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FOREWORD

This study 1s the result of the combined efforts of scientists and
support personnel from three Universities. The study was carried out on
behalf of the U.S. Bureau of Land Management and with the close cooperation
of that agency. It is part of a four element study* of the South Texas
Outer Continental Shelf. The hard work of all participants is a measure of
their concern that the living resources of the outer continental shelf be
prdtected while the area is being used for petroleum production. Thanks

to each one.

* The other elements are (1) Geglogical Investigatioms, U.S. Geological
Survey, (2) Physical Oceanography and Fisheries, U,S. National Marine

Fisheries Service, and (3) Topographic Features Study, Texas ASM University.
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INTRODUCTION

Purpose and Scope of Study

The purpose of this study was to carry out detailed observations and
measurements of the biology and chemistry of the South Texas outer continen-
tal shelf. The study was ordered so as to include a broad survey in terms
of the number of stations and the frequency of sampling. The study is for
the most part descriptive as contrasted to specific process studies which
could have been made. However, this first year's report demonstrates that
the study plan has resulted in a large and highly significant mass of new
environmental data. This study is an excellent example of a national and
a scientific need coinciding.

In 1974, the Bureau of Land Management was authorized to initiate a
National Outer Continental Shelf Environmental Studies Program. The objec~-
tives of the program as stated by the BLM are:

- provide information about the OCS enviromment that will enable the
Department and the Bureau to make sound management decisions regard-
ing the development of mineral resources;

- provide basis for predicting the impact of oil and gas exploration
and development on the marine environment;

~ establish a basis for predication of impact of OCS oil and gas acti-
vities in frontier areas;

- provide impact data that would result in modification of leasing
regulations, operating regulations, or operating orders.

The initial study approach to the program, as outlined by the BLM,

is to establish environmental baselines; benchmarks in selective OCS regions

prior to oil and gas exploration.



Biological Setting

The Texas coastline is biologically and chemically a two-part marine
system; the coastal estuaries and the broad continental shelf. The area is
rich in finfish and crustaceans. The area also plays a key role in the life
cycle of many estuarine organisms in that it is the site of their spawning
(Galtsoff, 1954; Gunter, 1954). The broad shelf with its muddy bottom
supports a valuable shrimp fishery as well as a significant sports fishery.
In general the area is somewhat nutrient depleted with relatively low primary
productivity (El-Sayed et. al., 1972). Nevertheless, as a living resource
the area is valuable, contributing directly to the local economy. More
detailed descriptions of the biological setting are given in the invididual

chapters of this document.

Location of Area and Bathymetry

The South Texas OCS as described herein corresponds to the area outs
lined by the Department of the Interior for oil and gas leasing. The area
covers approximately 8,760 sq km (5,444 sq mi) and extends northward from
the International Boundary to the northernend of Matagorda Island, Texas and
seaward from the Federal-State territorial boundary 16.6 km (10.3 mi) to the
approximate position of the 200 m isobath, or outer edge of the continental
shelf. The location of the area is shown by Figure 1 and the bathymetry by

Figure 2.

Work Plan

Time Frame and Organization for Biological and Chemical Investigationms.

The investigations reported herein were initiated November 1, 1974,
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The field sampling was started in December 1974, and completed in September
1975. The laboratory analysis was complete by January 30, 1976. The Univ-
ersity of Texas Marine Science Laboratory at Port Aransas was contracted

by the Bureau of Land Management to provide logistics, ship time, management
and certain scientific efforts. The balance of the scientific effort was
provided by sub-contract between the University of Texas and Tgxas A&M Univ-
ersity and between the University of Texas and Rice University. Those
aspects of data management which required a computer were sub-contracted

to the Texas Water Development Board, an agency of the State of Texas.

The biological and chemical investigations are part of a coordinated,
multi—institutioﬁal, interdisciplinary study which includes geological,
fisheries and physical oceanography. This total effort was under the over-
all coordination of Henry Berryhill, U.S. Geological Survey, Corpus Christi
office. An integrated final report for the project will be produced by Aug-
ust 1976.

Objectives.

The central objective of the biological and chemical studies is to
provide an understanding of the living resources of the shelf so that the
impact of drilling for and production of petroleum may be assessed and con-
trolled. In order to approach this objective a broad program has been
designed. The specific program objectives include:

~ water mass characterization;

~ primary productivity as described by phytoplankton abundance,

chlorophyll-standing crop and nutrient levels;

-~ secondary productivity as described by zooplankton abundance, ATP-

standing crop and neuston abundance;

- benthic productivity as described by infaunal and epifaunal abun-



dance;

- petroleum hydrocarbon baseline levels in biota, water and sediment;
- trace metal baseline levels in biota (sediment levels measured by
USGS) .
While the program is almost entirely descriptive in nature the magni-
tude of the sampling effort and the fact that it was spread over three sea-

sons permit significant generalizations as to biological trends.

Survey Vessel.

The collections and at sea measurements were made aboard the University
of Texas, R/V LONGHORN. The R/V LONGHORN, designed and constructed as a
coastal research vessel in 1971, is a steel-hulled 80' by 24', 7' draft
ship; she carries a crew of 5 and a scientific party of 10. The R/V LONG-
HORN is a medium endurance vessel which means that weather is a factor in
her operation. Fortunately, weather and well planned cruise transects com-
bined to permit the complete sampling plan to‘be carried out in 60 days

rather than the 75 that were "planned.

Navigation and sample station locations were by Loran A. Water depth
as measured by Simrad fathometer was used as an aid to locate the benthic
sample stations.

The sampling program was repeated three times to provide seasonal
coverage; December-January, April-May and August-September. A total of 37
. scientists and technicians participated in the cruises. Chief scientists
were: Gerald P. Pfeiffer, Ned P. Smith, Richard K. Tinnin and J. Selmon

Holland.

Sampling Plan.

The sampling plan was based on 12 stations located on 4 transects as



shown in Figure 2. Each station was occupied three times during the one
year study period to allow for seasonal variations. The exact locations
are given in Table 1. The rationale for this plan was based on the experi-
ence of the program scientists. The cruise transect approach was selected
because the area is rather uniform in changes in bottom bathymetry (off-
shore and north-south wise), physical and chemical parameters. The three
seasons were selected to permit study of the water column during a cold
period, a period of mixing and a period of temperature maximum. The first
year's results have shown that the sampling plan was a sound one although
as expected more stations and more frequent sampling are recommended for

a second year study.

At each station the following sample efforts were made.

Hydrography. A PLESSEY (STD) Self-Contained Profiling System was lowered
at each of the 12 stations. The resulting salinity and temperature pro-
files provided a general characterization of the water mass. These pro-
files were supplemented with surface calibration data, using a bucket

thermometer for temperature and a BECKMAN RS~-7 Laboratory Salinometer for

salinity.

Primary Production. Water samples were taken by Niskin bottles at two

depths: surface and one-half the depth of the photic zone (determined with
a Secchi disk). Subsamples were set aside for phytoplankton taxonomy,

chlorophyll, ATP, low-molecular-weight hydrocarbons and dissolved oxygen.

Zooplankton. Two oblique tows were made for zooplankton (day and night)
using 250 micrometer mesh, one meter nets equipped with flow meters and a
BENTHOS time-depth recorder. Vertical tows were made with a 30 cm net

(74 micrometer), and water samples were taken at several depths for micro-

zooplankton studies.
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Table 1. Station Location and Depths.

LATITUDE

28°12'
27°54,5"

27°33.5'

27°40°'
27°30'

27°17.5'

26°57.5'
26°57.5'

- 26°57.5'
26°10'
26°10'
26°10"

LONGITUDE

96°27'
96°19.5'

96°06,5"'

96°59"'
96°44.5'

96°23'

97°11’
96°48"*

96°32,5'

97°00.5’
96°39°'
96°24"'

DEPTH
(meters)

18
42

134

22
49

131

25
65

106

27
47
91



Neuston. A day-time sample was taken using a one meter, 250 micrometer

net held at the sea surface by a sled.

Benthic fauna. Seven replicate bottom grab samples were taken using a

SMITH-MACINTYRE sampler having 0.1 m3 capacity. Four were reserved for
taxonomic study, one was archived and two reserved for chemical analysis.
Two trawls (day and night) were made using a 35-foot (10.7 m), standard

otter trawl and samples reserved for taxonomic and chemical analysis.

Hydrocarban. Watgr, zooplankton, neuston, epifauna, sediment and macro-
nekton samples were taken for hydrocarbon analysis. Subsamples of 30-liter
water-bottle casts were reserved for dissolved low-molecular-weight hydro-
carbon determination; special 19-liter collections were performed to collect
water for dissolved high-molecular-weight hydrocarbon determination. Zoo-
plankton net tows (day and night) were made using a standard 1 meter net
mounted on a specially constructed metal-free frame. Subsamples of sedi-
ments were taken from the benthic grabs. Neuston net tows were made with

a 1/2-meter plankton net equippéd with non-contaminating grommets and
mounted on a fiber-glassed sled. Epifaunal samples comsisting of crusta-
ceans, molluscs and fishes were collected with the otter trawl. Macronek-
ton was supplied to us by Dr. Bright (Texas A&M University, Topographic
High project) in accordance with BLM. All STOCS biological material and
sediment was frozen at sea in glass containers. Macronekton was frozen at
sea in 4 mil plastic bags. Water samples were preserved with mercuric

chloride.

Trace metals. The collections of zooplankton, neuston and benthic fauna

designated for hydrocarbon analysis were also subsampled for trace metal
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analysis. Macronekton was also supplied by Dr. Bright. All samples were

frozen at sea in plastic and held in this condition until analyzed.

A summary of samples collected by type and number is given in Table Z.

Details of methods are given in the project report.

Sample Identification. Each sample was given a preassigned, unique identi-

fication code which consists of three letters. This was done to simplify
data management. A dictionary to this code was provided for each investi-

gator.
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Table 2. Summary of Samples Collected by Type and Number.

Type
Phytoplankton
Zooplankton
Neuston

Benthos
Hydrography

Light Hydrocarbon
Heavy Hydrocarbon
Trace Metal
Microzooplankton

Quality Control

Number

72
144

36
313

72
146
432
396
201

140
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INTRODUCTION

The hydrographic component of the Texas OCS Study had two primary
purposes. The first was to provide temperature and salinity data in
support of other components of the OCS Study which may have need of hy-
drographic data to explain various aspects of biological or chemical
characteristics of the water column. The second purpose was to improve
the present understanding of the hydrography of the Texas OCS. Histori-
cal data are comprised primarily of routine observations made on mili-
tary, commercial or research vessels over a period of many years. Little
synoptic survey work has been carried out in the northwestern Gulf of
Mexico.

The general design of the hydrographic study involved the collec-
tion of salinity and temperature profiles (STD data), followed by labor-
atory digitization and the construction of cross-sections and sigma-t
plots. STD data were supplemented with surface calibration data, using
a certified bucket thermometer for temperatures and a BECKMAN RS-~7 Labo-
ratory Salinometer to determine the salinity of surface water sgmples.

A PLESSEY Model 9060 was borrowed from the State University System Insti-
tute of Oceanography in St. Petersburg; Florida, for the January OCS
cruises. The instrument worked intermittently on the first three legs of
the cruise and the data set is incomplete.

During the April-May cruises, a brackish lené of water originating
at the mouth of the Mississippi River produced salinities too low to be
recorded by the STD, which has a range of 30-40 parts per thousand. Thus,
some STD profiles are lacking salinity data through the upper 10-12 meters
of the water column.

A total of 44 profiles are complete; an additional 15 are missing
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salinity data in the upper layers. Over the first year, 11 profiles are
missing altogether;

The missing STD profilea are due to instrument malfunction. The STD
being used on the first seasonal cruise was one that had been borrowed from
SUSIO. Difficulties were encountered both by the Principal Investigator
(Smith) and by the SUSIO Marine Services Supervisor (Olsen); who accompanied
the Principal Investigator on one leg of the winter seasonal cruise. 1In
all cases sufficient temperature and salinity data were pieced together
from several sources to produce temperature and salinity cross-sections
which reflect the major features of the two-dimensional temperature and

salinity structure.

