAMINIFERA

Twsnty grams of sediment from each station were put through
the 20, 40, 60 and 80 mesh sieves. All the sediment contained on
these sieves, plus that remaining in the pan, were examined for
Foraminifera. as well as other crganisms oceurring therein., Courmts

were made as to frequency of occurrence of each specics identie-



ficd, The total count was not limited te any particular number

of specimens.

Table II lists =1l species identified in the sediments
from Blscayne Bay. ‘heir per cent of occurrence at each station
is iisted under each station number. Table II also listz ths
number of Foramirnifera counted per sampls, the rate of occuyr=-
rence of the speeies in the sediment; as well as the number of
specles per station. Figure 17 shows the per cent of occurrence
of ecach species identified in relation to all other Foramini-
fera. The species are listed along the abscissa. The ordinate
shows the frequemcy of oceccurrence for each species. Since there:
are a total of 61 stations where Foraminifera were identified,
the maximum possible occurrence of any one particuler species
would be 6100 per cent. Each vertical line representing the
occurraence of the species therefore represents the per cent of
occurrence of that species im relation to all other spcies in
the bay. The graph, which composes figure 17 indicates that

those speciesz which occur most freguently are: Quinguelogculina

lanarckiera, Q. poeyana, Q. torrei, Triloculina flinti, Archaias

angulatus, and Elphidium poeyavum. It should not, however, be
thought that these Foraminifera which occur most frequently are

necessarily the most important for an understending of the ecol-

ogy of the arca. For iastance, the species Quinguelcculina

lamorckiana is the most common of 211 species present in Bis-

cayne Bay, cccurring a total of 721 per cemt out of a posszible
total of 6100 per cente. The species of the genus Bolivina make:
up 5.3 per cent of total cccurreuce. Though the species Quin-~

guelocuiina lamarckisna is the most commony, it is not neces-

sarily ckaracteristic of one particular c¢mvirommert, whereas
the genus Bolivina is definitely characteristic of a particu-

lar enviromment in the baye



Figures 18-52 show the distribution for particular species
of Foraminifera throughout the area., The percentage of occur-
ronce at cach ctation for a partienlar species is indicated at
the station location, and its distribution is apparent by re-
ferring to the figure for that species plotted. Only the most
comnon of the Foraminifera are so plotted. It was thought im-
practical to figure each species, @ those that occur at a few
stations can readily have their distributicn visualized by re=-

ferring to Table II.

ECOLOGY
DESCRIPTIVE:

Biscayne Bay and environs may be subdivided into several
biotcpes each with its own biocoenose. None of the biotopes is
gharply delineated but blend one into the other and overlap.
All of the factors which affect the biotope are not as yet umn-
derstood, but the most important conditions mey be surmised.
The impertant factors which affect the biotopes are: salinity,
temperature, oxygen and food supply, amount of mixing of sea
and bay wator, turbulence, depth of water, intensity of sun
iight, nearness to fresh water and land drainage, diameter of
sediment, sorting of sodiment. All biotopes are in shaliow
water less than 120 fecet in deptho

Assemblage slides of the stations are on deposit in the
University of Washington, Department of Geclogy, Museua of
Paleontologys The biotopes with their key index species are
as folleowz (the capital letter after the species name indi-
cates the relative abundance of the species: A - abundant,

C = common, R - $ars;s



1. The area of copen waters cast of the keys have
a comparatively uriform eavironment, The temperature, normal
morine saline content and Jood supply are relatively non-vari-
able. This envircmment is represented by stations 17, 18, 19

and 20, and ig characterized by the following species:

Bigenerina irregularis C
Gallowayus aff, G. antillarus R
Ge redmondi C

Globigerinella aeguilateralis R
Globulina caribes R

Massilina crenata R
Spiroloculina atlanticz= R
Triloculina tricarinata. ¢

The following species are abundant in this biotope but are not
to be particullarly identified with only this ome envircumente.

Amphistegina gibbosa &
Archaias angulatus A
Elphidium poeyapum C
Penercplis proteus A
Praesorites erbitoliteides C
Quingueloculina lamargkiana A
Q. torrei A

Rotalia rosea C

2o, The second bietope, affected by the water
sast of the keys, includes those areas composed of the chan-
nels through thich the water flows into and ocut of the bay
and thelr environments. The bioccoenoss is influenced by the
saline waters of the "open sea," =z well as the probable sup-
ply of feod, and turbulence. In this area the bay waters are
immediately affected by the water entering from the east of
the keys. statiems 5, 6, 7, 8, 9, 13, 21, 31, 33, 46, 48, and
49 are within this biotope. The species which represent this
aroa are:

Amphistesina gibbosa

Arachaias compressus
Asterigerina carinata C

C
R




Cikbicides lobatulus R

C. pseudoungeriana R
Elphidium poeyanum C
Globigerinoides rubra R
Globorotalia menardii R
Globulina gibba R
Guttulina australis R
Heterostegina antillarum R
Nesalveolina schiumbergerina R
Nonionella =mtlantieca: R
Nummoloculina irregularis R
Penercoplis bradyi R

Rotalia resea C

Sigmoilina cf. S. arenata R
Siphonina palchra R
Textularia agglutinans R

All of the above specics ocour in this area and at the stations
east of the keys. Loxzostomum mayori R and Rectobolivina advena R
also occur in this biotope but not in the stations east of the
keys. It is believed that they are present in biotope 2 because
of the influx of the open-sea water,

3. The shoal. areas, which may be considered a
living bicherm, compose a definite biotope. This area is very
shallow, has a high intensity of swunlight, has strong turbulencs
and currents flowing into and out of the bay, and has abundan%
Halimedae The stations within this bictoupe are numbers 32, L7y,
and 50, Stations 31, 48, and 49 may aiso be inc ided in this
area with a very similar fauma, but arz in the channels rathex
than in the very shallow zone. The fauna restricted o this bio-
tope iss

Cancris sagra: R

Peneroplis antillarum R
Quinoueloculina collumnosa R

In addition to the above species, Archaias angulatus A and Quin-

queloeulina lamzrckiana A are not restricted to this area but

make up an important part of the population.
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4, The shoal arsa and the area east of it make
up in themselves & general biotope. This is charactarized by
a definite fauna, snd may be interpreted as two separate bio-
topes which share three apecies in common. These are:

Caasidulina subglobosa R

Gallowayus amtillarus R
Loxostomum limbatum var. costulatum R

The bictope is one in which there is open-sea water and an

sbundant supply of food,

S5e Covering a very irregular area, this bio-
tope is differentiated by the arem inhabited by the geaus
Thelassia, and is represented by the following three: species:

Elphidium crispum C

Peneroplis elegans R
Valvulina oviedoliana A

Valvuiina oviedoisna is not limited to this one biotope, but
is abundantly nepresented here.

6 Elphidium poeyanum C is the single species of
the biotope which is representative of the area of the well sort-
ed sediment,

7. The near-shore area within the bay is defined
by the species Streblus besccarii C.

8, That area extending north-south througk the
center of the bay is more or less characterized by a fine sedi-
ment and is the deepest section in the bay. It is presumed that
the weter in it is not turbulent, as otherwise it would keep
the fine-sized: sediment particles in suspension. Since this is
not the case, it is believzd that the water is comparatively
nonturbulent in character. The following species are character-



istis of this biotope:

Praesorites orbitoliteides R
Quinqueloculina bosciana R
Iriloculina oblonga R

I. subrotunda R

9o The area within the bay north of Featherbed
Bank, herein referred to as the North Bay, is characterized by
sn inflow of open-ses water and the admixture of fresh water
from the shore to the west. Environmental conrditions here are
not as rigorous as that south of Featherbed Bank., The following
speciea are characteristic of this biotope:

Bolivina striatula R
Cornusgirania antillarum R
gz!balogoretta squammosa R
Elphidium poeyanum A
Quingueloculina polygona C
Trilooulina labiosa A

10, The species Soritaes marginalis C represents

the environment in the mortheast pa tion of the bay, and is
affected more by the open-sea water than the rest of the north-
ern portion of the baye.

11, The eastern margin of the bay shows a leaser
effect of fresh water than the western portioﬁ; It is greatly
affected by the influx of open-sea water. This eastern area is
characterized by the followigg speciest

Discorbis subaraucana R
Elphidium sagrus R

Peneroplis proteus C
Quingueloculina enoplostoma R

12, In contrast to biotope 11, this oceupies
the western portion of the bay where draimsge from the land is
extenzive. The species Clavulina nodosaria R is representative

of this enviromaent.
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13. The southwesterr portion of Biscayne Bey has
a very rigorous environment, It is affected by the land drain-
age and the mangrove swamps, and by the high rate of evapora-
tion during the summertime, At;timos a low seline content pre-
vails while at other times of tﬁo year there iz = very high
saline content., The area is further affected by the staining
from the mangrove trees. The species Clsvulina tricarinata: R
is primarily limited to this area. Valwvuilra oviedoiana C,
Quingqueloculina lamarckiana A snd Archaias angulatus A are
also very common to this area. This biotope: is represented by

gta'l-i Y] ah b KO &R RaQ AN and A .
SR vavaw &y Jwy Siy SYY STy VWY wmaw Vae

The writer's study shows that the presence of a high per
cent of miliolids eceurring with an abundant number of robust
areraceous specimens (not large variety of species) indicates
a warm, shallow, marine environment. This is not in accord with
the observations by Said and Kenawy (1956, pe 115) in the Upper
Cretaceous and Lewer Tertiary of Egypt:

"yhere calcareous and arenaceous forms coexist, the
classie idea that these forms indicated deep marine
conditions seems to be trus, although it appears

that depth does not affect the total number of in-
dividwals so much ag it affects the number of species,"

While Galloway (1933) indicated the presence of many arenaceous
forms with depth, he also mentioned others as characteristic of
shallow waters, Norton (1930, fig. 1) showed that the greatest
concentration of arenaceous forms exist at depth (16-60 fathoms)
in the Tortugas region, rather than shallow water, However, it
is intereating to note that the Milioclidae reach their minima
‘with depth, whereas both forms are quite abundant in shallower
and wermer waters. Stainforth (1950) suggested that a turbid -
water environment appeared to be essential for the development
of wholly arenacecus assemblages. Glaessmer (1948, p. 192), emn
the contrary, stated that dominanily arenaceous assemblages in-
diecate cold-water conditions,
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Contrary to the above opinions, the waters of Biscayne Bay
do not have any enviromment in whieh arenaceous forms are found
alone. In figures 18-52 it is evident that the arenaceous forms
particularly inhabit the southwestern portion of the bay and
the area in the vicinity of Featherbed Banko, The porcellaneous
species are likewiez very common here, and also extend to the:
shoal water area in the vieinity of the Safety Valve., The arena-
ceous forme found in Biscayne Bay are robust and appear to be

rugged species since they are rarticularly abundant where there
are many environmental extremes.

COMPARISONS WITH OTHER AREAS

In comparing the provineial faunal assemblage of Biscayne
Bay with fauna of other areas, many similarities and dissimi-
larities are found., ireas throughout the world having a pre-
vincial fauna are described by Bermudez (1935); Chapman (19¢e0,
1905), Cushman (1918, 1921, 192la, 1924), Fling (1899), Heren -
Kllen and Earland (1914), d?Orbigny (1839), and Vaughan (1923),
As in Biscayne Bay, these have a warm, shallow, and marine en-
vironment, The species fibund there appear similar to that in
the bay and yet in cases are conspicuously different, For ex-
ample, Heron-Allen and Earland (1914) figured and described
Quingueloculina kerimbaticsm, a spécies similar in many aspects
and yet different from thet herein identified as Q. antillarum,
This latter species, originally described by d!Orbigny (1839)
from the Cuban\aren, iz scmewhat different from those specimens:
found in Biscayne Bay,. Hewéver, many species described by d?Or-
bigny from the sands of Cuba are similar to those found in the
bayo

Approximately one kalf of the species identified by Cushe-
man (1921) from the north ceast of Jamaica were also found in
the sediment of Biscayne Bay. However, only one third of the
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species identified by Cushman (1922) from the Tortugas region
were also identified by d'Orbigny (1839) from the shore sands

of Cuba and also were identified by the author in the sediments
from the Biscayne Bay arem, Fifty per cent cf the roraminifera
identified in this latter area were also identified by d'Orbigny
(1839) from the shore sands of Cuba.

Though the fauna of Biscayne Bay is closely related to
other areas in the Gulf of Mexico and Caribbean area by having
many similar species, it alsc differs in having species which
are equally dissimilar. In addition, even those species which
are in common to the areas mentioned have notable differences
which might even be taken as varietal features. Ho'evei, until
type material can be examined by ome individuwal from these di-
‘verse areas it is impossible to say definitely what are the
differences and similarities other than those due to personall
variations and attitudes of the investigators.

Bissayne Bay is a back-reef, lagsszal arsa in which mile
iolids are very cemmon, and the porcellaneous Foraminifera
compose 74 per cent of the foraminifers present, This area
may be compared with that deseribed by Hensen (1950) from the
Cretaceous and Tertiary reef formation in the Middle East,
wherein ke described (p. 230) the sedimentation as follows:

WCslcareous sand and mud composed of cominuted de-
bris of reefs and indigenous organisms well round-
ed by surface~erosion; cemented by rapid. lime pre-
cipitation in warm, shallow water, to form hard,
pocriy stratified. Miliola: limestone of porcella-
neous texture and subconchoidal fracture . « «
ReeZ-patehes occur sporadically and may be con-
temporaneocus local growths or dead residuals of
former reef-walls, eroded by surf and over-ridden
by shoals as the living reef builds out seaward."

Henson further detailed. the indigenous back-reef fauns by
stating (po 230):



"Miliolids, Peneroplidae (large and small) amd Alveo~

linidae are characteristic, witk aome Planorbulinidae,
Rotaliidae, Amphisteginidae; end Orbitolinidae., Reef =
builders, mollusk, etec. are sporadic." ’

This also deseribes the sedimentation and asscciated fauna of
the Biscayne Bay area. A sirilar miliolid sediment deposition
may also be likened to that described by Conkin and Conkin (1.956).

Conkin and Cenkin (1956, p. 895) suggested a lagoonal origin
for the El Abra milioclid member and Upper Devils River limestone
from the subsurfase Lowsr Cretasscous oi southwest Texass Again,
this miliolid deposition was reported. from the subsurface. of
southern Florida by Naegli (1945) and Ericson and Naegli (1945).
A back-reef, lagoonal type enviromment acdounts for the: sedimen-
tation found in the rocks, .

SUMMARY AND CONCLUSIONS:

The data presented in the previous paragraphs leads to the
following conclusions:

l. Physieal oceanographic factors are active in Biscayne
Bay producing a definite sorting and deposition of the sedi-
ment througheut the bay. The mimeral quartz is being deposited
sl.ong the northwestern shore of the bay with a tongue extending
scutheast from Tahiti Beach, Another area of gquartz concentra-
tion is forming in the southern area just south of Featherbed
Bank, The quartz is being derived by the reworking of the

Panilico ssaiment.

2. The areas of quartz deposition are more or less coin-
cident with that of the best sorted sediment and have the least
amount of life in them, The quartz grains are well sorted., They
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are believed to be reworked from the Pamlico sediments which
were previously transported a conslderable distance from the

Appalachian Mcuntains.

3, Calcium carbonate is being deposited in the south-
west section of the bay, in the Safety Valve area, and just
west of the shoal-water area. The calcium carbonate is made
up of whole or worn fragments of organic lifes It nowhere:
appears to be precipitated by the Bacterium calcis.

4, The average phi median diameter of the =sdiment is
2410 or 0C.23mm, fine¢ sand size,

5. Quartz is characteristic of the sediment in the chan-
nels north of and through the Safety Valve, whereas it is ab-
sent in the channels south of this area. This sediment is
genorally-coarsor than that in the shoal areas on either side
of the channels, The size differentiation iz caused by the

sorting effect of the current washing through these chanrels,

6+ Organic calcium carbonate tests are being blackened
in the southwest area of the bay. The blackening appears to
be caused by included black organic matiter rather than an
inorganic chemicall reaction. The blackened shells can be traced

into the northeast section of the bay.

7. Those biotopes having a high quartz content of the
sediment have a scarcity of organisms, and conversely, those
high in calcium carbonate have a relative abundance of organ-

isms,

8, Biscayne Bay contains a provincial foraminiferal
fauna which is a consequence of the environment of the ares,



50

The environment is ccmparativelyAnormal on the east side of the
keys, changing to a rigorous cne in the very seuthern part of
the bay where the salinity and temperafure varies ovexr a con-
siderable range.

9+ The waters of the open ocean east of the keys do not
affect the fauna to the west to any great extent. However, the:
pﬁynical oceanography of the waters inside the bay has a great
effect upon the fauna on the outside. The waters with = great
range of salinity, caused by evaporation and dilution, are:
transported out of the bay arem to that east of the keys, It
is this range in salinity which is believed te prevent the
pelagic fauna normal to the Florida Current from reaching the
arss: of the keyse. As a consequence, practically no pelagic
forms are found within nor in the sediments immediately out-
side: the bay.

