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ABSTRACT

The Gulf of Mexico outer continental shelf off the
southwest Louisiana coast is an area of heavy offshore
petroleum production. Six hundred and seventy-three
samples were taken from around petroleum production plat-
forms and control sites in the area, in order to assess
the effects of petroleum exploration, drilling, and
production activity on the marine organisms. A total of
64,326 living foraminifera were recovered, representing
51 species in 35 genera.

Densities up to 372,154 foraminifera per 10 cm2 were
estimated for the summer, partly caused by the large
quantities of available food supplied by the Mississippi
River, and partly caused by the wet picking method which

preserved delicate juvenile tests. Nonionella basiloba

and Buliminella bassendorfensis together account for

almost 76% of the total live foraminiferal population.
Slight seasonal variations in the foraminifera

population were found. Changes in species composition at

the collecting sites are closely related to water depth.
Low standing crops at the shallow inshore stations in

the summer were primarily caused by low dissolved oxygen.
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Low diversity values, generally not exceeding a=5,
were found for the foraminifera populations. The low
diversity is caused by the large range of seasonal tempera-
tures, movement of sediment by currents and tides, and, to
a lesser degree, the variations in salinity.

Negative effects of petroleum drilling operations on
the benthonic foraminifera are not supported by this
study. The controlling physical factors on the foramini-
fera populations are those related to the natural environ-
ment, water depth, temperature and salinity, tides and

currents, and dissolved oxygen.
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INTRODUCTION

The part of the Louisiana continental shelf covered
by this project is an area of heavy offshore petroleum
drilling (Text--fig. 1). Although the benthonic foramini-
fera of the northern continental shelf of the Gulf of
Mexico have been well studied for the last three decades,
the foraminifera in the study area have not been collected
and identified, nor have recent ecological studies on the
effects of petroleum production on marine organisms on
the continental shelf included foraminifera.

This project was designed to provide identifications
and synonymies for foraminifera species found living in
the study area, and to assess, with the aid of statistical
methods, the effects of the environmental parameters on

the living foraminifera.

History of Project
In November, 1977, in response to a solicitation by
the Department of the Interior, Bureau of Land Management
(BLM) , Southwest Research Institute (SwRI), Houston, Texas,
submitted to BLM in New Orleans a proposal for a program
designed to assess the effect and impact of the Louisiana

offshore o0il industry on the ecology of the Gulf of Mexico



TEXT-FIG. l--Location of study area. Areas of Gulf of
Mexico continental shelf previously studied for

foraminifera are also shown.
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outer continental shelf. SwRI was subsequently awarded the
BLM contract, and Dr. Rosalie F. Maddocks of the University
of Houston Geology Department was subcontracted by SwRI as
principal investigator to provide the foraminiferal infor-
mation necessary to the BIM study. Other aspects of the
study provided data on temperature (SwRI personnel),
salinity (SwRI), depth (SwRI), dissolved oxygen (SwRI),
sediment texture and mineralogy (Dr. W. H. Huang, Texas

A&M University), sediment total organic carbon content
(Geochem Research, Inc., Houston, Texas), trace elements
(SWRI), and other marine organisms (Dr. James H. Baker,
SwRI; Dr. L. R. Brown, Mississippi State University;

Dr. D. E. Harper, Texas A&M University; LGL, Inc., Bryan,
Texas) .

All study sites, sampling methods, and sample process-
ing procedures were specifically laid out by BLM in its
Request for Proposals (1977) and, with minor exceptions,
were adopted by SwRI (SwRI Proposal, 1977). Sample collec-
tion was carried out in the spring and summer of 1978 and
in the winter of 1979.

Foraminifera identifications and species counts were
supplied to SwRI as soon as possible after receipt of the
samples. The foraminifera data were included, with other

benthonic organism data, in quarterly reports of progress



compiled by SwRI on all aspects of the program (SwRI Quar-
terly Reports, 1978). Throughout the course of the study,
quarterly meetings allowed direct exchange of information
and ideas among the participants.

The foraminifera data were completed in the summer
of 1978. 1In addition to species identification and
counts, three voucher slides for each species of foramin-
ifera were prepared, two of which were deposited by BLM
and SwRI in the United States National Museum. The third
set of slides will be kept at the University of Houston.
Because only one or two specimens of three of the fora-
minifera species were available, the University of Houston
collection is not complete.

The project was completed in 1980 when SwRI
submitted to BLM the Final Report of Ecological Investi-
gations of Petroleum Production Platforms in the Central

Gulf of Mexico (SwRI Final Report, 1980).

Regional Setting
The area of the Gulf of Mexico outer continental
shelf off the southwest Louisiana coast studied by SwRI
(1977, 1978, 1980) for effects of offshore drilling
activity extends from the Mississippi River Delta westward

to Atchafalaya Bay (Text--fig. 2). Both gas and oil wells



TEXT-FIG. 2--Sampling Locations. (Modified after map

supplied by Southwest Research Institute, 1978.)
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are represented in the platforms selected from more than
2000 offshore structures now known to exist in the northern
Gulf of Mexico.

BLM selected four primary platforms, sixteen second-
ary platforms and four control sites for biological,
sedimentological, chemical and hydrographic sampling.

(The code for the study sites established by SwRI will be
used in this paper. Primary platforms are P, secondary
platforms are S, and control sites are C.) The age of the
platforms selected ranged from 2 to 23 years, and water
depth of the sites ranged from 6 to 98 meters. Distance
from shore ranged from 4.8 to 160 kilometers. Most of

the platforms selected were located in areas of silty clay
or clayey silt sediments.

The four control sites were selected for the purpose
of detecting any differences in the environment and the
marine fauna in areas relatively remote from petroleum
drilling platforms. The control sites selected have never
had any type of exploratory, developmental or production
activity within the lease block boundaries, and they are
as far away as possible from areas of extensive activity.
Table 1 is a list of information about the location of each

study site (BLM Request for Proposals, 1977).



TABIE 1--List of primary platforms (P), secondary platforms (S), and control sites (C)

selected for study.

Water No. Distance

Study ZILatitude Longitude Depth Year of from Lease
Site North Vlest (m) Installed Wells Shore (km) Area

P01 29%7 42"  89%1'25" 16 1962 15 19 West Delta

P02 29%2'50"  90°9'46" 12 1954 24 5 Bay Marchand
P03 28°40'02" 90°14'43" 30 1956 7 37 South Timbalier
P04 28%34'09" 90%4'32" 45 1964 9 48 South Timbalier
so5  29%12'32"  89932'23" 9 1962 1 6 West Delta

so6 28%7'08"  89°%1'02" 52 1965 24 42 West Delta

so7 28%8'34"  89°7'17" 65 1965 12 56 West Delta

sos  28%7'37"  90%1'25" 27 1957 10 27 Grand Isle

509 28%4'04"  89%4'07" &5 1965 7 64 West Delta

510 28%°9'53"  90°3'18" 20 1955 16 19 South Timbalier
s11 28%9'33"  90%2'36" 20 1957 12 21 South Timbalier
s12 28%9'07" 90%9 41" 17 1965 17 11 South Timbalier
s13  28%e6 48" 89°2'23" 51 1968 24 40 West Delta

s14  28%1's51"  91%37'21" 29 1973 12 67 Eugene Island



TABLE 1-~Continued.