METHODS

Raw data are presented in Appendix I. STD data were obtained in analog
form, using a PLESSEY Model 9060 Self-Contained Profiling System. The unit
senses temperature between -2° and +35°C to within 0.1°C, and salinity
between 30 and 40 parts per thousand to within 0.08 ppt. Differences be-
tween the time constants of the temperature and conductivity sensors pro-
duces a high frequency "spiking", which tended to obscure the salinity
trace. The depth range of the instrument was 0-300 m with an accuracy of
1.15 m.

Temperature and salinity data were digitized generally at three or six
meter intervals, depending on the water depth and vertical variations in
temperature or salinity, as indicated by the analog record.

Temperatures were read to tenths of a degree, while salinity was read
to hundredths of a part per thousand. The STD was generally lowered to
within three meters of the bottom depth as indicated by the ship's echo

sounder, a SIMRAD, with a resolution of approximately one meter.
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STD data were collected day and night while the ship was at anchor
or adrift in deeper water. Drops were scheduled at times that were con-
venient, given the requirements and priorities of the other components
of the program. Daytime drops were made between mid—mornigg and late after-
noon; night drops were between early evening and approximately 0300 CST.
Sigma~t diagrams were constructed from tabular data presented in the
Handbook of Oceanographic Tables. Cross-sectional base maps across the
Texas Continental Shelf along Tracks I and IV were constructed using

bathymetric data from USCGS Chart 1117.

RESULTS

Raw temperature and salinity data are included in Appendix I. The
Salinity-Temperature-Depth (STD) profiles may be used individually to sup-
port the chemical and biological water column data, however, the hydrography
of the Texas Outer Continental Shelf is best shown by combining profiles
obtained along a given track to form a two-dimensional cross-section of
temperature and salinity. Data have thus been grouped according to season
and track. Only data obtained from the day STD drop were used in construc-
ting the cross-section.

Winter Temperature Data

The water column along Track I (Figure 1), obtained between 4 and 6
December, 1974 is largely isothermal at the inner two stations. There is
an isothermal layer extending through the upper 70 m at Station 3/1I1I, which
rests on the top of the permanent thermocline. Surface waters increase in
temperature with increasing distance from shore as a consequence of greater
winter cooling in the shallower nearshore waters. The isothermal upper
layer is characteristically found in coastal waters during the fall and

winter overturn.
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A similar pattern is seen in the temperatures collected along Track
II (Figure 2) between January 2 and 12;,1975. The offshore waters are appro-
ximately 2° cooler in the upper layeré. This is likely a result of continued
winter cooling, rather than part of a static spatial pattern. Again; at |
the outer station, the water column appears well mixed through the upper
60 m. Track III temperatures (Figure 3), obtained between December 13-15,
1974, and January 26, 1975, are quite similar to those along Track II, how-
ever, overturning at Station 3/III extends only through the upper 40-45 m.
Somewhat cooler surface temperatures are found along Track IV (Figure
4) between January 22-24, 1975. The lower part of the water column remains
above 20°C, due at least in part to the fact that the profile extends only
to 95 m. The 20°C isotherm occurs at approximately that level along the -

other tracks.

Winter Salinity Data

A substantial cross-shelf salinity gradient is found along Track I
Between the inner two stations. A lens of slightly lower salinity water
is found near the surface at the outer two stations (Figure 5), and sali-
nities of over 36 parts per thousand (ppt) have penetrated nearly into
Station 1/I in the lowest layers.

Tracks II and III (Figures 6 and 7) show salinities increasing from
just under 33 ppt at the inner stations to near 36 ppt at the outer sta-
tions. At Station 3/III, the upper 80 m are very nearly isohaline.

Maximum cross-shelf gradients along Track IV {Figure 8) are found
inside Station 2/IV. At and beyond the middle station, the water column
is nearly isohaline, and salinities increase slightly from just over 35

ppt to approximately 36 ppt.
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Spring Temperature Data

The temperature cross-section along Track I (Figure 9), obtained
between April 8-10; 1975, is characterized by relatively small gradients,
both in the vertical and in a cross-shelf direction. There has been essen-
tially no net warming since the winter cruises. Nearshore waters are from
1-2°C warmer, while offshore waters are approximately 3°C cooler.

The rapid warming characteristic of the spring months 1s evident in
the temperature differences found in the Track I and II cross-sections
(Figure 10). These should be thought of as primarily temporal, rather than
spatial variations. Cross-shelf gradients along Track II obtained between
April 16-18, 1975, are nearly absent through the inner two stations, and
the water appears vertically mixed as well. There is an increase of approx-
imately 4°C in surface layers between the outer two stations. A vertical
temperature difference of over 7°C is recorded at Station 3/II, however,
there is no particularly well developed thermocline.

Substantial nearshore warming is noted in the temperature cross-section
for Track III (Figure 11), obtained between May 14 and 16, 1975. Cross-
shelf surface temperatures are nearly uniform at just above 25°C. A ther-
mocline has developed at the outer station, with a drop of 4°C between 10
and 55 m.

Somewhat cooler surface temperatures are found along Track IV (Figure
12) between April 29 and May 2, 1975, but again surface waters are very
nearly isothermal. A slightly warmer, near-bottom layer is seen at Station

2/1v

Spring Salinity Data
Salinities of under 25 ppt and a strong vertical salinity gradient

were recorded at and below the surface at Station 1/I (Figure 13). Sali-
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nities increase to just qver.35 ppt between the inner two stations. The
water column between the middle and outer stations 18 nearly &sohaline,
and increases only slightly to approiimately 36 ﬁpt.

Salinities along Track II (Figure 14) are characterized by values below
30 ppt through the upper 10 m ét the inner two stations. The 35 ppt iso-
haline slopes down from near the surface at the outer station through the
middle of the water column at the middle station, forming the base of a
well developed halocline. Salinities above 36 ppt are found through the
lower half of the water column at the outer station.

Salinities increase from below 31 ppt to nearly 35 ppt in the upper
layers of Track III between the inner two stations (Figure 15). Strong
vertical salinity gradients are found only at the inner station.

A layer of lower salinity water is found in the upper part of the
water column at all stations of Track IV (Figure 16), with all of Station
1/IV and the upper 10 m of Station 3/IV below 33 ppt. The 35 ppt isohaline

forms the base of the halocline and penetrates nearly into the inner station.

Summer Temperature Data

The August-September cruises were conduéted at a time when the shelf
waters of the northwestern Gulf reach an annual maximum. Surface tempera-
tures along Track I (Figure 17), obtained between August 26 and 29, 1975,
are nearly isothermal and just over 27°C, and temperatures vary little
within a mixed layer extending through the upper 35 m. Thus, the waters
are nearly isothermal at Stations 1/I and 2/I. The seasonal thermocline
appears at about the 40 m .level, with a secondary marked drop in tempera-
ture with increasing depth just above the bottom. This latter decrease is
probably associated with the top of the permanent thermocline.

Somewhat warmer surface and nearshore waters were recorded along
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Tracks II and III (Figures 18 and 19), hetween September 4-6 and 7-9,
respectively. Temperatures are over 28°C through the upper 30 m at all
three stations, and above 29°C at the aurface at Station 1/IV and Station
1/I1I. The seasonal thermocline is found approximately at the 35 m level
at the outer stations, followed by a fairly uniform decrease in temperature
with increasing depth.

The 29°C surface water extends out to the middle stations along Track
IV (Figure 20), as shown in the data collected 11 and 13 September, 1975.
Temperatures are generally warmer throughout the water column. The 24°C
isotherm at the outer station is aver 20 m deeper than at Station 3/11I,
though this may reflect a transient phenomenon associated with internal
waves.

Summer Salinity Data

Greatest cross-shelf gradients along Track I (Figure 21) are found
between Stations 1/I and 2/I. At all stations, the water column appears
to be well mixed, and very nearly isohaline. The outer station seems to
be the approximate boundary of the 36 ppt isohaline.

The cross—sheif salinity gradients along Track II (Figure 22) are
displaced toward the coast, and there is no indication of salinities much
below 34 ppt at the inner station. The 36 ppt 1sohaline extends shoreward
through the lower part of the water column at Station 2/II. Both of the
outer two stations show very nearly isohaline conditions.

An extremely well developed halocline is seen at the inner station
along Track III (Figure 23). Again, the water column at the outer two
stations is very nearly isohaline, increasing from just under 36 ppt at the
surface to just above 36 ppt near the bottom.

A similar pattern is found along Track IV (Figure 24), with a sharp

halocline separating water with salinities below 30 ppt at the surface
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to over 35 ppt below approximately 15 meters. Water with salinities below
35 ppt extends out to heyond Station 2/IV. The outer station is nearly iso-
haline, with the 36 ppt isopleth found at about 45 m, bisecting the water

column.

DISCUSSION

The three sampling cruises provide an overview of the annual varia-
bility that can be expected for temperature and salinity in the northwestern
corner of the Gulf of Mexico. In a hydrographic sense, one can define two
seasons for the waters of the Texas Outer Continental Shelf. From late
winter or early spring, the water column begins to stratify in response to
increasing daily amounts of incoming solar radiation (insolatidn), and as '
a result of warm water coming out of the shallow bays and estuaries.

A pycnocline forms and begins to descend, perhaps as a se;ies of steps,
as insolation continues to increase, and with Intermittent periods of
intense wind mixing. The data indicate that a seasonal thermocline charac-
teristically descends to the 30-40 m level by late August or early Septem-
ber.

Maximum surface temperatures of 28-29°C are reached by the end of
August. The combination of decreasing insolation and the first of the fall
frontal passages produce surface cboling and the start of the fall overturn.
An increasingly thick layer, characterized by isothermal and isohaline
water, destroys the seasonal thermocline, then continues to the top of the
permanent thermocline at a depth of approximately 100 m. Minimum tempera-
tures through this layer are between 17°C and 22°C, depending upon distance
from shore and thus the thickness of the water column thrqugﬁ which heat
is lost. Minimum temperatures generallj occur in late Feb:uary or early‘

March.
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The thickness of the surface mixed layer, whether occurring in response
to surface cooling or wind mixing, is:an important factor in determining the
vertical distribution of any number of .chemical and biological properties
of the shelf waters. The obaserved vertical distribution of the hydrographic
variables, together with the.known thermodynamic properties of sea water;
provide a reliable indicator of the susceptability or resistance of the
water column to vertical motions.

The hydrographic data are best suited for depicting the long-period
annual variations in shelf waters. One must be cautious when interpreting
the composite of, for example, surface temperatures and salinities as a
snapshot of an instantaneous, synoptic pattern. Baer, Adamo and Adelfang
(1968) have shown in a theoretical study that large-scale patterns in the
three-dimensional temperature or salinity fields can change substantially
over a time interval of just a few weeks. The triennial cruises character-
istically lasted between three and four weeks.

Nevertheless, the spring salinity data may be used to define a sur-
face layer of relatively low salinity water which is probably moving south-
ward along the Texas Gulf coast from the mouth of the Missisaippi River.
Current data are not available to confirm this, however. On some occasioné,
this low salinity water reached the middle station of a given track, nearly
60 km from the coast.

Sigma-t data, corresponding to the individual STD profile, appears in
Appendix II. These will not be discussed individually, but may be used to
characterize the stability and thus the resistance to vertical mixing at

a given place and time.
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INTRODUCTION

As part of the Texas Outer Continental Shelf Study; Productivity Sec-
tion, estimates of chiorophyll a, ATP (adenosine 5'-triphosphate), and net-
plankton counts, on samples from the watér column, have been carried out.
Chlorophyll a values (in ug/liter) are roughly related to the ;tanding crop
of phytoplankton. Strickland (1971) quotes values for the carbon:chlorophyll

a ratio of 30 for well nourished coastal phytoplankton crops to 90 for phyto-

plankton in oligotrophic tropical oceans. Estimates of the microflora car-
bon can be made from the ATP values, carbon:ATP ratio of 250 being reason~
able (Strickland, 1971). The phytoplankton counts, species and numbers/
liter, are partially compromised by the nannophytoplankton problem (e.g.
McCarthy, et al., 1974). To help alleviate this problem, in the second

year of the Productivity work the chlorophyll a measurements have been
broken down into nanno- and net- phytoplankton via sample sizing during col-=
lection. The above measures, together with the nutrient values, provide
baseline information on the level of primary production in the study area

and possibly modest insight into the factors controlling it.

