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1.0 TINTRODUCTION

This annual report concludes the 2-year Southwest Florida Shelf Benthic
Communities Study. This study was part (Years 4 and 5) of the 6-year
Southwest Florida Shelf Ecosystems Program scheduled for completion in
1987. The results obtained from the studies conducted in the eastern
Gulf of Mexico from December 1983 to December 1985 are presented in this
report. Some of the results and a more detailed discussion of the
methods were presented in the Year 4 interim report and will not be
repeated in this document. This Year 5 annual report includes the final

interpretations and conclusions derived from the 2-year field study.

The following sections provide a brief review of sampling completed
during the first 3 years of the 6-year program before describing in
detail the Year 4 and 5 studies. The field methods and laboratory
procedures used are described, and results are presented. Although
interpretations and conclusions rely extensively on data collected
during Years 4 and 5, data from the previous 3 years have also
contributed significantly to the interpretations. The culmination of
the Southwest Florida Shelf Ecosystems Program will be the data

synthesis report and conceptual model, to be completed in 1987.

1.1 PROGRAM REVIEW

The Southwest Florida Shelf Ecosystems Program began in 1980 and was
originally designed as a 3-year, interdisciplinary study of the
biogeochemical character and seasonal community patterns occurring in

the region.

The overall objectives defined by the Bureau of the Land Management
(BLM) [now the Minerals Management Service (MMS)] for the Southwest

Florida Shelf Ecosystems Program were as follows:



1. To determine the potential impact of outer continental shelf
(0CS) o0il and gas offshore activities on live-bottom habitats
and communities, which are integral components of the southwest
Florida shelf ecosystem.

2. To produce habitat maps that show the location and distribution
of various bottom substrates. This was to be done by exploring
several widely spaced transects across the southwest Florida
shelf.

3. To broadly classify the biological zonation across and along
the shelf, projecting the percent of the area covered by
live/reef bottoms and the amount covered by each type of

live/reef bottom.

To meet these objectives, the study was conducted over 3 years. During
the first year of the program, a variety of geophysical, hydrographic,
and biological parameters were studied along five east-west tramsects
across the southwest Florida shelf. Geophysical data (bathymetric,
seismic, and side-scan sonar surveys) were collected along each transect
from about 40-m water depth to 200-m water depth. Visual data,
combining underwater television and 35-mm still color photography, were
collected in depths between 20 and 100 m. Finally, a broad range of
hydrographic measurements, water column samples, bottom sediment and
benthic biological samples (using triangle dredge, otter trawl, and box
- corers) were collected from 30 stations located along the various
cross-shelf study transects. These stations were occupied twice during
the first year; once during a Fall Cruise (October-November 1980) and

again during a Spring Cruise (April-May 1981).

The geophysical and visual data were to be combined with results
obtained from benthic sampling to refine the gross sea bottom/substrate
type identifications into interpretations of specific community types,
with emphasis on diversity, biomass, and recreational and commercial

value.



During the second year, additional geophysical information was collected
along a new north-south transect (Transect F), at about 100-m water
depth, that tied together several of the previously surveyed east-west
transects (Traansects A through E). Visual data, again including
underwater television and still camera photography, were extended along

each east-west transect from. 100- to 200-m water depths.

Twenty-one of the 30 original hydrographic and benthic biological
sampling stations occupied during Year 1 were twice resampled, once
during a Summer Cruise (July-August 1981) and again during a Winter
Cruise (January-February 1982). For this set of stations, hydrographic
and biological data were now available on a seasonal (quarterly) basis.
In addition, nine new hydrographic and benthic biological stations were
established on Transects A through E, in water depths ranging from 100
to 200 m. Each of these stations was sampled during both the Summer and

Winter Cruises.

Under a Year 2 contract modification (which was essentially a separate
third year of studies), two seasonal hydrographic cruises (April and
September 1982) were conducted to yield a hydrographic analysis of
temperature, salinity, transmissivity, phytoplankton, chlorophyll a,
phosphates, nitrates, nitrites, and dissolved silica. Primary
productivity was measured during both cruises and correlated with
nutrient and other physico-chemical data. A simultaneous overflight by
the National Aeronautics and Space Administration (NASA) Ocean Color
Scanner during the April cruise was completed to investigate chlorophyll
and primary productivity throughout the region during the spring bloom.
Optical oceanographic measurements were also taken during the April

cruise as ground truth for the color scanner data.

The expanded program for Year 3 incorporated three cruises. Cruise I
(conducted in October 1982) continued the bottom mapping activities that
were begun in Year l. The studies completed along several new transects

included bathymetry, side scan sonar, subbottom profiling, underwater



television, still photography, and hydrography. During the survey,
transects B, C, and D were extended eastward to depths of 10 m, and
north-south transects G, H, I, J, K, and L were added. Cruise II was
conducted in December 1982 and consisted of biological and hydrographic
sampling. Ten soft-bottom stations in the 10- to 20-m depth range were
sampled for infauna, grain size, and hydrocarbon content in the
sediments. Five hard-bottom stations in the same depth range were
surveyed using underwater television, still photography, dredges,
trawls, sediment traps, and diver-deployed quadrat bottom sampling. In
addition, hydrographic casts were made at the hard-bottom stations.
During Cruise III, conducted in June 1983, the same statiouns and
parameters sampled during Cruise II were resampled to provide seasonal

data.

Tne first 3 years of investigations effectively addressed Objectives 2
and 3 listed previously. However, it was determined that to effectively
assess the potential impacts of OCS oil and gas activities more must be
known about the dynamics of the ecosystem and natural stresses that are
imposed on the systems by existing physical processes. Consequently, an
additional 2-year study ("Southwest Florida Shelf Benthic Communities
Study”) was designed to investigate the biological and physical
processes of the southwest Florida shelf that, in combination with the
first 3 years of study, would provide the information needed to better
assess potential impacts of offshore development. A final year (Year 6)
was added for synthesis and interpretation of all available data,
development of a conceptual model, and impact assessment of offshore oil

development.

1.2 OBJECTIVES
The overall objectives for the Years 4 and 5 study (required to
investigate biological and physical processes and to provide information
needed for impact assessment) were defined as follows:
1. Compare and contrast the community structure of both live-
bottom and soft-bottom fauna and flora to determine the
differences and similarities between them and their dependence

on substrate type.



Determine and compare the hydrographic structure of the water
column and bottom conditions at selected sites within the study
area.

Determine and compare sedimentary chafacter at selected sites
within the study area, and estimate sediment transport.

Relate differences in biological communities to hydrographic,
sedimeantary, and geographic variables.

Develop and conduct a research program which will provide
essential information on the dynamics of selected "live-bottom”
communities and determine the major factors which influence
their development, maturation, stability, and seasonal
variability.

Assemble and synthesize appropriate published and unpublished
data with the results of this study, summarizing on a seasonal
spatial basis all biological, habitat, and environmental
observations and parameters. Relationships between biological
and nonbiological factors shall be delineated through
illustrations (maps, diagrams, charts, etc.), as well as
descriptive text. Appropriate statistical analyses shall be
performed to support the interpretations leading to the
synthesis and conclusions.

Conduct an effective quality assurance and quality control
program which ensures that all data acquired are accurate and
repeatable within standards normally accepted for each type of
observation, measurement, or determination.

Assess the need for and determine the type of studies to be

conducted in future studies sponsored by MMS in the eastern

Gulf of Mexico.

SCOPE OF WORK

stations.

To address these objectives, a 2-year program (Years 4 and 5 of the
overall program) was designed and implemented to provide seasonal data

for selected live-bottom stations and supplemental data for soft-bottom

This annual report presents the results of this study.
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The Year 4 field study included four seasonal cruises, with sampling
conducted at two sets of stations (Figure 1.3-1). One set of stations
(Group I statioms: less than 20-m water depth) was sampled during fall
1983 and spring 1984, and consisted of the 5 hard-bottom and 5 of the
10 soft-bottom stations that were sampled during the winter 1982-1983
and summer of 1983 (Year 3 study). This sampling essentially completed

the seasonal baseline descriptive study of the inshore area.

Ten replicate infauna samples were collected at each of the soft-bottom
stations during both cruises. In addition, sediment samples and
hydrographic measurements were made at each station to define the
soft-bottom habitat. At the five hard-bottom stations, dredging,
trawling, underwater television, benthic still photography, sediment
sampling, and hydrographic measurements were completed during both

cruises.

Seven other hard-bottom stations, as well as one Group I hard-bottom
station, were selected for a more detailed study of biological and
physical dynamics. During Year 4, five of these stations, designated
Group I1 and each representing a separate epifaunal community type, were
sampled during each of four seasons--fall 1983, winter 1983-1984, spring
1984, and summer 1984. A description of these hard-bottom stations is
presented in Table 1.3-1. These stations are referred to as Group II
stations and are at water depths greater than 20 m except for Station 52
(13 m). Station 52 was added to this group to provide one representative

shallow water station to this more intensely studied group of stations.

During Year 4, sampling at these stations consisted of dredging,
trawling, underwater television, benthic still photography, sediments,
and hydrography. In addition, in situ instrument arrays were installed
at these five stations. Each array was equipped with a current meter
that measured current speed and direction and temperature; 3 sets of
sediment traps at elevations of 0.5 m, 1.0 m, and 1.5 m above the

bottom; and 10 sets of substrate plates that were scheduled to be



SSS/UTV TRANSECT
GROUP | SOFT-BOTTOM STATION
GROUP ) HARD-BOTTOM STATION

\
| GULF OF MEXICO
GROUP N LIVE-BOTTOM STATION |

N>

LOCATION MAP

\
|
\

STUDY AREA \

-

L1 84 82

NAUTICAL MILES
10 20 30 40 50

EERENEEENN

] 20 40 60 80
KILOMETERS

Figure 1.3-1 STATION AND INSTRUMENTED ARRAY LOCATIONS FOR YEARS 4 AND 5

98/50 SKWIN



Table l 03_1 .

Intensively studied hard-bottom stations

Depth
Station (m) Depth Zone Substrate Assemblage
52 13 Inner Shelf Sand over hard Soft coral
substrate Assemblage 1
21 47 Middle Shelf Sand over hard Live bottom
substrate Assemblage II
23 74 Middle Shelf Algal nodule Algal nodule
layer/sand assemblage
29 64 Middle Shelf Algal nodule Agaricia coral plate
pavement
36 125 Outer Shelf Sand over hard Crinoid assemblage
substrate
7 32 Middle Shelf Thin sand over Inner and middle
hard substrate shelf live-bottom
assemblage II
44 13 Inner Shelf Thin sand over Soft coral
hard substrate assemblage I
55 27 Middle Shelf




retrieved at 3-month intervals over the 2-year study. Also, the arrays
at Stations 52 and 21 each contained a wave and tide gage and a
time-lapse camera to document sediment transport and biological

recruitment. These arrays were serviced quarterly.

During Year 5, intensive quarterly sampling of these five Group II
stations continued, and three other stations were added for intensive
study (see Figure 1.3-1 and Table l.3-1). Two of these stations (one
was Year 4 Group I hard-bottom Station 44; the other, Station 7) had
been sampled previously. The third station (Station 55) situated
between the Dry Tortugas and the Marquesas was a new station established
during Year 5. This station was chosen primarily because it was at a
key location within the boundary of the shelf and would provide valuable
information for subsequent modeling efforts. Stations 44 and 7 were
selected because they were further north and would provide information

on variations in latitude within the study area.

There was some modification to the sampling program during Year 5.
Triangle dredge tows were discontinued at the five original stations,
and were conducted at only two of the three additional stations
(Stations 7 and 55). The third station (Station 44) was sampled only
with the instrumented array and CSTD because sufficient underwater
television data were already available for similar shallow stations. A
second modification was the transfer of the Station 21 wave gage to
Station 55 because Station 55 was shallower and would provide better
wave measurements. In addition, tide data at Station 55 would be more
valuable in providing boundary conditions for subsequent modeling
efforts. Also, seven of the eight arrays were equipped with time-lapse
cameras; Station 36, the deepest station, was the only array not
equipped with a time-lapse camera because it was too deep for the
standard camera cases used for the program. Finally, during Year 5, two
new transects were surveyed with underwater television and side-scan
sonar. Transect ¥-1 ran from the Tortugas shoals southwest to a depth of
100 m; Transect X-2 ran north- south through Station 55 at an average
water depth of 27 m. These transects were added to supplement the

habitat mapping studies completed in previous years.
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2.0 METHODS

The methods and instrumentation used by the Environﬁental Science and
Engineering, Inc./LGL Ecological Research Associates (ESE/LGL) team to
conduct Years 4 and 5 of the Southwest Florida Shelf Benthic Communities
Study are discussed in the following sections. The sections are
arranged by disciplines as follows:

2.1 PHYSICAL SAMPLING

2.2 BIOLOGICAL SAMPLING

These sections are further 'subdivided into the specific methods employed
to collect data within these categories. In many instances, detailed
discussions of methods were presented in the Year 4 annual report.

These will not be repeated in the same detail here.

The vessel used by ESE was the Florida Institute of Oceanography's R/V
SUNCOASTER. All navigation was accomplished with the vessel's
Micrologic ML 3000 LORAN C navigation system with plotter. The general
procedure during sampling was to record the LORAN C coordinates and the
beginning and ending times of each sampling event. The individual
station plots are presented in Appendix A. During any underway
sampling, the vessel's LORAN C plotter was used to obtain a continuous

track of the survey transects.



2.1 PHYSICAL SAMPLING

Emphasis in Year 5 of the Southwest Florida Shelf Benthic Communities

Study was placed on the dynamics of the ecosystem and the natural
stresses that are imposed on the system by existing physical processes.
Physical processes included sediment dynamics and physical oceanography
including hydrography, currents, waves, and meteorology. To study these
processes, the ESE/LGL team used a variety of methods which are

described in the following sections.

2.1.1 CSTD

Hydrographic data were collected at all eight Year 5 statioms. At each
station a vertical survey was conducted from surface to bottom. The
hydrographic data collected consisted of conductivity, salinity,
temperature, pH, dissolved oxygen (DO), and transmissivity versus

depth.

These data were collected using on InterOceans® CSTD System.
Table 2.1-1 presents the range, time constant, and accuracy of each

probe of the CSTD sonde.

The CSTD was lowered to within 1 m off the bottom, then all measurements
were manually recorded on ESE Field Data Logs. The sonde was then
raised to the next chosen depth and the measurements again manually
recorded. The depth and number of manual recordings were decided by the
Chief Scientist; however, at least three depths (near-surface,

mid-depth, and near-bottom) were always manually recorded.

Calibration and calibration checks of the CSTD were made periodically.
A complete calibration of the CSTD was made at least once during each

cruise.

The field calibration data were returned to ESE and entered into the

PRIME® computer for reduction of the CSTD data.

