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DISCUSSION

Water Column

Mooers (1975) noted that (1) the diurnal tides in the Gulf of
Mexico were dominant over the semi-diurnal tides in most localities of the
MAFLA area, (2) the range of surface tides was on the order of 15 cm,
(3) little tidal current data were available and that numerical models
for semi-diurnal tides and tidal currents in the Gulf of Mexico reveal
tidal current patterns which vary considerably throughout the Gulf,
(k) internal (baroclinic) tides could be expected to be more prevalent in
the sumner than in the winter, and (5) that tidal velocities of five-20 cm/
sec were observed in a study (Mooers and Price, 1974; Mooers and Van Leer,
1975) at 26°N latitude on the western Florida Continental Shelf with a
diurnal ellipsis oriented north and south and a semi-diurnal ellipsis oriented
east and west with both tidal species baroclinic and irregular with their
amplitudes and phases varying with depth and time due to modulation by
transient circulations. The inertial motion (which results primarily from
meteorological disturbances) has a period dependent upon latitude transient
circulations with a period varying from about 28 hr at Key West to 24 hr
at Mobile Bay, which is near the diurnal tides and leads to irregular
diurnal tidal behavior with observed velocities of ten-30 cm/sec on the
West Florida Shelf. Those who have studied the tides within the area
state with some confidence that the tide inertia motions produce particle
orbits with a range in the order of several kilometers and orbital periods

of 12-28 hr in the eastern Gulf of Mexico. As such, they would play an
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important role in the horizontal dispersion of materials from a source

area. A brediction of actual dispersion patterns would require the establish-
ment of a tidal study program. A comprehensive review of the surface tides

on the Gulf of Mexico has been given by Zeller and Hansen (1972).

The forcing mechanism associated with river run-offs and drainage
areas is apparent along the inshore stations on Transccts I, IT, IIT and
IV. This influence was indicated bty the inshore low salinity pockets or
layers present on these transects.

The inshore stations along Transects I, II, TIIT and IV were located
between eight and 28.9 km offshore. In view of the fact that June,

July, September and October represent times of extreme mean low run-off
(SUSIO, 1975; Jones and Rinkel, 1973) and since the run-off characteris-
tics of the area near the above transects were small, it was not surprising
that little effects from run-off were noted along these transects.

There is another run-off effect that appears on all transects.

This is the low salinity pocket situated either on the shelf (Transects

I, II and IV) or along the slope of the Continental Shelf on Transect III.
This low salinity pocket is associated with the Mississippl River drainage
(WEST) system and is a separate run-off from that of the NORTHWEST drainage
associated with the inshore low salinity pockets on Transects III and IV.
Figure 106 depicts the horizontal distribution of surface salinity in
June-July, 1975 which may be used to illustrate the feature of the transport
of these drainage areas. The Mississippi River drainage system is to the
east and appears-to have been influenced by the two broken-off Loop Current

eddies (Figure 11) which cause the movement of this water onto the
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shelf on Transect IV and outward to the Continental Shelf slope on Transect
III. As it moves southward it is further influenced by the intrusion onto
the shelf itself of core Loop Current water near Tampa Bay forcing this run-
off water up onto the middle areas of the shelf on Transects I and II.

The NORTHWEST drainage flow as described by the nearshore low surface
salinity on Transects III and IV apparently moves to the east in the summer
and is forced to the south and eact beyond Transcct IIT by the geographical
nature of the Cape San Blas region.

It is dangerous to use non-synoptic data to infer transport features
by the use of the salinity distribution especially in the presence of
broken-off Loop Current eddies, such as were occurring in June-July on the
shelf. With this in mind the offshore low salinity distribution indicates
the transport of the Mississippi River System drainage of over 433 km
within 24 days.

In 1973 the salinity distribution pattern associated with the major
flooding (a once in 100 years feature) from the Mississippi River System
discharge showed a similar flow within a 30-day period. The water was
moving with an average spced of 24 cm/sec. Mooers and Price (1975)
recorded (from direct current measurements) mean velocities, over an
approximate five-week period near 26°00'N at an outer and a middle shelf
location at depths of 25-27 m, to be between 10-17 cm/sec. Usjng the
measured currents of Mooers and Price, the mean flow time in the summer
of 1975 would have been approximately 3% days. Using the average current
of 24 cm/sec frém 1973, it would have taken 2h-25 days.

Previous drift bottle studies in the Horseshoe Bend arca by Brucks

(sUSIO, 1975), who used the observed sigma t values to determine the net
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movement patterns of the bottles and the presence of a high salinity ridge
between the low salinity surface pockets on Transect II, indicate that the
low salinity observed at Master Staton 1205 (S = 32.06 °/co) in the swmmer
(Figure 15) was the center of an eddy and was not connccted or associated
with either the WEST (Missiesippi River System) or NORTHWEST drainage areas.