METHODS
The detailed experimental procedures used in making the measurements
are given in the following flow diagrams.
Chlorophyll a and ATP Determinations.

30-1liter Niskin Bottle

Chlorophyll a ATP \

2 to 4.8 liters water filtered 2 to 4.8 liters water filtered through
through 0.4um, 47mm, Nucleopore 0.4ym, 47mm, Nucleopore filter (2 fil-
filter (2 filters) with gentle ters) with gentle suction, filtering
suction, time 30-40 minutes. time 30-40 minutes;
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Place filters in Corning 8446

tube and freeze immediately,
return sample to lab.

Add 4ml of 90% acetone (redis-
tilled) and approx. lmg NaHCOj3,
extract at room temperature in
the dark for 1 hour.

Filter through fine porosity
sintered glass filter (Corning
36060, size 15F, wash tube
and filter and make to 5 ml.

Record absorbance 400 to 720nm,

lem cuvette, Cary 118C spectro-

photometer, acidify sample and
rerun spectrum.

Phytoplankton Counts.

48

¥

Filters placed in 4-dram vial, add 5ml
of Q.02M TRIS buffer, pH 7.6, and heat
at 100°C for 5 minutes, immediately
freeze, return sample to lab.

Thaw just before assay, 0.4ml placed in
quartz vial, 16mm OD, positioned in
front of photomultiplier, add 0.1lml of
FLE-50 (Sigma Chemical Co., St. Louis)
firefly extract, record light output
curve for 1 minute. Photomultiplier
RCA 4473, operated at 720 volts (Keith-
ley 246), anode signal detected on
Keithley 414s Picoammeter and recorded.
ATP content of sample compared to cry-
stalline ATP (Sigma Chemical Co.) stan-
dards run at same time. '

Remainder above 30-1iter Niskin Bottle plus 5-1liter Niskin
collected at same time pooled

20 liters passed through 20um NITEX net (Tetko, Inc. Elmsford, N.Y., HC-20)

Net contents (netplankton)
washed off in 250ml seawater
into 500ml bottle, add 8.0ml
buffered (Sodium Acetate)
formalin, allow to settle 3 to
7 days, decant supernatant to
12 ml, archive 2ml, count ali-
quot of remainder under phase
contrast, 200x, in Sedgewick-
Rafter Counting Chamber,
record species and numbers.

2 liters of filtrate (nannoplankton)
passed through O.4um Nucleopore filter,
wash filter with 10ml of filtered sea-
water, and preserve with 0.25ml buf-
fered formalin. Samples prepared after
the method of Patrick (1966, Diatoms of
the United States) for permanent mount-
ing. Slides examined under oil immer-
sion, 1000x. Data limited here to scan-
ning slides and qualitatively recording
samples with high incidence identifiable
microalgae.

RESULTS

Table 1 records the chlorophyll a values in the water column. These

values are calculated from the absorbance curves, copies of which are in

Appendix ITI. The ATP values were calculated using the integrated area of

the first 15-30 seconds of the recorded curves, and comparing this area to

one or occasionally two standards per every three samples run. All ¢hloro-



Table 1. Chlorophyll a and ATP values in lg/liter.
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Transect I I
Station 1 -2
Sample Identification
and Type of Assay
Date 1-15-75 1-16-75
Depth (m) 1.5 4 16 3 11 40
Sample No. AFZ AGE AGJ ADN ADS ADX
Chlorophyll al  2.36 2.78  2.66 0.98  0.99  0.94
1.80 2.79 2.18 0.75 0.17 0.75
AV= 2,60 Av= 0,97
Chloro a2 AV= 2,26 AV= 0.56
Phaeo a 1.46 1.72 1.51 1.45 1.21 1.49
Sample No, AGA AGF AGK ADO ADT ADY
ATP3 0.20 0.29 0.57 0.25 0.14 0.15
AV= 0,35 AVv= 0.18
Date 4-7-75 4-9-75
Depth (m) 4 10 20 5 20 40
Sample No. CBW CCB cCG CFB CFG CFL
Chlorophyll al 13,40 12.30 5.78 0.43 0.67  0.66
11.90 10.54 3.96 0.30 0.51 0.47
AV=10. 49 Av= 0,59
- 8. Av= 0.43
Chloro a® Av= 8.80
Phaeo a 1.59 1.57 1.40 1.40 1.46 1.41
Sample No. CBV CCA CCF CFA CFF CFK
ATP3 0.15 0.12 0.03 0.07 0.09 0.05
Av= 0,10 Av= 0,07
Date 8-26-75 8-27-75
Depth (m) 1 8 15 1 20 40
Sample No. EBW ECB ECG EFB EFG EFL
Chlorophyll al  2.96 1.96 1.79 N.D. 0.19  1.39
2.31 1.37 1.11 0.07 1.05
Av= 2,24 AV= 0.29
- . AV" 0056
Chloro a2 Av= 1 60-
Phaeo a 1.48 1.40 1.34 1.17 1.44
Sample No. EBU ECA ECF EFA EFF EFK
ATP 0.15 0.29 0.17 0.05 0.06 0.22
Av= 0,20 Av= (.11
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Table 1. Cont.'d
1 11 II
3 1l 2

1-16-75 12-17-74 1-9-75
3 42 130 1 9 20 3 15 45
AAY ABN ABT AW AKB AKG AMV ANA ANG
0.58 0.68 N.D. 1.78 2.07 1.24 0.60 0.53 0.78
0.42 0.47 1.45 1.63 0.99 0.43 0.31 0.52
Av= 0,63 Ave 1.70 AV= 0.64
AV= 0.45 AVs 1,36 AV= 0,42
1.42 1.40 1.51 1.48 1.49 1.40 1.30 1.37
AAX ABO ABU AJX AKC AKH AMW ANB ANF
0.11 0.02 .003 0.26 0.34 0.11 0.42 0.26 0.06
Av= 0.04 AV= 0,24 ‘ AV= 0.25

4-10-75 4=17-75 4~-18-75
1 25 125 1 5 20 1 15 30
CIF CIK CIP CLL cLqQ CLV coo coT coy
0.19 0.30 N.D. 15.95 17,06 3.19 4,33 1.47 1.23
0.11 0.16 13.65 14.96 2.41 3.38 1.14 0.94
AVm 0,25 AV=12.07 Av= 2,34
AVv= 0,14 AV=10.34 Av= 1,82
1.28 1.28 1.57 1.59 1,46 1.49 1.47 1.46
CIE c1J cI0 CILK CLP CLU CON 00S cox
0.06 0.15 0.02 0.15 0.12 0.01 0.18 0.21 0.17
Av= 0,08 Av= 0,09 Av= 0,19

8-28-75 9-4~75 9-5-75
1 25 120 1 11 20 1 25 45
EIF EIK EIP ELL ELQ FLV EOP EOU EOZ
N.D.  0.21 0.27 0.66 0.78 1,36 N.D¥ 0.18 1.14
0.10 0.11 0.41 0.45 0.88 0.10 0.78
Av= 0,24 AV= 0.93 1 AV= 0,66
AVv= 0,11 AV= (0,58 AVv= 0.44
1.22 1.20 1.34 1,31 1.36 ' 1.26 1.39
EIE E1J EIO ELK ELP ELU EOO EOT EOV
0.07 0.11 0.02 0.19 0.08 0.26 0.03 0,07 0.56
Av= 0,07 AV= 0,18 AV= 0,22
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Table 1. Cont.'d
11 I1I III
3 1 2
12-12-74 12-15~74 12-14-74

10 23 105 2.5 10 20 10 25 55
APX AQC AQH ASZ ATH ATM AWB AWF AWL
0.53 0.56 N.D. 0.74 1.12 0.77 0,34 0.38 0.40
0.33 0.37 0.47 0.82 0.46 0.22 0.16 0.24
Av= 0,55 AV= (.88 AV= 0,37
Av= 0.35 AV= 0.58 Av= 0.21
1.34 1.37 1.35 1.43 1.32 1.34 1.21 1.32
APY AQD AQIL ATA ATI ATN AWC AWH AWM
0.01 0.09 0.01 0.11 0.25 0.25 0.06 0.02 0.05
Av= 0,04 AV= 0.20 AVv= 0,04

5-16-75 5~1-75 5~2-75
1 23 115 1 7.5 16 1 23 60
CRQ CRV CSA Ccuy CWD CW1 CYY CZD CZI
0.20 0.20 N.D. 4.39 2.25 1,38 0.66 0.29 0.67
0.08 0.08 4.19 2.32 1.17 0.82 0.31 0.54
Av= 0,20 AUm 2.67 Av= 0.54
Av= 0.08 AV= 2,56 Av= 0.56
1.18 1.30 1.67 1,75 1,54 1.97 1.75 1.49
CRP CRU CRZ CUx CWC CWH CYX CZC CZH
0.07 0.04 0.01 0.12 0.13 0.05 0.08 0.18 0.003
Av= 0.04 Avs= 0,10 Av= 0,09

9-6-75 9-8~75 9-~7-75
1 29 120 1 9 20 1 26 60
ERQ ERV ESA EUY EWD EWI EYY EZD EZI
N.D. 0.18 0.25 1.15 0.87 0.80 0.20 0.24 1.69
0.08 0.10 0.87 0,59 0.53 0.08 0.10 1.50
AV= 0,22 Av= 0.94 AVv= 0,71
Av= 0.09 AV= 0,66 AVv= 0,56
1.22 1.18 1.45 1.39 1.36 1.19 1.19 1.38
ERP ERU ERZ EUX EWC EWH EYX EZC EZH
0.02 0.02 0.07 0.05 Lost 0.03 0.09 0.05 0.06
AVv= 0.04 Av= 0,04 Av= 0,07
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Table 1, Cont.'d
ITI1 IV IV
3 1 2

12-13-74 1~-21-75 1-24-75
10 25 100 2 7 25 2 18 45
AYZ AZE AZJ BBX BCC BCH BEZ BFE BFJ
N.D.Y 0.64 0.63 0.78 0.77 0.57 0.55 0.55 0.57
0.45 0.47 0.47 0.48 0.31 0.41 0.33 0.33
AV= 0,64 AV= 0,71 AV= 0.56
AV= 0.46 AV= 0,42 Av= 0,36
1.41 1.44 1.33 1.33 1,28 1.43 1.36 1.31
AZA AZF AZK BBY BCD BCI BFA BFF BFK
0.01 0.09 0.03 0.11 0.17 0.15 0.19 0.03 0.01
Av= 0.04 Av= 0.14 Av= 0.08

5-16-75 5=1-75 5-2-75
1 19 100 1 14 25 1 11 45
DCK DCP DMO DEW DFB DFG DHV DHZ DIF
0.27 0.22 N.D. 0.64 1.38 1.27 2.15 1.34 0.57
0.19 0.10 0.52 0.95 0.89 1.85 1.05 0.42
Av= 0,25 Avs 1.10 AV= 1,35
AV= 0,15 AV= 0,79 Av= 1.11
1.39 1.22 1.49 1.41 1.40 1.49 1.46 1.42
DCJ DCO DMN DEV DFA DFF DHU DIA DIE
0.04 0.11 0.05 0.44 1.08 0.10 0.18 0.40 0.12
Avs 0,07 Av= 0.54 Av= 0,23