Water No. Distance
Study Latitude Longitude Depth Year of from Lease
Site North West {m) Installed Wells Shore (km) Area
s15  28°10'02" 91°9'39" 98 1974 21 120 Eugene Island
s16  28%s'28" 91°16'45" 45 1971 18 96 Ship Shoal
s17  28%13'35" 91%1'0s" 75 1972 18 160 Bugene Island
s18  28%8'50" 91%4'20" 25 1970 13 51 Fugene Island
s19  28%1'34" 91%7 52" 6 1960 9 43 Ship Shoal
se0  28%8'19" 90°36'29" 18 1969 4 24 South Timbalier
c21 29°12" 89%4 ' 13 - - 14 West Delta
c22  28%3' 90°16 " 21 - - 3 South Timbalier
c23  28%7 90°38" 37 - - 51 South Timbalier
c24  28%0" 91°27" 18 - - 62 Eugene Island

ot
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Eight sampling stations were located at each of the
four primary platforms on four transects originating at the
platform toward the north, south, east and west. At each
secondary platform two sampling stations were located on a
transect originating at the platform and located at
distances of 500 meters and 200b meters to the north. Some
of the platform sampling stations were offset from the
ideal position because of the network of pipelines on the
gulf floor. This was not considered by SwRI and BLM to
be a serious problem, and successive samples were taken
at the relocated positions.

Single sampling stations were located at each control
site. The control sites were defined as circular areas of
2000 meters diameter to minimize resampling of the same
exact location (SwRI Proposal, 1977). However, the large
area defined for the control sites makes it improbable
that the original sampling positions were ever exactly

relocated at these sites.

Methods

SwRI Shipboard and Laboratory Methods.

Southwest Research Institute personnel collected the
samples in the spring (April-May) and summer (August-
September) of 1978, and in the winter (January-February)

of 1979, Samples were collected at the primary platforms
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and control sites during each collecting season. They
were collected at the secondary platforms only during the
summer. The samples were taken with a Smith-McIntyre
grab.

Four grabs were made at each collecting station, and
3.4 cm diameter by 5 cm cores were taken from each grab
(SWRI Proposal, 1977). Two cores were taken from the first
grab (designated 1.A and 1.B) and one from each of the next
three grabs (designated 2.C, 3.D, and 4.E). Six percent
(6%) MgCl2 was added to the sediment for ten minutes to
anesthetize the foraminifera. The sample was then washed
through a 62y sieve, twice with sea water and once with
4% buffered formalin. The residue was preserved in 5%
buffered formalin with glycerin added (1 part to 5 gallons)
to deter drying. A 1l:1 mixture of Eosin B and Biebrich
Scarlet in a 1:1000 concentration was added to each sample.

In the SwRI laboratory (Dr. James H. Baker, personal
communication) the cores were washed, and each core from
the first three grabs was subdivided into quarters. One
of the quarters from the subdivided cores was picked (up
to 400 foraminifera) by SwRI technicians. The remaining
foraminifera in the quarter-sample were counted. The live
foraminifera were then placed in vials, preserved in

buffered formalin, and sent to Dr. Rosalie F. Maddocks at
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the University of Houston. The entire core from the fourth
grab was also sent to Dr. Maddocks and is now stored at the

University of Houston.

University of Houston Laboratory Methods.

An additional stain of rose Bengal was added to the
vials by the author, and the samples were allowed to sit for
at least twenty-four (24) hours before identification of the
foraminifera was attempted.

The foraminifera were extracted from the vials with a
pipette and then placed on faunal slides glued with gum trag-
acanth. Living foraminifera were identified to the species
level and counted while the specimens were still wet on the
slides. This prevented juveniles and delicate specimens from
breaking apart until they had been identified and counted.

The state of preservation of the foraminifera was also noted.

Discussion of the Rose Bengal Stain Method.

Although several methods of staining living foramini-
fera have been tried, the most efficient and widely accepted
is that described by Walton (1952) using rose Bengal.

Murray (1973) describes rose Bengal as a protein-specific,
aqueous stain that colors protoplasm red. Recent foramini-
fera workers in the northern Gulf of Mexico using the rose

Bengal stain include Fish, Massey, Inabinet & Lewis (1974),
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Anepohl (1976), and Hueni (1979). Because SwRI was working
with a great many more animals than just foraminifera,

Eosin B and Biebrich Scarlet in a 1:1 concentration were
used for staining animal protoplasm in the samples. However,
the very light pink color of the foraminiferal protoplasm
imparted by the Eosin B and Biebrich Scarlet made it diffi-
cult to distinguish living foraminifera. Heavy shelled
opaque miliolids, textulariids, and some rotaliids (Elphi-

dium, Ammonia) were most often mistaken for living speci-

mens. Before the decision was made to add rose Bengal to
the vials, crushing many of the specimens was the only effec-
tive way to determine whether or not they contained proto-
plasm. Adding the rose Bengal stain to the samples elimi-
nated the need for crushing heavy foraminiferal tests and

made live foraminifera identification quicker and easier.

Decalcification.

Some of the samples were completely decalcified at the
time of identification, and only the protoplasm molds of the
foraminifera remained. When the pH of the samples was kept
at 7-8, the decalcification problem was eliminated (SwRI
Second Quarterly Report, 1978). Parker (1954), in a study
of living foraminifera from the northeastern Gulf of Mexico,

found that a few of the samples taken from shallow depths
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showed decalcification, possibly because of the increasing
acidity of the samples after collection. She also found
that frequent checks of the pH of the samples had to be made

in order to maintain the most satisfactory pH of 7-8.

Live/Total Ratios and Densities.

A quarter of the core from the 3.D samples at the N500
stations for primary and secondary platforms and each con-
trol site was dried, and the first 300 foraminifera were
picked for identification and live/total ratios, except for
secondary platform 13, where core 2.C was picked. No live/
total counts were received from SwRI for S$19, C22 and C23
for the summer collecting season.

Dead foraminifera assemblages in the live/total slides
were also compared with the living asse@blages from the wet
samples in order to determine if relict foraminifera were
present. Counts of rotaliids, miliolids, and textulariids
were also made from the live/total slides and from the corre-
sponding wet samples, in order to determine if the composi-
tion of the foraminiferal groups had changed in response to
environmental factors.

Estimations of foraminiferal density were necessary
because of the division of the cores into quarters and

because only the first 400 foraminifera were picked. SwRI

supplied the total foraminiferal counts upon which the
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estimations are based.

Statistical Methods.

Statistical methods used in this study are the Q-mode
cluster analysis employing the cosine theta function
(weighted pair group method) of Imbrie & Purdy (1962), and
analysis of variance procedures (adapted from Davis, 1973)
for the entire foraminiferal population as well as for
individual species. Correlation coefficients were calcu-
lated for foraminifera groups using physical data supplied
by SwRI (Appendix 1).

The clustering method was applied to the foramini-
feral data for the primary platforms and the control sites
for each of the three collecting seasons. In addition, a
clustering program using the foraminiferal data for the
summer collecting season from both the primary and second-
ary platforms and the control sites was run.

Two-way analysis of variance tests were performed on
numbers of individuals of foraminiferal species compared
with seasons, and on numbers of observations for each fora-
miniferal species and seasons. One-way analysis of variance
tests were performed for each individual species on repli-
cate samples at collecting stations for each collecting
season. Significant differences among stations and seasons

were checked by the F distribution at the 5% level of
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significance. The species counts from which the analysis
of variance tests were made are stored with the Department
of Geology at the University of Houston.

Correlation coefficients (program supplied by
Dr. Richard A. Reynolds), comparing numbers of total fora-

minifera, Nonionella basiloba, and Bulminella bassendor-

fensis against mean sediment grain size and

total organic carbon, were calculated for the primary
platforms and control sites for each collecting season,
and for the secondary platforms for the summer. The same
foraminifera data were compared with trace metal data for
the spring at the primary platforms and control sites and
for the summer at the secondary platforms. All data used
in calculating the correlation coefficients (except fora-

miniferal data) were supplied by SwRI.

Physical Characteristics of Study Area

Temperature, Salinity, and Dissolved Oxygen.

Temperature, salinity, and dissolved oxygen measure-
ments for each collecting season were made along the north
transect at a distance of 100 meters from each platform,
and at each control site. The measurements were taken at
the surface and thereafter at 10 meter depth intervals

until the bottom was reached (SwRI meterology and
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hydrography Data, 1980).