12



Table 2.1-1. Accuracy, range, and time constants of probes on InterQOceans®
CSTD Model 513D

Parameter Range Accuracy Time Constants
Conductivity 0-65 millimhos/cm + 0.05 10 msec
Salinity 0-45 7%, + 0.05 l.4 sec
Temperature -5-45°C + 0.05 60 msec
Depth 0-200 m +1 50 msec
Dissolved Oxygen 0-40 mg/l + 0.2 10 sec

pH 2-14 pH + 0.1 200 msec
Transmissivity 0-100% +1 400 msec

13



Those parameters requiring calibration were corrected using a linear
equation developed from the field calibration data. Sigma-t and DO
saturation were calculated from the calibrated values, and the raw and
calibrated data were tabulated to facilitate quality control checks.
These quality control checks were done manually by (1) comparing
manually calibrated data against computer calibratioms, and (2)
comparing calibrated values agains acceptable standards such as deep sea

reversing thermometer temperatures.

Once the CSTD data had passed all quality control checks, the calibrated
data were tabulated in report-ready format, and vertical profile plots,

when appropriate, were produced.

2.1.2 NISKIN BOTTLE CASTS

A hydrographic cast using a 5-liter (1) Niskin bottle equipped with a
reversing rack and a protected deep sea reversing thermometer was
conducted at every station and served primarily as a calibration check
of the CSTD system. At every station, the surface temperature measured
with the reversing thermometer was recorded on the ESE Field Data Log
alongside the temperature measured with the CSTD. At three of the
stations, usually those at the beginning, midpoint, and end of the
cruise, two water samples collected near-surface and near-bottom with a
Niskin bottle equipped with a deep sea reversing thermometer were
obtained for a comparison of temperature, salinity, and DO with those
same parameters measured by the CSTD. The temperature was read from the
calibrated deep sea reversing thermometer and corrected using the
temperature measured with the auxiliary thermometer and the standard

correction equation presented in Sverdrup et al. (1946).

The salinity samples were obtained from the Niskin bottle, placed in
triple-rinsed sample bottles, and returned to the Florida Insitute of
Oceanography for analysis. At the Florida Institute of Oceanography,
sample salinty was measured with a Guildline Model 8400 "Autosal”

salinometer. This instrument measured the conductivity ratio between

14



the sample and a 35-%. reference standard by continuously comparing

the sample conductance with an integral reference conductance having an
accuracy of +0.003-%. equivalent salinity. Once the conductivity

ratio was determined, it was converted to practical salinity using the

International Oceanographic Tables, Vol. 3, UNESCO (1981).

The DO sample, also obtained from the Niskin bottle, was collected,
preserved, and analyzed using the Winkler method described in Strickland

and Parsons (1968).

2.1.3 IN SITU ARRAY

During Year 5 of the Southwest Florida Shelf Benthic Communities Study,
ESE/LGL deployed and maintained an instrumented in situ array at eight
hard-bottom stations. The arrays (shown in Figure 2.1-1), their
construction, and servicing procedures are discussed generally in this
section. Specific components are discussed in detail in the relevant

sections of this report.

All eight arrays were equipped with settling plates, three sets of
sediment traps, and an ENDECO® Model 174MR Current Meter capable of
measuring current velocity and temperature. Two of the arrays
(Stations 52 and 55) were equipped with Sea Data Model 635-11 Wave and
Tide Gages. An ESE/LGL-designed time-lapse camera/strobe system was

installed on all but the Station 36 array.

The mooring configuration for the in situ array is illustrated in
Figure 2.1-2. The mooring line on the array was supported by a
subsurface float located approximately 10 m below surface. A small
surface float was attached to the subsurface float to help relocate the
array. To help prevent vandalism or damage by vessels, the surface

float was attached to a weak link that would not support the mooring.

15 '
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Methods for locating the array included accurate and redundant LORAN C
fixes, the addition of Helle Engineering® Model 2250 27 kilohertz (kHz)
pingers attached just below the subsurface buoy of the array mooring,

and underwater television.

To retrieve the mooring for servicing, divers attached a servicing line
beneath the subsurface float. The servicing line was then attached to
the vessel winch wire, and retrieval was begun. The array was raised to
within 5 m of the surface. However, to avoid contamination and
desiccation of the settling plates, the array was not brought onboard.
Because of boat motion, the added stress of the heaving motion could
have damaged the array or snapped the cable. Consequently, when the
mooring was within 5 m of the surface, a temporary spar buoy was
attached to the retrieving link on the mooring line. The winch cable

was relaxed, and the array was suspended from the spar buoy.

There was some motion of the array induced by wave forces on the buoy
but not nearly as much as there would have been from the rolling vessel.
To reinstall the mooring, the mooring cable was tightened on the ship's
winch, the temporary spar buoy removed, and the array was lowered
immediately to the bottom. A schematic of this servicing operation is

presented in Figure 2.1-3.

With cthe array suspended from the spar buoy, the divers retrieved the
instruments, sediment traps, and appropriate settling plates. The

instruments were serviced onboard and returned to the array with new
sets of settling plates and sediment traps. Following the servicing,
the mooring was lowered to its original position, and the winch cable

was detached from the subsurface float.
A discussion of those array components used primarily for the collection

of physical data follows. Other components are discussed in the

relevant sections of the report.
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Current Meter

A requirement of the in situ instrument arrays was to continuously
monitor near-bottom current speed and direction, as well as water
temperature at each live-bottom station. Current velocity data are
essential for estimating the transport of pollutants as well as the
potential distribution of fish eggs and larvae. Water current data also
helped provide estimates of the occurrence and mode of sediment
transport at a given station. These data and continuous temperature
data are used to estimate the stresses placed on a benthic community.
These stresses include swift currents, frequent sediment movement,
widely fluctuating temperatures, and the potential for exposure to

pollutants transported to the stationm.

ESE/LGL used an ENDECO® Model 174MR current meter system mounted
directly above the apex (3 m above the bottom) of the array frame at all
eight stations. The Type 174 current meter is an axial flow, ducted
impeller system capable of recording current speed and direction and
water temperature, on magnetic tape at predetermined intervals. The
accuracy of the speed sensor is +2.5 centimeter per second (cm/sec);

compass = *7.2 degrees (°); and temperature - +0.2 degrees Celsius
(°c).

The quarterly servicing consisted of removing the current meter from the
array for cleaning and inspection; removing and replacing the magnetic
tape, batteries and desiccant; and remounting the current meter on the

array.

The current meters were calibrated by the manufacturer once prior to -

initial deployment, and were again calibrated after final retrieval.

Current data were analyzed to provide information on the fluctuating
current characteristics at each station. The current meter records
included temperature, current speed, and current direction as a

uni formly sampled time series. A sampling interval of 5 minutes (min)
was deemed optimal to monitor the phenomena known to affect unsteady

oscillatory flow conditions for time scales as short as 10 min. A time

20



series of near-bottom current flows affected by tides, winds,
atmospheric pressure gradients, baroclinic circulations, seiching and
internal waves with time scales greater than 10 min was resolved from

the current meter data set.

Speed and direction were developed for monthly, seasonal, and yearly
data sets, and further analyses were conducted on each current meter
data set as follows:

l. Basic statistics,

2. Time series plots, and

3. Joint probability analyses.
A discussion of the methodology for each of the analyses is presented in

the following paragraphs.

The basic statistics listed below were computed for each of the

parameters listed for several time periods.

Statistics Parameters

Mean Temperature

Maximum Current Speed

Minimum Alongshore Cohponent of Current (approx-

imately north-south)
Standard Deviation Cross-Shelf Component of Current (approx-

imately east-west)

These statistics were computed on a monthly, seasonal, and yearly basis

for each current meter.

Time-series plots of current speed and direction and temperature

were created to assist in the interpretation of the physical data.
Monthly plots of the time—series records are presented in Appendix B.
The computational sof tware allows for current data plots as speed and
direction of alongshore and cross-shelf components or major and minor
flow components. In addition, the current data may be numerically

filtered and presented as monthly plots of hourly time-series data.



Joint probability frequency distribution (speed and direction) of the
currents was computed monthly for each meter. These results are
tabulated and presented in Appendix B. Other analyses performed to
describe and evaluate the current regime are as follows:

1. Principal components analysis to determine the principal
direction of the in situ current data and the magnitudes of the
major and minor flow components relative to this direction; and

2. Spectral analysis to describe current energies attributed to
tides, seiching, inertial currents, or other periodic forcing

functions such as excursions of the Loop Current.

Efforts concentrated on providing a detailed description of the current

regime for use in prediction of sediment transport.

For the initial analysis of the time series record, statistical
techniques were used to determine the principal direction of the currents
and the strength of the major component of flow relative to the minor
component. The results of this analysis indicate whether rotating the
axis of the Cartesian coordinate system relative to the computed
principle direction would be required prior to spectral analysis.
Comparison of the strengths computed for the x and y components of flow
was used to determine the need for further analytical tools such as

cross—-spectral calculations and cross-correlation analysis.

Numerical computation of energy spectra and cross-spectra from the
current time-series data is a useful analytical tool as it represents
the energy contents at different frequency components, and in the case
of cross-spectra, it provides a measure of the interaction between two
frequency components. Seasonal energy spectra were produced for the
current speed and current direction time-series data. These spectra are
discrete,. and thus the energy spectrum is proportional to the total

energy contained by the currents at each frequency.
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Initially, a preprocessing of the data record was performed to correct
all questionable data in the time series caused by instrument
malfunction and voltage fluctuations. Prior to computing spectral
values, the means and linear trends were removed. The records to be
analyzed were then divided into equal segments or subsets. Subsets of
the time series were prepared for Fourier analysis by using 50% overlap
of the data and a 10% cosine bell tapering on each subset. The Fourier
analyses were completed on each subset, and the resulting energy at each
discrete frequency was averaged to provide the final energy spectral

estimate for the seasonal current meter record.

The smallest resolvable frequency can be expressed by:

L
AtN
where: At = the sampling time interval, and
N = the number of data points in the subset.

The highest resolvable frequency is:

Lo-1
2At T

where: 1/2At
T

the Nyquist or folding frequency, and

the window period.

To compute spectral values in the desired frequency range, the values of
At, T, and the record length were specified appropriately to ensure a
high degree of confidence. The stability of the spectral estimates
depends on the averaging process such that the larger number of spectral
subsets (equal to or greater than 15 is considered appropriate), the

more stable are the resulting estimates.

Fast Fourier Transformation was performed to determine the Fourier

coefficients which were then analyzed to comstruct the spectral and



cross-spectral estimates of the time-series records. The computational
technique is designed to give Fast Fourier Transformation of each
subset, from which averaged spectral and cross-spectral estimates are

made from all subsets.

Wave-Tide Gage

The arrays at Statioms 55 and 52 were equipped with Sea Data® Model
635-11 Wave and Tide gages. The 635-11 is a self-contained digital
recording wave and tide gage designed for subsurface deployment. The
635-11 measures waves and tides simultaneously by recording water height
(pressure) with a resolution of 1:65,000 using a Paros Scientific®
Quartz Sensor. The accuracy of the pressure sensor is +1.5 cm at a

depth of 25 m.

The Sea Data® digital wave-tide recorder provided a subsurface pressure
record used to calculate a surface wave record from which subsurface
orbital velocities associated with wave motion were computed. The
contribution of surface waves to turbulence near the bottom was deemed
significant for shallow water and was only measured at Stations 52 and
55. Wave data, in particular, are used to estimate the occurrence of
wave-induced sediment transport and subsequent stress to the benthic
community. In addition, stress associated with wave-induced water
motion can be significant for shallow benthic communities. Periods of
natural occurrence of high suspended solids were of particular interest
for comparison with values that may occur during drilling operation

discharges.

The Sea Data® gage records both wave and tide measurements. The tide
measurement interval was set to record eight averaged measurements
1/hour, which corresponds to 7.5-min intervals. In contrast, wave
measurements consisted of a burst of pressure measurements. In the
experimental design, wave measurements were recorded every 6 hours, with
1,024 wave samples in each burst at 0.5-sec intervals during the burst.
Wave fields characterized by low frequency and long wavelengths, with
periods of 8 to 15 sec, take 4 to 8 hours to change significantly.

These waves contain the greatest amount of energy and are more important
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than shorter period waves in their effect on sediment resuspension.

Consequently, a 6-hour sampling interval was deemed sufficient.

The pressure transducer provides a frequency output related to pressure
input. The corrected pressure frequency from the sensor is used to
obtain the pressure by:

P = All = Ty/T] - B[l - To/T]2 or

P = A[l - Tof] - B[l - Tof]2

where: T period output from Paros® sensor,
f = 1/T is the frequency output from the Paros® sensor,
and

P = the pressure in the same units as A and B.

where: A, B, and T, are calibration coefficients provided with

each Paros® unit.

The pressure is then determined from the pressure/frequency equation
given previously. Because no data are available for barometric pressure
at the test site, a standard pressure of 1013.3 millibars (mbars) is
assumed. The water height above the sensor is then produced for each

pressure reading.
H(i) = [(P(i) - 68.947)/98.068] - 10.333

These water heights are then used to calculate the spectral statistics

by Fast Fourier Transformation into the frequency domain.

The Sea Data® instrument uses a Paros Scientific® Pressure Sensor te
detect pressure fluctuations due to surface waves. The subsurface
pressure record is related to the surface wave record by:

P(t) = Kpy(t)
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where: P(t)

the subsurface wave pressure record.
Kp = the pressure response function. This function
is dependent upon both the depth of the gage and the

frequency of surface wave.

y(t) the surface wave record.
The pressure response function is:
Kp(w) = ycosh(kD)/cosh(kH)
where: k = the wave number,
D = distance from bottom to pressure transducer,
H = total depth of water, and
Y

= specific weight of sea water.

The wave number k is related to frequency according to the dispersion

relationship:

w? = gk tanh(kH)

where: g gravitational constant, and

€
"

wave frequency.

For any frequency w, the value of k is calculated by an iterative
technique, using the Newton-Raphson algorithm to calculate the values of
k. An iterative procedure is used to find a new value until the values

converge to within +0.001.

To create a surface wave record from the bottom pressure record in the
time domain would involve a convolution of the pressure response
function with the pressure record. The convolution can be accomplished
readily by transforming the time series record into the frequency domain
and multiplying by the transformed pressure response record. This

record can then be manipulated in the frequency domain to provide
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certain statistical information. It could also be transformed back to

the time domain to recover the surface wave record.

The programs used for analysis of the Sea Data® pressure records first
use the Fast Fourier Transformation to transform the data into the
frequency domain. The wave number k and the pressure response function
Kp(w) are then determined at each station for each frequency. The
energy available at this frequency is calculated, and the inverse
response (l/Kp) is applied to create the corrected energy. From

this data record, the total wave energy and the frequency of major

energy was extracted.

P(w) = P(t)

Y(w) = 1/Kp P(w)

S(w) = Y(w)2/(2 m T)
S(w) = P(@)2/(2 7 T)/Kp2

Total energy = ngls(a))

Hg = 4 x /T
where: éf

Y (w)
S(w)

the Fourier Transform,

the surface record in the frequency domain,

the energy as a function of frequency, and
Hg = the significant wave height.
T = total energy

The peak energy is at the frequency w where S(w ) is maximum

neglecting low frequency swells.