9-7-75 9~12-75 9.12-75
1 29 100 1 13 22 1l 13 40
FCM FCR FCW FFE FFJ FFO FIF FIK FIP
0.19° 0.21 0.25 0.91 0.95 1.23 0.55 0.46 1.15
0.04 0.10 0.11 0.47 0.53 0.73 0.28 0.21 0.75
Av= (0,22 AV= 1.03 AV= 0,72
Av= 0,08 AVv= 0.58 AVv= 0,41
1.09 1.23 1.21 1.25 1,28 1.31 1.29 1.21 1.36
FCL FCQ FCV FFD FF1 FFN FIE F1J FIO
0.04 0.02 0.02 0.77 0.51 Lost 0,08 1.45 0.31
AVv= 0.04 AVv= 0,64 Av= 0,61
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Table 1, Cont.'d
Iv
3
1-25-75
2 36 85
BPZ BOE BOJ
0.43 0.37 0.40
0.33 0.22 0.22
Av= 0.40
AV= 0.26
1.47 1.33 1.28
BOA BOF BOK
0.03 0.08 0.08
Av= 0.06
4-29-75
1 17 85
DKZ DLE DLJ
0.33 0.24 ° 0.49
0.25 0.13 0.25
Av= 0,35
Av= 0,21
1.43 1.24 1.25
DLA DLF DLK FOOTNOTES:
1.70 0.09 0.10
AV= 0.63 1. First value calculated from equation
of Parsons and Strickland (J. Mar.
Res., 21:155, 1963; Parsons and
Strickland, A Practical Handbook
9-13-75 of Seawater Analysis, pp. 189, 1968).
1 31 85 Second value calculated from equation
FLI FLN FLS of Lorenzen (Limnol. Oceanog., 12:
N.D.* N.D.*  0.68 343, 1967).
0.43
2. Chlorophyll a/Phaeophytin a =
0.D. 663/0.D. 666.
1.35 3. Average of duplicate analyses,
O?Eg 0?32 Ofgg 4, N.D. means not detectable, value
AV= 0.06 below 0.02ugcChl a/l1, or A663<.0015A.
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phyll a samples (108) were collected and prqcessed. All ATP samples (108)
were collected but samples EWC and FFN were lqst during transit to the lab. f
Table 2 records only the dominﬁn£ netplankton identification and abun- ‘
dance, cells/liter. The complete species list and cell count/liter is given
in Appendix IV. All samples (72) were collected and processed except AVX
which was accldentally thrown overboard. The upper number in the Table in-
dicates the surface sample, the lower number the sample taken from approxi-
mately 1/2 the photic zone.
Species diversity index, H", was calculated froﬁ the equation, Shannon
and Weaver (1963).
H' = -Z(ny/N)loge(ny/N)

The values are given in Table 3.

DISCUSSION

The seasonal patterns of chlorophyll a in the water column are shown in
Figure 1. Highest values occur nearest shore with indications that stations
2/1 and 1/1II are higher (more productive?) than 1/III and 1/IV. The chloro-
phyll a values in the study area are not as high as those recorded by Steid-
inger (1973) for the Eastern Gulf of Mexico, particularly in inshore regionms.
Our values also fall off more quickly from shore. In comparison to the sur-
face values recorded in the American Geographical Society Folio 22 (El-Sayed,
et al., 1972) for stations which roughly correspond to the outermost stations
in this study, our values are comparable.

On Transect IV, all three stations, there were some high ATP values
(Figure 2). These high ATP values are not reflected in correspondingly
high chlorophyll a values (Figure 1) nor in phytoplankton counts. Transect
averages of phytoplankton counts for the three cruises show that Transect II

was highest followed by I, IV and III in that order. The annual mean ash-



Table 2. Dominant Phytoplankton as Percentages of Total Populatio_n.l
Cruise 1 - Winter (December-January 1974-75)

Tr t1I T I 111 5 3
ansec 1 _:fngict I{, 1 Tra?fECt 11 Transect IV

- - T e —— LW
1. Bacteriastrum hyallnuml 2 3 1]- 2 2] * 3 1} 5 2 -
* 4 -] * 3 4 * - - 2 3 -
2. Cerataulina bergoni 11 * * 7 * 1 * * 2 3
56 * -110 3 *1 1 - * * 3 5
3. Chaetoceros curvisetusl - * 21 1 * x - - 5 - - 6
- 1 *] - * 51 1 - 7 — - 7
4. C. decipiens Jl 1 10 20| - - 18] - 17 17|+ 3 6
- 4 11§ - - 21} - - 13 2 1 2
5. C. lorenzianus 7 8] 2 4 71 4 2 5 * 4 *
4 -1 % 2 54§ 3 - 11 3 * *
6. C. pelagicus * 10} - * 11 * * 2 * * 1
1 *) - 4 -116 - 2 * - -
7. Nitzschia seriata 1 * 3] * 8 1] * 2 3} 18 18 -~
* 2 - - 6 -] - - 5] 32 11 -
8. Rhizosolenia 1 * %122 * x| % 2 2 - * 2
stolterfothii 3 * -113 * *1 * - 11 - - 1
9., Skeletonema costatum 7 11 3] * 24" -120 * - * - -
2 9 *1 - 10 - 16 - ] - 2 2
10. Thalassionema 8 18 51 3 6 12§ - 17 81 * 4 x
nitzschioldes i 10 11] 2 2 10] 18 - 13 6 - 7
11. Thalassiosira rotula 5 14 *t 3 - * % * * 2 4 *
2 12 *1 2 - * 6 - - 2 * *
12. Thalassiosira subtilis 6 6 -1 6 - = * 9 - - *
- 3 =124 - -1 2 - * - - *
Total Cells per Liter, .586 .638 .315}.548 .548 .602} .648 .815 .478}.100 .096 .226
X lO4 - ) .601 . 866 .016§.793 .084 497 .583 1lost .503§.108 117 .418

199



Table 2. Cont.'d Cruise 2 - Spring (April-May 1975)

Transect 1 Transect II Transect IIIL Transect IV

ORGANISM T 2 31l 2 ¥ Y S N T Sy T N—
+1. Asterionella japonicafl 4 10 -18 6 * 12 9 - 1- * -
3 7 - 121 9 - {10 * - 29 * -
2. Cerataulina bergoni - - - - - 35] * 15 3] 8 7 -
* - * ] - 2 20| * 17 41 1 4 -
3. Chaetoceros affinis * - -1 4 * -1 - 2 -] - * -
10 - 1] - 1 o * -1 * * -
4. C. brevis - - -15 * x| - * -f * 5 -
~ - ~-15 1 -1 - 2 -1 * 2 -
5. C. curvisetus - - -1 - * 2] - 2 -1 2 1 -
- - -1 - * 2y - 9 -1 * 29 -
6. C. decipiens * 3 LA * 31 4 9 3f - 3 *
- - 10 | - 2 2] 1 9 71 * 3 2
7. C. lacinosus - - 51 * - -1 4 2 41 - 2 1
= 2 o+l 2 ofs 2 a3l - » 6
8. C. mitra * - -1 - - -1 - 1 -1 - 7 1
* - -1 - - 1] - - 2l - - -
9. C. pelagicus - - o * -1 - * -1 - 3 -
- - -] * * *] - 1 1l - - 4
10. Ditylum brightwelli 2 3 213 5 -110 1 -1 * * *
2 4 * | 7 6 -j12 - -1 3 * 1
11. Leptocylindricus 60 6 -1 8 9 13112 3 2] * * *
minimum 61 * 3 130 * *] 11 2 2] - * -
12, Nitzschia . - - 7 25 | * 7 12f * 22 411 2 10 47
delicatissima - 10 41 1 2 6 42 * 29 21 * 4 28
13. N. pungens - - -1 * 3 2§24 4 -1 1 17 -
Ih - - -12 5 2] 25 4 -] * 3 -

9¢



Table 2.. Cont.'d Cruise 2 - Cont.'d

Transect 1 Transect I1 Transect III Transect 1V

ORGANISM !'1 2 3!1 2 3!1 2 3 El 2 3
14. Nitzschia seriata 2 - 41 * * -1 - 1 - - 3 *
3 * 3j 1 * =l - 1 * 1 2
15. Skeletonema costatum |§l13 16 -137 50 *16 6 - 147 6 2
14 14 -172 o8 -1 2 * - 161 19 4
16. Thalassionema 12 3 -1 % 3 *1 4 * * - 3 3
nitzschioides 8 2 *{ 4 * *16 2 21 * * 2
17. Thalassiosira rotula 3 * -11 2 -1 - - - * -
2 * . A * ~1 % * * * -

18. Thalassiothrix - * - * * *| % 1 x| - 2
mediterranea - - - * * - % 9 * = * =
Total Cells per Liter, 220. .208 .115|333. 90.6 .571)7.97 1.44 .930)].304 54.8  .322
X 104 . Ty 142. .320 .131§221. 17.9 .27431.70 .660 .653120.8 10.0 .129

Cruise 3 - Summer (Ausgst-september 1975)

1. Bacteriastrum * - -15 - x) - * -] % 9 -
hyalinum 4 - -16 - -1 4 — - ot 21 7
2. Chaetoceros 5 - -19 * 101 1 - - 6 27 *
curvisetus 8 - - 54 10 -]13 - -]121 10 6
3. C. decipiens 11 - -1 * - -§ - 3 -1 * * 2
4 - -12 - -1 - - -§ - 6 -
4. C. diversus 32 - -19 15 4] * - -1 * 6 *
31 - Zjli;g, 3 -115 - - 2 11 *
5. C. gracilis 3 - -1 - - -{ - * -1 - * -
3 - -1 - - -1 % - - * - -
6. C. lacinosus 17 - S B - -} * 15 -1 * - -
10 - -11 - -11 17 7 - * -

LS



Table 2. Cont.'d Cruise 3 - Cont.'d

Transect I Transect II Transect III Transect IV
ORGANISMS 1 2 31 2 311 2 1 2 3
7. Nitzschia - - -134 7 8154 - - 162 32 27
delicatissima - 5 -]13 - 391 8 - - 335 4 13
8. N. seriata - - -1 2 * -118 6 184 2 * -
2 - x| - - -15 10 14413 * -
9. R. alata v. * 16 121 - 5 10} - 6 13 * * 27
gracillima 1 7 22} * 9 71 - 13 16} * * 21
10. Thalassionema 4 12 *1 5 - 5 - -1 4 -
nitzschioides 6 14 -1 1 - -1 * - -1 2 1 *
11. Trichodesmium * 9 -15 3 *1 % 8 1 % 5 *
thiebautii ® * *] - 3 -] * - -1 * 9 *
12. ghizosolenia hebetatajf 2 7 *1 - - -1 * 6 L - -
" v. semispina * 6 *l - - -1 - 4 *1 - - -
Total Cells per Liter, 13.8 .010 .009|.428 .047 .025 |.629 .033 .008| 2.84 .882  .054
X 104 3.19 .019 .00413.00 .029 .045 §.201 .029 .010§ 1.33 .236 .020

* Indicates organism present but less than 12 of total.
-~ Organism not:present
1 Upper number is surface sample, lower number is sample from 1/2 photic zone.

8S
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Table 3. Phytoplankton Diversity Indices (H") for Texas OCS Stations.

Winter Seasonal (December 1974 - January 1975)

Station Transect

1 I

1 I

2 I

2 I

3 I

3 I

1 I1

1 I1

2 II

2 I1

3 II

3 11

1 ITI
1 ITI
2 ITL
2 ITI
3 I1I
3 III
1 IV

1 IV

2 Iv

2 v

3 v

Date

12-6-74
12-6-74
12-5-74
12-5-74
12-4-74
12-4-74
12-17-74
12-17-74
1-9-75
1-9-75
12-12-74
12-12-74
12-15-74
12-15-74
12-14-74
12-14-74
12-13-74
12-13-74
1-21-75
1-21-75
1-24-75
1-24-75

1-25-74

Sample Code Depth

AFT
AFR
ADG
ADF
ABW
ABX
AJQ

AJS

ASR
ASU
AVV
AVX
AYR
AYU
BBP
BBR
BER
BEU

BPR

10
2.5
10
5
3

25

15
10
23
2.5
10
10
25
10

25

18

H"

2.54
1.68
2,93
2.57
3.00
3.23
3.13
2.83
2.53
3.39
3.02
2.86
2.81
2,74
3.03
Lost
3.09
3.15
3.03
2.54
2.99
3.42

3.21

Total Spp.