There are large seasonal variations in salinity,
temperature, and dissolved oxygen on the Louisiana conti-
nental shelf. The shallow inshore stations show the
greatest range in temperatures and the lowest salinities.
Text~-figs. 3-5 show the seasonal salinity and temperature
data for 1977-1978 at the study sites for the bottom water
measurements.

The same shallow inshore stations generally show the
lowest dissolved oxygen measurements. Lowest overall
dissolved oxygen was reported for the summer, although some
stations had the lowest readings in the spring. The
readings were highest over the entire area in the winter.

The amount of dissolved oxygen in the sea water is
vital to the process of oxidation of organic matter.
Because photosynthetic processes produce most of the
dissolved oxygen, the upper water layers are the richest
in oxygen. Marine water tends to be most oxygen-rich in
the spring and early summer, coinciding with photosynthetic
blooms and moderate water temperatures. The capacity of
water to hold dissolved oxygen decreases with an increase
in water temperature.

A significant problem was encountered during sampling

on the summer cruise. Dead and dying organisms were found
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TEXT-FIG. 3--Salinity (parts per thousand) and temperature
(°C) data for the spring collecting season, taken
nearest the bottom along the north transect at each

primary platform and control site.
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TEXT-FIG. 4--Salinitv (parts per thousand) and temperature
(°C) data for the summer collecting season, taken
nearest the bottom along the north transect at each

primary and secondary vplatform and control site.
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TEXT-FIG. 5--Salinity (parts per thousand) and temperature
(°C) data for the winter collecting season, taken
nearest the bottom along the north transect at each

primary platform and control site.
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over much of the nearshore Louisiana shelf, apparently
caused by low dissolved oxygen (SwRI Second Quarterly
Report, 1978). This condition was first noted at the inshore
stations on the spring cruise. Live organisms were essen-
tially absent at those stations which had experienced lowered
dissolved oxygen for apparently the whole summer. This may
have been an exceptional circumstance, as the cruise captain
had not seen such conditions in over 20 years of shrimping.
Table 2 shows the seasonal dissolved oxygen measure-
ments taken nearest the bottom along the north transect at
each primary and secondary platform, and at each control

site.

Sediments.

Sediment samples were also taken at each station during
each cruise. Because the collecting sites covered by the
BLM-SwRI study are under the influence of not only the Gulf
of Mexico currents and tides, but also, to a varying degree,
the Mississippi River, the sediment at most of the stations
was observed to vary in its composition from one collecting
season to the next.

Appendix A shows the seasonal mean sediment grain size
at each collecting station at the primary and secondary

platforms and control sites (SwRI Sediment Data, 1979).



TABLE 2--Seasonal dissolved oxygen measurements (ppm)

taken nearest the bottom along the north transect
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at each primary and secondary platform, and at each

control site.
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Total Organic Carbon.

The total organic carbon content of the sediments was
measured for each collecting season (SwRI Total Organic
Carbon Data, 1980) at all of the collecting stations. The
finer-grained sediments in the study area have a higher
percentage of total organic carbon content than the coarser-
grained sediments.

The large quantities of organic detritus discharged by
the Mississippi River (Lankford, 1959; Phleger, 1976) are
incorporated in the sediments nearby, particularly during
high water stages. The pH of the sediment varies inversely
with the organic carbon and nitrogen content (Boltovskoy &
Wright, 1976). The environmental processes that produce
relatively coarse and well sorted sediment generally prevent
large accumulations of detrital organic material.

Appendix A shows the seasonal total organic carbon
content of the sediment in weight percent at the primary and

secondary platform stations and at the control sites.

Trace Elements.

Trace metal content in surficial sediments was measured
for barium, cadmium, chromium, copper, iron, lead, nickel,
vanadium, and zinc in the spring at the primary platforms
and control sites, and in the summer at the secondary

platforms (SwRI Trace Metal Data, 1980). These are the
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trace elements commonly found associated with offshore
petroleum production. The finer-grained sediments in the
study area generally have a higher concentration of trace
metal content than the coarser-grained sediments.

It is general knowledge that certain trace elements
are necessary for the well-being of various organisms.
However, the presence, absence, disequilibria, or inter-
relations of some of these trace elements in individual
organisms can be harmful, resulting in retarded growth,
abnormal physical development, and even death (Boltovskoy
& Wright, 1976).

Trace metal values for the spring and summer collecting

seasons are shown in Appendix A.

Previous Work

The foraminiferal faunas of the coast and northern
continental shelf of the Gulf of Mexico have been well docu-
mented by previous workers. Kornfeld (1931) studied the
recent littoral foraminifera from Texas and Louisiana;
Phleger and Parker (1951) revised the nomenclature of
northeastern Gulf of Mexico foraminifera; and Andersen
(1961) documented the foraminifera from the Pleistocene
age Mississippi River mudlumps. Many of the Pleistocene

species are still living in the Gulf today.
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Other studies of the foraminifera in the northern Gulf
of Mexico have been ecologically oriented (Lowman, 1979;
Phleger, 1951, 1954, 1955, 1960a, 1960b; Phleger and
Parker, 1951; Parker, 1954; Bandy, 1954, 1956; Moore, 1957;
Lankford, 1959; Lynts, 1962, 1965, 1966, 1971; Walton,
1964; Loep, 1965; Smith, 1971; Wright and Hay, 1971; Bock,
1974, 1976; Tresslar, 1974a, 1974b; Anepohl, 1976; and
Hueni, 1979). These studies have shown foraminifera to
be responsive to ecological factors such as temperature and
salinity, water depth and distance from shore, nature of
substrate, and dissolved oxygen.

The latest ecological studies have used foraminifera
as indicators of pollution and environmental change. Fora-
miniferal response to municipal sewage outfall (Watkins,
1961; Bandy, Ingle and Resig, 1964a, 1964b, 1965a, 1965b;
Lidz, 1965; Bartlett, 1972; Sieglie, 1975; Le Furgey and
St. Jean, 1976; Bates, James & Spencer, 1979), industrial
chemical effluents (Smith, 1971; Schafer and Cole, 1974;
Schafer, Wagner and Ferguson, 1975; Buckley, Owens and
Schafer, 1974), estuarine dredging and stream discharge
modification (Wantland, 1964; Murray, 1970), aquaculture
ponds (Clark, 1971; Le Furgey and St. Jean, 1976), and
thermal pollution (Christiansen and Ellison, 1965; Sieglie,

1975) is well documented. A recent ecological study
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designed to assess the effects of the activities of the
0il industry on foraminiferal distribution and abundance

in Timbalier Bay, Louisiana, remains unpublished (Fish,

Massey, Inabet and Lewis, 1974).



GENERAL CHARACTERISTICS OF FORAMINIFERAL POPULATION
Taxonomic Composition

A total of 673 foraminifera samples, yielding 64,326
live individuals, were examined for this paper. Of these,
544 samples-were collected with the Smith-McIntyre grab
for the purpose of sampling the microscopic benthic fauna.
Forty-five species of foraminifera and a combined group of
miliolid juveniles, representing 32 genera and 23 families,
were found live in these samples and are used as the study
material in this paper. An additional 93 foraminifera
assemblages were found in samples collected with the Smith-
McIntyre grab for the purpose of examining the benthic
macrofauna (greater than 500u) from the collecting stations.
The foraminifera found in the latter samples are not
included in the statistical part of this study. However,
the six additional species are included in the systematics.
Table 3 is a list of all of the foraminifera species found
living in the BLM-SwRI study samples.

Appendix B contains the raw counts for each foramini-
fera species collected in the microfauna samples at each
of the stations during the collecting seasons. Six species
were found only in macrofauna samples, and only 7 species

were found in both the microfauna and macrofauna samples.

31
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TABLE 3--Foraminifera species found living in the BLM-SwRI
study samples.