The calculation of subsurface orbital velocities u and v are also done
from the results of the pressdre transformation. Since there are no
data in the pressure record indicating wave direction, only the
resulting magnitude of orbital velocities can be generated. The
magnitude of the orbital velocity is represented as:

iul = Kyy(t)
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where: |u| = Magnitude of orbital velocity,

Ky = velocity response function, and
y(t) = surface wave record.
also;
Ku = [ o cosh(kD)]/sinh(kH)
Since

P

Kpy(t) and
lul = (Ky/Kp)P, then
knowing Ky and Kp and having the pressure record (P), the

subsurface orbital velocities for u can be calculated.

This general analytical method first was applied to the recorded
pressure record to estimate the surface wave field that was reported as
significant wave height and average wave period. The method was then
used to compute the scouring velocity at the bottom that these waves
produce. This method was not required for the tide data since the tidal
period is very long and the energy does not attenuate with depth as with
wind-generated waves. Tide readings were converted directly to water
level heights for harmonic analysis, low-pass (33-hour) tidal records

and spectra analysis.

The continuous direct measurement of water surface displacement
primarily resulting from tidal and meteorologial forces was required to
determine:
l. Low-frequency energy observed as storm tides (surge),
2. Magnitudes of the various tidal components (harmonic analysis),
and

3. Relative energy of tidal frequencies within the spectrum.
After tidal records were preprocessed using the appropriate calibration

factors given previously, the continuous tidal data were filtered to

isolate the tidal frequencies (bands) using a band pass filter to allow
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greater resolution over the width of the spectrum containing the most
significant energy. The 33-hour low-pass filter (developed at Woods
Hole Institute) was used to remove the diurnal and semi-diurnal compo-

nents of the tide and pass only the slow variations (>33 hour) in z(t).

Tidal records containing both astronomical and storm tides were

separated using a sharp cutoff digital filter of the form:

_\n=67
Znt33 (o) _Z n=1 Cn * Zn (e)

After passing the filter over the tidal record primarily only storm
signals remain., This is useful for understanding the local response to
storm conditions (events) within the Gulf of Mexico and the Straits of
Florida. Tidal records of low-frequency forcing will be plotted and

analyzed further.

In the analysis of tidal spectra, estimates of tidal energy were
computed for both low-pass and unfiltered data collected continuously
for a 12-month period. To obtain the necessary confidence interval,
long continuous tidal records were required. Where the resolution of
discrete spectral lines depends on both a large number of samples (N)

and the distance between spectral bands (Af) in the form:
Af = 1/N/Ac

The data set is segmented using the most appropriate time windows to
allow 15 windows in time. The tidal data are then preprocessed to
remove the mean and a l0-percent cosine bell tapering is applied.
Frequencies which contain significant energy are then analyzed to
determine the tidal forcing mechanism (astronomical, seiching, or

meteorological).
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Characteristics of the tidal record at any location are governed by the
dominant tidal components. The observed tidal variations were used to
determine the amplitudes of specific tidal components for the most
important tidal constituents. These records were resolved into

27 narmonics for which both amplitude and phase angle were computed.
This will, in general, allow accurate predictions of tide heights at the
location of Stations 52 and 55 on the continental shelf. The total
astronomical tide would be computed using the sum of these 27 tidal

constituents:

n=27 360 t
Z(t) —Z n-1 Arl cos - - en

n

where: n = individual constituent,
Ay = amplitude of the tidal constituent,
Th = period (hours) of the tidal constituent, and

Op = phase—angle of the constituent (degrees).
The spacial variation of the tides resulting from tidal response to
changes in the bottom and local boundary conditions will also be

evident and addressed in the results/discussion section.

Sediment Traps

Sediment samples were collected and characterized both physically and
chemically. A variety of methods was used to measure and describe
sediment dynamics in the study area. These methods are described below
and in Subsections 2.1.6 and 2.2.5. The in situ arrays were equipped
with sediment traps and time-lapse cameras. Data collected by the
sediment traps and time-lapse cameras, combined with data collected by
the’' previously described current meters and wave gages were used to
study sediment dynamics at these eight stations. A description of the
sediment traps is presented below; time-lapse cameras are discussed in

Subsection 2.2.5.
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Sediment traps were installed at all eight stations to measure the
time—-averaged vertical sediment flux at 0.5, 1.0, and 1.5 m above the
seabed. Sediment traps were deployed to provide an estimate of sediment
resuspension and/or importation to the study area. The sedimentation
rate indicates the level of stress to a benthic community and aids in
the assessment of the relative effects of drilling muds with respect to
the suffocation of epifauna. The sediment traps were simple cellulose
acetate butyrate cylindrical tubing with diameters of 4 cm and were

40 cm long. Five traps were mounted at each of the 0.5-, 1.0-, and

1.5-m levels above the bottom to provide replicate samples.

The sediment traps were capped, retrieved, and replaced each time the
instrument array was serviced by divers. These sediment samples were

then frozen and returned to the laboratory for analysis.

All of the sediment traps were examined visually prior to extraction of
the sediment. The depth of sediment in each tube was measured and
recorded, and all replicates from a given station, elevation, and cruise
were compared and checked for similarity. The tubes were cleaned of all
external algae, sediment, and epifauna and returned to the freezer to
await analysis. Care was exercised to prevent thawing the frozen

sediment during the inspection process.

Those tubes that collected more than several centimeters of sediment
occasionally exhibited slight tonal and textural variations that were
visually discernible; such laminations, if present, were recorded on
film. The zonations were more distinct when viewed through the clear
plastic walls of the sediment tubes; therefore, longitudinal sectioning
was avoided. All replicates from a given station, elevation, and cruise
were placed on a white background and photographed in color in natural
light. The background was labeled with all pertinent and identifying
information. A vertical scale from 0 to 40 cm was included in the
photograph. The sediment was not allowed to thaw, but the frost was
wiped from the tubes with a damp cloth immediately prior to

photographing.
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The entire frozen sediment column was extruded from each tube. Each
sample was placed in a tared and labeled beaker and weighed to determine
the mass of wet or frozen sediment. The sediment was dried in an oven
maintained at 60°C to determine the mass of dry sediment. The
percentage water in each sample was calculated. The mass was corrected
for the contribution made by the soluble salts precipitating in the
sediment after evaporation of the water using the known seawater

salinity at the station from which the sample was collected.

Once the mass of dry, salt-free sediment was determined, the sediment
sample from each tube was carefully mixed and then split into subsamples
for grain size, CaCO3 content, and organic carbon content analyses.
Preparation of a sample for grain-size analysis involved the oxidation
of organic matter within the sediment, flushing of the soluble salts
that precipitated in the sediment during evaporation of interstitial
seawater, and the dispersal of clay particles that may otherwise have

exhibtited a tendency of flocculate.

Organic matter was removed from the sediment grain-size sample by
.treating it with hydrogen peroxide (H202) until no further reaction
was evident. Following oxidation, the soluble salts and excess H202
were removed by repetitive washing (with deionized water),
centrifugation, and decanting. The sample was then dried and weighed
and then mixed with 4% sodium hexametaphosphate solution to inhibit

flocculation of clay-sized particles.

Grain-size analysis of sediment trap samples was accomplished using the
standard pipette analytical techniques for silt- and clay-sized
particles. Because the sediment samples were usually silt- and
clay-sized particles during normal periods of current and wave energy,
this analysis was usually sufficient; however, the sample was always
washed over a 63-um [4 phi ($)] screen to retain any sediments with
particle sizes greater than silt. The sample retained, if any, was

dried and weighed. If this sample constituted greater than 5% of the
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original bulk sample weight and was in excess of approximately 10 g,

then a seive analysis was conducted.

These size data were entered into the computer and analyzed
statistically according to the methods described by Folk and Ward
(1957). Folk and Ward's statistical methods were used because
frequently the sediments would either demonstrate severe skewing or a
bimodal distribution. The statistical parameters (mean, median,
standard deviation, skewness, and kurtosis), as well as a cumulative

frequency plot were presented for interpretation.

Depending on sample mass and the nature of non-carbonate sample
components, two methods were available to determine the CaCOj

content of the sediment. Method 1 involved the dissolution of CaCOj
using hydrochloric acid and measuring the mass of the insoluble residue.
This method was limited to fairly large sample masses, and the mass
required was inversely proportional to CaCO3. Method 2 was used

when the sample quantity was limited (as little as l.5 to 2.0 g
sufficed), but could not be employed if the sample contained an
appreciable amount of the clay minerals. Method 2 involved burning the
sample first at 550°C to remove the organic matter present, weighing the
samples, and then heating to 900°C to remove the carbon dioxide

(CO9) in the CaCO3. The structural water existing as hydroxyl

groups (OH) with any clays present would have been lost along with the
carbonate CO7 at the high combustion temperatures, and erroneously

high carbonate values would have resulted, if organic matter were not

first combusted at 550°C.

The amount of organic carbon in the sample was determined by combustion
as well. Several grams of sample were air dried at 110°C for 4 hours,
placed in a tared combustion boat and weighed, and placed in a muffle
furnace at 550°C for 2 hours. The boat was cooled to room temperature
in a desiccator, weighed, and the loss in mass attributed to the

combustion of the organic matter in the sediment. The percentage of
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organic matter in the sample was related directly to the weight loss

that occurred upon burning.

Many of the sample traps received too little sediment to permit
examination by the methods described in the preceding paragraphs. If
visual inspection of the sediment tubes indicated that insufficient
sample existed for the completion of the typical sedimentological
analyses, an alternate mode of investigation was chosen where the total
mass of sediment collected in each tube was measured, and the nature of

the material was determined microscopically.

The frozen sediment tube was placed in a 1,000-ml beaker and thawed on a
hot plate at low temperature (below the boiling point). Twenty ml of
30% Hp07 was added to the sample to rapidly oxidize the algae

aad other organic matter present. Several hours following treatment an
additional smaller volume of Hy0; was added to the sample, and

the reaction was observed. When doses of Hp0 failed to

initiate further effervescence, the oxidation was considered complete,

and the sample was ready for filtering.

A tared 0.45-um filter paper was placed on the base of a filter candle,
and the contents of the beaker were poured inside. The residue in the
beaker was washed into the candle with deionized water. Approximately
25 pounds per square inch (psi) of vacuum was applied using a
conventional vacuum pump; the sides of the candle were intermittently
washed with deionized water. Several sample volumes of deionized water
were flushed through the filter to ensure passage of the less than
0.45-um-sized material (by definition, nonsediment material, principally
dissolved salts). The filter paper was dried at 60°C to constant

weight, and the mass of sediment retained on the filter was determined.
2.1+.4 SHIPBOARD MARINE OBSERVATIONS

Shipboard observations were made at all sampling stations either by

hand-held instruments or by visual observation and were supplemented by
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the vessel's meteorological instruments. The parameters measured and

the methods used are presented below:

Parameter Method
Wind speed Anemometer
Wind and wave direction Compass and observation
Wave height Observation
Wave period Observation and stopwatch
Wet and dry air temperature Psychrometer
Barometric pressure Aneroid barometer
Precipitation Observation
Cloud cover Observation
Weather Observation
Water transparency . Secchi disk

These observations were recorded on Field Data Logs for eventual

appending to the NODC hydrographic data file.

2.1.5 OUTSIDE DATA SOURCES

In addition to the field data collected by ESE/LGL, data were obtained
from various agencies and institutions concurrently collecting data. 1In
an effort to obtain synoptic surface observations of the study area,
both EROS Data Center (USGS) and Satellite Data Services Division or
SDSD (NOAA) were queried for any high—-quality available satellite
imagery. EROS was contacted regarding the availability of LANDSAT
imagery; SDSD was contacted regarding the availability of NOAA satellite
and GOES imagery. " The imagery of most interest was the advanced very
high resolution radiometer data and sea surface temperature charts
available from the NOAA-7 and NOAA-8 polar-orbiting satellites. A
search for imagery within the geographic location and time periods of
interest was begun, and the highest quality images were obtained and

examined.

Wave data were obtained from both an offshore and nearshore location

(Figure 2.1-4). The offshore data were collected by NOAA Data Buoy
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Center's (NDBC) Buoy Number 42003 located at latitude-26°00'00"N and
longitude-85°53'59"W from November 1983 to December 1985. The nearshore
data were obtained from the University of Florida's Coastal Data Network

wave stations located offshore of Venice and Clearwater, Florida.

Continuous meteorological data, including wind veloecity, air
temperature, precipitation, and weather, were obtained from NDBC Buoy
Number 42003 and the Local Climatological Data Monthly Summaries
published by the National Climatic Data Center (NCDC) for Tampa, Fort

Myers, and Key West, Florida.

2.1.5 GRAB SAMPLES

Duplicate bottom sediment samples were collected from each station
during the first cruise. Sediment samples were collected with a
Smith-McIntyre grab [area = 0.1 square meter (m2)]. A core

subsample was taken from the center or least disturbed area of the
Smith-McIntyre grab sample. The upper 5 cm was removed and stored for
shipment to the laboratory. In all cases, every effort was made to

avoid disturbing the surficial sediments.

These samples were analyzed for grain-size distribution, CaCOj3

content, and carbon content as previously described.
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2.2 BIOLOGICAL SAMPLING
2.2.1 UNDERWATER TELEVISION
Field Methods

Underwater television surveys along transects near the bottom were
performed at Statioms 44, 51, 45, 47, 19, 52, 21, 29, 23, and 36 during
Year 4, and at Stations 52, 21, 29, 23, 36, 55, and 7 during Year 5
(Table 2.2-1). These surveys were intended to produce quantitative
estimates of the abundance of major species, and to characterize benthic

habitats.

Surveys took place only during daylight hours, because fish counts made
during twilight or dark periods are known to be biased (Starck and Davis,
1966; Collette and Talbot, 1972). Surveys were conducted with black-and-
white video equipment remotely operated by a trained observer by direct,
hard-wired electrical cable connections from the vessel. Black-and-white
cameras were selected because they are more sensitive to low light levels
than are color cameras, and because artificial lighting (which would have
been required for color definition) was considered likely to interfere
with fish behavior. It was possible to use the underwater television
system without artificial lighting except at Station 36, where natural

light levels were too low to provide an acceptable video image.

The principal components of the underwater television system were twin
Sub-Sea Systems® Model CM-8 underwater cameras with Ultricon® picture
tubes, and a Sub-Sea Systems® Model ST-1000 stereo control console with
multiplexer. The cameras were mounted on a Sub-Sea Systems® Model A50 pan-
and-tilt motor fastened inside an LGL Model GSB Mark LIl steel. camera
frame. The pan-and-tilt motor also supported a Sub-Sea Systems® 400-watt
(w) mercury vapor lamp; a 250-frame Ol;rmpus® Model OM-1 single-lens
reflex camera (loaded with Ektachrome® ISO/ASA 200 film) in a custom
stainless-steel housing; and an Ikelite® Model SS150 underwater strobe.
Cameras and lights were mounted adjacent to one another with their
optical axes parallel so they could all be pointed together at various

subjects by use of the pan-and-tilt motor.
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Table 2.2-1

Summary of biological sampling, by cruise and gear type. Time-lapse camera
and fouling plate sampling are not included in this table.