43
28
54
53
52
32
56
51
45
44
60
51
52
43
60
Lost
43
53
37
30
41
52

61

Total cells/
liter

5855
6013
6378
8663
3154
157*
5478
7932
5475
281
6018
4974
6483
5833
8148
Lost
4777
5033
1003
1078
956
1172

2260
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Table 3. Cont.'d

Station Transect Date Sample Code Depth H" Total Spp. Total cells/
' ‘ liter
3 v 1-25-75 BPU 36 3.26 73 4176

Spring Seasonal (April - May 1975)

1 I 4-7-75 CBL & 1.44 26 2,200,830
1 I 4-7-75 CBP 10 1.32 21 1,427,460
2 I 4-9-75 CEQ 5 3.07 46 2087
2 I 4-9~75 CEW 20 2.64 42 3204
3 I 4-10-75 CHU 1 2.83 37 1146
3 I 4-10-75 CHZ 25 2.50 39 1315
1 II 4-17-75 CLA 1 1.8 53 2,211, 840
1 I 4-17-75 CLE 5 1.78 40 3,332,160
2 I 4-18-75 coD 1 2.06 36 906, 720
2 II 4-18-75 COH 15 1.89 45 179, 400
3 I1 5-16~75 CRF 1 2.54 42 5706
3 I1 5-16=75 CRU 23 2.19 34 2736
1 III  5-13-75 CUN 1 2.74 46 79,753
1 III  5-13-75 CUR 7.5 2.82 41 17,005
2 III  5-14-75 CYN 1 2.76 41 14,400
2 III  5-14-75 CYR 23 2,58 38 6600
3 III  5-16-75 DBN 1 1.66 31 9296
3 III  5-16-75 DBR 19 2.49 34 6527
1 v 5-1-75 DEL 1 2.08 26 3036
1 v 5-1-75 DEP 1% 1.13 18 208, 320
2 v 5-2-75 DHK 1 2.81 38 548,160

2 IV 5-2-75 DHO 11 2,62 41 99,960
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Table 3. Cont,'d

Station Transect Date Sample Code Depth H" Total Spp. Total cells/
' liter
3 IV 4-29-75 DKP 1 2,05 41 3215
3 Iv 4-29-75 DKT 17 2.90 35 1290

Summer Seasonal (August - September 1975)

1 I 8-26-75 EBL 1 2.76 45 138,407
1 I 8-26-75 EBP 7.5 2.67 41 31,857
2 I 8-27-75 EEQ 1 2.67 18 95
2 I 8-27-75 EEU 20 2.58 19 189
3 I 8-28-75 EHU 1 2.14 12 91
3 I 8-28-75 EHY 20 2.31 14 41
1 II  9-4-75 ELE 1 2.64 45 4278
1 II  9-4-75 ELE 11 1.69 36 30,024
2 II  9-5-75 EOE 1 2.84 31 465
2 II  9-5-75 EOI 25 2.77 24 294
3 II  9-6-75 ERF 1 2.80 22 - 249
3 II  9-6-75 ERJ 29 2.26 21 453
1 III  9-8-75 EUN 1 1.83 37 6288
1 III  9-8-75 EUR 9 2.83 38 2014
2 III  9-7-75 EYN 1 2.53 20 327
2 III  9-7-75 EYR 26 2.59 20 228
3 III  9-12-75 FBN 1 2.63 23 78
3 IIT  9-12-75 FBR 29 2.1 24 100
1 IV 9-12-75 FET 1 1.60 38 28, 440
1 IV 9-12-75 FEX 13 2.30 40 13,320

2 IV 9-13-75 FHU 1 2.24 - 40 8820
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Table 3. Cont.'d

Station Transect Date Sample Code .Depth ~ H" Total Spp. Total cells/
' liter
2 v 9-12-75 FHY i3 2,95 48 2358
3 1V 9-13-75 FKY 1 2,27 23 543

3 Iv 9-13-75 FLC 31 2.55 18 204
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free dry weight of the zooplankton was also highest along Transects I and

II, nearshore stations, roughly correlated with the chlorophyll a and to
some extent with the average phytoplankton countg. However, the benthic
population was richest, both species and numbers, along Transect IV (Holland,
personal communication and this volume).

In Figures 3 through 15 we have looked for possible correlations of
temperature, salinity, silicate, phosphate, nitrate, dissolved oxygen, with
chlorophyll a or ATP. Chlorophyll A-1 refers to the value calculated using
the Parsons and Strickland equation (upper value in Table 1). Correlation (R)
is significant (P=.01) at any values greater than * 0.4, The only evident
relationship is an inverse correlation of salinity with chlorophyll a (Fig-
ure 3), which may be a reflection of nutrient supply from land run-off.

The species diversity index, H", calculated for each of the stations is
recorded in Table 3., The species diversity was greatest during the winter
cruise, January-December, For the spring cruise (April-May) and the summer
cruise (August-September) species diversity was very similar.

Reports on the numbers and distribution of the phytoplankton in the
Gulf of Mexico (hereinafter referred to as Gulf), especially along the
western shore, are sketchy at best. The Florida coast (Saunders and Glenn,
1969; Steidinger and Williams, 1970; Hurlburt et al., 1960) and the Missis-
sippi River delta area (Simmons and Thomas, 1962) have been well studied,
and there are others (Curl, 1959; Freese, 1952), but the continental shelf
of the Western Gulf has been largely ignored,

One recent attempt to put it all together 1s Folio 22 of the American
Geographical Society (El-Sayed, et al., 1972) which relies on the above
mentioned works and Balech's (1967) report to plot distributional patternms
of the most common phytoplankton., The report, however, largely leaves out

numbers and seasonal distribution of the organisms. Obviously, the work
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would have been greatly enhanced if data from the Texas continental shelf
had then been available.

In comparison with other data recorded for different parts of the Gulf
the total cells per liter found in thig work are comparable. As might be
expected the Eastern Gulf is a somewhat more productive area. Saunders and
Glenn (1969) found a decrease from an annual average of 1.1X100 cells per
liter at the shore to 8.5X103 cells per liter off the western coast of
Florida. Under normal circumstances diatoms greatly outnumber the dinofla-
gellates (Steidinger, et al., 1967; Steidinger and Williams, 1970). Saunders,
et al., (1967) reports at least a dozen species exceeding 1.0X106 cells per
liter close to Florida's west coast. Hulburt, et al., (1960) record cell
counts of 1X103 to 2X106 cells per liter in the Sargasso Sea. The most dom-
inant organism found there, a coccolithophorid (Coccolithithue huxleyi), was
seen in our samples but was never very numerous. This corresponds with Hul-
burt and Corwin's (1972) observation that a change from a coccolithophorid
dominated flora to one dominated by'diatoms occurs in the shallower water
over the continental shelves.

Yearly averages along the Texas transects were 4.1 X 10° cells per liter
at the inshore stations, 7.8 X 104 at the middle stations, ana 2.6 x 103
offshore. The yearly averages were greatly affected by the very large
- numbers found at the time of the spring cruise. The spring average for all
stations and depths was 4.7 X105 cells per liter. The summer and winter
averaged were 1.1 X 104 and 4.9 X 103, respectively. The summer average 1is
a little misleading because of large counts at a couple of inshore stations.
More than half of the stations (14) during the summer cruise showed less -
than 1,000 cells per liter. Winter samples on the other hand were consis-

tent with very little variation from inshore to offshore. See Table 2 for
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total counts per liter at each station.

The dominant species seen in this study are generally the same common
phytoplankters seen in other studiea. Thalassionema nitsgchioides was
present and common year round, as were Rhizosolenia alata, Bacteriastrum
hyalinum, Chaetoceros curvisetus, C. decipiens, C. diversus, Nitzschia
delicatissima and Nitzaschia seriata. Leptocylindricus minimug and Astrio-
nella japonica were two of the dominants during the spring flowering but
were not significant during the other two cruises. Skeletonema costatum
was the most numerous organism during the spring (1.6 X 10° cells per liter
at one station) and was common during the winter, but was not significant
during the summer months. Cerataulina bergoni followed much the same pat-
tern. Rhizosolenia alata, Nitaschia delicatissima and several species of
Chaetocerocs were dominant during the summer cruise. Thalassionema nitagohi-
oides and Thalaseioeira rotula were the most common phytoplankton during
the winter but were not as dominant as other species during the spring and
summer. The winter cruise was perhaps the most diverse in terms of numbers
of species seen. However, this could be attributed to the fact that smaller
volumes of samples, because of much greater numbers of cells/liter, were
being counted during the spring.

For the netplankton the diatoms greatly outnumber any other group.

' Thalasetonema nitaschioides, Rhisosolenia alata, Nitaschia delicatissima,
Bacteriastrum hyalinum and Chaetoceros curvigetug could be potentially use-
ful as indicator species if further distributional studies bear out the
results seen herein.

With the nannoplankton either in wet mounts of preserved material or
with cleaned and mounted material we could not with certainty identify

microalgae. Nitzschia delicatigeima, Pleurosigma spp. and Navicula spp.
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were the most frequently ohserved organisms in the nannoplankton samples
but were never very numerous and in all cases had already been noted in the
netplankton.

While perhaps not pertinent to these environmental studies dealing with
the biology and chemistry of the South Texas Outer Continental Shelf, I (CVB)
feel that the following comment should be made. The extent to which efflu-~
ents resulting from any offshore gas and oil operations may pollute and over-
stress any phytoplankton population is moot. Bearing upon this point, how-
ever, are several field and laboratory studies suggesting that petroleum and
derived materials can inhibit photosynthesis and growth of microalgae (e.g.
Gordon and Prouse, 1973; Pulich, et al., 1974; Winters, et al., 1976).

It is therefore my (CVB) view that, if and when drilling operations
proceed in the South Texas OCS region, care be taken to minimize initial
environmental impact. In addition, some effort should be made to gauge any
continuing or chronic impact, for example by monitoring chlorophyll fluores-

cence profiles.
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INTRODUCTION

Some of the more exciting and une#pected findings ére: (1)
a relict population of microzooplankton exists in the Gulf (and
Caribbean) that apparently had died out evefywhere else about
5 million years ago; (2) this relict population may date a
major worldwide oceanoéraphic change'Which would help explain
the reasons for it and the reasons for some of the problems in
trying to date fossil.gediments; (3) another is the occurrence
of supposedly bottom living creatures (benthonic forams) in the
water column (in concentrations sometimes as high as the plank-
tonic foraminifera that are supposed to be there). We be;ieve
that these forms, thought to be bottom dwellers all of their
lives, take advantage of the water column during their younger

stages for feeding and dispersal.

Some of the more significant findings of direct interest
to our contractual goals are: (1)~the;;helled microplankton and
microbenthon are probably even better environmental indicators
than anyone has ever thought, and the? were believed to be very
good; (2) we havé determined what the%gatural seasonal trends
(density and species wise) are and feéi that prediction may be
possible; (3) the microplankton type and abundance from the
plankton tows of the area are related to the salinity and temp-
erature patterns so well that a strong correlation is possible.
Further, the sediment distribution of these shelled organisms
may give information on past water mass characteristics; (4)

finally, the presence of deep water radiolarians in some of the
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shelf water samples suggests that at times deeper Gulf water
may encroach on the shelf. In this report this process is
referred to as encroachment or upwelling, but it should be
understood that upwelling in the classical sense has not been

demonstrated to be active in the study area.
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MATERIALS AND METHODS
All twelve stations on the South Texas 0OCS cruise track
were sampled for shelled microzooplankton. These samples

were taken from a day-time vertical tow of a 30 cm Nansen

net (70 micrometer mesh) and were preserved with buffered
formalin and stained with Rose Bengal. Samples from ten
meters and one-half of the photic zone at stations 1 and 2
of each transect and from ten meters, one-half the photic
zone, the photic zone, between the bottom of the photic
zone and the sea floor and near the sea floor at station 3
of each tranéect were taken using 30 liter Niskin bottles.
One liter of each sample was preserved unfiltered; the rest
was filtered through a 38um stainless steel screen, stained
and preserved with buffered formalin.