Lagenammina atlantica {(Cushman, 1944)

Lagenammina diflugiformis (H. B. Brady, 1879)

Reophax scottii Chaster, 1892

Ammoscalaria pseudospiralis (Williamson, 1858)

Alveolophragmium sp.

Bigenerina irregularis Phleger & Parker, 1951

Textularia conica d'Orbigny, 1839

Textularia earlandi Parker, 1952

Textularia mexicana Cushman, 1922

Eggerella advena (Cushman, 1922)

Pyrgo nasut@ Cushman, 1935

Pyrgo oblonga (d'Orbigny, 1839)

Quingqueloculina compta Cushman, 1947

Quinqueloculina lamarckina d'Orbigny, 1839

Quingueloculina sabulosa Cushman, 1947

Quinqueloculina vulgaris d'Orbigny, 1826

Triloculina tricarinata d'Orbigny, 1826

Nodosaria fusta Cushman & Todd, 1945

Dentalina albatrossi (Cushman, 1923)

Lagena spicata Cushman & McCulloch, 1950

Lagena striata d'Orbigny, 1839

Lenticulina bowdenensis Cushman, 1919

Lenticulina calcar (Linnaeus, 1767)
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TABLE 3-=Continued.

Lenticulina iota Cushman, 1923

Lenticulina sp.

Marginulina obesa Cushman, 1923

Marginulinopsis marginulinoides Goes, 1896

Buliminella elegantissima (d'Orbigny, 1839)

Buliminella bassendorfensis Cushman & Parker, 1937

Bolivina lowmani Phleger & Parker, 1951

Bolivina ordinaria Phleger & Parker, 1952

Bolivina striatula Cushman, 1922

Bulimina marginata d'Orbigny, 1926

Uvigerina parvula Cushman, 1923

Trifarina bella (Phleger & Parker, 1951)

Cancris sagra (d'Orbigny, 1839)

Discorbis nitida (Williamson, 1858)

Rosalina floridensis Cushman, 1931

Eponides antillarum (d'Orbigny, 1839)

Epistominella vitrea Parker, 1953

Cibicides concentricus (Cushman, 1918)

Ammonia beccarii (Linne, 1758)

Elphidium gunteri Cole, 1931

Fursenkoina complanata (Egger, 1893)

Fursenkoina pontoni (Cushman, 1932)

Fursenkoina sp.

Virgulinella pertusa (Reuss, 1861)
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TABLE 3--Continued.

Cassidulina crassa d'Orbigny, 1839

Florilus atlanticus (Cushman, 1947)

Nonionella basiloba Cushman & McCulloch, 1940

Melonis barleeanum (Willijiamson, 1858)
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Appendix C is a list of raw counts for foraminifera species
collected in the macrofauna samples during each of the
collecting seasons. All the results discussed in this
paper, except for the living/total ratio, are based on the
living population data.

Of the 46 foraminiferal taxa used as the study material

for this paper, two species, Nonionella basiloba and

Buliminella bassendorfensis, account for almost 76 percent

of the total live foraminiferal population. In addition,

two other species, Bolivina lowmani and Fursenkoina compla-

nata, each account for approximately 6 percent of the total
live foraminiferal population. Text-figs. 6-9 show the
distribution of these species at the collecting sites in
percentage of total foraminiferal population. All other
species comprise less than 5 percent of the total living
foraminiferal population, and their distributions are not
plotted.

The dominant foraminifera in the study area (Nonio-

nella basiloba, Buliminella bassendorfensis, Bolivina

lowmani) are representative of a typical inner shelf delta
assemblage with high standing crops (Walton, 1964; Lankford,
1959; Lutze and Wolfe, 1976). Abundant foraminifera species
were generally represented by high counts of juveniles,

possibly coinciding with seasonal "blooms" of these species.
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TEXT-FIG. 6--Distribution of Nonionella basiloba as a

percentage of total live foraminiferal population.
Upper percentage--spring.
Middle percentage--summer.
Lower percentage--winter.

Single numbers at collecting sites are for summer.
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TEXT~-FIG. 7--Distribution of Buliminella bassendorfensis

as a percentage of total live foraminiferal popula-
tion.

Upper percentage--spring.

Middle percentage--summer.

Lower percentage--winter.

Single numbers at collecting sites are for summer.
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TEXT-FIG. 8--Distribution of Bolivina lowmani as a percen-

tage of total live foraminiferal population.
Upper percentage-—-spring.
Middle percentage--summer.
Lower vercentage--winter.

Single numbers at collecting sites are for summer.
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TEXT-FIG. 9--Distribution of Fursenkoina complanata as a

percentage of total live foraminiferal population.
Uoper percentage--spring.
Middle percentage--summer.
Lower percentage--winter.

Single numbers at collecting sites are for summer.
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High juvenile counts for Nonionella basiloba and Bulimi-

nella bassendorfensis were typical in the spring samples,

although juveniles were present for all collecting

seasons. The highest juvenile counts for Ammonia beccarii

and Lagenammina atlantica occurred in the winter.

The adult foraminifera from the study area are small.
Phleger (1976) noted that the average specimen size,
particularly of the dominant species, is generally smaller
in faunas with large populations than in those with low
standing crops. This is because the specimens mature and
reproduce rapidly under optimum conditions of abundant food
and relatively pleasant physical surroundings. Lankford
(1959), studying the foraminifera of the east Mississippi

delta margins, found that Bolivina lowmani and Nonionella

basiloba are about 20 percent smaller in zones of high
production than in zones with lower standing crops.

Bradshaw (1957) found that when specimens of Ammonia
beccarii were grown under conditions of abundant food and
optimum temperature and salinity, they reproduced rapidly
and individuals were relatively small. Specimens grown
under marginal conditions grew more slowly and were
larger in size than the others.

Two species found in the samples in relatively high

numbers (Fursenkoina sp. and Lenticulina sp.) apparently
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have not been described and named in the foraminiferal
literature for the Gulf of Mexico used for this paper.
If a more thorough research of the foraminiferal litera-
ture shows that these two species indeed have not been
previously described and do not have a valid name, then

this will be done.

Juvenile Identification
Juvenile foraminifera of the dominant species (Nonio-

nella basiloba, Buliminella bassendorfensis) in the samples

were easy to identify. A size range of individuals with
from 3 to 12 chambers was commonly present in most of the
samples, and all the sizes between the 3-chambered juve-
niles and the 1l2-chambered adults were noted.

Identification of miliolid juveniles was difficult.
The reasons for this are the guniqueloculine arrangement of
the first chambers in the miliolid group and the occurrence
of several miliolid species together in the samples. Two
hundred and five specimens were unidentified and were grouped
together for statistical purposes as miliolid juveniles.

Bigenerina irreqularis juveniles also were hard to iden-

tify. These foraminifera are initially biserial and become
uniserial when about half their adult size is reached. The

biserial stage was first tentatively identified as a species
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of Textularia, until samples were found that contained both
juvenile and adult stages and the transition could be noted.

No juveniles of Eponides antillarum were found in the

samples. As it is unlikely that this species has no juve-
niles, alternative hypotheses must be considered. Episto-

minella vitrea may be the juvenile of Eponides antillarum.

It is abundant in the spring, when specimens of E. antil-
larum are found mainly in the macrofauna samples, and it
is virtually absent in the summer and winter, when speci-

mens of E. antillarum are common in the microfauna samples

but absent from macrofauna samples. However, as there are
differences in the apertures of the two species, they may
both be valid, and other reasons may be ncessary to explain
the failure to find juvenile specimens of Eponides

antillarum.

It was generally found that juvenile foraminifera are
sufficiently like the adult forms for easy identification,
when both stages are present in the samples. Large cham-

bered species like Fursenkoina pontoni are easiest to

identify.

Density
For the spring collections, a low of 2,858 indivi-

duals per 10 cm2 was estimated at P02 W500 and W2000, and a
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high of 309,382 individuals per].()cm2 was estimated at
Cc22.