10. Of the species of Foraminifera existing in the eavirons
of Biscayne Bay, six corpose four and one-half per cent srena-
ceous forms, thirty-seven compose twonty-one per cent hyaline
forms, and forty-eight compose seventy-four and one-half per
cent porcellanoous forms.

1l. The most common speecies of Foraminifera in Biscayne>
Bay in their respeciive srder of abundance are: guingueloculinm
lamsrckisna, Archaias angulatus, Quinqueloculina poeyana, El-

phidium peeyanum, Quinqueloculina torrei, a=d Trileculina flinti,
Though these species are the most prolific, they are not char-

scteristic of any one particular biotope found within this area,

lze The area of abundant miliolids characterize the back =
reef envirommsnt of Biscayne Bay.
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15, The sediment in the oper-water and that on the shoals,
which make up the Safety Valve, contains a more varied range of
species than that found anywhere else in Biscayne Bay., ‘ihese:
two areas ave not affected by environmental changes as great
as those within the bay itself. |

14, Those 2reas with a more abundant fauna have fewer spe-
eies, These species are not only well adapted to the environ-
ment, but flou;ish and fill the biotope. However, when the or-
ganisms are nof 80 well adapted to the environment, a greater

variety of species generslly occupy the biotope.

15. The presence of a high per cent of miliolids occurring
with an abundant number of robust arenaceous specimens (not
large variety of species) indicates a werm, shallow, marine en-
vironment,

164 The arenaceous forms fourd in Biscayne Bay are robust
and appear to be rugged species since they are partiocularly
abundant where there are many environmental extremes.

Thirteen biotopes were recognized in the Riseayne Bay
area. These are predominantly represented by porcellaneous
foraminiferal species, but significant numbers of arenaceous
and hyaline types are also important in at least seven of these.
The most important factors in the biotopes with their repre-

sentative fauna may be summarized as follows:

" 1. The open-water area east of the keys where the en-
vironment is uniform. The Florida Current steadily flows in
this region, the temperature is variable with depth, there is
an abundant supply of food, the salinity maintains itself at
approximately 36 parts per thousand. The most representative
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species found herein are Bigenerina irregularis, Gallowayus
redmondi, and Triloculina tricarinata.

2, The channel areas are affected by the ebb and fiow of
the tides. The waters are turbulent, the velocity reaches three:
knots, the salinity approximates that of the open-sea, and an
abundant supply of food and oxygen is available. The most rep-
resentative species herein are Amphistegina gibbosa, Asterigerina

carinata, Elphidium= poeyanum, Rotalia rosea.

3o The very shallow shoal areas have a high intensity of
sunlight, strong turbulent flow, abundant oxygen and food ‘sup-
ply, and relatively constant salinity and temperature, The most
representative species in this area where the plant genus
Halimeda is very abundant are Cancris sagra, Peneroplis antil=-
Isrum, Quingueloculina coilumnesa. Also very common to this
biotope but not restricted herein are the species Archaias angu-
latus and gg}nqﬁeloculina lamarckiana.

4, The shoal area and that area east of it have in common
open-sea water and an abundant oxygen and food supply, relatively
constant salinity and temperature., These two areas share three

speciea in common: Cassidulina subglobosa, Gallowavus antillarus,

and Loxomstemum limbatum var. costulatqu

S5e¢ That area in which the plant genus Thalassia lives heas
common to it the following species: Archaias angulatus, Elphidium:

erispum, Z. poeyanum, Quingueloculina lamargkiana, and Valvulina
oviedoiana,

6. That area havirg a well sorted sediment is best repre-

sented by the species Elphidium poeyanum,



7o The near-shore area within the bay is mest greatly af-
fected by surface water runoff from the nearby land and from
the drainage canals. The most representative species of this
biotope is Streblus becearii.

8, The area extending north-south through the bay is
characterized by a fine sediment, comparatively deep water,
lack of turbulent flow, and lack of intense sunlight., The spe~
cles Praesoritea;orbitol;}oidea, Quinqueloculina bosciana, Tri-

loculina oblonga, and T. subrotunda are representative.

9. The north bay area has a ready admixture of fresh
water from the land with the more saline watefk of the open =~
sea, The conditions here are not as rigorous as those in the
south bay area., The species most representative are Elphidium

oeyanum, Qniﬁqueloculina polygona, and Triloculina labiosse

10. The northeast portion of the bay is greatly affected
by the waters of the open~sea. Particularly representative of

this area is the species Sorites marginalis.

11, The eastern margin of the bay is more affected by the
open-sea water than that of the western portion. The repre-
sentative species of this area are Discorbis subaraucana, El-

phidium sagrum, Peneroplis proteus, and Quingueloculina eno-
plostoma.

12, The western portion of the bay is greatly affected by
drainage from the lande Clavulina nodosaria is representative

of this area.

13, The southwestern portion of the bay experiences great
fluctuations of temperature and salinity, little circulation,
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and staining from the mangroves. Clavulina tricarinata is prie

marily limited to thiz biotope but the species Archaias angu-~

latus, Quirqueloculina lamarckiana, and Valvulina oviédoiana
are very commcn here,

FADNAL: DESCRIPTION

Ninety-one species were identified.and are herein de-
seribed, Identifieatiéns were based on the original desorip-
tions and figures published by the authors who named the =pe-
cies and, in some cases, additional descriptions and discus-
sions of the speciqs by subsequent authors. All species dis-
cussed herein are figured in the foilowing rlates. The de-
scripfiohs of the species folloi. Holotypes, Paratypes, and
Eypotype specimens are deposited in the Paleontology Museun,
Department of Gedlogy, Univeraity of Washington.

Family ASTRORHIZIDAE Brady, 1881
Subfamily ASTRORHIZINAE Brady, 1884
Genus RHIZAMMINA Brady, 1879

e e cavaw s

Plate I, Figure 1
Rhizammina indivisa Brady, 1884, Rep. Voy. Challenger, Zoology,
vol. 9, Pe 2779 Plo 299 fisso 5=7¢

Test cylindriecal, open at both ends; wall composed of
chitinous material with cemented sand grains,

Hypotype No. UeWe 4,004,

This species is rare., It is found in the show#l watars

of the Safety Valve where there is a free interchange of bay
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and fresh water. The sediment is high in calcium carbonate and:
coarse ag represented by the cemented greins composing the

arenaceous test of this species. The species occurs at station
324

Family SPIRILLINIDAE Reuss, 1861

Subfamily SPIRILLININAE Brady, 1884

Genus SPIRILLINA Ehrenberg, 1843

SPIRILLINA VIVIPORA Ehrenberg, 1843
S Plate I, Figure 2
Spirillina vivipora Ehrenberg, 1843, Abhandl. k. Akad. Wiss.
Berlin, Phys.~Math. Cl., for 1841, p. 422, pl. 3, pt. 7, fig. 41,

Test cirecular, planispiral, evolute; periphery round; su-
tures distinct; chamber a long spiral, increasing gradually in
diameter, overlapping slightly on the sides; wall coarsely per-
forate; aperture at the end of the tube, simple.

Hypotype Neo. U.We 4,005,

This species is very rare, only two specimens having been
foundi at stations 2 and 47. It does not appear to represent a
particular environment,

Family MILIOLIDAE dfOrbigny, 1839
Subfamily CORNUSPIRINAE Reuss, 1861
Genns CORNUSPIRA Schultze, 1854
CORNUSPIRA. PLANORBIS Schulize, 1854
Plate I, Figure 3
Cornuspira planorbis Schultze, 1854, Organ. Polythal., p. 40,
ple 2, figo 2.
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Test discoid, planispiral, evolute; the one coiled single
chamber increasing grsdually in size, partially overlapping the
previous whorl; sutures distinct; pexriphery rounded; aperture

terminal, round, the diameter of the entire tube,
Hypotype No. UeW. L4,006.

This species has a fairly wide distribution througheout the
bay. It is found at seventeen stations {see fig. 18), namely:
1, 2, 9, 10, 12, 13, 21, 22, 23, 32, 33, ko, 42, 47, 50, 52,
and 56,

Genus CORNUSPIRAMIA Cushman, 1928
(?)CORNUSPIRAMIA ANTILLARUM. (Cushman, 1922)
Plate I, Figure &
Nubeecularia antillaruam Cushman, 1922, Carnegie Inst. Washingtonm,
Publ. Noo. 311, p. 58, figs. 7, 8.

Test attasched; an irregularly branching tube, convex on
top, flat on inside of attachment; wall rough, arenaceous cove
ering over a porsellaneous base; apsrture at the end of the

tube projections.
Hypotype No, T.W. 44,007,

All specimens of this species were found unattached or
broken, They may have been transported from some nearby locale
wherein they lived. The species is limited to the area just
west of Key Biscsyne at stations 8 and 10.
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Numbers reprasent per cent of species occurrence ot station

Fig. 18 DISTRIBUTION OF CORNUSPIRA PLANORBIS
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Genus CORNUSPIROIDES Cushman, 1928
CORNUSPIROIDES FOLIACEUM (Philippi, 184k4)
Plate I, Figure 5
Orbis foliagceus FPhilippi, 1844, knum. Moll, Siciliae, vol. 2,
pe 147, pl. 2k, fige 26.

Test discoid, planispiral, evolute; the one coiled single
chamber increasing in size rapidlyj sutures distinct; periphery

rounded; aperture terminal, the diameterof the: tube,
Hypotype No. U.W. 44,008,

This speeies is very rare, only one specimen was found at
station 9.

Genus SPIROLOCULINA d!'Orbigny, 1826
SPIRCLOCULINA. ANTILLARUM d'Orbigny, 1839
Plate I, Figure 6
Spirolocuiina antillarum d°Orbigny, 1839, in De La Sagra, Hist.
Phys. Pol. Nat. Cuba, Foraminiferes, pp. 166, 167, pl. 9, figs.
3y ke

Test fusiform in front view, compressed laterally; cham-
bers inflated, tapering toward aperture, last chamber extended
forming a neck, chambers elongate and arcuate; sutures not dis-
tinct; surface ornanénted with longitudinal striations; aper-
ture round, with slight thickening of peristome, surrounding a

siaort, narrow tooth,
Bypotype No. U.W. 44,009,

This is an uncommon species found irregularly distributed



through the bay, and also out in the open-sea waters., It was
identified =t statioms 4, 6, 8, 18, 20, 27, 28, 31, 34, 42,

SPIRCLOCULINA ATLANTICA Cushman, 1947
Plate I, Figure 7
Spiyoisoulina atlantica Cushman, 1947, Contrib. Cushmen Lab,
Foram. Reso,, vol. 23, pp. 88, 89, pl. 19, figs. 3-5.

Test fusiform in front view, greatly compressed laterally;
periphery rounded, sides concave, edges slightly keeled; cham-
bers distinet, inereasing rapidly in size, early chambers with
longitudinal axes not in same direction as latter longitudinal
ax¢s] sutures distinct, slightly depressed, aperture rectangu-
lar with a bifid tooth,

Hypotype Noo U.W. 44,010,

This species is present only at station 17 in the open -

water environment,

SPIROLOCULINA c¢f. S. ORNATA d'Orbigny, 1839
Plate I, Figure 8
Spiroloculina ornata d'Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat. Cuba, Foraminiferes, p. 167, pl. 12, fig. 7.

Test flat, fusiform; chamberss bicarinate, flat, arcuate,
last chamber extending into long neck; wall smoath but for
short, irregular, carinae; sutures not distinct; aperture round
with short, linguiform tooth.

H'ypotype Noo U.W. M'Ollo
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This is a rare species found at stations 16, 47, and 50.

Subfamily MILIOLINAE Reuss, 1861

Much confusion has been found in the litsrature, as well.
as by the author, in identification of speciamens from Biscayne
Bay. Particular among this is the differentiation between three
genera, namely Quingueloculina, Triloculina, and Pyrgo. IT is

generally accepted that if five chambers are visible externally
the specimen belengs to the genus Quinquelocwlina. while it be-
longs to Triloculina and Pyrgo if it has three or two visible
external chambers, respectively. It has often been found, by

the author, that specimens which upon external visual observa-

tion would normelly be placed under the genus Pyrgo are, actu-
ally, found to be triloculina forms when observed in section.

The question then arising would be, is a form to be placed un-
der the genus Trileculina when three chambers are visible upon
sectioning or is it to remaim under the genus Pyrgo when only

two chambers are externally apparent without secticning?

It is the suthor's contention that a form which has the
successive chambers 1i44° apart, each adjacent chamber 72° apart,
bslongs to the genns'Quinqnoloculina, five chambers per whorl;
that having the chambers 120° apart belongs to the genus Tri-
locullina, three shambers per wherl: those having the chambers

opposed at 180. belong to the genus Pyrgo, two chambers per

whorl. It is 8o used herein,

Genus QUINQUEIIOCULINA d'Orbigny, 1826
QUINQUELOCULINA ANTILLARUM d!Orbigny, 1839
Plate I, Figures 9a and b
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Quinqueloculina antillarum d*Orbigny, 1839, in De La Sagra, Hist,.
Phys, Pol, Nat, Cuba, Foraminiferes, p. 193, ple 12, figss 4-6.

Test fusiform in front view, laterally compressed; peri-
phery rounded to doubly carinate; chambers arcuate, if single
carination then the carinate portion not along the median peri-
phery but ut us sloping toward the posterior; the single carine-
tion may bifurcate toward the abapertural end ¢f the ultimate.
chamber forming a bifurcate form or, the chamber may be bifur-
cate throughout or, the chamber may be siightly angled to round-
ed on the periphery: the last chamber tends to taper toward the
apertural end; sutures distinect, very slightly depressed; walill
pitted except around the aperture, the pitting arranged in ob-
lique lines; aperture a long narrow slit with slightly thick-
ened peristome which tapers in toward the aperiure; the tooth

is long and narrow, thickening slightly at free end.
Hypotype Noo, Ul.We “""',0120

This beautifui species is found irregularly distributed
throughout most of the bay and occurs at thirty-four stations,
numbers 4-6, 1%, 17, 18, 20-28, 31, 32, 34, 36, 42, 43, 46-57,
61, and 62. This apecies appears to be more characteristic of
the south central and southeastern portion of the bay where
the waters are not greatly affected by fresh-water pollution.
from the swemps and surface runoff, The distribution of this

species is readilly seen by referring to figure 19.

QUINQUELOCULINA BOSCIANA d'Orbigny, 1839
Piate 1, Figure 10
Quingueloculina bosciana d'Orbigny, 1839, in De La Sagra, Hist.
Phys. Pol. Nat. Cuba, Foraminiferes, p. 190, pl. 11, figs. 22-2k,
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Fig. 19 DISTRIBUTION OF QUINQUELOGULINA ANTILLARUM
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Test an elongate ellipme, slightly compressad laterally:
periphery rourded; chambers elongate, very slightly arcuate,
‘arranged oblique to the length of the test (most pronounced.
in the prepenultimate chambers), tapering slightly toward aper=-
ture, the ultimate chamber extending cver the penultimate cham-
ber on both ends; sutures very slightly depressed; wall smooth,
translucent, glossy; aperture round, at the extreme end of the
chamber, with short projection for a tooth,

Hypetype Ne. U.¥W, &L, 013,

It is odd that this species has not beea reported from the
Gulf of Mexico - Caribbean area since originally described by
d'Orbigny in 1839, It is common to most localities in the Bisw
cayne Bay area. It may be that the specimen figured as Q. laevi-
gata d'Orbigny in Cushman (1922, pl. 13, fig, 2) is actually
this species.

This small, delicate species is found at almost all sta-
tions. However, it is strictly lizited to the bay as it has not
been identified in the sediment from stations 17, 18, 19, and
20, all outside of the bay. The distribution pattern for this
species is shown in figure 20, This species is also not found
in the environment of the shallow waters of the Safety Valve
but is common to that of the channels in this area. Ko particu-
lar environmental factors appear to account for the distributien
of this species other than the possible fiuctuating factors
which characterize the bay in relatiem to that outside of the.

. baye

QUINQUELOCULINA COLLUMNOSA Cushman, 1922
Plate I, Figure 1l



Numpers represent par cent of species occurrence at station.

Fig. 20 DISTRIBUTION OF QUINQUELOCULINA BOSCIANA
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Quinqueloculina collumnosa Cushman, 1922, Carnegie Inst, Wash-
ington, Publ. No. 311, p. 65, pl. 10, fige. 10.

Test irregular in shape but of general oval appearance;
periphery angled; chambers irregularly elongate and arcuate,
the last chambers extending past the previous chambers at the
abapertural end where it is bluntly rounded, extending into a
round and elongate neck at the apertural end; sutures not dis-
tinet; wall irregular with an undulating appearance, forming
longitudinal crests which do not anastomose; aperture round,
at the end of an extende2d neck, surrounded by a slightly flar-
ing peristome.