Sediment samples were taken from a bottom grab using a
plexiglass tube to sample only the surface layer. These
samples were stained with Rose Bengal and preserved with
buffered formalin.

The plankton were treated with Rose Bengal so that
living and dead ratios could be determined with the use of
inverted and reflected light microscopes. The Nansen net
samples were split with a Fclsom Plankton Splitter and one-
half of each sample was counted (the other one-half was

archived).
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The filters froﬁ the Niskin bottles were washed into a
plankton counting tray and an aliquot was counted for the
common planktonic groups (such as total foraminiferans,
radiolarians, tintinnids, other ciliates, copepods, poly-
chaetes, chaetognaths, etc.). These samples were also
archived.

The sediment samples were washed through a 62 micrometer
screen, and the large fraction was saved and dried; the
shelled microzooplankton were counted and identified.

Sediment splits are being maintained as archives.

RESULTS AND DISCUSSION

Results and discussion of this component of BLM STOCS
will be dealt with in the following order; general
distributions, indicators of water mass distribution and
movements, areas of possible upwelling and volumes and
routes of currents and possible upwellings, notes on the
niches of radiolarians and planktonic foraminifera, benthon-
ic foraminifera in the water columﬁ. relict populations,
efficiency of shelled microplankton and microbenthon as en-

vironmental indicators and comments on contractual obligations.
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General Distributions
Planktonic Foraminifera and Radiolaria
Fifteen live planktonic foraminiferald and about 100
live radiolarian species were collected and studied from
the past year élong with about a dozen pteropods. In gen-
eral the planktonic foraminifera and radiclaria are sparse
or absent in the innermost stations and increase in density
and diversity offshore; these trends for radiolarians are
illﬁstrated on Figure 1, Figurel illustrates some of
the general seasonal trends seen in the radiolarians; many
of these trends are shared withlthe planktonic foraminifera.
The nearshore stations are dominated by spumellarian radio-
larians with the number of nassellérian radiolarians incfeas-
ing offshore (#igure :1). The. ratio for the total collec-
ting area is broken down seasonally on Figure 2 as a ratio
of total live nassellarians (TLN) to total live spumellar-
ians (TLS) for the entire study area. These ratios are 1/3
for winter, 1/1 for spring and 1/8 for summer. Here again
the spummellarians dominate in all but the spring sample.
The reason for the one to one ratio in the spring is due to
the almost total exclusion of radiolarians from the inner
and mid-shelf stations due to the intrusion of "Mississippi °
water" and its resulting bloom of large centric diatoms ex-

¢cluding the radiolarians (see section on radiolarian niche
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herein). The greatest standing crop of radiolarians (and plank-
tonic foraminifera) occurred in the summer with a standing crop
almost as high occurring in the winter and a standing crop of
about 1/2 that of winter or summer occurring in the spring.

Here again we believe that the radiolarian niche was almost
"eliminated" due to the spring bloom of large centric diatoms.
The lowest diversity of radiolarians (and planktonic foramini-
fera) occurred in the summer with higher and almost equal diver-
sities occurring in winter and spring, respectively (diversity
here refers to number of species represented per season). There
appears to be a distinct winter and summer assemblage of radio-
larians and a mixed or transitional assemblage in the spring
(this also holds for the planktonic foraminifera but not as

well due to fewer species). The winter radiolarian assemblage

fauna and the summer by a Lamprocyclas maritalis-Euchitonia

elegans fauna. Dominant radiolarians are radiolarians that
are relatively abundant and more or less "endemic" to that
season (this is an eyeball dominance). The spring appears to

show no real dominance, however, the Acantharian-? Acanthocyr-

tidium ophiurensis fauna might be considered such. The R-mode

planktonic foraminifera, Figure 3, contains two significant

groups: the Globigerinoides ruber and Globigerina bulloides

cluster and the Globigerina falconensis and Globigerina quin-

queloba cluster. Deficiency in cluster tightness evident in
low similarities for the remaining clusters is indicative of

the low densities encountered for many of the species.
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Using the clusters from the R-mode dendrogram as a guide,
distinct winter and summer foraminiferan assemblages were
constructed. The winter assemblage is characterized by very

dominant Globigerina falconensis and Globigerina quinqueloba.

Less abundant but also winter characterizing species are Glob-

igerina rubescens, Globorotalia truncatulinoides, Globigerina

pachyderma, Globigerina cf. incompta, Globigerinoides tenellus,

and Globorotalia cf. tosaensis.

A summer assemblage contains dominant Globigerina bulloides

and Globigerinoides ruber with subordinate numbers of Globiger~

ina falconensis and Globigerina quinqueloba. Orbulina universa

is more abundant and Bolivina lowmani assumes position of a

dominant fauna. Hastigerina pelagica first appears: in a spring

sample but becomes moderately abundant in the summer.
The spring sampling period seems to be transitional between

the two more distinct winter and summer seasons, Globigerina

quingueloba is the most abundant specles; however, there does

not appear to be any other distinctly dominant species. Al-
though diversity has only slightly decreased for the spring
period, density exhibits a significant decrease. Figures 3
through 12 were generated using multivariant analysis; they
illustrate the distributions of the populations of planktonic
foraminifera, radiolaria.:and pteropods in the shelled micro-~
zooplankton component of this study and are dealt with in the
next section on indicators of water mass distribution and

movements.
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Benthonic Foraminifera

Originally one season's sampling was to be done to deter-
mine the distributional patterns of the benthonic foraminifera
in the study area. Studies of this first season suggested that
the populations may well show some seasonal trends that would
make the projected down-core studies (of an undetermined number
of down-core samples to be obtained from the USGS) less than
desirable. The collecting and examination of the spring sam-
pling confirmed these suspicions, and therefore it was decided
to work up a full year of benthonic samples even though the
contract called for only one season. To date the winter and
spring seasons have been worked up and are reported herein.

The summer samples are currently being studies, however, these
are not complete as the researcher of this part (Miss Jane
Anepohl) is having to work in her spare time on this material
and is receiving no salary. Miss Anepohl's thesis on this
material (Anepohl, 1976) is complete and gives a good coverage
of the material.

Basically a seasonal variation in the distribution of live
ing benthonic foraminifera is apparent from specimens recovered

during winter and spring samplings. Nonionella basiloba and

Brizalina lowmani dominate winter samples; whereas during the

spring other forms, notably Brizalina spinata and species of

Buliminella, Cibicides and Fursenkoina dominate. Lowest

species diversity and greatest test density occur during the

spring corresponding to increased standing crops of Nonionella
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basiloba, Brizalina lowmani, Ammonia beccarii and Buliminella

cf. bassendorfensis.

Variations in the living faunal composition occur from
north to south in the study area; the shallow stations (18-26

meters) to the north being dominated by Ammonia beccarii and

Brizalina lowmani while those to the south are dominated by

Nonionella basiloba and species of Buliminella. Faunal changes

with depth generally agree with earlier studies (Phleger and
Parker, 1951).

Multivariant analyses have been performed on these data,
and the data are displayed on Figures 13 through 16. The Q-
mode cluster of live benthonic foraminifera (winter and spring)
(Figure 13) generate three groups which are displayed in Figure
14 (winter) and 15 (spring). These depict fairly stable inner
and outer groups with a "stable" or constant southern transect
(IV) group. The R-mode cluster (Figure 16) generates a dendro-
gram and clusters the following groups: outer shelf winter
(OSW) , outer-shelf winter and summer (OSWS), inner-shelf winter
and summer (ISWS), mid and outer-shelf winter and summer (MOWS)
and an inner and mid-winter shelf (IMWS) assemblages. These
data substantiate the "eyeball" investigations illustrating
that there appears to be a distinct inner and a distinct outer
assemblage with a mixed mid-shelf fauna. Figure 16 also sug-
gests a seasonality is superimposed on the dominant' "depth"
zonation; however, confirmation will have to await the working

up of the summer data and perhaps the next year's data.
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This distinct "depth" zonation fits well with published
reports from the study area and other areas (Anepohl, 1976).
Various explanations have been suggested for this depth zona-
tion such as temperature and/or salinity changes, etc. Winter
and spring bottom temperature and salinity contours have been
constructed (Figures 17 through 20). It is tempting to infer
that these data suggest the inner fauna may be a euryhaline
and eurythermal fauna while the other fauna may be more of a
stenohaline and stenothermal fauna; however, it is too early for
such suggestions. It is also intriguing to imagine that the
nepheloid layer described by the USGS in the study area may
have some significance in this "depth" zonation. Perhaps the
inner fa9na is a nephelophobic fauna and the outer fauna a
nephelopljilic fauna; only more research may clear up this

"cloudy" |problem.

Indidators of Water Mass Distribution and Movements

All the temperature and salinity curves for the study year
have been plotted on Figure 21, and "water mass" envelopes have
been drawn around the seasons of collections. These are re-

plots of the oceanographic data given in the Hydrography Project

section. For this year we are suggesting four "water masses"

on this water mass characterization diagram. The "core" of about
about 36 ppt water we believe to be Western Gulf Surface Water
(WGSW) in the sense of Armstrong and Grady (1967). This water
(WGSW) 1is always present in the study area. It is always pres-
ent at depth on the outer shelf and appears to encroach on the

shelf in the winter and especially in the summer of the study
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area. Shoreward of this water we suggest three shelf water
masses (SW); these are labeied on Figure 21 as: South Texas
Summer Shelf Water (S5TSmSW) ., South Texas Spring Shelf Water
(STSpsw) and South Texas Winter Shelf Water (STWSW). Radiolar-
ians have been considered to be more or. less endemic to specific
water masses (Casey, in press a). With this in mind, a temper-
ature-salinity-plankton diagram or more specifically a tempera-
ture-salinity-radiolarian diagram has been constructed (Figure
22). The subpackets denoted by the 5 symbols represent radio-
larian groups (faunas or populations) gsnerated by multivariant
analysis and coded (symbol coded) on the Q-mode cluster dendro-
gram of live radiolarians (Figure 7}. The temperature-salinity-
radiolarian diagram {Fiqure 22) suggests the following: specific
radiolarians and specific radiolarian popnlations (Q-mode groups)
are indeed "endemic" to "speuvific water masses”; radiolarians are
in general "open ocean” forms; radiolarian faunas may be used as
indices of water mass incursion onto a shelf environment; radio-
larians are indicative of seasonality on the shelf and spring

in the study area is a "mixed"” pexricd of both water masses and
endemic radiolarian faunas.

The above statement that radioslerians are endemic to speci-
fic water masses is made due to the fact that most Q-mode faunas
are restricted to one of the herein defined water masses. In
fact there is a fauna that depicts the South Texas Winter Shelf
Water Mass and one that perhaps depicts the South Texas Summer
Shelf Water Mass (Figures 2 and 22). The statement that
radiolarians are in general “open ccean" forms seem apparent

from our studies showing their density and diversities increas-
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ing offshore (Figure 1), but this trend also appears on the

temperature~salinity~-radiolarian diagram which illustrates that
three of the five Q-mode groups are "endemic" to the Western
Gulf Surface Water. . These three groups "endemic" to the West-

ern Gulf Surface Water Mass occupy different but overlapping

subpackets within this water mass envelop which may suggest

that they occupy different depths within this water mass, a
seasonality within the water mass, a "patchiness" within the
water mass or something else that may be elucidated with further
studies. Radiolarians obviously are indicative of a seasonal-
ity on the shelf. This is illustrated by the repreéentation

of a winter and summer shallow shelf faunas.