For the summer collections, a low of 124 individuals
perl()cm2 was estimated at S13 N500 and S15 N500, and a
high of 372,154 individuals per 10 cm2 was estimated at
PO4 s52000.

For the winter collections, a low of 994 individuals
per 10 cm2 was estimated at PO2 E500, and a high of 88,625
individuals perl’()cm2 was estimated at PO3 E2000.

In the BLM South Atlantic Outer Continental Shelf
project, Sen Gupta (1979) and Sen Gupta, Lee and May (1981)
reported densities of 10 to 65,420 individuals per 10 cm2.
Matoba (1976) reported a high of 432 individuals per 10
cm2 off the mouth of the Yoneshiro River in the Japan Sea.

In the Gulf of Mexico, Walton (1964) reported up to
1000 individuals per 10 cm2 in shallow water (11-18
meters). Phleger (1955) found an average of 9,000 indi-
viduals per 10 cm2 in the Mississippi delta. Lankford
(1959) reported populations of 8,240 individuals per 10 cm2
in the same area. Parker (1954) reported 206 individuals

2 in the northeastern Gulf of Mexico. In the BLM

per 10 cm
South Texas Outer Continental Shelf project, Anepohl (1976)

reported densities of 435 individuals per 10 cmz. Bock
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(1974) reported densities up to 77,333 individuals per
10 cm2 in the MAFLA area.

The densities reported in this study are much higher
than generally reported. Sample preparation and processing
appears to be partly responsible for the high population
counts in the study area. The wet picking method preserves
the tests of juveniles and delicate species that would be
destroyed in the drying process.

The large standing crop of foraminifera on the south-
western Louisiana shelf is also partly caused by the
presence of the Mississippi River nearby. Phleger (1976)
stated that the principal factor governing the size of
the standing crop of living foraminifera is the quantity
of available food. Because there is a rich supply of
nutrients and other trace materials associated with rivers
transporting high sediment loads, large populations are
found to occur on the shelf off the distributaries of the
Mississippi.

Many of the most abundant species were represented by
high counts of juveniles, possibly coinciding with a
seasonal "bloom" of these foraminifera. Juveniles of

Nonionella basiloba and Buliminella bassendorfensis were

present in samples from all of the collecting seasons,

although they were most numerous in the spring. Juveniles
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of Ammonia beccarii and Lagenammina atlantica were more

abundant in the winter.

The low standing crops at P02 for the spring and
winter collections are apparently caused by rapid sedimen-
tation rates and excessive turbidity (Galloway, 1978).

PO2 is the shallowest of the primary study sites and is
most affected by the westward movement of the sand and silt
discharged by the Mississippi River. Frerichs (1969)
observed a reduction in the benthonic foraminifera popula-
tions in areas of rapid sedimentation and high turbidity.

The low standing crops at the shallow inshore stations
in the summer were probably caused by the low dissolved
oxygen found over much of the area. The highest standing
crops in the summer were generally found at the deeper
water stations. PO4 had the highest estimated standing crop
in the summer collecting season. These high standing crops
at the deep water stations are probably caused by the rela-
tive stability of the physical conditions. At 45 meters
water depth, P04 would be the least affected of all the
primary platforms and control sites by storm and current
action, runoff, and temperature and salinity changes. Not
enough information is available to explain the low standing
crops at S15 (98 meters) and S13 (51 meters) for the summer

collecting season.
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High standing crops in the study area appear to follow
seasonal trends. The highest standing crops occur in the
spring and summer, when temperatures are high and ocean
waters are warm, and the lowest standing crops occur in the
winter when temperatures are low and ocean waters are

colder.

Pathology
The condition of the foraminifera with regard to
abnormalities that might indicate industrial and chemical
pollution caused by o0il drilling and production activities
was noted throughout the study.

Several specimens of Buliminella bassendorfensis were

noted to have two and three apertures in these samples. A

single specimen of Nonionella basiloba with two apertures

was also found. These abnormalities were probably caused
by breakage of the apertural chamber. When the broken part
of the last chamber is not healed, a second, and even
third, aperture is created (Cushman & Jarvis, 1930;
Ellison, 1953; Dhillon, 1969, 1970).

Several specimens of Nonionella basiloba and Florilus

atlanticus with irregular chambers were found in the

samples. Myers (1943) noted that chambers added in the

summer are often larger than those formed during the
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winter, giving the test a somewhat irregular form. Any
rapid change in the physio-chemical environment (such as
salinity, nutrient supply, temperature, trace element
concentration) may be reflected in the normal rate and

nature of test growth. Some of the Cibicides concen-

tricus individuals in the samples show test irregularities
caused by attachment to a hard substrate (Boltovskoy &
Wright, 1976).

A single twinned specimen of Ammonia beccarii was

found in the samples. Twinned Globigerina specimens were

previously observed by Earland (1933, 1934, 1936), who
explained their origin as the result of plastogamy, and
Boltovskoy (1966) and Boltovskoy & Boltovskoy (1970).
Boltovskoy considered the plastogamy explanation unsatis-
factory because of the size differences between the two
participants and because the apertures were not in proxim-
ity with each other. Apparently the true origins of
twinned tests are unknown.

Several specimens of Ammoscalaria pseudospiralis with

turbellarian cocoons attached were found in the samples.
Some deformation of the tests results, because the fora-
minifera enveloped the cocoons with new chambers. Turbel-

larian cocoons have been described as epibionts
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(Boltovskoy, 1963) and parasites (Le Campion, 1970).

The small number of abnormal individuals found in
the samples does not seem excessive, and it appears that
most of these deformities can be explained by mechanical

causes. Buliminella bassendorfensis seems susceptible

to abrasion of the final chamber, and creation of new
apertures is probably common in this species.

There are no apparent foraminiferal abnormalities
caused by pollution from oil drilling and production

activity in the study area.

Live/Total Ratios

The live/total ratios at the study sites are shown
in Table 4. The ratios were highest in the spring, lower
in the summer, and lowest in the winter. Both the highest
and lowest ratios occurred at the secondary platforms.
S10 had a live/total ratio of 0.390; s07, s13, sl1l4, sl15,
S17, and S20 had no live foraminifera. The most abundant
live specimens in the slides were the same species which

occurred in large numbers in the wet samples (Nonionella

basiloba, Buliminella bassendorfensis, Bolivina lowmani,

and Ammonia beccarii). Generally, the live/total ratios

fluctuate with the size of the standing crops at the

primary platforms and control sites. The largest standing
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TABLE 4. Live/total ratios of Foraminifera by site and

collecting season.

Live/Total Ratio

Site Spring Summer Winter Average
PO1 0.070 0.004 0.003 0.026
P02 0.144 0.167 0.000 0.104
PO3 0.270 0.082 0.034 0.129
PO4 0.275 0.196 0.078 0.183
S05 0.032

S06 0.006

S07 0.000

s08 0.285

S09 0.017

s10 0.390

sl1 0.067

s12 0.211

S13 0.000

S14 0.000

s15 0.000

S16 0.103

s17 0.000

s18 0.000

Ss19 -

S20 0.000

c21 0.330 - 0.067

c22 0.190 - 0.054

c23 0.080 0.101 0.008

c24 0.208 0.203 0.024
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crop and live/total ratios at most of the study sites oc-
curred in the spring at PO3 and PO4. Lower standing crops
and live/total ratios were found in the summer at the pri-
mary platforms and control sites. Most stations had the
lowest of all foraminifera standing crops and live/total
ratios in the winter. PO4 had the highest live/total ratio
of all primary platforms and control sites for the winter
sampling season, although the ratio was lower than ratios
for the spring and summer at PO4.

Commonly the live/total assemblages (300 specimens)
contained fewer than 75 live foraminifera. It is believed
the drying process destroys the shells of the juveniles,
which are delicate, and which make up a large percentage of
the specimens in the wet samples. Small tests are not abun-
dant in the dead material in the assemblages, although they
normally comprise a big percentage of the live population in
the wet samples. In future studies estimating foraminifera
densities using live/total ratios, data from wet samples ap-

parently would be more accurate than that from dried samples.