PROGRAM: YEAR Y YEAR §
MONTH/YEAR: 12/83  3/84 5/814 8/84 12/84 3/8% 6-7/85 9/85
CRUISE: 1 2 3 | 5 6 1 8
—Group
Station YRY YRS
hy I N/A D,U, T# D,uU, T
51 I D,U,T D,U,T
hs I D,U,T D,U, T
y7 I D,U,T D,U,T
19 I D,U,T D,u,T
52 11 11 D,U D,T p,u, T D,U,T u,T H,U,T H,U,T H,U,T
21 11 11 p,u,T D,Uu, T D,U,T u,T u,T u,T u,T
29 II I1 D,U,T D,U,T p,u, T D,U,T u,T u,T U, T
23 11 II D D,U,T p,u, T D,U,T u,T u,T u,T
36 II 11 D D,U,T p,u,T D,U,T u,T u,T u,T
55 II D,U,T D,uU,T D,U,T D,U, T
7 I1 D,U,T D,Uu,T D,u,T D,u,T
%Gear types: U = Underwater Television; T = Trawl; D = Dredge; H = High-resolution Benthic

Photography.



Signals from the cameras were transmitted through a dual coaxial cable,
permitting signals from either the right‘or the left camera to be viewed
on a single monitor, and to be recorded on a portable Panasonic® Model NV-
8410 VHS single-channel videotape recorder. The signals from both

cameras could also be multiplexed and viewed simultaneously on the same
monitor, and recorded to determine transect dimensions or object sizes
(see below). Each 1/2-inch tape cassette recorded up to 2 hours of

observations.

To conduct the surveys, the camera frame was lowered on the trawl winch
wire over the stern of the vessel, along with the electronic cables
required to transmit video signals upward and control signals downward.
During descent, these cables were hand-tended and affixed to the trawl
wire by means of hose clamps and duct tape. On board the vessel, the
observer could trigger the still camera, focus the video cameras, turn
the lamp off and on, and operate the pan-and-tilt motor. The frame was
lowered to within 1 m of the bottom, and then "flown" by directing a
winch operator to raise or lower the system depending on the upcoming
terrain seen with the video cameras or on the vessel's echosounder. The
camera frame had a vertical stabilization fin to reduce twisting
movements and facilitate towing. When wind and weather permitted, the
vessel was allowed to drift slowly. Occasionally, it was necessary for
the vessel to tow the camera frame by taking its engines in and out of

gear at idle speed to maintain an approximate speed of 1 knot.

Upon arrival at each station, a 1-km? block was established around the
station's center location. The center and margins of the block were
marked on the vessel's LORAN C plotter, and the ship's position tracked
on the plotter. The camera frame was lowered over the side at the
upcurrent or upwind edge of the block. A transect consisted of one pass
across the block. 1In general, the camera frame was raised on deck at the
end of each transect, and the vessel repositioned at the upwind or

upcurrent side of the block prior to redeployment. When heavy weather or

40



opposing wind and current made it difficult to drift through the block,
the camera frame was not brought on deck between transects, and the
vessel would pass back and forth through the block, with each pass
constituting a transect. A summary of areas transected on each cruise,

by station, is given in Table 2.2-2.

A trained observer monitored the view seen by the video camera throughout
each survey, taking notes and recording observations by volce on the
videotape. Navigation fixes (LORAN C) were taken at 5-min intervals,
and at the start and finish of each habitat type traversed. The fixes
were audio-dubbed on the videotapes and recorded in the observer's log,
along with comments about subjects seen on the monitor at each fix. The
35-mm camera was triggered whenever the observer felt that a high-
resolution photograph might be required for laboratory identification of
organisms seen on the videotape, or for recording characteristic habitats

and biota.

Laboratory Methods

Recorded videotapes were analyzed in LGL's laboratories in Bryan, Texas,
using Panasonic® Model 8200 and 1750 VHS videotape players capable of a
minimum of 270 lines of monochrome horizontal resolution. The tapes were
viewed on a 19-inch Sony® television, with an external video image
enhancer for increased resolution and contrast. Sample analysis for each
transect followed a two-stage process—-initialization followed by

evaluation.

Initialization of each tranmsect consisted of determining transect width
and drift speed, to permit later calculation of actual areas surveyed.
Transect census width was largely a factor of underwater visibility, and
was assessed from time to time by operating the video cameras
simultaneously. On playback, the multiplexed recording produced a split
double image on the monitor screen. Tramsect census width was determined
by measurement of the displacement of recognizable points on these double

lmages.
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Table 2,2-2

Area surveyed (m2) at each station with UTV, by cruise.

Station
Cruise 52 21 hy 45 47 29 19 21 23 36 59 1
1 6,760 9,114 2,475 5,605 9,436 5,079 11,424
2 16,794 4,100 14,888 5,124
3 9,267 14,940 12,260 22,048 20,368 15,492 16,456 17,908 16,092 4,426
y 7,640 7,368 8,217 8,316 9,405
5 2,489 8,427 3,606 3,686 8,333 5,044 12,312
6 7,098 7,665 6,501 6,267 4,688 6,834 4,800
T 2,511 6,498 6,726 5,593 2,253 3,708 4,884
8 3,562 8,430 7,860 7,488
Total: 39,327 24,054 14,735 27,653 29,804 67,341 27,880 55,458 su,842 34,829 23,446 29,484

Total for all stations:

559,510




LORAN C plotter diagrams of video transect start and end positions were
then measured to determine total transect length. This length was
divided by elapsed time to obtain an overall drift speed. Tranmsect width
and drift rate were considered constant throughout each transect, except
when unusual changes in visibility or wind velocity had to be considered.
The calculated drift rate and the nearest LORAN C fix were used together

to determine the position of any given observation along a transect.

Evaluation consisted of determining what sorts of organisms and habitat
types were present, and estimating thelr abundances or relative
importance. Since a very large area was surveyed during this program, it
was necessary to develop methods for viewing each videotape rapidly and
efficiently. Three techniques facilitated rapid scanning: (1) dividing
transects into visually homogeneous portions ('"habitat type segments'),
(2) estimating densities and percentage cover of benthic organisms and
substrate types within quadrats or subsamples at the beginning of each

segment, and (3) applying those estimates to the entire segment.

At the beginning of a transect, the amount of time it took to cover a
10-m2 quadrat was calculated, using values for drift rate and transect
census width derived during the initialization process. The abundances
of benthic organisms and substrate types within three adjacent quadrats
were then determined, and the mean of those values was applied to
subsequent portions of the videotape (without remeasurement of
abundances) until visually distinguishable changes were noted. At that

point, one segment was considered to end and another to begin.

The observer then reassessed abundances within three new adjacent
quadrats at the beginning of the new segment, and applied the mean of the
three new values to subsequent portions of that segment until the next
change was observed, and so forth. Changes in substrate percentage cover
also could mark the beginning and end of habitat type segments. Any

transect could include from one to many habitat type segments, depending



on the heterogenity of the bottom in that area. Each segment,

therefore, could be different in length and area.

Both density and percentage cover estimates were employed, depending on
what was being assessed. Whenever possible, organisms (e.g. fishes,
asteroids) were counted individually. However, it was not always
feasible to count individual organisms present in extremely high numbers.
Under these conditions, thelr abundance was frequently estimated with
ranges that could easily be distinguished from one another (Table 2.2-3).
The abundances of some species (e.g. crinoids, gorgonians) varied
tremendously, and their densities were estimated with individual counts

and ranges. This situation could occur along the same transect.

In some cases, morphological characteristics precluded the enumeration of
individuals (e.g., algae, sponges, or Agaricia plates). For these
organisms, and for substrate types (e.g., sand), percentage cover was
used to estimate abundance. Percentage cover was always expressed as a
range, except for values of 0% and 100%. Whenever possible, estimates of
percentage cover were made when the camera viewed subjects vertically, to

minimize the effects of angular distortion.

Visual identifications of organisms were made to the lowest possible
taxon and confirmed by specialists as needed. Each identification was
assigned a quality index score ranging from one through five, depending
on the confidence that could be placed in identification (Table 2.2-4).
A score of five indicated that there was virtually no doubt about the
identification. A score of one implied that even though a name had been
assigned, there was a high degree of uncertainty concerning the
identification. The quality index of doubtful identifications was raised
whenever possible by using information from the 35-mm photography
described above. Quantitative analyses were performed only on data
having a score of at least three. Many sections of tape had to be
replayed numerous times or viewed at slow speeds to identify or count

organisms not distinctly visible.
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Table 2,2-3 Scoring system for underwater television abundance data.

1. Density of gorgonians and crinoids:

Density Range
< 1 per 10m2
2-10 per 10m°
11-50 per 10m2
51-100 per 10m
101-200 per 10me

’ (72
UglEwn —

2. Density of fishes and other non-colonial taxa: Flexible range to
reflect numbers observed, or non-range (actual count) estimates

2. Percentage cover of sponges, algae, algal nodules (rubble), live
agariciid corals, sand, reef rock, and bare patches¥:

Score Range (%) Score Range (%)
1 0 6 51=75
2 L1 7 76=90
3 2-10 8 91-99
y 11=25 9 100
5 26-50

3. Sponge growth forms:

Score Iypes

All massive type

All branching .

Approx. equal ratio of branching to massive
Predominantly massive, some branching
Predominantly branching, some massive

WV EWwW N -

y, Species-specific size categories:

sScore Size

Very small
Small
Medium
Large

Very large

UmEw N -

5. Other significant observations:

Score Interpretation
1 Apparently dead; e.g., white sand dollar, dead fish
2 Dead gorgonian stalk covered with algae
3 Present, density not recorded

*Hard substrate considered underlying pavement; taxa overlying substrate
scored separately for percentage cover.
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- Table 2,2-4 Scoring system for quality of taxonomic identifications
from underwater television data.

Score Interpretation
Best guess
Probable
Reasonably likely
Fairly certain
Virtually certain

U= -




Each transect was viewed in its entirety. Organisms were considered
outside the transect if they were observed more than 5 m above the
bottom, or behind an imaginary line through the camera crossing the
direction of travel at a 90° angle. Data from each habitat type segment
and for the entire tape were first recorded on intermediate preprinted
work forms (Table 2.2-5), and then transferred to computer coding forms,

entered, and verified.

The underwater television data were used to estimate demsities, cover or
organisms and substrates, and to place confidence limits on those
estimates. In addition, correlation analyses (underway for Year 6)
relied on accurate abundance estimates. For consistency, all density
estimates are presented in terms of numbers of individuals per hectare,
and cover estimates are expressed as a fraction of 100%. The underwater
television data set consisted of a continuous record of events or
observations along each transect. There were various types of events,.
such as:
l. Beginning and ending of each transect;
2. Presence of individual fishes or benthic organisms;
3. Beginning of a segment containing organisms whose abundances
were considered constant for some distance;
4. End of a segment containing organisms whose abundances were
considered comnstant for some distance;

5. Changes in transect width, depending mainly on visibility.

To use these events to estimate abundances of organisms and substrate
types, it was necessary to determine the area transected per event. The
process of determining areas required several steps. Each event was
encoded with a time and a videotape counter number to permit spatial
indexing along each transect. To convert tape counter numbers reliably
to distances along transects, each videotape counter was individually

calibrated in units of time (i.e., turns per minute).
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Table 2.2-5 Information recorded on transect work and coding forms, and
in final data records for underwater television transects.

Transect work forms:

Individual organisms identified to lowest possible taxon;

Depth and depth changes;

Video recorder tape counter number corresponding to specific
events and observations;

Habitat type;

Densities or percentage coverage of biota; and

Time fixes.

g E WN

Coding forms (header information):

Cruise number and date;

Station, transect and videotape number;

Transect length and width;

Habitat type; and

Transect start-stop time designation with corresponding Loran C
navigational fixes.

(02 IR g UV RN \\ Iy ]

Encoded data records (to NODC specifications):

1. Individual counts;

2. Densities or percentage cover of observed organisms as
appropriate;

3. Depth of each event or observation;

y, Video recorder counter number (used for relocating specific
observations);

Identification quality index; and

Additional index codes®.

[oARNY) |
¢ .

*Supplementary information such as species-specific relative sizes,
morphological features such as ratios of massive to branching sponges, and
other qualitative indices, e.g. whether or not observed shells of
gastropods contained living molluscs.
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Distances along transects were determined from LORAN C readings taken at
the beginning and end points of each transect, as well as from periodic
notes made by the observer on board every 5 to 10 minutes, or when

particular events were cited.

By starting at a known position and then checking the tape counter
reading subsequently, the exact position of each event and the area
transected could thus be determined while videotapes were being analyzed

in the laboratory.

Both overall (global) and local abundance estimates were calculated,
depending on their intended uses. Overall estimates were used for
presentations of abundance per transect, per cruise, and per station.
They were derived by combining estimates for segments of known areas.
Local density estimates were calculated for within-transect correlations

of abundances to be presented in the Year 6 report.

Overall estimates for organisms that could be counted on any given cruise

at each station were calculated as in the following equation.

Dr = (Np/A) x 10,000 (1)
where: Dr = density of taxon T,
Ny = number of individuals of taxon T in all transects
together on that cruise, and
A = combined area of all transects surveyed on that cruise.

This estimate was appropriate only when a taxon was completely
enumerated, and could not be used when abundances were est imated as
ranges. For organisms whose densities were estimated as ranges, it was
necessary to use actual start/stop distances within each transect. The
estimated density for these organisms was calculated using the following

equation.
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Np = (Tgrop - Tstare) X W X Dgcale (2)

where: Nr = number of individuals of taxon T in a given

segment ,

Tstart = beginning of a segment within which the density (in
m) of individuals in taxon T is estimated to be
constant,

Tstop = end of that segment, where the density of taxon T
changes perceptibly,
W transect width, and
Dgcale = estimated abundance of individuals in that segment.

Dgcale Was selected as the median value within a range estimate. For
example, for a range of 2 to 10, Dg.51e would be 6. To est imate
abundance for an entire tramsect, Ny estimates for each segment were
accumulated, and then calculated per equation (1). Overall est imates of
percentage cover (based on ranges) were also calculated from segments
using scaled start/stop data as in equation (2), and then divided by

total transect area to yield an overall estimate.

Local abundances were calculated by dividing each transect into 50-m-long
segments of varying areas. The area within each segment was then
calculated based upon transect width, using parallel cameras as described
previously. The number of individuals or percentage cover was then
determined for each segment by accumulating records linearly by taxon
within that segment, using position information from calibrated tape

counter records.

Cluster analyses were also performed for fishes censused with underwater
television to delineate groups of stations. Both presence/absence (Dice
index) and Czekanowski Quantitative (Bray-Curtis) coefficients were used
(Boesch, 1977). These analyses are described more fully in

Subsection 3.3.4, Cluster Analyses.