Hypotype No. T.We ‘l"’""gc’l'l'l'o

This species is primarily limited to the open-sea water
though a few specimens were also identified at statiom 45, It
is present at stations 18 and 20 where the relatively highly

saline, nonfluctuating Florida Current waters flow,

QUINQUELOCULINA ENOPLOSTOMA d'Orbigny, 1839
Plate I, Figures l1l2a and b
Quinqueloculina enoplostoma d'Orbigny, 1839, in De La sSagra,
Hist. Phys. Pol. Nat. Cuba, Foraminiferes, p. 196, pl. 12,
figs. 14-17,

lest ovoid in front view, slightly compressed laterally,
periphery truncate, bicarinate, slightly concave; chambers elorn-
gate, arcuate, quadrangular, the ultimate chamber round and
broad at abapertural end; sutures distinct, not pronounced; wall

porcellaneous on the interior with an arenaceous exterior of
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medium roughness, tan in color; aperture oval, narrower at in-
terior periphery than at exterior periphery, with thin, everted
peristome; dentition consisting primarily of long and narrow
tooth with bifid free end extending more than half way into aper-
tural opening: that portion of peristome cpposite the free end

of the tooth is serrate with projections of calcareous material.
Hypotype Noo U.W. 44,015,

The specimens found in Biscayne Bay may have the peristome.
completely serrate, a few serrations, or none at all, The num-
ber of calcareous projections is not a constant even at the
same locality, but varies from specimen to specimen, Since the:
serrations may be completely absent or preseat in a varied num-
ber, it is questioned whether the genus Dentostomina Carman,

1933, is valid since it is dififerentiated from Yninquelsculina

d*Orbigny, 1826, solely on the presence of apert==z1 gerrations.

This hardy looking species is primarily distributed through
the eastern portion of the bay (see fig. 21) in those areas af-
fected by the open-sea water, It is found at stations 7, 9, 10,
12, ik, 18, 21, 28, 31, 32, 34, 39, 46-5k, and 56,

QUINQUELOCULINA LAMARCKIANA d'Orbigny, 1839
Plate: 11, Figure la and b
Quinqueloculina lamarckiana d'Orbigny, 1839, in De La Sagra,
Hist. Phys. Pol. Nate. Cuba, Foraminiferes, p. 189, pl. 11,
figs. 14, 15, -

Test subovate, inflated posterierly, subtriangular in aper-
tural view; periphery rounded to slightly angled; chambers elon-
gate, slightly arcuate, inflated-triangular in section, the ul=
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Fig. 21 DISTRIBUTION OF QUINQUELOCULINA ENOPLOSTOMA
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timate and penultimate chambers have sides sloping posteriorly,
ultimate chamber extending past penultimate chamber at abaper-
tural end where it is rounded; the ultimate chamber not extended
into a long neck at apertural end; sutures distinct, slightly de-
pressed, arcuate; wall smcoth, white, with or witheut faint, lon-
gitudinal, intermittent striations; aperture round, with narrow,
bifid tooth extending halfway into aperture.

Hypotype Noe UoW. 44,016,

This very abundant species is found to occur in practically
all environments throughout the area, It is just as common to
the open waters as it is to the bay. The ornly stations at which
it is not found are 16, 19, 29, 30, 35, 37, 4#1, 59, amnd 60.
These stations do not appear to have any particular environmental

factor in common.

QUINQUELOCULINA ¢f. Q. LINNEIANA (Cushman, 1929)
Plate II, Figures 2a and b
Triloculina linneiana Cushman (non d'Orbigny), 1929, Bull. 10k,
UoSo Nate. Mus., pte 6, ppe 61, 62, ple 16, figse 1, 20

Test subovate in front view, compressed laterally, often
deceptively appears to bs triloculina in forms; periphery round-
ed; chambers elongate, arcuate, ultimate chamber rounded and ex-
tending past penultimate chamber at abapertural end, extending
to form a very short neck at apertural end; sutures not pronouncedj
wall glossy, white, ornamented with oblique costae which meet in
the form of a chevron on the periphery; the costae may be pro-
nounced and form a keel on the periphery or they may be weak
striations and vary in number from naﬁy to few; aperture round
to horse-shoe-shaped, with thickened peristome: dentition con-

sisting of narrow, bifid, convex tooth which projects above the
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peristome as seen in front view,
Hypotype Noo U.Wo 44,017,

The author believes tkat thosz specimens figured by Cush-
man would, upon sectioning, prove to be guinqueloculina forms
rather than triloculine forms, and would be comparable with our

specimens,

This species is the eighth most common in the Biscayne
Bay areaes It is found in almost all of the bay stations but is
found at only one of the out-of-the-bay stations, namely number
18, This species should be considered as one characterizing the
bay environment wherein the environment fluctuates considerably,
Its distribation is shown in figure 23, It is found to occur at
stations 3, 5-15, 18, 21-28, 31, 32, 34, 36-39, 41-43, and 46-63.

QUINQUELOCULINA POEYANA d'Orbigny, 1839
Plate II, Figure 3
Quingueloculina poeyana d'Orbigny, 1839, in De La Sagra, Hist.
Phys, Pol. Nate Cuba, Foraminiferes, pp. 191, 192, pl. 11,
figs, 25-27,

Test an elongate oval; chambers distinct, convex, narrow;
sutures distinet, not strongly depressed; w=ll crramented with
longitudinal striaej aperture circular, at end of short neck
with thickened peristome, dentition of narrow tooth thickened.
slightly at free end.

Hypotype No, U.W, 44,018,

This small species iz the fouriih mcst common in the aresn,
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It is primerily characteristic of the bay: It is very rare: in
the open waters of the Florida Current., It is also comparatively
rare in the region of the Safety Valve (see figo 2i), being mest
common in the areas least affected by the open-sea waters. The
stations at which it has been identified are: 1~3, 59, 11-16,
18, 20-22, 2k-34, 36-40, 42, 43, 46, 47, 49, 52-61.

QUINQUELCCULINA POLYGONA d'Orbigny, 1839

Plate II, Figure & ‘
Quingueloculina polygona d'Orbigny, 1839, in De La Sagra, Histe
Phys. Poles Nat, Cuba, Foraminiferes, po 198, pl. 12, figs. 21-23,

Test very elongate; chambers guadrangular, bicarinate, ta-
pering toward aperture, flat to concave on periphery; sutures
prcnounééd; aperture at e¢nd of extended heck, with everted peri-
stomes dentition consisting of nairow tooth or bifurcate tooth

eg;ending well into aperture.
Hypotype Noo UoW. 44,019,

This relatively common species is fairly well distributed
through the bay (see fige 25) except for the western inshore
areas of the bay. It is more common to the southcentral pdrtion
of the north half of the bay than any other region and is more
or less coincident with the occurrence of the plant genus
Phalassia. The species was identifiéd_at stations 5, 6, 9, 10,
12, 14-16, 18, 20-28, 30-32, 34, 39-41, 43-53, 55, and 59~63.

QUINGUELOCULINA TORREI icosta, 1939

Plate II, Figure 5
Quingueloculina torrei Acosta, 1939, ‘Torreia, La Habana, Cuba,
Nos 1, ppe l=k, plo 1, figs. 1-5, |
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Test subovate in front view, slightly compressed laterally;
periphery rounded; chambers elongate, slightly arcuate; ultimate
chamber overlapping at both extremities; sutnurez not always dis-
tinct, sometimes depressed; wall arenaceous, with little cement,
not coarsely roughenedj aperture surrounded by thickened peri-
stome, horse-shog-shapad, with narrow, bifid tooth extending at
least half way into aperture,

Hypotype Noo UaWe ##,0200

The specimens from Biscayre Bay are more than twice the
size of those described by Acosta from Cuba. This species is
well distributed throughout the area and is the fifth most abun-
dant species in the bay, The only stations at which it is not
present are 4, 16, 20, 29, 33, and 35 (see fig. 26). This species
is very well adapted to the environmental factors present in
Bigcayne Baye

QLINQUELOCULINA TRICARINATA d'Orbigny, 1839
Plate II, Figure 6
Quingueloculina tricarinata d'Orbigny, 1839, in De La Sagra,
Hist. Phys. Pol. Nat. Cuba, Foraminiferes, p. 189, pl. 11,
figs. 7-9, 13. |

Test elongate, fusiform in front view, compressed later=
ally; periphery roundeds; chambers elongate, arcuate, indistinet,
ultimate chamber scnsiderably extended at both ends, rounded at
abapertural end, a long neck at apertural end; sutures not dias-
tinct; wall ornamented with irregularly anastomosing ribs with
strong depressions inbetween them; aperture surrounded by a

lightly flaring peristome, round, with short bifid tooth not
extending far into aperture.
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Hypotype Noo U.W. “4’0210

This rare species is found at stations 6, 18, 20, 21, 31,
and 50, All of these stations are affected by the open-sea

waters and are away from the rigorous effects of the bay watexrs.

Genus SCHLUMBERGERINA. Munisr-Chalmas, 1882
SCHLUMBERGERINA OCCIDENTALIS Cushman, 1929
Plate II, Figure 7
Schlumbergerina alveoliniformis (Brady), var. occidentalis Cushman,
1929, Bull. 10k, U.S. Nat. Muse., pte 6, Do 36, ple 7, fige 2¢

Test fusiform; eight elongate, arcuate, narrow chambers
visible from the exteriorj sutures distinct, not promounced;
periphery rounded; wall porcellaneous with an arenaceous cover-

ing; aperture terminal, with a trematophore.

Hypotype No. U.Wo 4490220

This species is characteristically greater in diameter pex
length in Biscayne Bay than from Brady's locality. It is herein
raised from a varietal rank to that of a species, as no other

variations are found.

This rare spesies is found at stations 6, 7, 18, 20-22,
27, 34, 46, 48, 50, 52, and 6l. All of these stations are
widely distributed throughout and outside of the bay. No
common environmental factor is evident from these diverse

stations,



69

Genus SIGMOILINA Schlumberger, 1887
SIGMOILINA(?) c¢f. S. ARENATA (Cushman, 1921)
Plate III, Figure 1
Spiroloculina arenata Cushman, 1921, Proce. U.S. Nate. Mus.; vole
59, pe 63, pl. 14, fig. 17.

Test fusiform, compressed; periphery round; ckambers elon-
gate, arcuate, round in section, inflated at abapertural end,
taperiag toward apertural end; sutures not distinct, arcuate;
wall arsnaceous, rcughj aperture round, without dentition, at

end of extended neck,

Hypotype No. U.W. 44,023,

This species is very rare in Biscayne Bay. It is found at
stations 5, 8, 18, 20, 21, 46, 47, and 50, None of these stations
are affected by the rigors of the environmental fluctuations in
the bay as they have ready access to open-sea waters during
tidal flow.

Genus TRILOCULINA d4'Orbigny, 1826
TRILOCULINA BERMUDEZI Acosta, 1940
Plate III, Figure 2
Triloculina bermudezi Acosta, 1940, Soc. Cubana Hist. Nat. Mem.,
vol. 14, pe 37, pl. 4, figs. 1-5

Test an elongate oval, appears slightly twisted; periphery
roundj three chambers visible, arcuate, elongate, slightly
tapering toward aperture, laterally compressed at apertural endj
suturess distinct, slightly depressed; aperture a very narrow,
laterally compressed slit, terminal, almost completely filled

with a2 narrow, elongate, convex tooth.
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Fig. 27 DISTRIBUTION OF TRILOCULINA BERMUDEZI
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Hypotype Noe. U.W. 44,024,

This fairly common, very small species is characteristic
of the northern half of the bay. The species appears tc be more
dominant in the area having the plant genus Thalassia as shown
in figure 27, The speecies is found at stations 2, 3, 6-12, 1k,
15, 22, 23, 25, 27, 28, 34, 36-k0, 43-47, 52, 55, 58, 59, and
61-63,

TRILOCULINA FITERREI var., MENINGOI Acosta, 1940
Plate III, Figure 3
Triloculina fiterrei var. meningoi Acosta, 1940, Torreia, Habana,
Cuba, no. 3, ppe 25-26, ple. &4,

Test elongate, twisted, round abaperturally, tapering to-
ward apertural end; chambers inflated, tapering tqvard aperture,
elongated into flattened neck; periphery very rounded; sutures
indistinct; surface ornamented with strong, obtuse costae, about
ten in number per chamber (less in younger chambers); aperture
an elongate oval, without dentition, everted peristome.

Hypotype No. U.W. 44,025,

Tnis species is present at statioms 1, 2, 5, 8, 9, 12, 14,
15, 18, 22, 26, 34, 36, 38, 39, 43, 47, 48, 55, 56, 58, 59, 61,
and 62, It is primarily a bay rather than open-water fauna. It
is not found, except for one specimen at station 18, anywhere

near the areas immediately affected by the open-sea waters.



TRILOCULINA FLINTI Bush, nom. nov,
Plate III, Figure &4
Triloculina flinti Bush, nom, nov.

Test subovate; periphery bhroadly truncate, convex; chanm-
ber elongate, slightly arcuate, inflated, tapering toward aper-
tural énd where the peristome tends to pinch together; chambers
may be rounded but most often with double carination inbetween
which it is convex; sutures pronounced; surface smooth; aper=-
ture a long, narrow slit, or avicunlar, the peristome often pro-
truding past the outer periphery of the test as if it were
flaring; dentition consisting of a long, narrow tooth slightly
thickened or bifurcate at the free end, extending almost the:
total length of the aperture.

Hypotype No, U.W. 44,026,

This species is very similar to Triloculina guadirilatera

d*Orbigny except that the latter has a short tooth and szquare

aperture,

Flint (1899, p. 300, pl. 46, fig. 1) described Miliolina
angularis ne spe o The species is definitely a triloculina
form and would therefore be called Triloculina angularis, How-
ever, T. angularis was used by d'Orbigny in 1850 thus reguir-
ing a new name for Flint's species. A new name is herein pro-

posed in honor of Dr. James M. Flint,

This species is the sixth most abundant in the bay area.
It is very well distributed throughout the entire bay arsa but
exceedingly rare outside of the baye. It is found at stations
5-9, 11-16, 18, 20-28, 31-34, 36-48, and 50-63,
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Fig. 28 DISTRIBUTION OF TRILOCULINA FLINTI




72

TRILOCULINA LABIOSA d'Orbigny, 1839

Plate III, Figure 5
Triloculina labiosa d'Orbigny, 1839, in De La Sagra, Hist. Phys,
Pol. Nat. Cuba, Foraminiferes, p. 178, pl. 10, figs. 12-1k4,

Test oval, discoidj chambers very arcuate, the two last
ones forming the najor portion of the test; periphery rounded;
sutures distinct; aperture v-shaped, at the base of the last

chamber, at the périphery, surrounded by an everted peristome.
Hypotype Noo TeWe ‘4’4,0270

This species is the tenth most common ir the bay area. It
ie prizarily limited to the northern portion of the bay (see
fig; 29), where the great salinity changes are not felt as in
the southern portion of the bay. The species is found at sta-
tions 1-3, 5-16, 18, 20-23, 27, 28, 30-34, 36, 38, 4O, 43-48,
52, and 58-63.

TRILOCULINA cf. T. OBLONGA Cushman, 1929
Plate III, Figure 6
Triloculina oblonga Cushman (non Montagu), 1929, Bull. 104,
UeSe Nat. Mus., pte 6, Pe 57, pl. 13, figs. 4, 5.

Test ovate; chambers elongate, arcuate, the last chamber
broadly rounded to truncate on its posterior, tapering slightly
on each end; sutures distinect, slightly depressed, arcuate;
wall smooth, porecelain-like; aperture terminal, circular, with
a. narrow, slightly bifid tooth extending half-way intc aper-
tural oepeninge.

Hypotype No. U.W. 4,028,
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This is probably a new species. It is definitely unlike
Vermiculum oblongum Montagu, 1803, but is very similar to that

figured by Cushman as noted above. It is believed that many
forms referred to under this'speoies have used Cushman's figures
as reference rather than those of Montagu (note: Bermudez, 1949,
Pe 112).

This species is the eleventh most common to the bay area.
It is well distributed throughout the entire bay except for
the very southwest, coastal section (see fig. 30). However, it
is more common in the northern than in the southern portion of
the bay occurring at stations 1-3, 5, 7-15, 18, 21-23, 27, 30-
33, 36'42' 45-48, 52, 55, 56’ 59, and 61-63,

TRILOCULINA PLANCIANA d'Orbigny, 1839
Plate III, Figure 7
Triloculina planciana d°Orbigny, 1839, in De La Sagra, Hist,.
Phys. Pol. Nat. Cuba, Foraminiferes, pp. 173, 174, pl. 9,
figse 17, 19

Test ovoid; periphery convex; chambers distinet, penultim-
ate chamber appears as pointed at both ends; surface ornamented
with small intermittent striations not parallel with the length
of the chamber; aperture round, with narrow, bifid tooth,

Hypotype No. U.W. 44,029,

This species is only recorded as present in the bay. It
was identified at stations 1, 9, 10, all in the vexry northern
portion of the bay,
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TRILOCULINA SUBROTUNDA (Montagu, 1803)
Plate III, Figure 8
Vermiculum subrotundum Montagu, 1803, Testo. Brit., rte 2, pe 521,

Test subcircular, slightly compressed laterally; periphery
very rounded; three chambers visible, inflated, very arcuate;
sutures distinct, slightiy depressed; aperture terminal, a curved
s8lit with a broad, flat, semicircular tooth,

Hypotype No. U.W. 44,0320,

The specimens from Biscayne Bay are similar to that figured
by Brady (1884, figs. 13, 14), but the tooth of our specimens

covers more of the aperturs.