Relict Faunas.

Some of the live/total slides contain dead species
which have not been found alive in any of the material.

The dead species include Reussella atlantica, Amphicoryna
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roedereri, Rectobolivina advena, Lenticulina lowmani,

Lenticulina sp., Bolivina simplex, B. mexicana, B. spinata,

Globigerinoides rubra, Guttulina sp., Saracenaria sp.,

Textularia spp., Eponides sp., Lagena sp., and Globoro-

talia spp. These species are not included in the system-—
atics. Many of these species were identified by Andersen
(1961) from mudlump islands off the mouth of the passes of
the Mississippi River and may be eroding from previously
deposited marine sediments and being redeposited as part of
the sediment load of the Mississippi River. Storm tides
may also be responsible for moving the empty foraminiferal
tests into the area from deeper waters. An alternative
explanation is that the species are living in the area but
are extremely rare and no live specimens were found.

The dead species are distributed uniformly throughout
the sampling area. They are not concentrated at any of

the collecting sites.

Skeletal Composition.

The skeletal composition plots for the live assemblages
look like the composition plots for the dead assemblages
(Text-fig. 10). The Rotaliina comprise 90-100 percent of
the total assemblage in both sets of plots. Except for a

few individuals of species that were not found living in
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TEXT--FIG. 1l0--Triangular plots of percentages of rotaliid,
miliolid, and textulariid foraminifera found in the
wet samples and in the live/total slides from the

N 500 3.D or C 3.D samples, all collecting seasons.

1., Primary Platforms and Control Sites, Spring.
2. Primary Platforms and Control Sites, Summer.
3. Primary Platforms and Control Sites, Winter.

4, Secondary Platforms, Summer.
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the area, the species composition is also the same. Signi-
ficant post mortem changes, such as dissolution of the
calcareous tests and transportation and mixing effects,
were not noted.

The Rotaliina are the most abundant foraminiferal group

in the study area. Nonionella basiloba, Buliminella

bassendorfensis, and Bolivina lowmani are the dominant

species at all of the primary platforms. However, each
platform is characterized by a slightly different associa-
tion of less abundant foraminifera species. Miliolina are
absent at PO4, and only a few are found at POl and PO3.

PO2 has a large number of Quinqueloculina vulgaris that

accounts for greater than 10 percent of the total live
population at most of the stations. P02, the shallowest
of the primary platforms, is also characterized by abundant

Ammonia beccarii. Buliminella elegantissima and Bolivina

striatula are common species at P0O2. Although a variety
of textulariine species occur at all of the primary plat-

forms, except for Lagenammina atlantica, a common species,

they are rare (less than 1 percent of the total live popu-

lation). Another textulariine, Reophax scottii, was common

at PO4 in the spring and summer samples. The deeper water

primary platforms, PO3 and PO4, have large populations of
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Cibicides concentricus, Epistominella vitrea, and Fursen-

koina complanata that were not found in large numbers at

the other primary platforms.
The control sites are more homogeneous in foramini-
fera species composition than the primary platforms.

Nonionella basiloba was the dominant species at C21, C22,

and C23. Buliminella bassendorfensis and Ammonia beccarii

are dominant at C24. Bolivina lowmani is also a prominent

species at C21 and C22. The miliolines are not an impor-
tant group at any of the control sites. Although a variety
of textulariine are found at all of the control sites, they
are rare.

Nonionella basiloba and Buliminella bassendorfensis

are the dominant species at all of the secondary platforms
in the summer collecting season. In addition, Bolivina

lowmani is abundant at S10 and S11, Fursenkoina complanata

is abundant at S09, and Ammonia beccarii is abundant at

S12. The other species found in the study area occur
sporadically at the secondary platforms. Species not found
in samples from any of the other stations were collected at
the deep water secondary platforms S15 (98 meters) and S17

(75 meters). They are Lenticulina bowdenensis, Lenticulina

calcar, Nodosaria fusta, and Dentalina albatrossi. These
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species are found only in the macrofauna samples (greater
than 500u). Because of their large size, they are not
found in any of the microfauna samples from S15 and S17.
Large numbers of Textulariina, known to thrive in
polluted areas (Bandy, Igle and Resig, 1964a, 1964b, 1965a,
1965b), are not present in the samples. There are no
apparent negative effects of petroleum drilling and produc-
tion activity on the skeletal makeup of the foraminiferal

population in the study area.

Species Diversity and Equitability

Species diversity is the relationship of the number
of species to the number of individuals in an assemblage
and is recognized as a measure of environmental stability.
Unstable environments are generally inhabited by a few
species that occur in large numbers (Lankford, 1959;
Walton, 1964; Gibson, 1966; Murray, 1971; Valentine, 1973;
Lutze & Wolfe, 1976). If all assemblages contained the
same number of individuals, the numbers of species could
be compared directly. However, it is generally necessary
to compare different sizes of assemblages. Diversity
values for the foraminifera samples collected in this study
have been determined by means of the Fisher alpha index

(Fisher, Corbett & Williams, 1943). These values are given
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in Appendix D and summarized in Text-figs. 11-13.

The expression for the Fisher alpha is a=§l, where
x is a constant having a value less than one (this can
be read from fig. 25 of Williams, 1964), and n; can be
calculated from N(1 - x), N being the size of the popu-
lation (Fisher, Corbett & Williams, 1943). Because curves
have been plotted that allow diversity to be read directly
when the number of species and the number of individuals
is known, it is not necessary to calculate alpha for each
sample.

Murray (1968, 1971, 1973, 1976, 1979) and Wright and
Murray (1972) have effectively used the Fisher alpha index
to describe populations of living foraminiera in many kinds
of environments (lagoons and estuaries, tidal marshes,
deltas, and open ocean).

The diversity values for the foraminiferal populations
in the study area fall within the range of diversity found
by Murray (1973, fig. 101) for nearshore shelf seas. The
diversity values are low and generally do not exceed a=5.

In general, in the spring and summer, stations at POl
had the lowest diversity, and stations at PO2 had the

highest diversity. In the winter, diversity was high at

stations around PO3 and PO4 and at all control sites except
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TEXT-FIG. ll--Fisher-Alpha diversity at all primary plat-
forms and control sites for the spring collecting

season.
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TEXT-FIG. 12--Fisher-Alpha diversity at all primary and
secondary platforms and control sites for the summer

collecting season.
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TEXT-FIG. 13--Fisher Alpha diversity at all primary plat-
forms and control sites for the winter collecting

season.
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C22. Diversity was low at POl and P02 stations and at
c22.

Both POl and PO2 are shallow inshore platforms.
Although P02 had lower standing crops than POl, it has a
miliolid fauna not found at POl. The higher diversity of
the deeper water platform stations in the winter is probably
because the environmental conditions are somewhat more
stable in the deeper waters than at the shallower platforms.
Temperatures are colder at the inshore stations, and these
stations would also be the most affected by sediment move-
ment during winter storms. Fresh water runoff, which is
more abundant in the winter, would also affect the shallower
stations more than the deeper stations.

Species diversity is low over this entire area of the
Louisiana shelf. 1In general, the low diversity is caused
by the large range of seasonal temperatures, movement of
sediment by currents and tides, and, to a lesser degree,
the variations in salinity, and does not appear to be
influenced by the petroleum drilling and production

activity.
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RESULTS OF STATISTICAL ANALYSES
Cluster Analysis

The cluster dendrograms are in Text-figs. 14-17.
Douglas (1972), Brasier (1975), Sen Gupta (1979), and
Scott, Schafer and Medioli (1980) have successfully
applied cluster analysis to foraminiferal problems.