2.2.2 TRIANGULAR DREDGE
Field Methods

Triangular dredge samples were collected at Stations 44, 51, 45, 47, 19,
52, 21, 29, 23, and 36 during Year 4, and at Stations 55 and 7 during



Year 5 (Table 2.2-1)., Dredging was undertaken mainly to aid in

identifying species seen on the underwater television. On each visit to
stations sampled, three replicates were taken (weather permitting). The
Kahl Scientific Company steel dredge was attached to a three-point chain
towing bridle. It had a mesh size of 1.2 em, its equilateral triangular

mouth was 60 cm on each side, and its overall length was 120 cm.

After testing various towing speeds and durations, dredging was
standardized at approximately 1 knot (250 cm/sec), for 2 min on the
bottom. Once the dredge was back on deck, the sample was dumped,
photographed and sorted. Representatives or portions of each visually
distinguishable species were retained, relaxed in magnesium sulfate if

required, labeled, and preserved in 10% neutral buffered formalin.

Laboratory Methods

Triangular dredge samples were returned to LGL's laboratories in
Galveston and Bryan, Texas, for analysis. Samples were first sorted into
major taxonomic groups and relabeled for tracking purposes. The
specimens in each group were referred to various taxonomic specialists
within and outside LGL. Each specialist was responsible for identifying
all specimens from all cruises within his/her particular group(s), to

ensure consistency in identifications between samples.

Several major taxa were stored but not identified due to limitations on
time and resources. Sponges were the most important organisms in this
category. Additionally, polychaetes and smaller crustaceans (e.g.,
amphipods) were stored but not identified. Sorted specimens to be
identified were assigned to the lowest practicable taxon. Specimen
identifications were recorded on computer coding forms using standard

NODC guidelines and taxonomic codes for entry and verification.

Sorted, labeled, and identified samples of most taxa were then returned

to the appropriate fixative (either 10% neutral buffered formalin or



40% isopropyl alcohol) for archival storage, and for use in resolving
coding errors detected during the verification process. Some groups
(e.g., scleractinians) required special processing such as tissue
digestion to reveal skeletal features for identification, and were stored

dry.

Data Analysis and Synthesis

The triangular dredge was not considered a quantitative sampling tool for
many groups of organisms due to its (1) large mesh size, (2) tendency to
clog with large sponges, and (3) ability to take hauls much too large to
preserve intact (see Subsection 4.2.2, Methods Evaluation and
Recommendations). Consequently, data from the triangular dredge are
treated and displayed throughout this report as presence/absence

information, rather than as abundance information.

Cluster analyses were per formed for invertebrates and plants collected by
trawling, in order to delineate groups of stations. The presence/absence
(Dice index) was used. This analysis is described more fully in

Subsection 3.3.4, Cluster Analyses.

2.2.3 OTTER TRAWL
Field Methods

Trawl samples were collected at Statioms &4, 51, 45, 47, 19, 52, 21, 29,
23, and 36 during Year 4, and at Stations 52, 21, 29, 23, 36, 55 and 7
during Year 5 (Table 2.2-1). Trawling was undertaken (1) to help
complete a fish species list of each station, (2) to aid in identifying
species seen on underwater television, and (3) to provide samples for
analysis of fish diet and reproductive state. A single tow was made at
each station on each cruise (weather permitting) with a Marinovich® 25-ft
(7.6 m) semi-balloon otter trawl equipped with plastic rollers. The
trawl was towed at 1 to 2 knots for 10 min om each sampling visit to a
station, except at Stations 29 and 23, where rough bottom occasionally
necessitated reducing the trawling time to 5 min to minimize damage to

the net.
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The body of the net, as originally supplied by the manufacturer, had a
mesh size of 1-1/2 inches (3.8 cm), and was made of #9 nylon thread. The
cod end had a mesh size of 1-1/4 inches (3.2 cm), and was made of #15
nylon thread. To improve the catch, a steel towing bridle and a
galvanized tickler chain were attached to the otter doors for Cruise 2.
Due to abrasion and heavyv hauls, it was necessary to add a polypropylene
chafing bag to the outside of the net on Cruise 3. It was also necessary
on Cruise 7 to replace a large section of the body and the entire cod end
with heavier twine (#12 on body, #30 on cod end) dipped twice in net
enamel. The extra weight of these modifications required the

36-inch x 18-inch (91.4-cm x 45.7-cm) "sport doors" originally installed
to be replaced with with 48-inch x 24-inch (121.9-cm x 6l-cm) gar-type,

slotted doors on Cruise 8.
After the net was brought on board, each sample was photographed and
sorted. All fish were preserved in 10% neutral buffered formalin, and

shipped to LGL for analysis.

Laboratory Methods

Fish collected with the roller otter trawl were returned to LGL's
laboratories in Bryan, Texas. Specimens were labeled individually by
trawl, station, and cruise, rinsed in fresh water, and then identified to
the lowest possible taxon. All specimens were measured, drained, and
weighed. Sex and state of maturity were then determined by dissection of
each specimen. Sex and state of maturity were assessed per NODC
protocols (Table 2.2-6). Maturity stages given for synchronous

hermaphrodites (species of Serranus, Diplectrum, and Hypoplectrus) were

based only on the female gonads. The maturation of male gonads in these
species was similar in timing to that of the female gonad (at least 1in

the riper stages), because spawning is usually reciprocal.

Stomach contents were analyzed for eight species of fishes: Haemulon

plumieri (the white grunt); Haemulon aurolineatum (the tomtate); Serranus
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Table 2.2-6 Categories used to evaluate sex and reproductive condition
in fishes collected by trawling.
Sex Reproductive Condition
1. Male . Gonad absent
2. Female . Gonad immature
3. Indeterminate . Gonad mature or maturing
y, Hermaphroditic Gametes ripening

~NOVUI WD —

Gametes ripe but not spawning
Spawning
Spent
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atrobranchus (the blackear bass); Serranus phoebe (the tattler);

Epinephelus morio (the red grouper); Synodus intermedius (the sand

diver); Lactophrys quadricornis (the scrawled cowfish); and Lutjanus

synagris (the lane snapper). These species were selected on the basis of
numbers collected, ease of dissection, and presumed ecological importance

(e.g., relative abundance).

Stomachs were removed from each specimen by dissection (gut from

esophagus to duodenum, except for Lactophrys quadricornis) and the

contents flushed into a petri dish. Lactophrys stomachs were removed
from just below the esophagus to a point approximately 5 cm farther down
the gut. The contents were examined under a dissection scope and sorted
into major food groups. The volume of stomach contents was estimated
using an ordinal system (Hynes, 1950; Griffiths et al. 1975). Stomach
fullness was scored from 1 to 20 points, with 20 polnts representing a
full stomach. Food groups were then assigned a portion of those points,

depending on what percentage of the total volume they represented.

Specimen identifications, length, weight, sex, state of maturity, and
stomach contents (if applicable) were recorded on computer coding forms
us ing standard NODC guidelines and taxonomic codes, entered, and
verified. All sorted, labeled, and identified fishes and stomach
contents were returned to fixative for archival storage, and for use in

resolving coding errors detected during the verification process.

Data Analysis and Synthesis

Diversity (H") and evenness (J') were assessed per Pielou (1975), using
natural logs (base e) in the diversity formula. Stomach contents were
analyzed using the Index of Relative Importance (IRI) technique

(Pinkas et al., 1971) to evaluate the importance of various categories of
prey items (e.g., copepods, other fishes, etc.). The index takes into
account (1) N, the relative number of individual prey items within each
category; (2) V, the relative volume occupied by items within by that
prey category; and (3) F, the relative number of specimens within which

that prey category occurred.
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Each of these factors is expressed as a fraction. For example, if half
of the total individual items in one fish's stomach were copepods, N
would be 0.5. The maximum value that N can have is 1.0. If those
copepods occupied one-fourth of the maximum theoretical volume of that
stomach, V would be 0.25. The maximum value that V can have is 1.0.
Maximum theoretical volume is determined by comparison to stomachs in
other individuals of the same species. If three-fourths of the fish of
the same species had copepods in their stomachs, F would be 0.75. The

IRI can range from O to 2.0, and is calculated as follows:

IRI = (N + V) F

In the above example, IRI = (0.5 + 0.25) x 0.75 = 0.56.

Cluster analyses were performed for fishes collected by trawling, in
order to delineate groups of statioms. Both presence/absence (Dice
index) and Czekanowski Quantitative (Bray-Curtis) coefficients were used.
These analyses are described more fully in Subsection 3.3.4, Cluster

Analyses.

2.2.4 SETTLING PLATES
Field Methods

Ceramic tile and steel settling plates were installed at Stations 52, 21,
29, 23, and 36 during Year 4, and at Statioms 52, 21, 29, 23, 36, 44, 55,
and 7 during Year 5. Although the original sampling scheme required
various sets to be immersed for 3, 6, 9, 12, 18, and 21 months and then
retrieved when the arrays were serviced, problems in relocating and/or
retrieving the arrays altered these '"soak" times in some instances. The
actual immersion times are presented by station in Table 2.2-7. Settling
plates were installed in sets of six on each array, as detailed in the
Year 4 Final Report. Plates were collected by divers and transferred to
the vessel for individual bagging and preservation in 5% to 10% neutral

buffered formalin.

56



Table 2, 2-7 Exposure schedule for settling plates actually retrieved
by cruise and station.

PROGRAM: YEAR 4 YEAR 5
MONTH/ YEAR: 12/83 3/84 5/84 8/84 12/84 3/85 6-7/85 9/85
CRUISE: 1 2 3 L3 5 [ e 8
STATION 52 |

3 month tile: - J— R D emeem !

3 month steel:
6 month tile:

9 month tile:
12 month tile:®
12 month tile:##

STATION 21
3 month tile:
3 month steel:
6 month tile: ! | |
9 month tile: ! i

12 month tile: i

STATION 29

3 month tile:
month steel:

3
6 month tile:
9 month tile:

A

3 month tile: | m———— | m———— | | mm——— | mm——— ;
3 month steel: | ————— o

6 month tile: e ' e !
9 month tile: |

9 month tile:* |
9 month tile:¥## |

STATION 36
3 month tile: | S—— !
3 month steel:-
6 month tile:
6 month steel:
9 month tile:
12 month tile:
12 month tile:#®
12 month tile:¥#




Table 2,2-7 (cont'd)

PROGRAM: YEAR b4t YEAR 5
MONTH/YEAR: 12/83 3/84 5,84 8/84 12/84 3/85 £-7/85 9/85
CRUISE: 1 2 3 EY S [ id 8

STATION Ly
3 month tile: P !
3 month tile:*® N !
9 month tile: ' !

STATION 55
3 month tile [ —— !
6 month tile mecccm————— !

STATION 7
3 month tile: i !
6 month tile: !
9 month tile: ' -

* yertically mounted 1.5 m from substrate
*##%# horizontally mounted



Laboratory Methods

Bagged plates were returned to LGL's laboratories in Bryan, Texas.

Plates were individually labeled for sample tracking purposes, and both
sides gently rinsed in fresh water. The wash water and the fluid from
the bag surrounding each plate were combined and sieved with a 0.5-mm
screen to retain motile invertebrates and other organisms not firmly
attached to the plate. All animals in the wash water and fluid from the
bags were identified and counted to the lowest practicable taxon and kept
separate from the plate sample. Drained weight (to the nearest 0.1 mg)
was determined separately for each taxon with a Sartorius® Model 1202 MP

balance.

Because plates had been bolted onto the array in pairs, only the outer
(non-facing) side of each plate was assessed. The ceramic plates had
grooves on their outer sides; the steel plates did not. Plates were kept
immersed in fresh water throughout analysis to keep from drying out
organisms. Three types of abundance estimates were made for each plate:
percentage cover, density, and drained weight. The type of estimates

depended upon each taxon's growth form (Table 2.2-8).

Percentage cover estimates were made for most colonial or encrusting taxa
on each plate. Estimates were based upon the point-intercept method,
using three acetate overlays, each marked with a different pattern of 100
randomly located dots. Each dot was assumed to represent 17 cover; the
number of times a given taxon fell beneath dots was thus multiplied by

1%Z to give an estimate of the percentage cover occupied by that taxon.
Using three overlays gave three independent estimates of percentage cover
for each plate. Density was estimated by counting the number of
individuals or colonies on each plate and in plate washings. The number
of colonies of bryozoans was counted, rather than the number of zooids.
Drained weight was determined by removing and sorting organisms by taxon
and then weighing them to the nearest 0.1 mg on a Sartorius® Model 1202

MP balance.
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Table 2.2-8 1Iype of settling plate abundance estimates, by taxon.

JAXON

Foraminifera
Porifera
Hydroida
Ctenophora
Nemertea
Bryozoa
Sipunculida
Polychaeta
Cirripedia
Tubicolous amphipods
Other crustacea
Pycnogonida
Gastropoda
Bivalvia
Ophiurcidea
Ascidiacea

% _Cover

> <

>
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Specimen identifications, densities, and drained weights were recorded on
computer coding forms using standard NODC guidelines and taxomomic codes,
entered, and verified. All sorted, labeled, and identified samples were

returned to fixative for archival storage and for use in resolving coding

errors detected during the verification process.

Data Analysis and Synthesis

Since plates collected at Statioms 52, 21, 23, 29, and 36 in Year &
during Cruises 2 and 3 were described in last year's report, they were
not included in the Year 5 data analysis and synthesis. Data for
settling plates collected on Cruises 4, 5, 6, 7, and 8 were summarized by
plate type (e.g., ceramic, steel, bags, vertical or horizontal
orientation, and elevation above the bottom) and by method used in the
laboratory for calculating the abundance of each group of organisms

(e.g., drained weight, number of individuals).

For most groups of organisms, taxonomic identification to the species
level was not possible, and diversity indices or other measures of
species richness were not computed. Many plates were very sparsely
colonized, especially in deep water. Emphasis was therefore placed upon
biomass estimates for major taxonomic groups, and graphical summaries
such as histograms proved adequate for comparisons among statioms and

among cruises.

Some motile organisms such as amphipods remained on the plates during
preservation, but others fell off into the plastic bags that had been
placed around each plate. Transporting plates from the field to the
laboratory also detached some sessile animals such as bivalves from the
plates. Organisms remaining on the plates were counted only if they were
on the front of a plate. The abundances of these organisms could not be
compared directly to those in bags, since animals in bags might have come

from the front, back, or edges of each plate. The relative proportions
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of organisms that had been on the front of the plate were not known.
Furthermore, the amount of disturbance that occurred during and after
preservation varied, and probaby determined what proportion of the

individuals of any given species on a plate remained.

2.2.5 TIME-LAPSE CAMERA
Field Methods

Time-lapse camera systems were installed at Statioms 52 and 2! during
Year 4, and at Statioms 52, 21, 29, 23, 55, 7, and 44 during Year 5
(Table 2.2-9). The main function of the time-lapse equipment was to
provide continuous information on sediment movement. Several secondary
functions of the time-lapse camera included documentation of sessile
community formation and monitoring fish presence around artificial
structures. Each time-lapse system consisted of a camera, strobe, and
battery pack, each in a separate underwater housing (Figure 2.2-1).
Housings were hard-wired to one another with four conductor, l6-gauge
Crouse-Hinds® underwater electrica1>cab1es with Electro-Oceanic®

connectors.