This rare species is primarily characteristic of the north-
central portion of the bay wherein the genus Thalassia grows
(see fige 31)¢ It is found at stations 5-7, 9, 11, 12, 14, 15,
18, 20, 23, 27, 28, 32, 34, 38, 4o, 41, 43, 45, 47, and 52,

TRILOCULINA TRICARINATA d'Orbigny, 1826
Plate III, Figure 9
Triloculina tricarinata d'Orbigny, 1826, Ann. Sci. Nat,, vol.
7+ Pe 299, noo 7

Test inflated-fusiform in view, longer than wide; three
chambers visible, carinate to sharply angled; sutures distinct;
wall smooth; aperture round, terminal, with a short tooth,
slightly bifid,

Hypotype No. U.W. 44,031,
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Fig. 31 DISTRIBUTION OF TRILOCULINA SUBROTUNDA



This species is present at only four stations, 5, 18, 20,

and 61. It is not characteristic of any particular environment.

TRILOCULINA TRIGONULA (Lamarck, 1801)
Plate III, Figure 10
Miliola (Miliolites) trigomula Laparck, 1801, Ann. Mus. Hist.
Nate, Paris, vol. 5, pe¢ 351.

Test ovate in side view, subtriangular in apertural view;
peripkery round; chambers fusiform in posterior view, arcuate
in side view, edges round; sutures pronounced, depressed; wall
smooth, glossy; aperture terminal, round, with narrow, bifid

tooth extending one-third the distance into the aperture.
Hypotype No. UoWe. 44,032,

It is doubtful whether many specimens identified by au-
thors as Triloculina trigonula are actually the same as La-

marck's species. However, until topotype material can be care-
fully compared with material from Biscayne Bay the specimens
from Florida will be temporarily referred to Ts trigonula. It
is, however, doubtful that the specimens are the same species
since T. trigonula is from the Eocene of the Paris Basin., Cer-
tainly some changes should have transpired between the Eocene
and Reeent times., The specimens are probably homeomorphs at
best.

This rare species is primarily limited to the environ-
ments in the northern portion of the bay (see fig. 32). It
wvas identified at stations 2, 4, 5, 9, 11-15, 20, 22, 26, 28,
33, 34, 36, 38, 4o-47, 5k, and 57,
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Genus PYRGO Defrance, 1824

PYRGO DENTICULATA (Brady, 1884)

Plate III, Figures lla and b
Biloculina ringens Lamarck var. denticulate Brady, 1884, Rep,
Voye Chalienger, Zoology, vols 9, po 143, pl. 3, figs. 4, 5,

Test oval in view, biconvex; two chambers clearly visible
of almost equal size; periphery sharply angled, carinate; ab-
apertural end with short spiny projections of irregular num-
ber and distribution; sutures not pronounced; aperture a nar-

row oval with tooth having leng lateral projections.
Hypotype No. U.W. 44,033,

This very rare species iz primarily limited tc the envi-
ronment of the eastern portion of the north part of the bay
where the open-sea waters flow into the bay. It is found at
stations 3, 5, 6, 9, 12-14, 16, 17, 20-22, 25-28, 32, 34, 37,
46-48, 50, 52, 59, and 61~63,

PYRGO SUBSPHAERICA (d'Orbigny, 1839)

Plate III, Figures 12 and b |
Biloculina subsphaerica d'Orbigny, 1839, in De La Sagra, Hist.
Phys., Pol. Nat. Cuba, Foraminiferes, p. 162, pl. 8, figs. 25-27,

Test ovate; periphery rounded; chambers strongly inilated,
8lightly arcuate, the ultimate chamber 2ot always covering all.
of the prepenultimate chamber making it appear superficially
triloculine - the biloculine arrangement is clearly seen in
sectional view; sutures distinct, not s=trongly depressed; wall
smoothj aperture round to oval, with a narrow, strongly bifid
tooth: the tooth is strongly convex upward, extending past the
outline of the peristome.



Fig. 33 DISTRIBUTION OF PYRGO DENTICULATA
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Hypotype No. Uo.Wo 44,034,

This species is the seventh most common in Biscayne Bay.
It is very well distributed throughout and adapted to all en-
vironments (see fige 34)., It occurs at stations 1-3, 5, 6, 8-15,
18, 20-24, 26-28, 30-34, 36, 37, %9, k4o, 42-56, and 58-63.

Subfamily HAUERININAE Brady, 1884
Genus MASSILINA Schlumberger, 1893
MASSILINA CRENATA (Karrer, 1868)
Plate IV, Figure 1
Spiroloculina crenata Karrer, 1868, sitz. Akad. Wiss. Wien,
vole 57, pe 135, pl. 1, fig. 19.

Test oval in front view, strongly compressed; periphery
rounded; chambers arcuate, longitudinal, two per whorl, of
about equal diameter throughout; sutures distinet, not strongly
depressed; surface with broad crenulations transverse tc the
length of the chamber; aperturs an opening at the end of the

chambe:.

Hypotype Noe UoWe ‘*4,0359

A single specimen of this species was found at station 18,

Genus VERTEBRALINA d'Orbigny, 1826
VERTEBRALINA CASSIS d'Orbigny, 1839
Plate IV, Figure 2
Vertebralina cassis d‘Orbigny, 1839, in De La Sagra, Hist. Physe
Pol. Nat. Cuba, Foraminiferes, p. 51, pl. 7, figs. ik, 15.
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Test strongly compressed, planispiral, except for the neanic
stage; periphery strongly carinatej three chambers pex last whorl,
the last two composing most of the test; wall ornamented with
longitudinal costae; aperture terminal, elongate in the direc-
tions of compression, with everted peristome.

Hypotype Noe. UeWe 44,036,

This rare species was identified at stations 12, 13, 18;
20, 22, 27, and 28, No particular environmental factors appear
to determine its distribution.

Genus ARTICULINA d'QOrbigny, 1826
ARTICULINA MEXICANA Cushman, 1922
Plate IV, Figures 3a and b
Articulina mexicana Cushman, 1922, Publ, 311, Carnegie Inst.
Washington, ps 70, ﬁl. 11, figs. 7, 8.

Test discoid, inflated; periphery rounded; three chambers
visible, indistinct; sutures indistinect, very slightly depressed
if at all; wall smooth, white; aperture peripheral, elongate
narrow.

Hypotype No. ToW. 44,037,

This species is quite rare., It ﬁas identified at stations
1, b-6, 9, 12, 14,-15, 18, 21, 23, 30, 36, 45, 47-50, 56, and
58+ It is primarily found in the nar thern portion of the bay
in the near~shore and Safety Valve regions (see fig. 35).
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ARTICULINA MUCRONATA (d!Orbigny, 1839)

Plate IV, Figure &
Vertebralina mucronata 4tOrbigny, 1839, in ve La Sagra, Hist.
Phys. Pol. Nat. Cuba, Foraminiferes, p. 52, pl. 7, figs. 16=19.

Test in the early stage gquinqueloculina or trilioculine, be=
coming linear; chambers compressed, rarely carinate, inflated at
‘lower end, becoming narrow and then flaring to form the periztome;
ornamentation consisting of longitudinal costae; aperture narrow,
elongate, extending past the sides of the chamber, the peristome

recurved and laterally pointing toward the earlier chambers.
Hypotype No. U.We 44,038,

This species is limited to the north bay region except for
its occurrence at the two stations just inside the channel north
of 0ld Rhodes Key., The species probably needs the fresh, turbu-
lent waters coming into the bay at tidal flow, The species is
found at stations 1-5, 12-1k, 22, 23, 30, 32, 34, 43, b5, 47,
k9, 50, 52, 54, 58, 60, and 61.

ARTICULINA SAGRA: d'Orbigny, 1839

Plate IV, Figure 5
Articulina sagrs d'Orbigny, 1839, im De La Sagra, Hist. Phys.,
Pol., Nate. Cube, Foraminireres, p. 183, pl. 9, figs. 23=26.

Test elongate, compressed; early chambers triloculine, be-
coming uniserial and straight; wall of test ornamented with longi-
tudinal costae; aperture an elongate oval with strongly everted

peristome, without tooth,

Hypotype No. U.W. 44,039,
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This rare species is limited strictly to the bay waters,
it is probably greatly affected by the fresh waters along the
western shore of the bay since the species is completely absent
from this area. Specimens were found primarily in the southcen-
tral, northcentral, and Safety Valve areas of the bay (see figo
37). Specimens were identified from stations 2, 6, 8-10, 12,
14, 22-24, 27, 33, 34, 43-52, 55, and 56.

Genus WIESNERELLA Cushman, 1933
WIESNERELLA AURICULATA (Egger, 1893)
Plate IV, Figure 6
Planispirina auriculats: Egger, 1893, Abhandl. kon. bay. Akad.
Wiss., Cle II, bd. 18, abth. 2, T 245, pl. 3, figs. 13-15,

Test oval in side view, very compressed, flat; two cham-
bers per last whorl, arcuate, last chamber flaring as a trum-
pet to form aperture; periphery with sharp keel; sutures not

pronounced; aperture round.
Hypotype No. U.W. 44,040,

This species is listed as present from statioms 5, 33,
and 47, All these stations are located in an area affected

equally by both the bay and open-sea waters.

Genus NUMMOLOCULINA Steinmann, 1881

NUMMOLOCULINA IRRKGULARIS (d'Orbigny, 1839)

Piate IV, Figure 7
Biloculina irregularis d'Orbigny, 1839, in Viyageldans 1'Amerique:
Meridionale, Foraminiferes, tome 5, prt. 5, ©e 67, pl. 8, figs. 20,21,
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Test oval, inflated, slightly compressed on its sides;
two chambers visible, laterally compressed, very convex; peri-

phery rounded; sutures not distinct; aperture crescent-shape,
terminal,

Hypotype Nc. U.W. 44,041,

This species is listed as present from stations 18, 20,
and 3l. It is primarily an open-sea fauna or one found ia an
area strengly affected by the open-sea waters,

Family SORITIDAE Galloway, 1933
Subfamily PENEROPLINAE Schultze, 1854
Genus PENEROPLIS Montfort, 1808
PENEROPLIS ACICULARIS (Batsch, 1791)
Plate IV, Figure 8
Nautilus (lituus) acicularis Batsch, 1791, Conch. Seesandes,
Pe 4, plo 6, figso 16s, b.

Test planispiral, involute, becoming evolute rectilinear,
the rectilinear portion of the test composing the major portion;
chambers increase gradually in size, 8 in the laet whorl, 11 in
the rectilinear series, all compressed, becoming rounded in the
last few chambers; sutures distinct, slightly depressed; walls
very finely perforate, longitudinally costate, the costae not
continuous from chamber to chamber, the sutures free from cos-
tae; aperture terminal, a few pores or a large opening in the
septal face.

Hypotype No. U.W. 44,042,

This species is present at statioms 6, 22, 34, and 42,
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PENEROPLIS ANTILLARUM 4'Orbigay, 1839
Plate IV, Figure 9
Peneroplis (Dendritina) antillarum d'Orbigny, 1839, in De La
Sagra, Hist., Phys. Pole. Nat. Cuba, Foraminiferes, p. 58, pl,
7.'figs. 36,

Test subcircular, planispiral, involute, compressed; peri-
phery angulate; eleven chambers per last whorlj chea=mbers arcu-
ste. triangles as seen in side view, increasing gradually in
size; sutures pronounced, hardly depressed; wall ornamented
with short costae not conZinuous from chamber to chamber, par=
sllel to the periphery; aperture on the face of last septal
face, dendritie.

Hypotype No. U.We. 44,043,

This species is present only at station 47, in the very
shallow Safety Valve waters.

PENEROPLIS ARIETINUS (Batsch, 1791)
Plate IV, Figure 10
Nautilus (Lituus) arietinus Batsch, 1791, Conch. Seesandes,
pe U4, ple 6, fige 15c.

Early portion of test planispiral, compressed, later por-
tion evolute; chambers elliptical in section, longitudinally
striate, striations continuous from one chamber to rexts; su-
tures markedly depressed in coiled portion, not depressed in
uncoiled pocriicnj aperture cribrate on the face: of last cham-

ber or a large, single opening,.

Hypotype Noo UoW. Ll Ok,
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The. specimens from Biscayne Bay differ from that: pictured
by Brady (1884, pl. XIII, figs. 18, 19, 22) in that the coiled
portion is involute, not evolute as shown by Bardy. The speci-
mens are similar to those reported from the Tortugas by Cush-
man (1930, pp. 43, 44, pl. 15, figs. &, 5).

This very rare species is only found at station 2,

PENEROFLIS BRADYI Cushman, 1930

Plate IV, Figure 11
Peneroplis bradyli Cushmen, 1930, Bull. 104, U.Se Nat. Mus.,
pte 7, Po 40, ple 1k, figs. 8-10,

Teast an irregular discoid; periphery bluntly rounded; neanic
chambers planispiral, ephebic chambers becoming flaring; sutures
distinect, slightly depressed, curved; wall smooth, translucent,
pungtate; aperture a series of peripheral pores,

Hypotype No. U.W. 4‘!‘,0‘1'50

This speeies is present at statioms 6, 18, 20, 43, 61,
and 63, It appears to be adapted to the rigors of the bay

waters as well as to the open-sea waters.

PENEROPLIS DISCOIDEUS Flint, 1899

Plate IV, Figure 12
Peneroplis pertusus var. discoideus Flint, 1899, Rep. U.S. Nat,
Mus. for 1897, p. 304, pl. 49, figs. 1, 2.

Test discoid, flabelliform; periphery round; neanic cham-
bers planispiral, involute, ephebic chamber flaring and annu-

lar; chambers not divided into chamberlets; sutures distinct,
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slightly depressed; wall smooth, punctate; aperture a series:
of peripheral pores,
Hypotype No. U.W, L4 ckg,
This species is present only at station 22,
PENEROPLIS cf, P. ELEGANS d'Orbigny, 1839
Plate IV, Figure 13

Peneroplis elegans d'Orbigny, 1829, in De La Sagra, Hist, Phys.
Pol. Nat. Cuba, Foraminiferes, p. 61, pl. 7, figs. 1, 2,

Test planispiral, involute, compressed, biumkilicate, peri=
phery slightly amngled in side view; suture: curved, distinct;
walls imperforate, lightly striate, parallel to the direction

of growth; aperture a series of pores on last septal face.

Eypotype No. U.W. 44,047,

This species differs from P. pertusus (Forskal, 1775).
Forskal did not figure the species. Brady (1884, p1, 13, figs.
16, 17) figured what he called P. pertusus but figured it with
a depressed spetal face. The specimens from Biscayne Bay have
a. convex: apertural face similar to that figured by d!Orbigny.
However, d'Orbigny's figure showed a series of pores on the
apertural face while those specimens from Biscayne Bay have a
more dendritic aperture. The author believes that the aperture:
is 2 variable featurs and that, therefore, the species is Po
elegans rather than Dendritina elegans, Other species of Pen-
eroplis show both a. dendritic and cribrate aperture 211 from
the same locales. Because of the exireme variability of the

Py e Py

&pSrLure the genus Dendritina appears to be an invalid genus,
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This rare species is fairly well distributed throughout
the central portion of the bay (see fige 38). It is particu-
larly absent irom that area immediately affected by the western
coastal erea of the bay. No specific environmental factors can
be surmised to account for its particular pattern. The stations
at which the species occurs are: 2, 5-7, 10-12, 14, 18, 20-22,
27, 28, 31, 32, 34, 36-38, 42, 43, 46, 47, 52, 56, 61, and 62,

PENEROPLIS PROTEUS d'Orbigny, 1839

Plate IV, Figure 14
Peneroplis proteus d'Orbigny, 1839, in De La Sagra, Hist. Physs
Pol, Nat, Cuba, Foraminiferes, p. 60, pl. 7, figs. 7-l1.