The entire foraminifera data set was used for the
cluster analysis programs for each collecting season. At
the 0.90 significance level, there is not much dissimi-
larity in the clustering levels of the stations in the
study area. However, a depth gradient does exist in the
area, and this is apparent in the small clusters of stations
from the same platform within the larger cluster groups.
Arbitrary cluster groups are identified by letters on the
dendrograms, and these letters are then used to show the
clusterings on the cluster distribution maps. The summer
dendrogram for the primary platforms and control sites
shows this clustering most clearly. When the secondary
platform stations are included in the cluster for the
summer, the secondary stations are interspersed among the
primary stations.

The clustering of the control sites was somewhat

different than expected. In the spring, C21 and C22 paired
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TEXT-FIG. l14--Results of Q-mode cluster analysis, primary
platforms and control sites, spring. Arbitrary

cluster groups are identified by letter symbols.
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TEXT-FIG. 15--Results of Q-mode cluster analysis, primary
platforms and control sites, summer. Arbitrary

cluster groups are identified by letter symbols.
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TEXT-FIG. 16--Results of Q-mode cluster analysis, primary
and secondary platforms and control sites, summer.
Arbitrary cluster groups are identified by letter

symbols.
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TEXT-FIG. 17--Results of Q-mode cluster analysis, primary
platforms and control sites, winter. Arbitrary

cluster groups are identified by letter symbols.
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together and were included in a cluster of PO3 stations.
C23 paired, as was anticipated, with a station from PO4.
However, C24 paired with a station from POl. In the
summer dendrogram for the primary platforms and control
sites, both C24 and C23 paired with stations from PO1l, C21
paired with a station from PO2 and C22 paired with a
station from PO3. In the fall, C22 and C24 were most
similar to each other, C21 was most similar to stations
from POl, and C23 paired with a station from PO4.
Text—-figs. 18-21 show the distribution of the major
clusters. As many workers have found, water depth
appears to be a major factor in foraminiferal species

distribution in the study area.

Analysis of Variance

Two-way ANOVA tests were performed on numbers of
individuals of species compared with seasons, and on
numbers of observations for each species compared with
seasons. Some significant difference was found for both
of these tests at the 0.05 percent level. The results
are reported in Appendix E.

One-way ANOVA tests were performed on replicate
samples at collecting stations for each species for each

collecting season. It was found that there was a greater
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TEST-FIG. 18--Distribution of station clusters, primary
platforms and control sites, spring. Clusters A,
B, C, and D identify arbitrary cluster groups as

shown on the spring cluster dendrogram.
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TEXT--FIG. 19--Distribution of station clusters, primary
platforms and control sites, summer. Clusters A,
B, C, and D identify arbitrary cluster groups as

shown on the summer dendrogram.
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TEXT--FIG. 20--Distribution of station clusters, primary
platforms, secondary platforms, and control sites,
summer. Clusters A, B, C, and D identify arbitrary

cluster groups as shown on the summer dendrogram.
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TEXT-FIG. 21--Distribution of station clusters, primary
platforms and control sites, winter. Clusters A,
B, C, and D identify arbitrary cluster groups as

shown on the winter dendrogram.
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variation among the stations than there was within the
replicate samples when the species occurred at a large
proportion of the collecting stations. When the species
occurred at only a few stations, but in many of the
replicate samples, there was a greater variation within

the replicate samples than among the stations. The results
of the ANOVA tests for each significant species are found
in Appendix E.

As shown by the two-way ANOVA tests, there is some
seasonal variation in the foraminifera population in the
study area. Although population counts are lowest in
the winter, the composition of the fauna does not change

markedly. Nonionella basiloba and Buliminella bassen-

dorfensis continue to be the dominant species in the
samples in every collecting season. However, Ammonia

beccarii and Lagenammina atlantica occur in the winter

samples in large numbers and account for much higher percent-
ages of the total live foraminiferal population than when
ali collecting season counts are combined.

The one-way ANOVA tests show that species composition
varies from station to station. The dominant species are
quite constant between replicate samples at individual

stations, but their numbers may vary considerably between
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stations. Rarer species, which are found at only a few
of the collecting stations, vary considerably between the
replicate samples at the individual stations. Changes in
species composition from station to station are closely

related to water depth.

Correlation Coefficients
Correlation coefficients were calculated that compare

total foraminifera counts, total Buliminella bassendor-

fensis counts, and total Nonionella basiloba counts with

weight percent of total organic carbon; barium, cadmium,
chromium, copper, iron, lead, nickel, vanadium, and zinc

in ppm; and mean sediment grain size. Except for the trace
elements, which were measured in the spring at the primary
platforms and control sites and in the summer at the
secondary platforms, the data are for all collecting
seasons. The correlation coefficients are shown in

Table 5.

The correlation values are so low that no significant
trends are apparent. Significance was determined from
Koch and Linck (1971), Table 1-A. Thirty-six pairs of
variables were calculated for the primary platforms and
control sites, 32 pairs of variables for the secondary

platforms.



TABLE 5--Correlation coefficients comparing total foraminifera counts, total Buli-

minella bassendorfensis counts, and total Nonionella basiloba counts with total

organic carbon, trace metals, and mean sediment grain size, all collecting

seasons.
Total Mean
Organic Grain
SPRING Carbon Barium Cadmium Chromium Copper Iron = Nickel Lead Vanadium Zinc Size
Total Fora-

minifera 0.3516* 0.0330

0.0919 0.4076* 0.1156 0.2148 0.0190

0.4343* 0.1845 0.3627* 0.1648

‘BuTiminelTa
bassendor-
fensis 0.4597* 0.1488

0.3536* 0.6660* 0,1523 0.3955* 0.0306

0.7733* 0.1966 0.4920* 0.3606*

Nonionella
basiloba 0.1246 0.2416

0.0592 0.1580

0.0400 0.0075 0.0445

0.0851

0.0637 0.2073 0.0539

SUMMER

Total Fora-
minifera 0.1220

0.0473

Buliminella
basssendor-
fensis 0.2630

0.2294

Nonionella

"basiloba  0.1599

0.2488

06



TABLE 5--Continued.

Total Mean
Organic Grain
SUMMER Carbon Barium Cadmium Chromium Copper Iron Nickel Lead Vanadium Zinc Size
Secondary
Platforms
Total Fora-

minifera (0.0188 0.0614 0.1414 0.2468 0.0163 0.2354 0.2127 0.0436 0.1645 0.3420* 0.1170

Buliminella
bassendor-
fensis 0.0305 0.1311 0.0348 0.2121 0.0247 0.1882 0.0863 0.1245 0.1053 0.4563* 0.0397

TNonionelTa ,
~basiloba (0.0568 0.0175 0.2089 0.2094 0.0540 0.2007 0.2776* 0.0467 0.1588 0.1622 0.1944

WINTER

Total Fora- .
minifera 0.4898* _ 0.6116*

Buliminella
bassendor-
fensis  0.0326 0.1274

Nonionella
basiloba 0.4587* 0.6350*

Correlation coefficients for foraminiferal groups and total organic carbon, trace metals, and mean
sediment grain size.

*Indicates significance from Table 1-A, Koch and Link (1971).

T6
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Mean Grain Size.

The correlation coefficients that compare mean grain
size against total foraminifera and total specimens of

Nonionella basiloba show no signifibance in the spring

and summer. However, comparison of Buliminella bassendor-

fensis with mean grain size shows a high correlation at
the primary platforms and control sites for the spring
collecting sezson. However, there is no clear reason why

this high correlation exists. Comparisons of Buliminella

bassendorfensis with mean grain size for the summer and

winter are not significant. Comparisons of total foramin-

ifera and Nonionella basiloba with mean grain size for the

winter season show high correlations. The numbers of

Nonionella basiloba increase as mean grain size increases.

This presumably explains the high correlation for the total

foraminifera counts. The high Nonionella basiloba counts

all came from PO3 at stations where sand and silty sand
was found and may be an indication of the species' optimum
substrate and depth requirements in the study area.