"Water masses" are also represented in a loose context
by the information displayed on the R-mode cluster of live
radiolarians (Figure 8), Here we have a winter group (W),

a winter offshore group (Q), a nearshore group (NS), a weak

spring assemblage (S) (it clusters well only because there ‘
are individual occurrences of some species), a sprin§ upwelling
group (SU) and a summer group (8M)., These are not as neatly
associated with water masses as_genérated by the Q-mode but
they do represent nearshare, winter-offshore, spriﬁg-upwelling
etc, indices.
ﬁater mass movements may be derived from comparing the

temperature-salinity-radiolarian @iagram (Figure 22) with

the maps of the Q-mode radiolarian clusters (Figures' 9
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through 11). The winter Q-mode cluster is very complicated
as is the planktonic foraminiferan cluster for the same
period (see Bauer's thesis, pauer, 1976 ). There does appear
to be an incursion of offshore (Western Gulf Surface Water
Fauna) into the study area along transect III of the study
area in the winter (Figure /9), and therefore; this has been
depicted as such on Figure “3. This incursion shows up
dramatically as a finger of high radiolarian density on the
winter radiolarian density map (Figure 23), and as a finger
of high radiolarian diversity in the winter radiolarian
diversity map (Figurefﬂh. This is substantiated to some
extent by the inflection of the 22vdegree isotherm shoreward
along transect III on the winter 10 meter temperature map
(Figure 2%), although it is not apparent on the 10 meter
salinity contours (Figurefuﬁﬂ.

The spring Q-mode cluster map (Figure 10) shows only
two clusters. This is due to the fact that the spring dia-
tom bloom and the "Mississippi River Water Mass" which are
of course related have apparently "eliminated" the radio-
larian niche which will be discussed under the section on
such later. The foraminiferan Q-mode cluster map (Figurev§)
illustrates the spring water movements much better than the
radiolarian cluster, because the cluster (@igure “$) includes

benthonic foraminifera that are in the water column
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(planktonic-benthonics). However both maps (Figures 5 and
10/') do show an incursion of offshore water faunas (Western
Gulf Surface Water Mass Faunas) impinging on the shelf edge

at stations 3/II and 3/III,and the radiolarian evidence sug-

gests an extension of this water into 2/III,therefore explaining

the current arrow as such on Figure 2. This-is substantiated
by both spring radiolarian density (Figure 27) and diversity
(Figure 28) maps, with fingers of high density and diversity
coming in along these two middle outer stations. The spring
10 meter temperature (Figure 29) shows this very well with
the 25 degree isotherm extending all the way to station 1/III.
The spring 10 meter salinity {(Figure 30) appears to confirm
the "bowing up" of water that micht bhe related to this in=-
cursion which is illustrated in this report in Figure 19 of the
Hydrographic Project report. The Q-mode of the foraminifera
for the spring illustrates very well the incursion of the
low salinity water from the north ("Mississippi water").
This incursion is also well illustrated by the physical
oceanography as can be seen by the bulging 30 ppt. salinity
contour on FigurelJBOWhich matches very well with the in-
shore bulge of Figure 3 which is characterized by the foram-~

iniferan indicator species Bolivina lowmani (see Table 1).

The summer Q-mode maps for radiolarians (Figurell) and

foraminifera (Figure ‘6) both show an extensive "pushing"
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of offshore faunas (and offshore wnte;s) shoreward. The sum~-
mer radiolarian density (Figure 31) and diversity (Rigure 32)
maps also illustrate this phenomenon. The summer 10 meter temp~
erature (Figure 33) illustrates this for the southern portion

of the study area anyway, and the summer 10 meter salinity shows
the 35 ppt. contour "pushing" into stations one on both trans-

ects II and III.

Areas of Possible Upwelling and Volumes
and Routes of Currents and Possible

Upwellings

Radiolarians exhibit a vertical zonation in the water col-
umn. Upwelled waters or water which has encroached upon the
shelf may therefore carry expatriate radiolarians from their
normal living depths into shallower waters. This has been found
in thewaters off southern California (Casey, in press a). 1In
this current BLM STOCS study deeper living radioclarians have
been found at some shelf stations (outer stations) during diff-
erent seasons in differing densities. Poasible indices of up-
welling (or bulging up and encroachment of deeper Gulf waters,
deeper than the Western Gulf Surface Water Mass or deeper than

about 200 meters probably) are the radiolarians of the Superorder
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Phaeodarina. The species Conchasma sphaerulites and COnchoggras

caudatum are large and easilty recognized species and therefore
probably the best indicators. Other radiolarians that are also

indices of upwelling are the polycystines Spongotrochus g}aqialis

(both juvenile and adult forms). and Tetrapyle octacantha. The

exact depths from which these upwell will have to await studies
on samples taken in March of 1976 by the author in offshore
waters from the R. V. Gyre for comparison of this study with a
study on the radiolarian distribution in the Gulf and Caribbean
supported by the National Science Foundation. Until those data
are evaluated we must be satisfied with a relative measure of
not only thzdepth from which upwelling occurs but also a rela-
tive magnitude of the upwelling. The relative magnitude noted
on Figure 2 describes the upwelling as minor off transect III

in winter, strongest off transect III (with components off
transects I and II) for the spring, and fairly strong (intermed-
Iate between the two) off these transects during the summer.
These relative magnitudes of upwelling are only crude now and
are determined by the relative densities of the upwelled species,

more upwelled species is interpreted as stronger upwelling.
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Winter bottom temperatures (Figure 17) suggest an encroach-
ment of upwelling of waters at 3/II and 3/III and the offshore
winter fauna (0‘on Figure 8) might represent this upwelling
(S. scalaris may be an upwelling species). Winter bottom salin-
ities (Figure 18) might suggest an encroachment of deeper waters
illustrated by the shoreward displacement of the 36 ppt. contour.
Spring bottom temperatures (Figure 19) and spring bottom salin-
ities (Figure 20) both suggest encroachment shoreward through
3/II by the displacement shoreward of the 22 degree isotherm and
the 36 ppt. salinity contour respectively. The spring season
upwelling group (SU on Figure 8) clusters out. Summer upwelling
(Figure 8) abpears to be of intermediate magnitude between the

winter "minimum" and the spring "maximum". It is
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interesting to note that all these upwellings occur "under"
encroachments of offshore "shallow" radiolarian faunas.

This probably means that a large package of shallow to deep
water is pushed onto the shelf, or that the encroachment of
shallow water "drags" the deeper water with it. A way to
investigate this would be to sample the outer stations with
closing nets. We may attempt to do this during the summer -
of 1976. If we do not get this opportunity we already have
taken a series of clOS1ng—depth stratified tows off the
Galveston shelf (March, 1976) which might answer this ques-
tion. It should be emphasized that what we are terming up-
welling is not a boiling up of deep water to the surface
which might create a phytoplankton bloom but rather a bowing
up of deeper water and an encroachment of this deeper water on
to the shelf.

The routes of currents have been determined by the same
manner as described for the determination of upwelling. It
is hoped that with more data and more "eyeballing" rough
volumes transport, jn, meters per second or some such nota-
tion, may be derived. The upwelling regions are designated
by the u's on Figure 2 (the larger the u the greater the up-
welling) and the current transports are designated by the
open arrows (the width of the arrow designating the(boun-

daries of the current and the number of lines in the arrow
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the relative strength (a double line stronger than a single

line) (Figure 72).

Notes on the Niches of Radiolarians and
Planktonic Foraminifera.

The possible niches of radiolarians has been suggested
by Casey (in press a). The term niche refers to the organ-
isms place in the ecosystem, and possible radiolarian niches
are illustrated on Figure ::35. The current study (BLM
STOCS) suggests that many radiolarians do indeed occupy the
niche labeled POLYCYSTINS (herbivores and microherbivores) on
Figure ;35. In fact most of the radiolarians prqbably occupy
this niche or (in other words eat small phytoplankton). The
existence of such a niche is suggested by pliankton samples
in the spring when the radiolarians were excluded from the
innermost spring stations which were occupied by the large
centric diatom bloom. We suggest}that radiolarians feed
mainly on nannoplankton and their food sourcé was eliminated
by the bloom of large centric diatoms that were too large
to be eaten by the polycystin radiolarians. This niche is
also suggested in a less dramatic way (but perhaps better)
in the general increase in radiolarian density and diversity
offshore on the south Texas and apparently other shelves of

the world ocean. Hulburt and Corwin (1972) observe a change
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from a coccolithophorid dominated flora (probably what radio-
larians eat) to one dominated by diatoms in going from off-
shore into the shallow waters over the continental shelf.
They noted thi; in the eastern and central Gulf and have
suggested it t; be a wide geographic phenomena (Hulburt and
Corwin, 1972). Iﬁ fact all the radiolarian niches suggested
by Casey (in pressd are occupied by radiolarians in the BLM
STOCS study area. The polycystins (with symbiqtic zooxan-
thellae) are represented in the study area by Choenicosphaera
sp., Collosphaera tuberoéa, Disolenia zanggebaricé and

Siphonosphaera mlxsighbnia. The upwelling species most

likely représent the bacteria and suspended and settling or-
ganic feeder ' niche. 1In fact many more than those herein
designated as upwelling species probably fall within this
niche for the radiolarians occur at depths below reasonable
phytoplankton densities and in some cases peak below the
pigment depth.

| Bauer ( payer, 1976 in investigating stratified tows
from the Florida Gulf shelf, noted that planktonic foraminif-
era occur mainly in the upper 59 meters but radiolarians
not only occur in abundance in the upper 50 meters but also
to the depths of the shelf break. This and the other data
referred to suggest:: that radiolarians and planktonic foram~-

inifera are important intermediaries in the relatively longer
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food chains of offshore waters'(say, four or five trophic
levels), and their "importance" in the food chain decreases
inshore . especially under conditions of large centric
diatom blooms (where there may only be two or three trophic

levels).

BenthonicForaminiféra=z in the Water Column:

Benthonic foraminifera have been noted previously in f
plankton tows from nearshore and offshore regions (Casey,
1966);. however, their occurrences in such tows has generally
been ascribed to a stirring up from the bottom. 1In this
study (BLM STOCS) a number of living (stained with Rose
Bengal) benthonic foraminifera have been collected inﬂour
plankton tows (see Table 1 for a list of occurrences
showing species, number per tow, station numbér and depth
of each station). Many of'these. in fact most, are probably
the result of a stirring of the water column and perhaps a
suspension in the nepheloid layer. However, the consistant
occurrence of at least one species, Bolivina lowmani,
suggests that it is a meroplanktonic stage of the adult ben-
thonic form (Table 1). This species is especially abundant
in the inner spring stations and appears to be associated
with the incursion of the spring "fresh" water lens

(Mississippi water"). Another planktonic-benthonic
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which may be a potential indicator is Uvigerina peregrina.

Uvigerina peregriha is a well known indicator of outershelf and

upper-slope depths and its occurrence in the outer most plankton

tows during the spring gives even more substance to the sugges~-

tion of a strong spring upwelling in this region.
Relict Populations

One of the most interesting aspects of this study has been
the finding of a relict population of radiolarians in the study
area. Plankton tows from the study area have yielded radiolar-
ians previously believed to have been extinct. From other cur-
rent studies we have found that these radiolarians appear to
occur in other portions of the Gulf and to some extent in the
Caribbean but are best represented (density and diversity wise)
in the BLM STOCS area. These findings are of course of great
interest as shall be discussed but it also is of economic inter~
est since a number of these species have been used in biostrati-~
graphy (in fact one species has a biostratigraphic zone named
after it) which is of importance to geologic dating and there-
fore in such ventures as oil exploration.

Relict radiolarians collected in plankton tows and sfained

with rose Bengal include Spongaster pentas, Spongaster bg;m%pg—

hami, Spongaster cruciferus, "Circular" spongaster and an

"elliptical" spongaster (all alive and well). The evolution of

Spongaster pentas from Spongaster berminghami
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occurred about 4.5 million years ago in the tropical Pacific
(Theyer and Hammond, 1974) and is used to define the base

of the Spongaster pentas Zone (Riedel and Sanfilippo, in

press). Spongaster berminghami apparently became extinct

(in the Pacific anyway) shortly thereafter, and Spongaster

pentas apparently became extinct (in the Pacific) at about
3.6 million years ago (Casey, in press b). The "circular"
and "elliptical" spongodiscids are believed to have been

the ancestors of Spongaster berminghami, and they also are

found in the plankton tows as are specimens of Spongaster

cruciferus which appear: similar to the same species in the

Eocene of California.