Each camera was protected by an Ikelite® underwater housing with a depth
limit of 100 m. The housing contained a Minolta® Model XL-401 or 60l
Super-8 movie camera and an external, LGL-designed intervalometer (timing
device). Standard 50-ft rolls of Kodak Kodachrome® 40 Super-8 film (ASA
40) film (3,600 frames) were used. The intervalometer triggered single-
frame exposures every hour, resulting in an apparent time compression of
1:57,600 (i.e., each second of viewing the projected film represented a
real elapsed time of 57,600 sec when projected at 16 frames/sec). One
day was represented by 24 frames of movie film. There was sufficient
film in one cartridge to last up to 5 months, in case it was not
retrieved on the usual 3-month schedule. The camera had an f/1.2 zoom

lens set on the widest angle possible (either 7.5 or 8.5 mm).

Artificial lighting was provided by a Vivitar® Model 283 strobe in

another Ikelite® housing. To minimize battery drain, the strobe was

AD



Table 2.2-9 Numbers of TLC frames exposed following system

installation, by station. Zeros denote system failure or
array loss; dots indicate that no installation was
attempted.
PROGRAM: YEAR &4 YEAR 5
MONTH/YEAR: 12/83 3/84 5/84 8/84  12/84 3/85 6-7/85
STARTING CRUISE: 1 2 3 y 5 6 T
Station
52 986 199 0 829 792 272 1,913
21 0 0 1,775 0 0 253 0
29 . . . . 0 0 0
23 . . . . 768 0 0
55 . L] . 2’536 0 1 ,956
T . . . 731 2,142 1,961
4y . . . 612 0 0
Total: 986 199 1,775 829 5,439 2,667 5,830
Total for all stations: 17,725
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turned on to charge its capacitors a few seconds before each single-frame
exposure, and then turned off immediately after the picture was taken.

This task was performed by the intervalometer.

Batteries that ran the intervalometer, camera, and strobe were contained
in a custom=built 60-cm x 25-cm aluminum housing, and attached to an
instrument array support member. Power requirements for the system were
considerable. A 3-month emplacement required batteries with a minimum
capacity of 48 amp-hours, but for safety reasons, the batteries installed
had an additional 50% capacity beyond this minimum. Sealed lead acid
batteries were chosen because: (1) they are truly sealed, with no acid,
acid vapor, or water loss during normal use; and (2) they are designed to
operate well at temperatures typical of bottom water on the southwest

Florida shelf.

Photographic product quality could be degraded rapidly by settling
organisms on the camera ports if left untreated. A transpareant
organometallic (tin-based) polymer specially formulated for optical
surfaces was used to prevent biofouling. This polymer was obtained by
ESE/LGL from the Department of the Navy, Naval Ship Research and
Development Center, Bethesda, Maryland. This material kept camera ports
clean for up to 6 months of exposure. A similar technique was also used

successfully by Abbott (1979).

To provide a reference point for surficial sediment level, a vertical
steel rod was installed in the field of view of each time-lapse camera.
The rod extended from the array framework to just below the sediment-
water interface. Two steel plates with the same dimensions as the
settling plates (see Subsection 2.2.4, Settling Plates) were attached to
the sediment rod. The camera was aimed toward these plates and also

viewed some of the surrounding substrate.

During each cruise after initial installation, divers serviced the time-
lapse system by first retrieving all components. The camera housing was

inspected for any water penetration, carefully opened, and inspected. If
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possible, the film was advanced to prevent any data loss due to exposure
of the last few movie frames to light when removing the cartridge. TIf
unexposed film remained, a short segment of handwritten station data was

filmed through the movie camera as an integral label.

All equipment was evaluated for damage and integrity. Damaged equipment
was replaced, batteries and film renewed, other components serviced, and
the intervalometer was initialized for triggering exactly on the hour.
The system was allowed to sit on deck until it had operated correctly an
hour later. A data slate was placed in the field of view of the camera
to record all pertinent information on the first movie frame. Following

a successful test, the system was sealed and reinstalled on the array.

Laboratory Methods

After each cruise, Super-8 movie film cartridges were appropriately
packaged and mailed to the Kodak® processing laboratory in Rochester, New
York. Special arrangements were made with this facility for dealing with
thesé cartridges. For example, provision was made to keep the cropping
of leader on the ends of each roll to a minimum, thus preventing any data
loss. Kodak® also developed film which had been drenched in seawater,

salvaging one cartridge which might have otherwise been ruined.

Once the developed film was received in the LGL laboratory, it was
evaluated for overall content, duration, and exposure. If additional
work was required to improve exposure or color, the original was sent to
laboratories with special capabilities for duplication with enhancement

before quantitative analyses were begun.

Each time-lapse movie was analyzed in its entirety, using an Elmo®
Model 912 manual film editor and a Kodak® Moviedeck Model 475 Super-8
movie projector with variable projection speeds (freeze-frame, 3, 6, 18
and 54 frames/sec). The editor was more useful for the majority of
quantitative analyses because it could be manually operated for single
frame viewing at any speed, thus allowing the hour of day for each

individual photograph to be accurately determined. The movie projector
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had higher quality optics, and was used to identify species or make

counts not clearly defined on the editor.

Each movie was also viewed at normal and faster-than-normal projection
speeds to discern any long-term qualitative changes. For example, a
segment of time-lapse film taken hourly over a 90-day period could be
viewed in 40 sec when seen at 54 frames/sec, apparently compressing time
by a ratio of 194,400:1. This compression revealed many processes that
would have been difficult to see otherwise, such as fouling organism
growth, bioturbation of the substrate, and long-term habitat composition

changes.

Each movie frame yielded information on numbers of individuals by species
of fish and other vertebrates such as sea turtles, turbidity, and
occlusion by organisms. Motile invertebrates large enough to see were
relatively rare, and were not included in quantitative analyses but

instead were noted in qualitative descriptionms.

All organism counts were made within a sample area that included the
inside of the array and extended just beyond the perimeter of the array,
to a distance abproximately equivalent to that of the two metal settling
plate targets. Specific individuals could not be reliably identified from
one photograph to the next. Consequently, cases in which the same
individual was present in more than one photograph could not be separated
from those in which several photographs included different

representat ives of the same species.

Turbidity was arbitrarily scored from zero through four. A score of zero
represented unobscured (100%) visibility within the sample area. A score
of four represented zero visibility. Each intervening score represented
an estimated change of 25% in visibility. Generally, scores of zero,
one, or two (relative visibility of 100%, 75%, or 50%) did not interfere
with counts or identifications. A score of two occasionally caused
smaller fish at the limits of the sample area to be identified only to
genus as opposed to species. A visibility score of three (25%)

significantly affected fish observations and identificatioms.
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Occlusion by biota was treated separately from water turbidity. Movie
frames in which the field of view was obscured by 50% or more by an
organism were given a score of five. In the majority of instances this
score was used because of a fish located very close to the camera lens,
e.g., by the jewfish that took up long-term residence inside some of the

arrays.

Data from each time-lapse movie were first transcribed onto preprinted

work forms, transcribed onto coding forms, entered, and verified.

Data Analysis and Synthesis

Two summary statistics were derived from time-lapse data: (1) time-
series plots of frequency of occurrence of fish, and (2) periodic
(hourly) mean frequency of occurrence, or attendance. Although
observations ("records'") were not necessarily independent of one another
due to the likelihood of sighting the same individual repeatedly, it was

possible to calculate confidence limits for hourly attendance.

Observations within any given day from one hour to the next appeared to
be correlated with one another. Nonetheless, this did not rule out
comparisons between means. For most common species, the correlation in
sequential hourly means was minimized by summing many days' worth of
data, .This finding was confirmed by the apparent randomness of residual
variability. The larger the number of days involved, the more valid the
- procedure. In general, a minimum of 20 days of data was sufficient to
generate realistic confidence limits. In some cases, sample sizes were
smaller; in such instances, the confidence limits for those means were

overly conservative (i.e., wide).
2.2.6 HIGH-RESOLUTION BENTHIC PHOTOGRAPHIC SURVEYS

An experimental technique called high-resolution benthic photography

surveying was conducted during Year 5, on Cruises 5 through 8. High-
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resolution benthic photography surveying consisted of a diver equipped
with a hand-held video camera-recorder and underwater lighting system

swimming along two transects, each 50 m long.

The only purpose of the surveys was to appraise the high-resolution
benthic photography surveying methodology itself with regard to
evaluating lateral (horizontal) movement of unconsolidated sediments, and
assessing the size, recruitment and abundance of sessile organisms too
small to identify or count reliably with remotely-operated video systems.
Descriptions of the relative strengths and weaknesses of the high-
resolution benthic photography surveying method are in Subsection 4.2.6,

Methods Evaluation and Recommendations.

The diver-held video system included a housed JVC® Model GR-Cl Video-
Movie camcorder (camera-recorder combination) and an underwater lighting
system for providing true colors and increased definition. The camcorder
was capable of recording 20 min of observations on a TC-20 video
cassette. High-resolution benthic photography surveying transects
consumed only approximately half this capability. The camcorder was
enclosed in an Ikelite® housing that permitted full use of all camcorder
controls while underwater. The camcorder housing was also equipped with
l-m-long weighted dropline to help the operator keep it a constant
distance above the substrate. Artificial lighting was provided by an
Underwater Kinetics Aqua-Sun®, with twin 80-w video lamps in 40° beam

angle lamp heads, powered by a tank-mounted, 24-volt battery pack.

Two high-resolution benthic photography surveying transects were
established at Station 52. A 52-m polypropylene line marked at 1-m
intervals served as a center axis for both transects. The markers were
used to describe exact locations along the line. A 0.9-kg cylindrical
lead weight was attached to the line every 5 m to keep it from shifting
position. The base of one of the array support legs was chosen at random
as one end of the transect, and the transect line was stretched away from
the array on a relatively straight course. The other end of the line was

secured to a heavy weight with spikes welded to it to prevent movement.



To conduct a survey, a diver would swim along the line starting at the
array, keeping the end of the dropline barely in contact with the
transect line. This kept the elevation of the video camera comstant,
thus ensuring that an equal area was always kept in the field of view, as
well as making it possible to measure repeatably the dimensions of
objects seen in videotapes. One meter at each end of the line was
considered a buffer zone outside the census area, to avoid problems with

installation effects.

Each transect consisted of a 50-m band, parallel and adjacent to the
line. The line was kept on the right edge of the video camera's
viewfinder to record only one transect at a time. At the distal end of
the line, the diver reversed direction and proceeded back toward the
array, photographing the transect on the opposite side of the line. Each
transect was about 1 m wide, depending on how vertically the camera was

held by the diver. Each of the two transects thus included 50 m2,

Laboratory Methods

Videotapes were viewed on a 63-cm (25-inch) Sony® color television with a
Panasonic® Model PV-1730 VHS videotape player, equipped with a special
adaptor for TC-20 tapes. The tapes were reviewed for the following

information:

1. Habitat characteristics (percent sand, exposed rock, etc.);

2. Percentage cover of dominant organisms, especially those which
might show significant changes;

3. Types of sessile organisms;

4. Presence or absence of organisms observed during previous
cruises; and

5. Growth of any organisms which could be measured in the same way

on more than one cruise.
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Data Analysis and Synthesis

Data analysis and synthesis consisted of a subjective evaluation of the
effectiveness of the high-resolution benthic photography surveying
technique with regard to the parameters mentioned previously. Emphasis
was placed on repeatability of measurements. The results of this
feasibility study are discussed in detail in Subsection 4.2.6, Methods

Evaluation and Recommendations.
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3.0 RESULTS AND DISCUSSION

3.1 PHYSICAL AND CHEMICAL CHARACTERISTICS

A detailed and pomprehensive description of the physico-chemical
environment and the phenomena that affect this environment is essential
to the understanding of an ecosystem. It is difficult to assess the
impacts of man's activities, in this case offshore petroleum development,
without first understanding the natural processes and perturbations that

impact the ecosystem.

The following physico-chemical characterization has been divided into
subsections. Subsection 3.1.1 discusses the physico-chemical
characteristics of each station individually. This will aid considerably
in the interpretation of the biological findings presented in subsequent
sections. The remaining subsections present additional regional
descriptions of the physico-chemical environment that provide an overview
essential for understanding the differences and similarities that arise
from intersite comparisons of the biota. In addition, a regional
overview is essential for understanding those processe; (such as Loop
Current intrusions) which occur on scales larger than the individual
station scale of 1 km?. These subsections are arranged thus: Subsection
3.1.2--Hydrographic and Water Chemistry, Subsection 3.1.3--Currents and
Circulation, Subsection 3.l.4--Waves and Tides, and Subsection 3.l.5-

-Sediment Dynamics.

3.1.1 INDIVIDUAL STATION CHARACTERIZATIONS

General station information for the eight Year 5 stations is presented in
Table 3.1-1. The information for each station includes the years during
which data were collected; the average depth of the station; statiom
location using latitude and longitude, lease block number, and distance

from shore; substrate type; and biological assemblage.
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Table 3.1-1.

General station information for the Year 5 stations

‘ Distance***
Depth  Latitude Longitude Lease from Shore
Station Year* (m) (N) (W) Block** (km) Substratet  Assemblagett
44 3,4,5 13 26°17.71' 82°12.66'ttt  CH 697 20 TS-HS In-Live I
55 5 27 24°36.17' 82°41.96' TLL 175 TS-HS In-Live 1
7 1,2,5 32 26°16.98"' 82°43.66' CH 686 58 TS-HS In-Mid Live 11
52 3,4,5 13 25°17.53" 81°39.82° PR 655 48 TS-HS In-Live I
21 1,2,4,5 47  25°17.26' 82°52.16' PR 683 133 TS-HS In-Mid Live II
23 1,2,4,5 74 25°16.89"' 83°37.79' PR 667 194 AN-S-D Mid-Algal
29 1,2,4,5 60 24°47.51" 83°41.19' DT 138 229 AN-S-D Agaricia
36 4,5 126 25°16.50' 83°57.21" PR 661 219 TS-HS-D Qut Crinoid

*Years during which data were collected.
**CH = Charlotte Harbor.
PR = Pulley Ridge.
DT = Dry Tortugas.
TLL = falls within Three League Line.
***Distance to nearest point of land excluding
the Florida Keys.
tTS-HS = thin sand over hard substrate.
AN-S-D = algal nodules over sand with
depressions.
TS-HS-D = thin sand over hard substrate with
depressions.

ttIn-Live I = Inner Shelf Live-Bottom Assemblage I.
In-Mid Live II = Inner and Middle Shelf Live-
Bottom Assemblage II.
Mid-Algal = Middle Shelf Algal Nodule Assemblage.
Agaricia = Agaricia Coral Plate Assemblage.
Out Crinoid = OQuter Shelf Crinoid Assemblage.
tttLocation of array.