There were no significant correlations between forami-
nifera groups and mean sediment grain size at the secondary

platforms.
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Total Organic Carbon.

Comparisons of total organic carbon with foramini-
fera groups show high correlations for total foraminifera

and Buliminella bassendorfensis in the spring and total

foraminifera and Nonionella basiloba in the winter. 1In

the spring, Buliminella bassendorfensis increased in

numbers as the total organic carbon content of the sedi-

ment increased. The highest counts of Buliminella bassen-

dorfensis were from silty sediments at PO4. In the

winter, the numbers of total foraminifera and Nonionella

basiloba increased as the total organic carbon content of

the sediment decreased. High counts of Nonionella

basiloba occur in the sandy sediments at PO3 that contain
small amounts of organic carbon.
There was no high correlation of foraminifera and

total organic carbon in the summer.

Trace Elements.

High correlations of chromium, lead, and zinc with the
total foraminifera population, and of cadmium, chromium,

iron, lead, and zinc with Buliminella bassendorfensis were

calculated for spring at the primary platforms and control
sites. There are apparent increases in numbers of both

groups as the trace metal content of the sediment increases.
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In the summer, at the secondary platforms, high correla-

tions of total foraminifera and Buliminella bassendorfensis

with zinc, and Nonionella basiloba with nickel were calcu-

lated. Large numbers of Buliminella bassendorfensis were

found in the silts around PO4 in the spring. Large

numbers of Nonionella basiloba are correlated with the

lowest amounts of nickel at the secondary platforms in the
summer. These are generally platforms with coarse silt to
very fine sand sediments. No other significant correla-

tions of trace metals with the foraminifera were calculated

for the secondary platforms. Apparently Buliminella

bassendorfensis prefers the fine-grained sediments and

these are the sediments that trap and hold the trace
metals (SwRI Final Report, 1980). Not enough information
exists to explain the high nickel counts at the secondary
platforms in the summer. Similar high nickel levels were
not found at the primary platforms and control sites in
the spring.

Significant trends in the correlation of foraminifera
groups with organic carbon, trace elements, and mean grain
size apparently are closely related to water depth.

Buliminella bassendorfensis prefers fine-grained sediments

in deeper waters that trap high amounts of trace elements
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and organic carbon. Nonionella basiloba prefers shallower

waters and coarser grained sediments, and the coarse-
grained sediments trap and hold lesser amounts of trace

metals and organic carbon.

Summary of Statistical Analyses

Q-mode cluster analysis of the foraminifera shows
little dissimilarity in the clustering levels of the
stations in the study area. Small clusters of stations
from the same platform within the larger cluster groups
are apparently related to water depth.

Two-way ANOVA tests on numbers of individuals of
species compared with seasons, and on numbers of observa-
tions of each species compared with seasons show slight
significant seasonal variations in the foraminifera popu-
lation in the study area. One-way ANOVA tests show that
species composition varies from station to station.

Correlation coefficients calculated by comparing
foraminifera groups with total organic carbon, trace metals,
and mean sediment grain size, indicate that high correla-
tions of these variables are closely associated with water

depth. Buliminella bassendorfensis apparently prefers

deeper waters where fine-grained sediments trap and hold

relatively large amounts of trace materials and organic
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carbon. Nonionella basiloba prefers the coarser-grained

sediments at the shallower water stations, and lesser
amounts of trace metals and organic carbon are trapped in
these sediments.

There are no apparent negative effects of petroleum
drilling and production on the foraminiferal population
in the study area. Foraminiferal distribution trends are
closely related to water depth and do not seem to be

influenced by the activities of the offshore oil industry.



FORAMINIFERAIL DISTRIBUTION TRENDS
The foraminifera in the study area are typical of an
inner shelf assemblage with high standing crops and low
diversity. Although the water depths of the collecting sta-
tions range from 6 to 98 meters, two foraminifera species,

Nonionella basiloba and Buliminella bassendorfensis, were

found to be dominant throughout the sampling area. A chart
of the depths at which each of the foraminifera species were
found is shown in Table 6. This apparent lack of depth zona-
tion for the dominant foraminifera species may be in part at-
tributed to the runoff from the Mississippi River. Because
the study area is near the Mississippi delta, deltaic condi-
tions may still be influencing the findings. The wet picking
methods may also be influencing the findings. Because many
of the individuals are juveniles, keeping the samples wet
preserved delicate juvenile tests that might have been des-
troyed in the drying process.

Seasonable distribution of the foraminifera species is
not significant in the study area. The two dominant

species, Nonionella basiloba and Buliminella bassendorfensis,

are dominant in every collecting season, although in reduced
numbers in the summer and winter. Other species (Ammonia

beccarii, Epistominella vitrea, Lagenammina atlantica) do

97



Table 6. Depth Ranges for Foraminifera

LAGENAMMINA ATLANTICA
LAGENAMMINA DIFLUGIFORMIS
REOPHAX SCOTTII
AMMOSCALARIA PSEUDOSPIRALIS
ALVEOLO'PHRAGMIUM SP.
BIGENERINA IRREGULARIS
TEXTULARIA CONICA
TEXTULARIA EARLANDI
TEXTULARIA MEXICANA
EGGERELLA ADVENA

PYRGO NASUTA

PYRGO OBLONGA
QUINQUELOGULINA COMPTA
QUINQUELOCULINA LAMARCKINA

QUINQUELOCULINA SABULOSA

100m
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Table 6. (Continued) © 10 20 30 40 S50 60 70 80 90 100m

QUINQUELOCULINA VULGARIS ——

TRILOCULINA TRICARINATA -

NODOSARIA FUSTA | T ——
DENTALINA ALBATROSSI -
LAGENA SPICATA T —

LAGENA STRIATA ‘ -

LENTICULINA BOWDENENSIS ) -
.LENTICULINA CALCAR ————

LENTICULINA 10TA

LENTICULINA SP.

MARGINULINA OBESA . -
MARGINULINOPSIS MARGINULINOIDES -

BULIMINELLA ELEGANTISSIMA

BULIMINELLA BASSENDORFENSIS

BOLIVINA LOWMANI

66



Table 6. (Continued)

BOLIVINA ORDINARIA
BOLIVINA STRIATULA
BULIMINA MARGINATA
UVIGERINA PARVULA
TRIFARINA BELLA
CANCRIS SAGRA
DISCORBIS NITIDA
ROSALINA FLORIDENSIS
EPONIDES ANTILLARUM
EPISTOMINELLA VITREA
CIBICIDES CONCENTRICUS
AMMONIA BECCARI
ELPHIDIUM GUNTERI
FURSENKOINA COMPLANATA

FURSENKONIA PONTONI
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Table 6. (Continued)

FURSENKOINA SP.
VIRGULINELLA PERTUSA
CASSIDULINA CRASSA
FLORILUS ATLANTICUS
NONIONELLA BASILOBA

MELONIS BARLEEANUM

100 m

10 20 30 40 50 60 70 80 90
1 ] 1 1 ] 1 1 1 1
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show seasonal variations. Both Ammonia beccarii and

Lagenammina atlantica are most abundant in the winter, and

Epistominella vitrea is abundant only in the spring.

The primary controlling factor on the less common
foraminifera species in the assemblages appears to be water
depth. At the primary platforms, miliolina are absent at
POl and PO4, abundant at PO2, and rare at PO3. Quinque-

loculina vulgaris is the dominantmilioline at PO2. A

variety of textulariina are present at all of the primary
platforms. However, they are most abundant at PO3 and

PO4. Reophax scottii is common at PO4 in the spring and

summer and Lagenammina atlantica is common at both P03 and

PO4. The rotaliine Bolivina lowmani is found at all of

the primary platforms, but is most abundant in the winter

at POl and P0O2. Cibicides concentricus is abundant at

PO3 and PO4 in t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>