Test planispiral, early portion involute, later portion
involute or evolute becoming flaring and flabelliform; aperture
consisting of a series of pores, round, forming a single line
in the middle of the width of the last chamber,

Hypotype Noe UsWo 4,048,

This species is the eleventh most common in the waters of
Biscayne Bay. It is particularly limited areally to the middle
of the bay and the Safety Valve regiomn. It is this portion
which is least affected by the rigors of the environmental ex-
tremes in the bay waters, The species is also very well adap-
ted to the open-sea vaters as evidenced by the large percent-
age of specimens present at stations 17, 18, 19, and 20, The
distribution of this species is readily pictured in figure 39,
The species occurs at stations 6, 7, 13, 14, 17-20, 22, 25-29,
31, 34, 39-41, 43, 46-52, 55, and 63.
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Subfamily ORBITOLITINAE Brady, 1881

Genus ARCHAIAS Meatfort, 1808

ARCHAIAS ANGULATUS (Fichtel and Moll, 1803)
Plate V, Figure 1

Nautilus angulatus Fichtel and Moll, 1803, Test. Micr., p. 112,
Po 210

Test subecircular, planispiral, becoming flabelliform;
chambers narrow, arcuate, divided into chamberlets; aperture
a series of pores on the septal facej surface ornamented by
minute punctations which do not penetrate the wall,

Hypotype No, U.W. 44,049,

Next to Quinqueloculina lamarckiana this =pecias is the

most abundant in the Biscayne Bay area. It is well distributed
not only in the bay but is equally zbundant in the open-gea.
waters, Even the southwestern near-shore bay area has abundant
forms of this species. In addition, there is evidence of the
adapiation of this species to the bay environment in the form-
ing of large specimens as well as sports. The only stationas at
which this species is not found are 1, 4, 8, 10, 12, 13, 16,
29, 30, 35, 45, and 63 (see fig., 40), Most of these stations
are: in the very northern portion of the bay. What environmental
factor is in this region that prevents the species from in-
habiting this area is not kaown,

ARCHAIAS COMPRESSUS (d’Orbigny, 1839)
Plate V, Figure 2
Orbiculina compresss. d'Orbigny, 1839, in De La Sagra, Hist.
Phys. Pol. Nat. Cuba, Foraminiferes, p. 66, pl. 8, figs, 4=7,
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Test cirecullar in outline, a flat disc with early chambers:
thickened; early chambers planispiral, later chambers becoming
anpular; chambers subdivided into chamberlets; aperture con-

sisting of a series of pores on the periphery.
Hypotype Noe. UoWo L4k4,050.

This rare species is found at stations 18, 20, 22, 23, 50,
52, and 63. It is particularly limited in the environment where

the open-sea waters enter the baye

Genus PRAESORITES Douville, 1902
PRAESORITES ORBITOLITOIDES Hofker, 1930
- Plate V, Figure 3
Praesorites orbitolitoides Hofker, 1930, Siboga-Expedite, Part
II, po 149, pl. 55, figs. 8, 10, 11; ple 57, figs. &4, 63 ple
58, figs. 1-5; pl. 61, figs. 3, lho

Test discoid; periphery bluntly rounded; neanic stage
planispiral becoming flaring, the ephebic stage a series of
annular chambers, all chambers divided into chamberlets; su-
tures pronounced, depressed, curved; wall smooth; aperture. a

series of peripheral pores.
Hypotype Nos U.W. 44,051,

This spesies is characteristic to the environment in the:
middle portion of the bay as well as outside of the bay. It is
not found anywhere near the western bayshore (see figs 41). The
stations at which the species is found are: 2, 5, 6, 9, 1l2-1k,
17, 181 20-22, 27, 29, 31-33, 45'479 49, 50, 52, and 60,
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Genus SORITES Ehrenberg, 1840

SORITES MARGINALIS (Lamarck, 1816)

Plate V, Figure 4
Orbulites marginalis Lamarck, 1816, Hist, Nat. des Animaux sans
Verte, ¥olo 2, po 196,

Test discoid, strongly compressed; periphery rounded; ne=-
aric stage planispiral, evoluts, becoming annularly arranged
and divided into chamberlets in the ephebic stage, unilaminarj
aperture in a single line, peripheral, not readilly discexrnable

on any speclmens from Biscayne Bay.,
Hypotype No. U.W. 44,052,

This species is the sixteenth most common to the Biscayne
Bay region. It is limited to that area in the bay which is in-
fluenced by the immediate effects of the tidal fiow; it is
characteristic of the very northern part of the bay, the Safety
Valve regicn &= well as the Caesar Creek area (see fig. 42).
The siations at which the species was identified are: 1, 3-7,
9-15, 18, 20-23, 27, 29, 31-33, 45-52, and 60.

Family ALVEOLINELLIDAE. Cushman, 1928
Subfamily ALVEOLINELLINAE Galloway, 1933
Genus NEOALVEOLINA Silveestri, 1928

NEOALVEOLINA ¢f. No SCHLUMBERGERI Reichel, 1937

Plate V, Figure 5
Neoalveolina pygmaea: var. schlumbergeri Reicheil, 1937, Schweiz.
Paleont. Ges., Mem., de la Soc. Paleon. Suisse, vol. 59, p. 108,
ple 10, fige. 1o

Test fusiform to globular; 6-7 chambers per last whorlj
chambers divided into 18 chamberlets in a singls layer; canal

S
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preseptal; sutures conspicuous; wall smoothj biumbilicate;

aperture a single row of foramen, one for each chamberlet.
Hypotype Noo. U.W. 44,053,

The specimens irom Biscayas Béy may be very globular ox
very fusiform, The typical fusiform specimens have dimensions
as follows: length, 0.66mm; diameter, O.3lmm, Some specimens
have only 18 chamberlets whereas others have as many as 26,
According to Dre ,e Reichell (personal communicatiocn), these
are probably two new srecies. It will be left for Dr. Reichel,
the authority on alveolinids, to describe these forms in de-
tail since he is now in possession of the author's specimens
from Biscayne Baye.

This rare species is found at stations 5, 6, 18, 19, 20,
21, Lo, 50, 51, and 52. All of these locales are either in the

open~sea waters or in an area immediately affected by the ti-
dal flow of these waters.

Family ATAXOPHRAGMIIDAR. Schwager, 1877
Subfamily ATAXOPHRAGMIINAE. Galloway, 1933
Genus VALVULINA d'Orbigny, 1826
VALVULINA OVIEDOIANA d4’Orbigny, 1839
Plate V, Figures 6, 7
Valvulina oviedoians: d!Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat. Cuba, Foraminiferes, p. 103, pl. 2, figse. 21, 22,

Test trikedral, the initial end pointed, becoming rapidly
diverging; periphery rounded; chambers inflated, rapidly in-
sreasing in size; sutures not distinect in neagnic stage, dis-
tinct in epheric stage, slightly depressedj slightly umbili-
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cate on apertural side of test; aperture a large opening in
the last septal face, extending from the base of the face up
into the chamber, with a large, valvular tooth extending to-

ward the umbilicuse.
Hypotype No. UeWo ‘*4’054 and 44,0550

The specimsas from Discayne Bay differ from that described:
by d'Orbigny. DYOrbigny figured specimens with chambers pointed
toward the initial end. This; characteristic is not evidenced in

any of the Floridn specimens.

Galloway (1933, pe 34), Cushman (1950, pe 6), Glaesner .
(1948, pe 59) and others stated that the megallospheric form is
by far the most abundant of the dimorphic forms of the Foram=
inifera and also the smaller in totsl size of the two formsj;
conversely, the microspheric form is the rarer and larger of

the two forms,

Cushman (1937, po 10) states in reference to V. oviedoiana:

"Tegt roughly triangular, in microspheric form short
and broad, chambers triserial throughout, in the me-
galospheric form with the later chambers in the adult
whorl more than three, test roughly conical."

He: further states that the triangular form figured by d'Orbigny
is the microspheric form while the

"more elongate and much narrower specimens . o o with
more than three chambers making up the last-formed
whkorl" .

is the microspheric form.

The triangular form is by famr the more common of the two
in Biscayne Bay, whereas the conical form with more than three:
chambers per whorl is of equal size to the triangular form. It

appears that possibly they are two distinct gpecies or that the
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dimorphic rule relating to relative size and number of the two
expressions of a single species is in error for this particular
species, It is also characteristic of the microspheric form to
show in the neanic stage some indication of the forms taken by
the megalospheric form. Instead, the conical form discussed by
Cushman as being the megallospheric form shows, in some speci-

mens, evidence of a triangular form in the neanic stage.

This spscies is the ninth most common in Biscayne Bay. It
is well represented in all areas except that in the very north-
ern shore zones (see fig, 43). It is particularly abundant in
the west central coastal area as well as in that area wherein
is found Featherved Eanke. It is apparently, therafore, well
adapted to the rigorous environment wherein temperasture and
salinity varies over a considerable range. The stations at
which this species occurs are: 5, 11, 12, 14-18, 21-28, 31,

34, 36-50, 52, 54-59, 61, and 62,

Subfamily VERNEUILININAE Cushman, 1911

Genus CLAVULINA d'Orbigny, 1826

CLAVULINA NODOSARIA d'Orbigny, 1839

Plate V, Figure 9
Clavulina nodosaria d'Orbigny, 1839, in De La Sagrs, Hist. Phys.
Pol. Nate. Cuba, Foraminiferes, p. 110, pl. 2, figs. 19, 20,

Test trihedral in early stages making up one-fourth of
the length of the test, cylindriceal, rectilinear in adult por=-
tionj sutures pronounced: in cylindrical section of test, ill =
defined in trihedral section; aperturs round, tooin consisting
of a narrow projection,

Hypotype Noo U.W. 44,056,
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This species is present at statioms 22, 34, 38, 43, 58,
and 60, The form is adapted to the less saline waters found

nesr the western shore zone,

CLAVULINA TRICARINATA d%Orbigny, 1839

Plate V, Figure 8
Clavuline tricarinata d'Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol, Nat. Cuba, Foraminiferes, p. 111, pl. 2, figs. 16-18,

Test elongafe, tapering toward abapertural end; early
triserial stage trihedral, making up less than one-fourth the
length of test; uniserial stage triangular in section, making
up more than three-fourths the length of test; triserial. stage:
changing abruptly to uniserial stage; sutures distinet in uni-
serial section, convex upward; chamber with lateral prolonga-
tions at angled edge, pointing ahaperturally; surface of test

smoothj aperture round, with narrow, curved tooth.
Hypotype No. U.Wo 44,057,

Many species belonging to the genus Clavulina appear to be

either closely related forms or the same. Clavulina parisiensis

zulticamerata Chapman, 1907, was not described as having a tooth,
Chapman states (1907, p. 127) that it is very similar to C. paris-
iensis d'Orbigny, 1826, The figure given by d'Orbigny for thiss
latter species does not show the presence of a valve, however,
Parker, Jones, and Brady (1865, p. 23) im rsfirring to d'Orbigny's
figure of C. parisiensis state that the model. =ppears to have:

been taken from a specimen which has accidently liost its: valve.
This indicates that C. parisiensis is thought by others to have
a valve, It is probable that Chapman knew this and thet his spe-

¢iss should also, therefore, have a valve,
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D'Orbigny's C. parisiensis was from the environs of Paris

and thus probably of Eocene age. Terquem (1882, p. 121, pl. XII,
figse 3lks, b) indicated an orbicular tooth for C. parisiensis.

Terquem?s material was from the Eocene, Environs of Paris, the

same environment as that of d'Orbigny's material. Undoubtedly,

ithercfore, C. parisiensis should have an orbicular tooth as

would Chapman®s C. parisiensis multicamerata, Terquem also show-

ed the chambexrs to be round rather than angular as in d'Orbigay’s
Model,

Many specimens from Biscayne Bay have an orbicular tooth
similar to that shown by Terquem as C. parisiensise. Biscayne

Bay has specimens which look like C. tricarinata, C. parisien-

sis, C. multicamerata, C. pacifica, as well as all stages inbe~-

tween these species., It is questioned, therefore, as to whether
all these are valid species or whether they are, rather, speci-
mens which show variations produced by some physical factor

which is an adaptive rather than an hereditary characteristice

This species is particularly characteristic of the Feather-
bed Bank area as well as the southwestern coastal section of
the bay and the Safety Valve region (see fig. 4it). The species
is particularly common at station 58, It also occurs at stationms
-5, 12, 14, 17, 18, 20-25, 27, 28, 31, 3k, 36, 38, 42, 43, 46-
S5k, and 59-63. This species is particularly abundant in that
area where the water is shallow and there is an influx of fresh

water,

Family TEXTULARIIDAE d'Orbigny, 1846
Subfamily TEXTULARIINAE Schultze, 1854
Genus TEXTULARIA Defrance, 1824
TEXTULARIA AGGLUTINANS d'Orbigny, 1839
Plate VI, Figure 1
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Textularia egglutinans d'Orbigny, 1839, in ve La Sagra, Hist. Phys.
Pole Nat. Cuba, Foraminiferes, p. 14k, pl. 1, figs. 17, 18, 32, 34.

Test tapering slightly toward initial end; chambers convex,

arranged biserislly; aperture a curved slit ai the base of the
last chamber,

Hypotyne No., U.W. &it,058,

This very rare species occurs in the environments affected
by the influx of tidal flow. It is found at statioms 5, 6, 8,
9’ 18’ 20’ 319 32, “'8’ a-nd SO.

Genue BIGENERINA d'Orbigny, 1826
BIGENERINA IRREGQULARIS Phleger and Parker, 1951
Plate VI, Figure 2

Bigenezrina irregularis Phleger and Parker, 1951, Geol. Soc. Amer.,
Mem, 46, pe 4, pl. 1, figs. 16-21,

Test elongate, tapering toward initial end, biserial in
neanic stazge, uniserial in ephebic stagej periphery round in
uniserial section, angled in biserial section which iz com=
pressed: and set at an angle to uniserial section; about four
pairs of chambers per biserial ssction making up a very small
portion of the entire test;.biserial chambers strongly com-
pressed, uniserial chambers strongly inflated; incereasing grad-
ually in size in a straight or curved line; sutures indistinct
in biserinl section, distinct, depressed, at right angles to
the direction of growth in the uniserial sec¢tion; wall arena-
gceous, coarse, tan; aperture terminal, round, at the end of =
slight protrusisn of the last chamber,
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Hypotype No. U.W, ‘+‘+,059o

Specimens from Biscayne Bay attain a length of 2.,0mm.
Some specimens have a much as a O.6mm dismeter but do not
have as many chambers as those with half this diameter, This
may represent the variation between the megalospheric and

microspheric formse.

This rare species is found at stations 6, 18, and 20.
It is characteristic of the open-sea waters where it is

comparatively common,

Family POLYMORPHINIDAE dfOrbigny, 1846
Subfamily POLYMORPHININAE Brady, 1881
Genus GUTTULINA d*Orbigny, 1826
GUTTULIﬁA AUSTRALIS (a'Orbigny, 1839)
Plate VI, Figure 3
Globulina australis d'Orbigny, 1839, Voy. Amer. Merid., vole 5,
Foraminiferes, p. 60, pl. 1, figs. 1=k,

Test irregular-fusiform, slightly compressed, both ends:
round, lobulate in section; chambers elongate, inflated, three
ver whorl, three whorls; sutures distinct and broadly depressed.
in ephebic stage, indistinct and not depressed in neanic stagej
wall ornamented with numerous llongitudinal striae: which are.
continuous from sns chamber to the next; aperture terminal,
radiale.

Bypotype Ne. U W, 44,060,

This species inhabits that environment inside the bay
wherein the tidal flow has its greatest effect. It is found
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in the very northern portion of the bay at stations 5, 6, 7,
and 8 and also at astation 20,

Genus GLOBULINA d'Orbigny, 1826

GLOBULINA CARIBEA d*Orbigny, 1839

Plate VI, Figure 4
Globuiina caribea dtOrbigny, 1839, in De La Sagra, Hist. Physe
Pol. Nat. Cuba, Foraminiferes, pp. 135, 136, pl. 2, figs. 7, 8.

Test globullar, slightly laterally compressed, bluntly
rounded at abapertural end, tapering and e xtended at apertural
end; periphery broadly rounded; sutures not distinct; wall
roughened by hirsute-like projections; chamberasinflated,'elon-

gate, opposed; aperture radiate, small, very inconspicuous.
Hypotype No. U.W. L4i4,061,

This species as originally described and figured. by dtOr-
bigny shows the test to be covered with projections at only
the lower section of the test, Cuahman (1930, p. 75) states
that d'Orbigny's original specimen is lost and that material
from: Cuba shows the ornamentation covering the entire surface,
D'Orbigﬁy also states in his description and shows in his fig-
ure: a spherical last chamber with a round aperture., Cushman's
figure shews a. radiate aperture. It may be posasible that d4'Or-
bigny's specimen was a broken one. If d'Orbigny was incorrect,
and there is no reason to assume he was incorrect, Cushman's
materisal is entirely different and should be classed as a sep=-
arate speeies. However, no other specimens have been found‘in
dredgings from Cuba to substantiate d'Orbigny's findings. Tem-
porarily, for this work, Cushman's view will be accepted, but

with reservation.
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This species is limited to an environment which is moder-
ate and comparatively nonvariable, It is present at stationmns
18 and 20,

GLOBULINA of. G. GIBBA d'Orbigny, 1826
Plate VI, Figure 5 '
Globulina gibba d'Orbigny, 1826, Ann. Sci. Nat., vole 7, Pe
266, Modele Noo 63,

Test subglobose; chambers inflated, three elengate: cham-
bers visible in front view, the ultimate and penultimate: cham-
bers forming an acute abgle, whereas the prepenultimate cham-
ber is lower-centrally located appearing almost triangular;
sutures distinct, flush; wall translucent, smooth; aperture
terminal, radial.

Hypotype No. U.Wo 44,062,

The two specimens found show signs of wear. The speci-
mens most closely resemble d'Orbigny's Globulina gibba. Cush-
man (1923, p. 150) states that typical material is not found
in the western Atlantic. Norton (1930) does not mention the

occurrence of this species, nor does d'Orbigny in his Cuba
Monograph. It is possible that this species is not found in
the western Atlantic but, as stated by Cushman, the original
apecimen is lost, until more specimens from our area are:
found it would not be possible to run a comparative study
with the "typical" form.