Characteristics of the sediments obtained as grab samples during Years 4
and 5 are summarized in Table 3.1-2, The characteristics include grain-
size statistics based on methods described by Folk and Ward (1957).
These statistical methods were chosen because more than 507 of the
stations revealed grain-size distributions that were non-normal in that
they were either skewed or bimodal. The grain-size statistics expressed
in 4 sizes include median, mean, standard deviation (or sorting),
skewness, and kurtosis (or peakedness). Other information includes
percent sand, CaCO3 content, and organic carbon content. Caution should
be exercised, however, in applying this information to the entire 1-km?2
station because this information is based on, at most, four grab samples.
Because these samples were collected during the winter months, seasonal
variation in sediment characteristics that may occur with seasonal

changes in wave or current climates is not discussed.

The near-bottom hydrographic and water chemistry data collected during
the S5-year study for each Year 5 station are summarized in Table 3.1-3.
The data are presented as a range for each parameter; these ranges are
based on 4 to 12 data points obtained during the various cruises.
Temperature is the exception to this-being based, not only on data
collected during cruises, but on from 1 to 2 years of continuous
temperature data collected during Years 4 and 5. In addition to
temperature, the other parameters presented include salinity, DO,
transmissivity, and light penetration (based on secchi disk readings
only). Chlorophyll a, nitrate-nitrite, phosphate, and silicate
concentrations, obtained from data from Years 1 and 2 of the program,
also are presented (Woodward Clyde Consultants/Continental Shelf

Associates, 1983).

Summarized in Table 3.l1-4 are some of the more dynamic physical
oceanographic data such as average current speed, modal current speed,
modal current direction, percentage of time current speeds exceed 20
cm/sec, net current speed, net current direction, and percentage of time

wave orbital velocities exceed 20 cm/sec at the bottom. All current



Table 3.1-2. Summary of sediment characteristics for Year 5 statioms obtained as grab samples

Organict
Sediment Size Statistics (6)* CaCost Carbon

Station Sand Content Content
Number Median Mean  Sorting Skewness  Kurtosis %) (%) %)
4 0.9 0.8 1.4 0.0 1.2 98 88.3 1.8
55 1.1 1.2 1.4 0.1 1.0 92 96.6 3.0
7 1.4 1.3 0.9 -0.3 1.2 98 52.9 1.6
52 0.9 0.9 1.5 0.1 1.1 9% 93.6 2.6
21 1.8 1.8 1.0 -0.1 1.2 96 92.1 2.8
23 0.8  0.8% 1.3 0.1 1.2 98 95.7 3.0
2911 — —_— - - - - — —
36 0.7 0.8 1.3 0.2 0.8 98 95.1 2.9

*After Folk and Ward (1957), values given are nominally the average of four replicates.
tDry weight.
**Range: median ¢ = 2.5 to -1.0; mean 6 = 2.3 to -1.1.

ttAgaricia coral pavement precluded sampling any unconsolidated sediment .
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Table 3.1-3.

Summary of near-bottom hydrographic and water chemistry characteristics for Year 5 stations*

Station Salinity  Temperature DO Transmissivity  Light Pen. Chl. a NO3 — NOy PO, $i0,
Number (°/00) (°c) (mg/L) (%) b (ng/m3)  (umle) (umwle)  (umole)
44 4.8 - 3.0 20.3-29.6 5.6 - 10.1 77-100 0.14 - 0.38 ND ND ND ND
55 35.8 - 36.5 22.0-28.0 5.9 ~-9.3 83-94 0.11 - 0.19 ND ND ND D
7 35.6 - 36.5 19.1-27.8 7.7-9.4 90-99 0.08 -0.17 0.1-09 0.1-03 <0.1-0.1 1.0-3.0
52 35.1-36.3 17.0-30.8 6.3 -9.4 67-100 0.11 - 1.13 ND N ND ND
21 35.9 - 3.7 19.5-27.3 6.1 -10.3 82-100 0.08 -0.68 0.5-1.0 0.1-03 <0.1-0.1 1.0-2.0
23 36.1 - 36.7 17.5-24.3 6.1-9.3 87-97 0.06 - 0.11 0.3-0.6 0.8-4.0 0.1-0.4 1.0-3.5
29 3.1 -3.6 17.5-26.0 6.4 -8.6 86-98 0.07 -0.19 0.1-0.6 2.0-40 0.2-0.3 1.0-2.0
36 3.1 - 3.7 15.0-23.8 4.4 - 6.6 88-98 0.06 - 0.08 <0.1 - 0.1 5.0 - 10.0 0.6 - 0.7

3.0 - 5.0

#*Notes with respect to individual parameters:
Salinity—ranges are based on 4 to 12 data points collected during 1 to 5 years.
Temperature—Ranges are based on periodic measurements as well as continuous measurements over 1 to 2 years.

Dissolved Oxygen—same as salinity.

Transmissivity—same as salinity.

Years 4 and 5 data adjusted by cruise so that the maximum was 100 percent.
Light Penetration—calculated using 1.7/Dg, where secchi readings (Dg) were made during Years 4 and 5.
Chlorophyll a—ranges are based on 4 data points (Years 1 and 2) except for Station 36 (Year 2 only).

NO3 — NOy—same as Chlorophyll a.
PO, —same as Chlorophyll a.
$i0p—same as Chlorophyll a.
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Table 3.1-4. Summary of dynamic physical oceanographic data for Year 5 stations

Average Modal Current Net Net Wave Orbital
Current Current Modal Speed Current Current Velocity
Stat ion Speed Speed Current >20 cm/sec Speed Direction 220 cm/sec
Number (cm/sec) (cm/sec) Direct ion (%) (cm/sec) (°True) (%)
44 8.4 5 - 10 E 4.6 1.4 132 3.89x*
55 10.4 0-5 NNE - SSW 13.3 1.4 176 1.86
7 5.2 0-5 E 0.6 1.0 182 1.91¢
52 10.8 0~5 E-W 13.7 1.4 128 2.99
21 7.2 5 - 10 ENE - WSW 1.2 0.9 138 0.12¢
23 7.5 0-5 ESE - WNW 1.8 3.1 253 0.01t
29 8.9 5 -10 SW 4.6 3.0 175 0.05t
36 8.9 5 -10 S 5.3 1.8 83 0.0t

*Estimated using Station 52 wave data.
tEstimated using NDBC Buoy #42003 wave data.



statistics are based on current data collected during one or two years at
the individual stations. The wave data, however, were collected for only
one year at Stations 52 and 55. Therefore, wave statistics for the other
stations are based on the wave fields measured at these two stations or

from the National Data Buoy Center's (NDBC) wave buoy.

The remainder of this subsection consists of narrative descriptions of
the individual stations. These descriptions are only for the near-bottom
environment and discuss only the characteristics within the 1-km?2
station. Discussions of the overlying water column and regional

characteristics and processes are discussed in subsequent subsectionms.

Station 44

Station 44, located in Lease Block Charlotte Harbor #697, was one of the
most northern and shallow (13 m) of the Year 5 stations and it was
located the closest to land (20 km). This station was chosen for
intensive study to ascertain latitudinal variation between statioms. The
biological assemblage for Station 44 was designated as Inner Shelf Live-

Bottom Assemblage I. This station was sampled during Years 3, 4, and 5.

The substrate was designated as thin sand over hard substrate. The
sediments at Station 44 are coarse (mean ¢ = 0.8), calcium carbonate
(88%) sands that are poorly sorted, symmetrical, and leptokurtic. The
organic carbon content of the sediment was lower (1.8%) than all other

stations, with the exception of Statiom 7.

Underwater television surveys revealed a predominantly sand bottom with
occasional. patches of hard bottom. Transient morphological features such

as sand waves and animal tracks were observed.

The near-bottom salinity at Station 44 ranged from 34.8 ©/oo to

36.0 ©/00. Station 44, along with Station 52, was generally less saline
than the other six stations. Presumably, this was because of their
proximity to land. The water at these shallow statioms was also well

mixed regardless of the season.



Near-bottom temperature values ranged from 20.3° to 29.6°C, and
Station 44 was generally warmer than the other stations. One of the
highest near-bottom dissolved oxygen values (10.1 mg/l) encountered at

all stations was observed at Station 44; the minimum value was 5.6 mg/l.

Station 44 was one of the two most turbid stations (Station 52 was the
other station) of the eight studied. Transmissivity, measured with a
transmissometer mounted on the CSTD, ranged from 77 to 100%. Light
extinction coefficients, calculated from limited secchi disk readings,
ranged from 0.14 to 0.38. Although 0.38 was relatively high compared to
the majority of the stations, it was considerably lower than the 1.13
value measured at Station 52. Turbidity as measured with the time-lapse
camera and defined as 75% obscuration, occurred 5.6% of the time. This
was relatively frequent compared to all stations except Station 52;

however, this value is based primarily on only one month of data.

Currently, there are no chlorophyll a or nutrient data available for
Station 44. During the Year 6 Data Synthesis Study, certain historical
data may be located or extrapolated from other existing data. Detailed
discussion of the hydrographic and water chemistry data, spatial and
temporal variability, and distribution throughout the water column are

presented in Subsection 3.1.2.

The currents measured at Station 44 revealed a bimodal distribution for
current direction indicative of tidally dominated currents. This
bimodality was not as pronounced as at the comparable Station 52, but the
general east-west setting of the currents was apparent. The average
current speed was 8.4 cm/sec, which falls approximately mid-range between
the average values calculated for all other statioms (5.2 to

10.8 cm/sec). The percent of time the current speed exceeded 20 cm/sec
was also approximately mid-range with a value of 4.6%. There is a
considerable difference between Statioms 44 and 52 with respect to

currents. It is possible that this may be due to the proximity of



Station 44 to land, which would keep the station in the lee more often
than at Station 52. Although it is recognized that tides are the primary
forcing function for the currents, wind, especially in water this

shallow, would also have a significant effect on the currents.

The net current calculated over the entire year was l.4 cm/sec and set to
the southeast. This would indicate that suspended sediments or

waterborne pollutants would be carried toward shore.

Generally, the current speeds measured at Station 44 were insufficient to
resuspend sediments, yet the time-lapse cameras and the sediment traps
indicated that sediment was either resuspended or advected into the area.
Although advection of sediments is possible, and-to some degree likely,
sediment resuspension is probably a major source for the sediments
trapped. Because the current speeds were insufficient for resuspension,
the cause of the sediment movement was wave—induced orbital velocities.

A wave orbital velocity of greater than 20 cm/sec would occur 3.0% of the
time. This speed added to a current speed of 20 cm/sec, which occurred
4.6% of the time, would produce sufficient energy for sediment
resuspension. The Station 44 sediment trap (1 m above the bottom) data
measured an average annual sediment deposition rate of 526 MT/kmZ/day.
This deposition rate was the highest measured at any station and was

1.5 times greater than Station 52, 1.9 times greater than the rates
measured at Station 55, and 3.6 times greater than the sediment
deposition rate measured at Station 7. Detailed discussions of currents,
waves, and sediment dynamics are presented in Subsections 3.1.3, 3.1.4,

and 3.1.5, respectively.

Station 55
Station 55, located between the Dry Tortugas and the Marquesa's, is the
southernmost station and lies within the Three-League Line and,

therefore, is not located within a lease block. This station, studied



only during Year 5, was chosen because it is located on an important and
little understood boundary of the southwest Florida shelf. The average
water depth at Statiom 55 is 27 m, the substrate is designated thin sand
over hard substrate, and the biological assemblage is designated as Inner
Shelf Live-Bottom Assemblage I. This designation is identical to the
shallower (13 m) Stations 44 and 52. Although some differences
undoubtedly exist between Statiom 55 and the other two stations because
of greater water depth, the organisms that comprise the community were

generally the same.

Underwater television surveys of Station 55 revealed a lush live bottom
with occasional patches of bare sand and animal tracks. No sand waves

were noted during any of the four cruises.

The Station 55 sediments were finer than those sampled at Stations 44 and
52, with a mean 6 size of 1.1. Nevertheless, the sediment was still
classified as a coarse, calcium carbonate (97%), poorly sorted sand.

This grain-size distribution was nearly sym@etrical and mesokurtic. The
organic carbon content of 3.0% was the highest measured at any station
and was equal to that at Station 23. Because of the depth‘and greater
oceanic influence (from the Florida Straits), the salinity at Statiom 55
was higher than the two shallower stations. The salinity ranged from

35.8 ©/00 to 36.5 °/oo0.

Unlike the salinity distribution, which was homogeneous throughout the
water column, temperature, on one occasion, revealed the presence of a
thermocline at a depth of 15 m. The température ranged from a low of
22.0°C to a high of 28.0°C. The minimum temperature value of 22.0°C was

the highest minimum temperature measured at any of the eight stations,

The dissolved oxygen concentration at Station 55 ranged from 5.9 to
9.3 mg/l and was neither the highest nor lowest value measured. The
minimum value, however, was lower than the deeper statiomns, with the

exception of Station 36.



In regard to turbidity, Station 55 was similar to the deeper stations
with transmissivity values ranging from 83 to 94%. The light extinction
coefficients ranged from 0.1l to 0.19. Periods of high turbidity
(defined as 75% obscuration as viewed with the time-lapse camera)

occurred 3.7% of the time.

There were no chlorophyll a or nutrient data collected during the 5-year
study. During the Year 6 Data Synthesis Study, a search of the

historical data will be made to provide this information.

The current speeds measured at Station 55 were second only to Station 52
in magnitude. The average current speed calculated for Statiom 55 was

10.4 cm/sec and set north-northeast and south-southwest.. These currents,
similar to those at Stations 52 and 44, were predominantly influenced by
the tides. The current speed exceeded 20 cm/sec 13.3% of the time. This

value, again, was second only to Station 52.

The net current speed was 1.4 cm/sec (identical to Stations 44 and 52)
and set almost due south. Suspended sediments or waterbornme pollutants
on a long-term average would be advected into the Florida Straits and,
therefore, out of the study area. This information is important for any
modeling considerations because the area lying between the Dry Tortugas
and the Marquesa's functions as a sink. Thus water, pollutants, and
other constituents are carried off the southwest Florida shelf to the

Florida straits.

Similar to other shallow stations, the current speeds at Statiom 55

occasionally were sufficient to resuspend sediments. Both the time-lapse
camera record and the sediment traps indicate that sediment resuspension
did occur. The periods of high currents in conjunction with energy were
sufficient to produce the sediment movement. The average annual sediment
deposition rate was approximately 278 MT/km2/day according to data

collected by the l1-m sediment trap. This was approximately half the rate

measured at Station &4, but nearly twice the rate measured at Statiom 7.



Station 7

Station 7, studied during Years 1, 2, and 5, was located as far north as
Station 44 and was deeper (32 m) than Stations 44, 52, or 55. Station 7
was located in Lease Block Charlotte Harbof #686 approximately 58 km from
shore. The substrate was designated as thin to thick sand over hard
substrate and the biological assemblage was identified as Inner and

Middle Shelf Live-Bottom Assemblage II.