These épeéies represent a relict radiolarian fauna, and
their presence suggests some interesting consequences of
both biostratigraphic and paleooceanographic significance.
Of biostratigraphic significance is the conclusion that the
geologic and geographic ranges of some of the species usad
in Riedel and Sanfilippo's zonations are provincial. This
provinciality is a real problem because the late Neocene
part of Riedel and Sanfilippo's zonation was mainly developed
using tropical Pacific cores, and the findings here suggest
that the radiolarian biostratigraphy (and perhaps other
microfossil biostratigraphies) in the stratotype localities
of the late Neocene. in Europe should be quite different from
the "warm-water" Pacific zonation of Riedel and Sanfilippo.
Correlation attempts of the Pacific and European stratotype

radiolarians have met with limited success, probably due in
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large part to the problem of provinciality herein mentioned.
This problem has not been noted before probably due to
the fact that the sediments and rocks of the low-latitude
Atlantic and its- margin are usually void of radiolarians
in the post-Miocene. We have studied the upper few centi-
meters of Holocene sediments in the Gulf of Mexico and
Caribbean since this finding in the BLM area and have found

specimens of Spongaster pentas and Spongaster berminghami.:

The paleococeanographic significance is perhaps of even
more importance than the biostratigraphic importance. The
Atlantic and Pacific appear to exhibit more or less "cosmo-
politan warm water" radiolarian biostratigraphies up to at
least mid-Miocene. Sometime post mid-Miocene there appears
to have been a divergence of the radiolarian faunas and a
development of greater provincialism. The reasons for this
divergence are apparently related to geographic and clima-
tic isolation and resultant allopatric speciation and diff-
erential geologic ranges of these isolated populations.

We believe the geographic isolation of the tropical
Pacific from the tropical Atlantic was due to uplift of the
Panamanian Block during the Miocene to "effective sill" at
about 4.5 million years ago. Isolation is placed at about
4.5 million years ago, or at about the Miocene-Pliocene
boundary, for prior to this time the spongaster faunas of
the Gulf and Caribbean resemble those of the Pacific but
diverge shortly thereafter. At 4.5 million years ago, the

'sill depth of the Panamanian Block would have been about
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500 meters (Bandy and Casey, 1973). Therefore, the isolation
may well be twofold: restricted circulation due to the
emergence of the Panamanian Block. and cooling that resulted
in the initiation and development of Neocene-::glaciations

and water mass regimes (Casey, 1973).

We believe that water mass regimes and radiolarian
faunas similar to today's were established by mid-Miocene,
and that Atlantic and Pacific warm-water faunas have been -
isolated from one another since about the base of the

Spongaster pentas Zone, or about 4.5 million years ago, or

about the Miocene-Pliocene boundary. We further suggest
that the BLM STOCS study area, and perhaps to a lesser ex-
tent the rest of the Gulf of Mexico and Caribbean, have
maintained relict radiolarian faunas in part (Casey,
McMillen and Bauer, 1975).

The waters that we now see over the study area and the
adjacent regions may well be close to "Miocene type waters".
\If so why have the spongasters been the only or main ones
to survive? What about the hundreds of other Miocene radio-
larian species that died? We believe that we may have
generated the answer to this question on the dendrograms
derived from multivariant analysis.

The R-mode cluster of live radiolarians (Figure 3)
separates the relict radiolarians from the others. (they are
not associated with any season and only aésociate at a low

similarity level with anything). Spongaster pentas attach-

es at a low (and probably insignificant) ... <~ .: level with
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the winter group which is somewhat interesting for it is

within the winter group that Spongaster cruciferus asso-

ciates. However Spongaster cruciferus associates at a

"high level" with a few others and again this high level is
due to few occurrences so this may be thrown out with more

sampling. Spongaster ? pentas, and the "circular" and

"elliptical" spongasters all cluster out together between
the spring upwelling (SU) and summer (S) radiolarian assem-
blages.

We believe that this "throwing out" of the radiolarian
seasonal cluster groups represents that either the relict
radiolarians can get along with any group (which would be a
way to survive) or that they have an unspecialized niche
(can eat a variety of nannophytoplankton or are detritus
feeders) and have been able to survive as the other
populations have evolved "around them". This last sugges-
tion is intriguingad to some extent may be enforced by
the location of these relict radiolarians on the R-mode
cluster of radiolarians, foraminifera and pteropods (Figure

12). Here again the Spongaster pentas and Spongaster

cruciferus are well removed from all other groups, with the

Spongaster cruciferus being so removed due to few specimens

collected. The "circular" and "elliptical" spongasters se-

parate out with but are somewhat removed from,Globigerina

pachyderma and Uvigerina peregrifia. These are separated in-

to relict shallow (Rs) and relict deep (Rd) components

with the spongasters being shallow and the foraminifera
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deep. We believe that this is very significant. All the
relict radiolarians are associated with very shallow water
radiolarians and perhaps this is associated in some way

with their survival such as being adapted to "Miocene eury-
thermal and euryhaline conditions"™ that have been maintained

in their present distributional ranges. Globigerina

pachyderma is the only "relict" foraminiferan seen in the

plankton except for one occurrence of what we believe migh£

have been Globrotalia tosaensis. Globigerina pachyderma

is not a relict in the sense that we have been using the
term as applied to the radiolarians. Perhaps a better term
for it woula be a "local relict" for it lives today in high
latitude faunas. It was found in the Gulf by Phleger (1951)
and he suggested that it was relict either as a hold over
from the colder Pleistocene conditions of the Gulf, or it is
introduced sporatically around the southern tip of Florida.
Our data to date can not distinguish which, if either, of
Phleger's suggestions are correct, but it does give a clue

to where and why Globigerina pachyderma exists today as a

cold water form in the tropical and subtropical Gulf. Glo-

bigerina pachyderma clusters out with Uvigerina peregrina.

Uvigerina peregrina is a benthonic indicative of outer-shelf

and upper-slope regions which is found occasionally in the

plankton. Uvigerina peregrina > - associated with Globiger-

" ina pachyderma may then suggest fhat both are upwelling forms

and that Globigerina pachyderma's natural habitat is in the

deeper and colder waters of the offshore region which would
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be more conducive for a normally high latitude form.

Efficiency of Shelled Microplankton and Micro- é
benthon as Environmental Indicators

From the previous results and discussions it is apparent to us
that the shelled microplankton and microbenthon are very good
environmental indicators. Our studies indicate that these
organisms may be used to: suggest water mass distributions
and movements by use of indicator species and cluster groupings,
denote areas and relative magnitudes of upwellings and volumes
and routes of currents, and give indications of such things as
the length of food chains (through the niche examples), and
short term "health" (plankton tows), medium term "health" (the
benthonic foraminifera), and long term "health" (the relict
populations) of the study area,

To illustrate their usefulness and the usefulness of the
multivariant techniques herein employed refer to Figure 12 for
the following discussion. This dendrogram separates the foll-
owing clusters: an upwelling cluster (U); an inner-mid-shelf
cluster subdivided into spring-summer (SS), winter (W), summer
(S) and spring (SP) packets; a mid-outer-shelf cluster subdivided
into winter (W), winter offshore (WO), outer-shelf upwelling - ;
(OU), relict (R) with shallow (s) and deep (d) components, outer- ‘
shelf rare (OR) summer (S) and another but not subdivided relict
assemblage (R). These are groups that we believe are indicator
groups.

However it must be emphasized that care must be taken
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in working with multivariant analysis - especially in the
interpretation of the dendrographs and clusters generated.
It is very tempting to try to read too much into such dis-
plays. In these cases the person working up the original
samples followed the entire procedure and is aware of the
strengths and weaknesses of the original data. For example
almost all of the very high similarity clusters (those on
the far left of Figure 12) exhibit a high similarity due

to their being rare and associated to others very strongly
because in the few cases they were found so were the othgrs.
Currently we are "throwing these out" of the interpretation;
however, should this phenomenm occur again in next years
sampling it~will have to be reevaluated. Another years
sampling will reinforce many of the clusters and perhaps
change our interpretation of many others.

We do consider the clusters very useful], but it is best
interpreted by one who- has followed the entire practice and
also was responsible for the taxonomic decisions. Therefore
Table 2 is a conservative list of what we currently believe
to be indicators of various environmental parameters. By
indicator we mean a good indicator, one that is relatively
easy to identify, has shown some consistancy as an index' ~
and is abundant enough to be reliable.

The appendices - contain the raw and processed data
supportive of this report from Rice University on the shelled
microplankton and micro benthon of the South Texas Quter

continental Shelf.
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Comment of Contractual Obligations

I would like to state where we are as far as our con-
tractual obligétions are and why in some cases we are doing
more and why in some cases we have not fully completed all
phases. However, I must state that all obligations will be
compleﬁed.

One problem is the "underway plankton sampling”. 1In -
our original proposal we included an "underway plankton net",
but it was taken off the budget. Somehow it keeps popping
up again; however, I did bring this up at one of our meet-
ings with BLM in Austin last year (the meeting in February,
or so I believe). Even though it was cut from the program
I thought it might be a good idea so I purchased an "underway
net" with another grant and discovered it was-not worthwhile
anyway. We hope to be funded to design one that will work.

A program that is still to be done is the down'co;e

sampling program. Originally we were going to look at 12

bottom samples for shelled microbenthos and then to look

down core to see past natural changes iﬁ the environment.
After investigating the 12 bottom samples (from the first
winter's collecting), it appeared that the living popula- :
tions either might show considerable seasonality or that

the "dead" fauna might be relict (left over from ancient

times, such as Pleistocene outcrop). We decided that we

should look at another season's sampling even though the

contract did not stipulate it. The spring sampling was
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quite different and we are currently looking at the summer
component., Although this is time consuming (and has taken
some time from other parts of the project), we believe that
it must be done. When the full year is complete (when we
complete 36 instead of 12 samples), we plan to investigate
down core. We have communicated with Henry Berryhill and
know in general what cores would be "excellent" ones to work
on.

There is some question about the sieve sizes used (Whether
62 or 38 micrometer are used): <. - -. The problem is that both
are; the 62 micrometer — is used as stated in the original
pfoposal (for the sediments) and the 38 micrometer is used as
the "filtering device" for the Niskin samples.

The Niskin samples have not been worked up in time for
this report. They will be done,But this work has lagged be-
cause of the additional work that had to be done (which we
could in no way anticipate and that is mentioned in the next
paragraph). We are-also "behind" due to: (l) we started out
by collecting all we could thinking that some of the collect-
ing would not produce too much, well it d4id and we really
had too much to work up for the amount of money ($17,000)
for our first year, but we will complete it; (2) due to
various problems the money was not available for a number of
months at the start of the project (the main problem being
Rice did not react to the letter: of intent but waited for
a complete contract) so we were behind from the start: (3)

we ran into some unknown species that produced problems that
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were time consuming (the relict populations) etc. However
all the work and more than was called for in the original
contract will be completed.

I must admit that some of our "slowness" in some con-
tractual obligétions is due to investigating some "academic"
findings that the BLM project has discovered. We have
found a relict population that is fully discussed in this
report.

Another interesting finding has been the £finding of
previously considered benthonic organisms (bottom dwellers)
floating alive in the water as plankton, and this is discussed
in the report.

We are very pleased with the way our component has and
is going. We are especially pleased with the developing
ability to utilize shelled microorganisms as indicators of
seasonality, current movement, water masses, upwelling, etc.
We believe that we will be able to determine current and
upwelling movement in more than relative amounts. We more
than anyone wish we had all our contractual obligations com-
pPleted. We could have them completed if we had been able
to start on time (had money), and had not "taken the time"
to work on relict faunas, "planktonic" bénthonics,.ektend
the bottom program three fold to do a better job on the down
core sampling, etc. We are very excited about our findings
and believe that the investigatio<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>