This species is present at stations 5 and 20, It is
probably an open-gea form which may have been washed into

the channel of the bay.
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Family NONIONIDAE. Reuss, 1860

Subfamily NONIONINAE Schultze, 1854

Genus NONIONELLA Cushman, 1926

NONIONELLA ATLANTICA Cushman, 1947

Plate. VI, Figure 6
Nonionella atlantica: Cushman, 1547, Cushman Lab. Foram. Res.,
vei. 23, pp. 90, 91, pl. 20, figs. 4, S5,

Test compressed, subovate; 10-12 chambers per last whorl,
arcuate, inflated; periphery rounded; sutures distinct, not
strongly depressed; wall lightly perforate; aperture: extending
from ventral to dorsal side, at the base of the last septal face.

Hypotype Ne. U.W. 44,063,

The specimens from Biscayne Bay differ from the species as

described by Cushman in not having a papillate wall on the ven-
tral lobe,

The species is found at stations 3, 5, 6, 9, 10, 20, 22,
31, 33, 47, 50, and 52, All of these stations are located in
an environment affected by the tidal flow except fer station
20 in the open-sea waters.

Subfamily ELPHIDIINAE Galloway, 1933
Genus ELPHIDIUM Montfort, 1808
ELPHIDIUM CRISPUM (Linnaeus, 1758)
Plate VI, Figure 7
Nautilus crispus: Linnaeus, 1758, Systema Naturae, Ed. 10, p. 709.

Test ovate in peripheral view, circular in lateral view;
chambers arcuate, gradually increasing in size; sutures strongly
limbate with retral processes; periphery with rounded keel; bi-
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umbonate; last septal face clear and flat in the direction of
its axis but convex. in the direction of the diameter of the:
test; cribrate aperture apparent in all other than the last
septal face.

Hypotype Noe. U.W. 44,064,

This speeies is confined to the central and eastern por-
tion of the bay. It is evidently, therefore, not adapted to
the influx of fresh-water from the mianland nor the depths and
open-sea water in the Florida Current region. This foraminifer
may live in association with some of the shallow-water plant
1ife found within the bay. It iz found at stations 1-3, 5=14,
21, 23, 26‘28, 31, 32, 349 36, 39, 40'_43s Le-50, 52, 5“‘56’
and 62,

ELPHIDIUM POEYANUM (d'Orbigny, 1839)

Plate VI, Figure 8
Polystomella poeyana d'Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat. Cuba, Foraminiferes, p. 55, pl. 6, figs. 25, 26,

Test ovate, wedge-shape in peripheral view; chambers in-
creasing rapidly in size, embracing to umbilicus; sutures slight-
ly depressed, with retral processes not extending past suturesj
umbilicus slightly depressed, covered, at least in part, by ex~
tension of chambers; aperture at base of last septal face, the:
center of apertural face with clear ares and large pores sur-
rounded by an area with numerous, very fine pores which con-

tinue on sides of chamber wall,

Hypotype Noo. Uo.W. 44,065.
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This species is the third most abundant in Biscayne Baye.
It is well distributed throughout the entirs bay»and iz also
found in the Florida Current areca. It is a fauna well adapted.
to a great range of envirommental conditions. It is found at
stations 1-16, 18, 20-28, 31-56, 58-61, and 63.

ELPHIDIUM SAGRUM (d'Orbigny, 1839)

Plate VI, Figure 9
Polxltbmolla sagrum d'Orbigny, 1839, in De La Sagra, Histe Phys,
Pol, Nate Cuba, Foraminiferes, p. 55, ple. 6, figs. 19, 20.

Test subeircular, slightly compressed, tapering toward the:
periphery from the umbilical area; periphery bluntly angled; 13-
14 chambers per last whorl, extending to umbilical ares: where
they overlap previous chambers; sutures arcuate, with about eight
very pronounced retral processes which are very large; last sep-
tal face flat in direction of the axis of test, convex in the
direction of the radius; wall smooth, translucent; asperture a
series of pores at the base of the last septal face with aux-

iliary pores dispersed over the last septal face.
Hypotype No. UJW. 4,066,

The specimens from Biscayne Bay are very similar to those
described by d'Orbigny from Cuba. D'Orbigny gave a diameter of
1/3mm for this species, those from Biscayne Bay reach as much
83 O.7mm diameter, D!Orbigny described his species as having
two rows of apertures forming the sides of a triangle; this is

not evident in specimens from Biscayne Bayo

This rare species is primarily found in the north-shore
area, Safety Valve region, as well as in the vicinity of Feath-
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erbed Bank (see fige. 47). These are areas in which the current
flow is comparatively rapid. The stations at which specimens
were identified are: 1, 3, 5-9, 13, 20, 21, 23, 26-28, 31, 32,
42, 46-48; 50, 52, 54, 61, and 62,

Family ROTALIIDAE Reuss, 1860
Subfamily ROTALIINAE Schultze, 1854
Genus GLOBOROTALIA Cushman, 1927
GLOBOROTALIA MENARDII (d'Orbigny, 1826)
Plate VI, Figure 10
Rotalia menardii d'Orbigny, 1826, Ann. Sci. Nato., vole 7, Do
273, No. 26; Modele No. 10.

Test subovate, compressed, biconvex, more convex ventrally
than dorsally; periphexry with rounded keel, lobulate; chambers:
inéreasing rapidly in size, 5-7 per last whorl; dorsal sutures
arcuate, limbate, ventral sutures radial, depressed; ventrally
umbilicate; wall transparent., smooth, conspicuously pexrforate;
aperture ventral, a slit at the bagse of the last septal face
between the periphery and umbilicus, with a: projecting valvu-
lar lip near the umbilical area.

Hypotype Noe. U.W. 44,067,

This species is present at stations 9 and 18, The speci~
men found at station 9 shows signs of wear and was probably
washed into the bay. The species is characteristic of the open -

sea water,

Genus ROTALIA Lamarck, 1804
ROTALIA RCSEA (d'Orbigny, 1839)
Plate VI, Figure 12
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Rotalina rosea d‘'Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat, Cuba, Foraminiferes, p. 72, ple. 3, figs. 9-1ll.

Test trochoid, biconvex, dorsal side strongly convex where-
as ventral side is almost flat; eight chambers per last whorlj;
sutures strongly curved on dorsal side, smooth: ventral sutures
radiate, not pronounced; ventral side with umbilical plug; color

redi; anertura ventral. at base of last septal face.
Hypotype Noo U.W. 44,068,

This is primarily an open-water species and is also found.
in the very eastern portion of the bay in the area immediately
affected by tidal flow (see fig. 48). This foraminifer cannot
take the rigors of the bay environment. It is rare and found at
stations 5-8, 18-20, 31, 32, 47, 48, and 62,

Genus STREBLUS Fischer, 1817
STREBLUS BECCARII (Linnaeus, 1758)
Plate VI, Figure 11
Nautilus beccarii Linnaeus, 1758, Systema Naturae, Ed. 10,
po 710, pl. 1, figs. la-c; pl. 19, figse. h, i.

Test trochoid, chambers gradually enlarging, biconvex, the:
dorsal side not as convex as the ventral; ten inflated chambers;
dorsal side smooth, rarely with depressed sutures; ventral side
with limbate sutures, umbilical plug and subsidiary exogenous:
material; aperture at the base c¢f the last septal face, ventral.

Hypotype Noe U.W. 44,069,

This speeies is the twelfth most common in Biscayne Bay.
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It normally characterizes those areas directly affected by the
dilution of fresh water and weak currents. The distribution of
this species is primarily limited to the near-shors arecas (sse
fige. 49), and is found at stations 1-3, 5-14, 28, 31, 33, 34,
36-38, 42, 43, 47, 48, 53-55, and 57-62.

Genus GALLOWAYUS gen. nov,

Test trochoid, biconvex, periphery generally angled or
keeled but may be somewhat roundea; wall calcareous, perfor-
ate; hyaline; chambers extend to the umbilical area, if um-
bilicus: pregsent it is very small, generally umbilicus filled.
with exogenous material or closed by coalescence of the cham-
bers; sutures distinet, often limbate; aperture a slit at the
base: of the last septal face, ventral, between the periphery
and the umbilical area.

This genus is erected for those species previously re-
ferred to as Eponides by most authors. The genus Eponides,
as originally erscted by Montfort (1808, p. 127), has for its
genotype Nautilus repandus Fichtel and Moll, 1798, Montfort
definitely indicates he had in mind a planispirsl rather than
a trochoid form. The species as figured by Fichtel and Moll

(1798, pl. 3, figs. a-d) is unquestionably a planispiral form,
Eponides cannot, therefore, be used as a generic name for
those forma which are trochoid but must be reserved for a plsza-
ispiral form (see Redmond, 1949), I find it necessary, there-
fore, te place all those forms generally referred to as Epon-
ides, except the typical Nautilus repandus of Fichtel and Moll,

1798, and similar leoking specimens, under the new genus Gallow-
ayus, the genotype, by designation, Rotalina antillarum d!'Or-

bigny, 1839
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The genus Gallowayus may be confused with the genus Poro-
eponides Cushman, 194k, but distinctly differs from this lattexr
genus in having a filled or essentially closed umbilicus rather
than an open umbilicus. The genus Gallowayus is ramed in honor
of Dre Je¢ Js Galloway, Professor Emeritus of Geology, Indiana

University.

GALLOWAYUS aff. G. ANTILLARUS (d'Orbigay, 1839)
Plate VII, Figure 1
Rotalina antillarum d*Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat. Cuba, Foraminiferes, p. 75, ple 5, figs. 4-6,

Test subcircular, biconvex; periphery acutely angled,
slightly carinate; chambers increasing gradually in size, 3-4
whorls, the last whorl composed of 6-7 chambers strongly ar-
cuate dorsally, triangular ventrally, last chambexr with lobed
extension near the periphery on the ventral side; sutures ob-
iique: dorsally, smooth, limbate, ventral sutures radiate and
smooth; umbiliocus slightly depresséd or closed by the coal-
escence of the chambers, wall conspicuously perforate; aper-
ture a slit at the base of the last septal face, ventral, bew
tween the umbilical area and the periphery, with a lip at the:
wmbilical end,

Hypotype No. U.W. 44,070,

The specimens from Biscayne Bay most closely resemble this
species which is in turn difficult to differentiate from the
figures and description of Eponides parantillarum Galloway and
Heminway, 1941, Type material will have to be studied in order
to check similarities and differences.
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This very rare species is present at only stations 18.
20, and 47, It is primarily an open-sea forme

GALLOWNAYUS REDMONDI spe. nov,
Plate VII, Figure 2

SPe NOVe, Eponides repandus of authors (non Fichtel and Moll),

Test biconvex, broadly convex dorsally, strongly inflated
to conical ventrally, subcircular in dorsal view; periphery
slightly lobulate; 6-7 chambers per last whorl, sbout 3-i4 whorls,
chambers increasing gradually in size, clesely appressed, la=z
chamber with a lobed extension near the periphery on the ven-
tral side; sutures smooth or limbate dorsally, strongly ar-
cuate, depressed to limbate ventrally, slightly curved to ra-
diate; wall finely perforate, last septal face may have large
pores but this latter not a constant characteristic; umbilicus
a very slight depression or covered by the coalescence: of the
chambers; aperture a crescent at the base of the last septal

face, ventral, between the periphery and umbilicus.

Holotype: by designatiom, Pulvinulina repanda Brady,
1884, Repe Voy. Challenger, Zoole, vol. 9, p. 684, pl. 104,
figses 18a~ce Catalogue Noe 85.1045.557 British Museum.

Hypotype No. U.W. 44,071,

Derivation of name: the species is named in honor of

Charles David Redmon, presently with Aramco in Saudi Arabia,

This very rare species is charecteristic of the open-sea

waters, It is present at stations 18 and 20.
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Genus CANCRIS Montfort, 1808

CANCRIS SAGRA (d'Orbigny, 1839)

Plate VII, Figure 3
Rotalina sagra d'Orbigny, 1835, in De La Sagra, Hist. Phys. Pol.
Nat. Cuba, Foraminiferes, pe. 77, pl. 11, figs. 13-15,

Test subovate, trochoid, biconvex, the ventral side more:
convex than that of the dorsal; periphery sharply carinate; one
and one-hali whorls; chambers increasing rapidly in size, arcu-
ate, both dorsally and ventrally; dorsal sutures distinct, con-
spicuously depressed; wall completely perforate except for a
small area of the ventral wall of the last septal face: as well.
as areas of the previous chambers near the umbilicus; umbilicus
depressed; aperture a curved slit at the base of the last septal
face extending from the periphery to the umbilicus with a lobed
lip exiending over the umbilical area,

Hypotype Noo. U.W. 44,072,

This very rare species is present at stations 31 and 47,
Its habitat is limited tc that area in the vicinity of the

Safety Velve where there is a ready change of intertidal waters,

Subfamily DISCORBINAE Cushman, 1927

Genus DISCORBIS Lamarck, 1804

DISCORBIS CANDEIANA (d'Orbigny, 1839)

Piate VII, Figure 4
Rosalina candeiana d'Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat. Cuba, Foraminiferes, p. 97, pl. &, figs. 2, 4,

Test trochoid, biconvex, concave near umbilicus; last whorl
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composed of five chambers increasing rapidly in size; periphery
well rounded, lobulate; wall coarsely perforate; sutures de-
pressed; aperture ventral, a slit at the base of the last sep-
tal face.

Hypotype No. U.W. 44,073,

This very rare species is present at stations 18, 20, and

47, It is characteristic of the open-sea waters.

DISCORBIS MIRA. Cushman, 1922

Plate VII, Figure 5
Discorbis mira Cushman, 1922, Carnegie Inst. Washington Publ,
No. 311, pe 39, ple 6, figs. 10, 1l.

Test plano-convex, trochoid, the last whorl consisting of
5-6 chambers, dorsal side conical, ventral side slightly con-
vex; periphery slighfly lobulate, with rounded. carinaj sutures
hardly depressed. on dorsal side, strongly arcuate, ventral su-
turesz radial, pronounced, chambers extending toiumbilicus; um-
bilical area often filled with alar prolongations; wall coarsely
perforate; aperture an arched slit at the base of the last sep-
tal face, ventral, extending to the umbilical aresn.

Hypotype Noe. U.We 44,074,

This is the fourteenth most common species in Biscayne Bay.
It is fairly well distributed throughout the bay (see fig. 50)
but is particularly common to the Safety Valve region. It appears
to most readily adapt itself to that portion of the bay area in
which the tides have their greatest and most immediate effect.
The species is found at stations 2, 3, 5-9, 12, 14-16, 18, 20-
23, 27, 28, 31-34, 36-39, 42-50, 52, 56, and 58-63.



Numbers -3ccesent per cent of 5n .¢e3 occurrance ¢f >h.ton

Fig. 50 DISTRIBUTION OF DISCORBIS MIRA



108

DISCORBIS SUBARAUCANA Cushman, 1922
‘ Plate VII, Figure 6
Discorbis subaraucana Cushman, 1922, Carnegie Inst. Washington
Publ. Noo. 311, p. 41, ple. 7, figs. 1, 2.

Test subeircular, unequally biconvex, dorsal side more so
than ventral; periphery rounded, lobulate; five éhambers;per
last whorl, increasing rapidly in size; umbilicus open, with-

" out exogenous material; sutures not pronounced, dorsal sutures
arcuate, ventral ones almost radiate; surface of test coarsely

perforate; aperture at the base of the last septal face, ventral,
Hypotype No. UoW. 44,075,

This bay speeies appears to prefer the normal bay environ-
ment except in the immediate vicinity of the western shere; Thais
species evidently cannot adapt itself to the low saline content
of the mhore waters (except for one small area just south of
Black Point). This foraminifer is found at stations 3, 5, 6, 8,
11-15, 22, 23, 25-27, 33, 34, 38-k0, 47, 48, 50, 52, S54-56, 58,
and 59.

Genus CYMBALOPORETTA Cushman, 1928
CIMBALOPORETTA SQUAMMOSA (d'Orbigny, 1839)
Plate: VII, Figure 7
Rosalina squammesa. d'Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat. Cuba, Foraminiferes, p. 91, pl. 3, figs 12-1k.

iest plano-eonvex, trochoid, dorsal side. conical; five
chambers in last whorl periphery strongly lobulate, sharply
angled; dorsal sutures curved, not pronounced, ventral sutures.

straight and pronounced; wall coarsely periorate dorsally,
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smooth ventrally; ventral side: with umbilicus with or without
exogenous material aperture at base of last septal face on
ventral side:,

Hypotype: No. U.W. 44,076,

This rare species is found at statioms 5, 6, 9, 12, 17,
18, 20, 23, 31, and 34, This form is not adapted to living in
the. bay envircnments but is more readily adapted to that found
in the Florida Current region as well as to the channel entraan-~

ces to the baye.