Underwater television surveys of Station 7 indicated that the bottom was
predominantly sand with occasional rock outcrops and depressions. On the
bare sand areas, sand waves were very common and were reported on every
transect during Year 5. Some waves appeared to be stabilized with algae,
but this was unconfirmed. The slow current speeds and symmetry of the
sand waves suggest that those waves result from wave-induced water motion

rather than currents.

The sediments at Station 7 were some of the finest (mean 6 = 1.3)
encountered throughout the study area (the only station with finer
sediments was Station 21 with a mean 6 value of 1.8). The sediment was
classified as a moderately sorted, negatively skewed (i.e., skewed toward
the coarser sizes), leptokurtic sand. The CaCO3 content of the Station 7
sand was 53%, which was less than all other stations which had values
greater than 85%. Woodward Clyde Consultants and Continental Shelf
Associates (1983) also reported anomalously low values of 72 and 40% at
Station 2 located approximately 55 km to the north-northeast of Station 7
and values of 83 and 86% at nearby Station 6. They suggested that the
quartz clastics found at Stations 2 and 6 (to a lesser degree) were the
result of proximity to the coast and/or sediment transport from the

Caloosahatchee River (that drains Lake Okeechobee) and Charlotte Harbor.

The salinity at Station 7 ranged from 35.6 ©/oo to 36.5 ©/oo. This was
generally mid-range compared to all other stations. There was a distinct
halocline during the spring and summer. This halocline coincided closely

with a thermocline, also evident only during the spring and summer. The



near-bottom temperatures ranged from 19.1° to 27.8°C. In terms of both
salinity and temperature, Station 7 most closely resembled Station 21 (at

a depth of 47 m).

Station 7 exhibited the least variability in DO (7.7 to 9.4 mg/l). The
dissolved oxygen variability at two of the deepest stations (Stations 29

and 36) was 2.2 mg/l.

Although there were some incidence of high turbidity, as recorded with
the time-lapse camera, it was not as frequent (only 1.5%) as Statiomns 44,
52, and 55. The transmissivity values measured during the cruises ranged
from 90 to 99%. The light extinction coefficient ranged from 0.08 to
0.17. These values are more typical of those calculated from the deeper

stations (with the exception of Statiom 21).

Station 7 is the first station discussed for which there are
chlorophyll a and nutrient data available. Near-bottom chlorophyll a
values ranged from 0.1 to 0.9 mg/m3. This value can be compared with
values of 10 to 40 mg/m3 for blooms in fertile coastal waters to values
of 0.05-mg/m3 for barren tropical waters, as cited by Riley and Chester
(1971). Perhaps the most comparable value is that cited by Strickland
(1965) for temperate waters of 0.5 mg/m3. The highest chlorophyll a
concentration measured at Station 7 was still well below the fertile
range. A discussion of chlorophyll a concentration with respect to space

and time will be presented in Subsection 3.1.2.

The nitrate-nitrite concentrations ranged from 0.1 to 0.3 uM; phosphate
concentration from less than 0.l to 0.1 uM; and silicate concentration
from 1.0 to 3.0 uM (Woodward Clyde Consultants/Continental Shelf

Associates, 1983). Generally, these values fall into the nutrient poor

category according to E1 Sayed et al. (1972).
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The average current speed calculated for Station 7 (5.2 cm/sec) was the
lowest average calculated for any station. Although the influence of the
tides on the currents was still evident, the motion had progressed from
very nearly rectilinear (similar to that found at Statioms 52 and 55) to
nearly circular with no pronounced bimodality. The current speeds
exceeded 20 cm/sec only 0.6% of the time. Sediment resuspension,
however, was evidenced in the data collected by the time-lapse camera and
the sediment traps. The time-lapse camera recorded 75% obscuration 1.5%
of the time. The average annual sediment deposition rate, as measured
with the l-m sediment trap, was 147 MT/kmZ/day. Station 7 is ranked as
fourth among all eight stations for sediment resuspension. The only
stations with higher values were, in ascending order, Statiomns 55, 52,
and 44. All of these stations are shallower and/or higher-energy
stations. Wave orbital velocities greater than 20 cm/sec occurred only

1.91% of the time at Statiomn 7.

The net currents measured at Station 7 were among the lowest measured at
any of the stations (only the net current at Statiom 21 was lower). The

net current at Statioms 7, 55, and 29 was 1.0 cm/sec and set due south.

Station 52

Station 52, located 48 km offshore in Pulley Ridge Lease Block #655, was
the easternmost station, and although located more than twice as far
offshore as Station 44, the depth (13 m) was identical to Statioun &44.
Station 52 was studied during Years 3, 4, and 5. The biological
assemblage was designated Inner Shelf Live-Bottom Assemblage I; the
substrate was designéted thin sand over hard substrate. Underwater
television surveys revealed occasional sand ripples in the sandy areas of

Station 52.

The sediments at Station 52 were classified as coarse (mean ¢ = 0.9),
calcium carbonate (94%) sand. This sand was poorly sorted, nearly

symmetrical, and mesokurtic and closely resembled sediments at one-half



of the stations. The organic carbon content of 2.67% was close to the

overall average for all statioms.

Station 52 exhibited the greatest variability in both salinity and
temperature with ranges of 35.1 to 36.3 ©/oo and 17.0° to 30.8°C.
Although the variability in salinity was the greatest (identical to
Station 44), it still was not of a magnitude that would appreciably
affect the biota. Temperature, however, with a seasonal variability of
13.8°C could be considered a more stressed environment. This seasonal
variability at Station 52 was from 1.5 to 2.0 times greater than the

remaining seven stations.

The seasonal differences in DO were not as pronounced as temperature
variability and ranged from 6.3 to 9.4 mg/l. The seasonal variability in

DO was less than the majority of the statioms.

Water clarity was variable at Station 52. Transmissivity values ranged
from 67 to 100%; light extinction coefficients ranged from 0.1l to 1.13.
The incidence of high turbidity, as measured with the time-lapse camera,
was 15%. This means that for 55 days out of the year the transmissivity
was reduced to 25%. This, conceivably, would add to the overall stress

imposed on the biota at Statiom 52.

This incidence of high turbidity, primarily the result of resuspended
sediments, was reflected in the sediment trap data. The 1.0-m sediment
trap indicated an aQerage annual sediment deposition rate of

360 MT/km2/day. This value was exceeded only by that at Statiom 44
(526 MT/kmZ/day).

This comparatively high incidence of turbidity (or sediment resuspension)
was not surprising, given the depth of the station and the current speeds

measured at Station 52. The average current speed of 10.8 cm/sec was the



highest measured at any of the eight stations. The current speed
exceeded 20 cm/sec 13.7% of the time; this, also, was the highest value
of any station. Coupled with the wave orbital velocity exceeding

20 cm/sec 3.0% of the time, the incidence of sediment resuspension 1is not

surprising.

The currents at Station 52 were heavily influenced by the tides; this was
reflected in the nearly rectilinear east-west motion of the currents. A
constant net current setting comsistently to the southeast at 1.4 cm/sec
was superimposed over this tidal motion. Unlike the other statioms which
exhibited some seasonal variability in net current direction, the net
current direction at Station 52 consistently was toward Florida Bay.
Presumably, this water was advected out of Florida Bay through the
numerous passes of the Florida Keys, as indicated by the data from

Station 55.
No chlorophyll a or nutrient data are available.

Station 21

Station 21 (Pulley Ridge Lease Block #683) was located at the same
latitude, but approximately 122 km west of Station 52, 133 km from land,
and in 47 m of water. This station was designated as Inner and Middle
Shelf Live-Bottom Assemblage II, and the substrate was designated thin
sand over hard substrate. Underwater television surveys revealed that
the thin sand over hard substrate accounts for 57 to 83%; the remaining
43 to 14% was sand bottom/soft bottom. Small rock outcrops were noted as

well as sand waves with wavelengths of approximately 1 m.

The sediment, with a mean 6 of 1.8, was the finest encountered among the
eight stations. The sediment was classified as a medium, CaCOj (92%),
moderately sorted, nearly symmetrical, leptokurtic sand. Other than

being somewhat finer than the sediments at the other statioms,
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it was similar in characteristics (with the exception of the quartz
clastic sands of Station 7). The organic carbon content was not atypical

at 2.8%.

Station 21 more closely resembled the deeper water stations in that the
variability in salinity and temperature was not as great as the shallow
water stations. Also, unlike the shallow stations, there was consistent
evidence of a thermocline and halocline, both occurring between 20 and

30 m. The salinity ranged from 35.9 to 36.7 ©/o0o; the temperature ranged
from 19.5° to 27.3°C.

The DO, however, was quite variable (range: 6.1 to 10.3 mg/l1). This
maximum was the highest near-bottom dissolved oxygen concentration

measured at any of the statioms.

In addition, Station 21 was second only to Station 52 in the variability
of the light extinction coefficient calculated from secchi disk readings
with a range of 0.08 to 0.68. This, however, could have been more a
reflection of this station's productivity rather than high turbidity
resulting from sediment resuspension. The limited chlorophyll a and
nutrient data available reveal that Station 21 had the highest
concentrations of chlorophyll a with a range of 0.5 to 1.0 mg/m3.
Although this value was not comparable to concentrations measured in
blooms in fertile coastal waters, it is above the concentrations normally
encountered in temperate waters. The nitrate-nitrite range of 0.1 to
0.3 uM was lower than the near-bottom concentrations measured at the
remaining deep-water stations and may have been the result of this

increased productivity.

The transmissivity at Statiom 21 ranged from 82 to 100%. There was no
incidence of high turbidity (i.e., greater than 75% obscuration as
measured with the time-lapse camera). This would indicate that sediment

resuspension was infrequent and of lesser magnitude than any of the
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stations discussed previously and would support the hypothesis that the
occasional instances of higher extinction coefficients were the result of
phytoplankton. Some sediment was obtained from the 1.0-m sediment trap
(average annual sediment deposition rate was calculated as

22 MT/km2/day). This value is nearly an order of magnitude less than the
values obtained from Stations 44, 55, 7, and 52, but nearly 20 times

greater than the values calculated for Statioms 23, 29, and 36.

It is unknown whether this sediment was advected into the area or whether
it was resuspended. Both current speed and wave data indicate that
sediment resuspension is less likely to occur at Station 21 than at the
previously discussed stations. The average current speed of 7.2 cm/sec
was one of the lowest values calculated and the current speeds exceeded
20 cm/sec only 1.2% of the time (second lowest only to Statiom 7). The

wave orbital velocities exceeded 20 cm/sec only 0.12% of the time.

The net currents measured at Station 21 (0.9 cm/sec setting to the
southeast) were the slowest net currents encountered at any of the eight

stations.

Station 23

Station 23, located in Pulley Ridge Lease Block #667, was 74 km west of
Station 21 and 194 km from land. The average depth was 74 m, but was as
shallow as 69 m in 1 km2 sampling grid. The bottom type was designated
as algal nodules over sand with depressions. This substrate represents
soft (sand) bottom areas covered by varying thicknesses of coralline
algal growths usually in the form of loose, uncemented nodules (usually a
few centimeters in diameter); the depressions ranged from 5 to 30 m in
diameter and from 2 to 3 m deep. These depressions (and some elevationms)

were oriented along a north-northeast to south-southwest axis.
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The algal nodule layer at Station 23 accounted for 93 to 100% of the
bottom. The sand bottom/soft bottom was present occasionally (0 to 7%),
particularly in the northwest corner of the station. No sand waves were
observed at this station during the underwater television surveys. The
assemblage for Station 23 was designated as Middle Shelf Algal Nodule

Assemblage.

The sediments sampled at Station 23 were the most variable sediments
sampled at any of the eight stations and, therefore, the mean ¢ and
median ¢ values are somewhat deceptive (0.8 § for both). The median b
ranged from 2.5 to -1.0; the mean 6, from 2.3 to -1.1. This means that
the sediments at Station 23 could be classified, according to size, as
either fine sand or fine gravel. Regardless of the size classification,
the sediment was still carbonaceous (CaCOj content--96%). The overall
average statistics indicated that the sediment also was poorly sorted,
nearly symmetrical, and leptokurtic (the variability in average grain
sizes must be taken into account). The organic carbon content of 3.0%

was the highest encountered and equal to that measured for Statiom 55.

With respect to salinity and temperature, Station 23 was a typical deep-
water station with small ranges and the presence of a thermocline and
halocline; however, the halocline was never as pronounced nor as
consistent as the thermocline. The salinity ranged from 36.1 to

36.7 9/00, and a halocline occurred with some regularity at a depth
ranging from 30 to 40 m. Temperature ranged from 17.5° to 24.3°C with a
thermocline generally coincident with the halocline. The maximum
temperature of 24.3°C was one of the lowest maximum temperatures
encountered, being second only to Station 36, which was considerably

deeper.

The dissolved oxygen concentration varied from 6.1 to 9.3 mg/l. This was

fairly typical of the deeper stationms.



Also typical of the deep-water stations, was the clarity of the water.
The transmissivity of the water ranged from 87 to 97%; light extinction
coefficient from 0.06 to 0.11; and, according to the time-lapse camera
record, there was virtually no incidence of obscuration at the 75% level.
Sediment trap data support these observations with the 1.0-m sediment
trap recovering only 1.1 MT/kmz/day of sediment. The term, sediment,
should be interpreted with caution because at this low level the mass
retained by the trap could either be sediment (either resuspended or
advected) or it could be the result of organisms that were inhabiting the
sediment trap at the time of retrieval. This is true of sediment trap
data for the remaining stations (Stations 29 and 36). At these levels,
it was difficult to separate out 'noise'" from real data. One possible
confirmation of at least sediment resuspension is the gradual decrease in
mass with height of the trap above the bottom. However, this
confirmation could be the result of organisms rather than sediment

resuspension.

The average current speed at Station 23 was 7.5 cm/sec, which was the
second slowest average speed measured. Although tidal effects were
evident, they were not as pronounced. The currents moved in a more
circular motion rather than a pronounced elliptical or rectilinear type
motion. A bimodality was evident in the direction distributiomn with
currents setting east-southeast and west-northwest. The current speeds
exceeded 20 cm/sec only 1.8% of the time; wave orbital velocities

exceeded 20 cm/sec only 0.01% of the time. These data, the sediment trap’
data, and water clarity data, suggest that sediment resuspension would

occur infrequently, if at all.

Net currents at Station 23 set nearly due west at 3.1 cm/sec. Station 23
was the only station with a pronounced westward component; only Station 7
might have had a very minor westward component (182°true), but this
apparent slight westward trend is within the accuracy of the current

meter. The net current speed of 3.1 cm/sec was the highest net current
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speed measured at any of the eight stations. Only net current speed at
Station 29 approached this speed; net current speeds measured at other

stations were nearly one~half of the Station 23 net current speed.

Chlorophyll a concentration ranged from 0.3 to 0.6 mg/m3, which 1s
comparable to average temperate waters. Nitrate-nitrite concentrations
exhibited some of the greatest variability (second only to Station 36) of

any of the five stations for which nutrient data are currently available.

Station 29

Located approximately 55 km south of 