Genus TRETOMPHALUS Moebius, 1880
TRETOMPHALUS BULLOIDES (d'Orbigny, 1839)
Plate VII, Figure 8
Rosalina bulloides d'Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat. Cuba, Foramiziferes, p. 98, pl. 3, figs. 2-5,

Test concavo-convex, trochoid; chambers increasing gradu-
ally in size; periphery well rounded; sutures distinet, wall
coarsely perforate; aperture ventral, a slit at the base of

the chambers, opening into the large ventral depression.
Hypotype No. U.W. 44,077,

This very rare species was found at stations 27, 58, and
60, It apparently represents the environment as found in the
south portion of the bay. Though this form is known to be a.
pelagic foraminifer (see Cushman, 1931, p. 86) it has also
been able to adapt itself in the neanic and prepelagic stage

to the rigorous environment that exists in the southern baye.
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Subfamily CIBICIDINAE Galloway, 1933
Genus CIBICIDES Montfort, 1808
CIBICIDES LOBATULUS (Walker and Jacob, 1798)
Plate VII, Figure 9
Nautilus lobatulus Walker and Jacob, 1798, Adams Essays, Kem-
acher's ed., pe. 642, pl. 14, fig. 36,

edge acute, slightly lobulave; 5-6 chambers per last whorl, in-
creasing repidly in size, strongly inflated ventrally, flat
dorsally, with sharp shoulder; dorsal sutures limbate, flush,
arcuate; ventral sutures depressed, radial; wall coarsely per-
forate; aperture a slit at the base of the last septal face,
ventral, betweén the periphery and the umbilicus, with lip.

Kypotype Noo Ul.W, 44,078.

This rare speeies is found at statione 5-8, 16, 17, and
47, This foraminifer occurs in that environment in which are

found plaants for its attachment,

CIBICIDES PSEUDOUNGERIANUS (Cushman, 1922)
Plate: V1II, Figure 10
Truncatulina pseudoungeriana Cushman, 1922, U.S. Geol. Surve,
Prof. Pap. 129E, p. 97, ple. 20, fige 9.

_ Test biconvex, circular, trochoidj chambers arcuate; in-
creasing gradually in size, eleven in the last whorlj sutures
pronounced; periphery sharply angled; aperture extending from
‘the dmrsal to the veantral side,

Hypoetype Boo. UeW. 44,079,
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This very rare species: is found at statioms 5, 6, 9, 17,
19, 31, and 47, It, like the aforsmentioned species, appears
to live where thare are plants for attachment,

Genus SIPHONINA. Reuss, 1850

SIPHONINA PULCHRA Cushman, 1919

Plate VIII, Figure 1
Siphonina pulchra Cushman, 1919, Carnegie Inst. Washington
Publ. Noo 291, pe 42, pl. 14, fig. 7.

Test subcircullar, trochoid, dorsal dise flat and curved,
ventral side strongly inflated; periphery angled, slightly lob-
unlate; chambexrs inéreasing graduwally in size, five: per last
whorl; surface coarsely perforate; sutures not pronounced;

aperture peripheral, with very short neck and everted peristome,
Hypotype No. Uo Wo 44,080,

This very rare species is found at stations 9, 18, and 20,
It is probably adapted to the open~wster environment and was
only washed into the bay to be found at station 9,

Subfamily PLANORBULININAE Galloway, 1933
Genus PLANORBULINA d'Orbigny, 1826
PLANORBULINA ACERVALIS Brady, 1884
Plate VII1, Figure 2

Plarorbulina acervalis Brady, 1884, Rep. Voy. Challenger, Zool.,

vol. 9, Pe 657, Ple 92, fig. 4.

Test discoid; chambers coiled in neanic stsge, becoming
irregularly annuvlar in ephebic stagej chambers flat on dorsal
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side, strongly convex on ventral sidej wall of test coarsely
perforate; sutures distinct; apertures at peripheral end of
chambers, at end of short neck.

Hypotype No. U.W. 44,081,

This very rare species is present at stations 9-12, 18,
20, 31, 47, 48, 50, and 52. This foraminifer is adapted to an
open-water environment and to that area in the bay in which
plants are found.

Family ACERVULINIDAE. Schultze, 1854

Subfamily RUPERTIINAE Galloway, 1933

Genus HOMOTREMA Hickson, 1911

HOMOTREMA RUBRA. (Lamarck, 1816)

Plate VIII, Figure 3
Millepera rubra Lamarck, 1816, Hist. Nat. des Animaux sans Vert.,
Paris, vol. 2, po 202,

Test attached, a honeycombed, irregular mass; chambers
many sided, generally four or five, with thick septa separating:
egch chamber from the next, the septa forming a network and:
raised above the chamber wall; septa thick, wall thin, perfor-
ate; color red to pink,

Hypotype No. U.W. 44,082,
This very rare species is present at stations 1i4 and 20,

It inhabits that environment wherein it may attach itself,
generally to a substratum,
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Family ASTERIGERINIDAE d'Orbigny, 1839
Genus ASTERIGERINA d'Orbigny, 1839
ASTERIGERINA CARINATA 4tOrbigny, 1839
Plate VIII, Figure &

Asterigerina carinata d'Orbigny, 1839, in De La Sagra, Hist.

Phys. Pol, Nate. Cuba, Foraminiferes, p, 118, pl. 5, fig. 25;

pi. 6, figs. 1, 2.

Test circular in ventral view, flat to slightly arched
dorsally, cone-shaped ventrally; chambers trochoid, evolute
on dorsal side, involute ventrally with eight chambers in the
last whorl which alternate with seven "rosette' chambersj
periphery slightly lobulate; wall smooth dorsally, papillate
ventrally in immature specimens while mature specimens are
only papillate ventrally in immatura specimens: while mature:
specimens are only papillate 120° from the last septal face:
on the earlier chambers of the last whorl; aperture ventral,

a crescent at the base of the last septal face.
Hypotype No. U.W. 44,083,

This rare species inhabits the open-water environment
and also the channel areas leading into the bay. It requires
the high saline content of the open-water and probably also

the temperate and well oxygenated waters.

Genus AMPHISTEGINA d'Orbigny, 1826
AMPHISTEGINA GIBBOSA d*Orbigny, 1839
Plate VIII, Figure 5
Amphistegina gibbesa d'Orbigny, 1839, in De La Sagra, Hist. Phys.
Pol. Nat. Cuba, Foraminiferes, pp. 120, 121, pl. 8, figs. 1l=3.

Test subeircular, peripheral edge not lobulate but sharply
angled in peripheral view, slightly convex dorsally, &irsagiy
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convex ventrally; biumbonate; chambers form sinuous septa with
additional rosette pattern on ventral side without median septa;
sutures absent; ventral wall of early chambers of last whorl

papillate; aperture a curved slit at base of last septal faceo
Hypotype No. U.W. 44,084,

Cuskman (1931, p. 79, pl. 16, figs. 1-3) put this species
in synonymy with A, lessonii d'Orbigny, stating that he was un-

able to separate: this form from the Pacific form.

The two species, A. lessonii and A. gibbosa are readily
dis“inguishable, D'Orbigny (1839) readily differentiates the
two species by stating (p. 121)3

"Par sa convexite du cote de la rosace, elle se
raproche seulement de 1l'Amphistegina Quoyi de
Rawack, mais elle s'en distingue nettement par
las loges de la rosace sans cloisons medianes,
caractere si prononce chez l'autre espece; elle
differe encore par les memes loges, moins sin-
ueses et plus tronguees a leur exiremite,”

(Note: A. lessonii and A. guoyi are accepted as being the same

species.)

This species is common to stations 5-9, 18-21, 23, 31,
47, 48, and 52, It is characteristic of the open-water en-
vironment and that area in the bay immediately affected by the

waters from east of the keyse.

Family ORBULINIDAE Schultze, 1854
Genus GLOBIGERINQIDES Cushman, 1927
GLOBIGERINOIDES RUBRA (d'Orbigny, 1839)
Plate VIII, Figure 6
Globigerina rubra d'Orbigny, 1839, in De La Sagra, Hist. Physe
Pol. Nat. Cuba, Foraminiferes, p. 82, pl. 4, figs, 12-1k,
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Test trochoid; three strongly inflated chambers per whorl;
walls strongly reticulatej color pink to red in live specimens;
aperture consisting of semicircular openings located at point

of junetion of the chamber and previous sutures.
Hypotype No. U.W. 44,085,

This very rare pelagic species was found at statiomns 9,
189 and 20.

Genus GLOBIGERINELLA Cushman, 1927
(?)GLOBIGERINELLA AEQUILATERALIS (Brady, 1879)
Plate VIII, Figure 9
Globigerina aeguilateraiis Brady, 1879, Quart. Journ. Micr.
Sciey vole 195 pe 716

Test trochoid becoming planispiral in the adult; chambers
globose, increasing rapidly in size, five in last whorl; peri-
phery lobulate, rounded; sutures pronounced; wall cancellated;

aperture a large arched opening at the base of the last chamber,

Hypotype No. U.We 44,086@

This very rare pelagic species is present at station 18,

Family HETEROBELICIDAE Cushman, 1927
Subfamily BOLIVINITINAE Cushmen, 1927
Gsnua BOLIVINA d'Orbigny, 1839
BOLIVINA STRIATULA Cushman, 1922
Plate VIII, Figure 7
Bolivina striatuls Cushman, 1922, Carnegie Inst, Washington
Publ, No. 311, p. 27, pl. 3, fige 100
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Test elongate, tapering gradually toward rounded initiall
end, entire test compressed and slightly twisted; chambexrs in-
fiated, pointed toward initial end on periphery: periphery
rounded; sutures sinuous, pronounced; wall coarsely perforate,
with faint striations in early portion of test; aperture elon-

gate, from the base oi the last septal face to the proximal end.
Hypotype Noo U.W. 44,087,

This very rare species is found at stations 6, 8, 12, 33,
40, and 47, The species is limited to the northern portion of
the bay and possibly lives in association with the plant life

therein,

BOLIVINA ¢f. B. TORTUOSA Brady, 1881
Plate VIII, Figure 8
Bolivina tortuosa Brady, 1881, Quart. Journ. Micr. Soc., vol.
2l, pe 57.

Test elongate, tapering toward initial end, twisted, comp-
ressed; periphery rounded to angled; chambers increasing rapidly
in length but not in height, biserial; sutures oblique, slightly
depressed; wall coarsely puctate; aperture terminal, an oval ex~
ténding to base of septal face.

Hypotype No. U.W. 44,088,

The specimen from Biscayne Bay differs from the typical in
having depressed sutures and in having inflated chambers which
are rounded on the periphery rather than angled. One other spe~
cimen waz found broken that answered the typical deseription
better than that herein desecribed,
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This very rare species is present at stations 47 and 50.
It is characteristic of the Safety Valve environment whewre
there is much mixing of tidal waters and where the open-water

effect is greasteast in the bay area.

Genus LOXOSTOMUM Ehremberg; 1854
LOXOSTOMUM LIMBATUM var. COSTULATUM (Cushman, 1922)
Plate VIII, Figure: 10
Bolivina limbata: var. costulata Cushman, 1922, Carnegie Inste.
Washington Publ. Bo. 311, p. 26, pl. 3, fig. 8.

Test elongate, tapering at the ends, middle portion with
sides nearly parallel, whole test twisted, compressed; ciiambers
increasing rapidly in size in young stage, less so in adultj
sutures limbate, strongly curved at initiasl end; wall coarsely
perforate, with several costae in early portion of test; aper-
ture oval, terminal with slightly extended and thickened peri=-

stome.

Hypotype Noo. U.W. 44,089,

This very rare species is present at stations 18 and 47.

It is characteristic of the open-water environment.

LOXOSTOMUM MAYORI (Cushman, 1922)

Plate VIII, Figure 1l
Bolivina mayori Cushman, 1922, Carnegie Inst. Washington Publ.,
No. 311, pe 27, pl. 3, figs. 5, 6.

Test elongate, twisted, compressed, early portion tapering,

latter portion with parallel sides; periphery rounded; sutures
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distinct, depressed; wall coarsely perforate with few weak
costas in early portion of test; chambers inflated, height
greater than width, biserial portion composing major portion
of test; aperture terminal, elliptical.

Hypotype No. UoW. 44,090,

This very rare species is present at stations 9 and 47,

It probably lives in association with some of the plant lifeo

Genus RECTOBOLIVINA Cushman, 1927
RECTOBOLIVINA ADVENA. (Cushman, 1922)
Plate VIII, Figure 12
Siphogenerina advena Cushman, 1922, Carnegie Inst. Washington
Publ. No. 311, vol. 17, P« 35, ple 5, figo 2e

Test elongate, slightly compressed, sides of test parallel
except neanic triangular portion; neanic chambers biserial, be-
coming uniserial, rectilinear: chambers inflated, round on the
periphery; sutures distinct, depressed; wall coarsely perfor=-
ate, early half of test coarsely costate, later aection smooth,
thé costae very irregular, not continuousj aperture terminal,

elongate, ovoid, appears entosolenian,
Hypotype No. UsW. #+,091.
This very rare species is only present at station 9, It

probably lives in close association with some plant life in

this areae.
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Family BULIMINIDAE. Jones, 1876
Subfamily BULIMININAE Brady, 1884
Genus VIRULINA. d'Orbigny, 1826
VIRGULInA cf. V. COMPLANATA Egger, 1893
Plate VIII, Figure 13
Virgulina complanata Egger, 1893, Abhandl. ke bay. Akad. Wiss.
Munchen Cl. II, wvol. 18, p. 292, pl. 8, figs. 91, 92,

Test very elongate, very twisted, not increasing in dia-
meter to any great extent in the ephebic stage, tapering very
gradually to the proloculus; lobulate in sectional view; cham-
bers inflated, elongate, opposing pairs forming acute angle;
sutures distinct in ephebic staée;and depressed, indistinct and

not depressed in neanic stage; wall finely perforate; aperture:
not visible,

Hypotype No. U.Wo 44,092,

This very rare species is present at stations 33 and Lo,
Both of these stations are in the Safety Valve ares where the:
tidal influence is great and where there is considerable plant.
life,

VIRGULINA. ¢f. V. PONTONI Cughman, 1932

Plate VIII, Figure 14 ’
Virgulina pontoni Cushman, 1932, Contrib, Cushman Lab. Foram.
Res., vol. 8, po 17, ple 3, fige 7

Test elongate, slightly tepering, twisted, slightly de-
pressed, triserial in the neanic stage becoming biseriall in
the ephenic stage; periphery rounded; chambers elongate, 3-5

times as long as wide, inflated, the angle between the pairs
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acute, ons lateral series of chambers appear en echelon; sutures
distinet, depressed; wall smooth, transparent; aperture at the
base of the last septal face extending to become almost termin-

al, comma-shapede

Hypotype No. UoWo 44,093,

This very rare species is found only at stations 5 and 33.
Bothe of these stations are in areas affected by the incoming
tidal flow.

Family CASSIDULINIDAE d'Orbigny, 1839
Genus CASSIDULINA d'Orbigny, 1826
CASSIDULINA SUBGLOBOSA Brady, 1881
Plate VIII, Tigure 15
Cassidulina subglobosa Brady, 1881, Jour. Micr. Soc., vol. 21,
ps 60,

Test subglobular, slightly compressed; periphery broadly
ovoidj chambers inflated, 3-4 pairs in the last whorl; sutures:
distinct, slightly depressed; wall conspicuously perforate,

mooth; aperture virguline, medien, extending up from the base
of the last septal face.,

Hypotype No. U.W. 44,094,
This very rare species is present at stations 18 and 47.

It is particularly characteristic of an environment affected.

by the open~waters.
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Family CAMERINIDAE. Meek and Hayden, 1865
Subfemily HETEROSTEGININAE Galloway, 1933
Genus HETEROSTEGINA d'Orbigny, 1826
HETEROSTEGINA ANTILLARUM d'Orbigny, 1839
Plate VIII, Figure 16
Hexerostegina antillarum d'Orbigny, 1839, in De La Sagra, Histe.
Phys. Pol. Nat. Cuba, Foraminiferes, p. 122, pl. 7, figs. 24,
25,

Test oval, planispiral, involute, very compressed, plano=-
convex; biumbonate; periphery not lobulate, with truncate: keelj
chambers numerous, increasing fairly rapidly in size, strongly
arcuate, irregular, subdivided in a row of chamberlets at the
peripheral half of the chamber; sutures irregular, limbate;

apertures not visible.
Hypotype No. U.N. 44,095,

This rare species is found at stations 6, 19, 20, and

31, It is primaiily characteristic of an open-water environment,

[N
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PLATE I

Figure 1, Rhizammins indivisa Brady. Hypotype no. U.W,
L& 004, x25, lateral views

Figure 2, Spirillina vivipora: Ehrenberg. Hypotype noe. U.We
44,005, x70; lateral view,

Figure 3, Cornuspira plancrbis Schulitze. Hypotype no. U.W,
4006, %75, lateral view.

Figure k. (?)Cornuspiramia antillarum (Cushman). Hypotype
no. U.W, ,007. x100, lateral view.

Figure 5. Cornusﬁiroides foliaceum (Philippi). Hypotype no.
U.We 2008, x105, lateral view,

Figure 6, Spiroloculina antillarum d'Orbigny. Hypotype no.
U.W, 44,009, %75, front view,

Figure 7, Spiroloculina atlantica Cushman., Hypotype no.
U.Wo 44,010, x75, front view,

Figure 8. Spiroloculina cfe. S. ornata d'Orbigny. Hypotype.
no. U.W. 44,011, x75, front view.

Figure 9a,be Quingueloculina antillarum 4'Orbigny. Hypotype
noe U.W, 44,012, as x75, apertural view; b. x90,
front view.

Figure 10, Quingueloculina bosciapa df'Orbigny. Hypotype noo
U.W. 44,013, x70, front viewo

-~ Figure 1ll, Quingueloculina collumnosa Cushman, Hypotype no.
U.W. 44,014, x75, front view,

Figure 12a,b. Quinqueloculina enoplostoma d'Orbigny. Hypotype no.
UW. 44,015 ae x25, front view; b, x70, apertural view,
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PLATE II

Quinqueloculina lamarckiana d'Orbigny. Hypotype
no. U.,W, 44,015, a. x70, apertural view; b. x85,
front view,

Quingueloculina cf. Q. linneiana (Cushman). Hypo-
type noe U.,W. 44,017, a. x100, front viewj b, %90,
apertural view,

Quingueloculine poeyana d'Orbigny. Hypotype no.
U.W, 44,018, x70, front view,

Quingqueloculina polygona d'Orbignye. Hypotype no.
U.W. 44,019, x70, front view,

Quinquelosulina torrei Acesta. Hypotype no.
T.W, 44,020, x25, front view,

Quinqueloculina tricarinata d'Orbigny. Erpotype
noo U.W, 44,021, x25, front view,

Schlumbergerina occidertalis Cushman., Hypotype
no. U.W. EE,OZZ. x70, front view,
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PLATE IIIX

Figure 1. Sigmoilina(?) cf. S. srenata (Cushman). Hypo-
type no. U.W. 44,023, x70, front view,

Figure 2, Triloculina bermudezi Acosta. Hypotype no.
U.W, 44,024, x55, front view,

Figure 3. Triloculina fiterrei var. meningoi Acosta. Hypo~
type noo. U.W, EE,025. x105, front view.

Figure b, Triloculina flinti Bush. Hypotype no. U.W.
4,026, x105, front view.

Priloculina labiosa d'Orbignye. Hypotype noce. U.W,
k4,027, x70, front view.

Figure 6. Triloculina cf, T. oblonga Cushman, Hypotype no.
U.W. 44,028, x70, front view,

Figure 7, Triloculina planciana d'Orbigny. Hypotype no.
U.W. 44,029, x75, front view.

Figure 8. Triloculina subrotunda (Montagu). Hypotype noo
U.W. 44,030, x110, front view,

Figure 9. Triloculina tricarinata d!'Orbigny. Hypotype noo
U.We 44,031s x105, front view.

Figure 10, Triloculina trigonula (Lamarck). Hypotype no.
U.,W, 44,032, x105, front view,

Figure lla,b. Pyrgo derticulata (Brady). Hypotype no. U.W,.
4033, ao. x75, apertural viewj b. x105, front view,.

Figure 1l2a,b. Eﬁrgo subsphaerica (d'Orbigny). Hypotype no, U.W,
,03e ae X75, zperiural view; b. x75, front view,
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PLATE IV

3

Figure 1, Massilina crenata (Karrer). Hypotyve no. G.W.
44,035, x75, front view,

Figure 2, Vertebralina cassis d'Orbigny. Hypotype no. U.W,.
44,036, x105, lateral view,

Figure 3a,b, Articulina mexicana Cushman. Hypotype no. U.W,.
’ 4L, 037, a. x90, apertural view; b, x90, lateral view,

Figure 4, Articulina mucronata (d!'Orbigny). Hypotype no. U.W.
4L 038, x25, lateral view,

Figure 5. Articulina sagra d'Orbigny. Hypotype no. U.W.
44 039, x50, lateral view,

Figure 6. Wiesnerella auriculata (Egger). Hypotype no. U.W.
44,040, x100, lateral view,.

Figure 7. Nummoloculina irregularis (d'Orbigny). Hypotype
noo U.W, 44,041, x70, lateral view,

Figure 8, Peneroplis acicularis (Batsch). Hypotype no.
U.Wo 44,042, x75, lateral view,

Figure 9. Peneroplis antillarum d'Orbigny. Hypotype no.
U.W. 44,043, x70, lateral view,

Figure 10, PeneroElis arietinus (Batsch)., Hypotype no.
T.We 0 Okttt xio, lateral view,

Figure 1ll. Peneroplis bradyil Cushman., Hypotype no. U.W.
HE,OES. x75, lateral view,

Figure 12, Peneroplis discoideus Flint, Hypotype no. U.W,
ER,OEE. x25, lataral view,

Figure 13, bensroplis cf. P. elegans d'Orbigny. Eypctiype no.
UeWe 9047+ x70, lateral view,

Figure 14, Peneronlis proteus d'Orbigny, Hypotype no. U.W.
L4i 048, x25, lateral view,




Plate IV FORAMINIFERA OF BISCAYNE EAY



PLATE V

Figure l. Archaias angulatus (Fichtel and Moll), Hypotype
' no. U.W, 3576#9. x30, lateral view.

Tigure 2, Archaias corpressus (d*Orbigny}e. Hypotyce mno.
U.W, 44,050, %12, lateral views

Figure 3. Praesorites orbitolitoides Hofker. Hypotype noe.
U.W, EE,OBI. x25, lateral viewa

Figure 4. Sorites marginalis (Lamarck)e. Hypotype no.
U.We EE,OBE. x25, lateral view,

Figure 5. Neoalveolina cf, N. schlumbergerina Reichel. Hypo-
type no. U.W, 44,053, x70, apertural view,

Figures 6, 7. Uzlvulina oviedoiana d'Orbigny. Hypotype nos. UWe
bk ,054 and 44,055, 6 and 7, %90, side views,

Figure 8. Clavulina tricarinata d'Orbigny. Hypotype no.
T.W, 55,0530 x25, side view,

Figure 9. Clavulina nodogaria d'Orbigny. Hypotyre no.
U.We 44,057. x60, side viewo
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PLATE VI

Textularia agglutinans d*Orbigny. Hypotype noe

Bigenerina irregularis Phleger and Parker., Hypo-
type no. U.W. 44,059, %25, side view,

Guttulina australis (d*Orbigny). Hypotype no.
U.W. 44’0600 Xllo, Side Viewo

Globulina caribea d'Orbigny. Hypotype no. U.W,
Ll 061, x115, side view.

Globulina cfe. G. gibba d'Orbigny. Hypotype no.
U.W, 4,062, x110, side views

Nonionella atlantica Cushman. Hypotype no.
UW. 44,063, x70, dorsal view,

Elphidium crispum (Linnaeus). Hypotype No. U,W.
90644 x90, side view,

Elphidium poeyanum (d'Orbigny). Hypotype no.
Uow. + ’0650 x105, side VieWo

Elphidium sagrum (diOrbigny). Hypotype no.
U.W, Gh,066. x115, side view.

Globorotalia menardii (d'Orbigny). Hypotype no.
U.W. 44,067 x75, ventral view.

Streblus beccarii (Linnaeus). Hyvotype no.
UR. 44,068, x70, ventral view,

Rotalia rosea (d'Orbigny). Hypotype no. U.W,
45,069, x75, dorsal view.
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PLATE VII

Gallowayus aff. G. antillarus (d'Orbigny)e. Hypo-
type no. U.W. 44,070, x75, ventral view,

Gallowayus redmondi Bushe. Hypotype no. U.W.
9071e x25, ventral view,

Cancris sagra (d'Orbigny). Hypoiype no. U.W.
EK,O?Z. x110, ventral view,

Discorbis candeiana (d'Orbigny). Hypotype no.
U.W. EE,O?}. x75’ dorsal Vie'.

Discorbis mira Cushman, Hypotype no. U,W,
¢07%¢ x75, ventiral viewo

Digcerbis subaraucana Cushman. Hypotyre no.
U.W. EE’C?SO x&5’ dorsal ViQWo

Cymbaloporetta squammosa (d*Orbigny). Hypotype

no. U.W, 44,076, x110, dorsal view,

Tretomphalus bulloides (d'Orbigny). Eypotype
no. U.W, 44,077, x75, dorsal views

Cibicides lobatulus (Walker and Jacob), Hypo-
type no. 44,078, x95, ventral view.

Cibicides pseudoungerianus (Cushman). Hypotype
no. U.We l“ ’0790 XI].O’ ventral view,
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PLATE VIIIX

Figure 1, Siphonina pulchra Cushman. Hypotype no. U.W.
Ll 080, x70, ventral view,

Figure 2, lanorbulina acervalis Brady. Hypotype no.

D
U.W. 44,081, x30, top views

bra {Lamarck). Figured specimen from
x1ll. Nonfigured specimen hypotype no.

Figure 3, Homotrema
e

Figure b4, Asteriﬁerina carinata d'Orbigny. Hypotype no.
U.Wo 1003, %75, ventral view.

Figure S Amphistegina gibbosa d!'Orbigny. Hypotype no.
U.W, 44,08k, x120, ventral view,

Figure 6, Globigerinoides rubra (d'Orbigny). Hypotype no.
U.W, Lb_ o085, x105. side view,

Figure 7. Boiivina striatula Cushman, Hypotype no. U.W,
Ll 086, x110, side view.

Figure 8, Bolivina c¢f, B. tortuosa Brady. Hypotype no.
U.W. 44,087, x110, side view.

Figure 9, {?)Globigerinella asquilateralis (Brady). Hypo-
type hoe U.W. 44,088, x110, dorsal view,

Figure 10, Loxostomum limbatum var. costulatum (Cushman).
Hypotype no. U,W, 44,089, x110, side view.
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PLATE VIII contt'd,

Loxostomum mayori (Cushman)., Hypotype no.

UJW, 44,090, x110, side view.

Rectobolivina advena (Cushman), Hypotype no.

U.W. 44,091, x110, side view,

Virgulina c¢f. V. complanata Egger. Hypotype no,
U.W, 9092, x110, side view.

Virgulina c¢f. V. pontoni Cushman. Hypotype no.
U.We 0093, x110, side view.

Cassidulina subglobosa Brady. Hypotype no.

UsW. 44,094, x110, apertural view.

Heterostegina antillarum d'Orbigny. Hypotype no.

UoWo 44,0950 3(30, Side Vi‘b‘Wo
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APTENDIX



STATION NUMBER 1 2 3 4 5 é 7 8 9 10 /911 (12 |13 {14 (151617 (18 [ 19 | 20| 2V {2223 |24 |25 | 26 |27 |28 29
latitude 25° =" - N 43-45144-25]44-30) 44-15/ 43-45/43-25 43-00{ 42-10{ 4 1-35 41-30| 42-00{ 43.00141-00{ 40-55 40-25]41-40(37-25|34-50] 29-15| 29-25| 23-50/24-2523-40| 25-55| 28-50(30-15]31-10/31-40) 40-45
longitude 80° =' =" W 12-50 |11-40{10-55{10-30{ 10-10{ 9-55 10-00{ 10-25{ 10-45| 12-0G; i3+ 155 3 1-4% 17-15{ §53-30| 15-25] 14-45; 7-30| 5-20| 7-00) 6-15/14-15/13-3515-30}17-10} 12-5 | 14-50(14-35| 14.25 15-1¢
depth in feet 4 4 9 7 4 15 2 3 8 10 8 n 15 8 4 3 16 | 120, 19 [ 100 | 10 3 6 [ 8 9 3 10 0
5th percentile diameter 0.95(0.90 1.05| V.10 0.20|-0.15 0.85; -1.45] 0.35) -2.20( 0.60[-0.20{ 2.50| 0.50| 0.85| 0.75|-0.70 -4,20} -1.85( -1,30| - 1.85| -1.20(-0.70| -0.10| 0.30| 0.70(-2.50|-1.201 1.3¢
16th percentile diometer 1.50] 1.40( 1.85) 2,20 .10 1.4d 175} 1.55) 1.40{-0.15 1,35 0.9d 3.55; 1.3¢| 1.50| 1.40| 0.30!.2.05 -0.65(-0.40} -1.10| -0,3¢{ 0.15; 0.60{ 1.0} 1.80|-0.85| 1.98 1.75
84th percentile diameter 2.60 2.70| 5.30] 5.55( 2.95| 3.08 2.95! 3.10) 3.35) 4.200 2.45 2.75| 9.15| 2.55| 2.50{ 2.50| 2.05| 0.95 1.25 2.00/ 1.90| 2.408 3.05/ 2.50 2.80| 3.20! 9.60| 9.10/ 2.50
95th percentile diomssas 3,051 3.10] 7.95| 8.20] 2.75[ 3.8 3.20| 3.90; 4.40| 5.85 2.75! 3.0011.20] 3.05| 2.80| 2.80| 2.40 1.90] 1.55| 2.55( 3.35| 3.19 4.50] 3.00{ 3.10| 5.10/12,10/11,50 2.75
phi median diometes 2.05]2.00] 3.65| 3.25] 2.10( 2.19 2.65| 2.60] 2.60{ 2.15| 2.05| 1.85 5.40] 2.05{ 2.05 2.00 1.55(-0.20| 0.60( 0.80[ 0.15] 0.c0f 1.90( 1.90{ 2.25 2.30{ 3.95| 5.15 2.15
phi mean dicmeter 2,05] 2.05/ 3.85( 3.88) 2.03| 2.23 2.35/ 2.38( 2.48 2.03 1,90 1.83 6.35] 1.98| 2.00| 1.95| 1.18 -0.55| 0.30| 0.80{ 0.40] 1.05 1.60| 1.55 1.91| 2.50| 4.38] 5.53 2.13
phl deviation measure 0.55| 0.65| 1.73[ 1.68 0.93; 0.83 0.60( 0.78| 0.88| 2.18 0.55' 0.93 2.80| 0.68| 0.50 0.55( 0.88} 1.50) 0.95 1,20j 1.50] 1,35 1.45| 0.95 0.90; 0.70] 5.23| 3.58 0.38
phl skewness measure 0.00 0.77(-0.04| 0.38] -0.08( 0.1 -0.50] -0. 28/ -0.14] -0.0¢| -0.77{ -0.0Z 0.34]-0.10|-0.10| -0.09 +0.42(-0.23(.0.32| 0.00| 0.17| 0.33-0.21]|-0.37| -0.38} 0.28( 0.08| 0.11}-0.05
2nd phl skewness measure |(-0.91[0.00| 0.49] 0.83| 0.03|-0.36{ -1.03| -1.76| -0.14| -0.18! -0.67 -0.48) 0.52|-0.40|-0.44/ -0.40]-0.80(-0.63|-0.95|-0.14| 0.40| 0.28( 0 03} -0.47| -0.61} 0.86( 0.16| 0.00 -0.32
phi kurtosis 0.910.69; 0.99{ 1.11| 0.91) 1.43 0.97 2.44] 1.30| 0.85] 0.96| 072 0.55| 0.88 0.96] 0.87| 0.76( 1.03] 0.79| 0.61] 0.73 0.61[ 0.83] 0.63| 0.56] 2.14] 0.49| 0.77 0.92
per cent ch03 3 7 40 | 85| 60| 50 | 40 | 55 | 55 | 80 10|39 |20| 5 5 60 | 99 |100-| 98] 99 1 80 | 65 | 30 | 40 | 30 | 97 | 50 | O+
per cent quartx 97 [ 93| 60 15( 40} 50| 60 | 45 [ 45 | 20 [ 90} 70| 5 80 [ 95195 40 1 0+ 2 1 20 {35170 60 | 70 3 10 [100-
per cent sand & coarser 100 {98 | 57 59 9619 | 99 95| 92| 82|99 95| 23199991099 [100 99 {100 [ 100, §7 | 98 { 93 | 98 | 99 | 91 | 50 | 31 {100
per cent silt (1] 2 39 36 4 4 1 5 8 18 1 5 56 1 1 1 0 1 0 0 N 2 7 2 1 9 27 147 0
per cent clay 0 0 4 5 0 0 0 0 0 0 0 0 21 0 [ 0 0 0 0 0 0 0 0 0 0 0 2312210
blackened CaCO> x x x | x x x
epidote x x x x x x B x x x
Gastropoda x x x x x x x x x x x x x x x x x x x x 3 x x
Pelecypoda x x x x x = x x x x x x x x x x
Ostracoda x x| x x x x | x x | x x| x x x | x x x | x| x x| x x x| x| x
echinoid spines x x x x x = x x x x x x x x < x x x
elcyonarian spicules x| x x x x x x x x
sponge spiculer x (x| x x | x x x x| x x | x x | x x x Q
vertebral osclciss x x | x x | x | x x x x x x x .5 x
Bryoxoo x x x x E'

Coral x ‘i

Otolith x x x §

Worm tubes x x x x 3

Thalossta x x x x x s x
Holimeda x x | x x x = x x | =
Neomeris x | x

Charophyta




28

29

30

31

\ .
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