There was some evidence that this eddy may have been established as
a result of the meteorological conditions present in June-July. Such
evidence was derived from the data collected by the R/V BELLOWS and R/V
TURSIOPS. The former was anchored at diving stations on or near Transect
II during a period extending from 1 June, 1975 to 1 July, 1975 while the
latter vessel was occupied with the water column sampling. These data
are showvn in Figure 107. |

Wind velocities recorded on the R/V BELLOWS at the Florida Middle
Ground (Figure 107) ranged from approximately 8.5-34 km/hr with a mean
speed of approximately 20.4 km/hr. Wind flow patterns indicate the presence
of both easterly and westerly components. In a period of 30 days it also
shows that there were four reversals in the flow regime which is lower than
the average number of fronts indicated by Fernandez-Partagas and Mooers
(SUSIO, 1975). The wind data collected by the R/V TURSIOPS over the inter-
val 19 June-17 July, 1975 differ from those collected by the R/V BELLOWS
primarily in that the velocities in the northern region of the eastern
Gulf appeared to be lower than those in the southern areas. This agrees
with the data presented by Jordan (SUSIO, 1972).

Based on these weather observations and a cursory examination of the

daily weather charts it would appear then that these observations would
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fall into the average conditions shown in'Tables 118aand 118b. Based

on this and the presence of the predominantly easterly winds a circula-
tion pattern would be established in vwhich the effects of the Ekman spiral
would tend to establish an eddy in the Horseshoe Bend area and Turther
confirm the existence of a separate water mass in that area as indicated
by the temperature and salinity fields.

The Loop Current is one of the forcing mechanisms that car inTiuence
the transport on the shelf. The location of this current (Master Stations
1415, 1311 and 1103) and its depth of occurrence would indicate that during
the summer sampling in 1975 only the quality of the plankton (both taxonomi-
cally and chemically) would be affected at those stations. Further, while
the Loop Current as a forcing mechanism was influencing the shelf circu-
lation on Transects III and IV, its major effect was on Transect I where
it would have caused the rapid transport of contaminants from the area to
the southeast and then south and southwest off the shelf and into the
Straits of Florida.

Figures 108a and b depict the horizontal distribution of salinity
at ten meters and at the bottom during the summer. Unlike the surface
salinity distribution the salinity at ten meters did not reflect the
continuous flow of the Mississippi River System (WEST) on Transect IV.

The reason for this has been discussed above. The lower salinity present
on Transect II probably represents Mississippi River System water resulting
from the mixing processes as that water mass moves to the east and south.

The distribution of the bottém salinities in the summer indicates
that the entire shelf was covered with outer Shelf water (36.2 °/oo) except

in the area of Horseshoe Bend and in the inner portion of Transect I.
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TABLE 113a

Mean Seasonal Frequency (in occurrences per year) of low pressure centers
which move inland in the indicated coastal sectors. Hurricane and tropical
cyclones have been excluded.

90° to Apalachicola 28.5°N to Ft. Myers
Apalachicola to 28.5°N Ft. Myers to 25°N All
(70ne A) (Zone B) (Zone B) (Zone C) Sectors
Winter 1.6 2.2 0.2 0.4 L.k
Spring 0.7 1.0 0.3 0.2 2.2
Summer 0.7 0.6 0.2 0.1 1.6
Fall 1.6 0.6 0.2 0.1 2.9
TOTAL 4.6 4.8 0.9 0.8 11.1

From Table II, page 10, Hydro-Biological Zones of the Eastern Gulf of Mexico, 197Z2.

TABLE 118b

Wind Statistics for Marine Aress

Area A Area B
Sept.-Aor. May-Aug. Sept.-Apr. May-~-Aug.
Main Snecd (knots) 13.2 9.0 12.6 8.4
Less than T knots 16% 37% 19% 38%
Greater than 16 knots 26% % 22% 6%

Modified from Table VI, page 14, Hydro-biological Zones of the Eastern Gulf
of Mexico, 1972.
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This again indicates the separation of the water mass structures in the
Horseshoe Bend area and its possible relationship to the inshore areas and
drainage from the Tampa Bay complex. More importantly, the salinity
contours generally follow the bottom.isobath and give further evidence for
the flow of the bottom waters parallel to the bottom topography. This
agrees with the current meter data collected between 26°31'N, 25°30'VW as
repo-ted on by Price and Mooers (197h, 1975). These authors state that the
average mean current over periods of a month or more tends to flow parallel
to the isobaths (SUSIO, 1975).

Perhaps the most important phenomenon observed during this season's
study, and which will become more apparent andhimportant in the subsequent
time series stations, which were occupied in the fall and winter seasons, was
the variability both on a short and long term period of the parameters of
salinity and temperature at the various master stations. Although no time
series were taken during this season, there were duplicate STD lowerings
on Master Stations 1101, 1204, 1308, 1Lk12, and 1415. Master Stations 1101,
120k, 1308 and 1412 on Transects I, II, III and IV, respectively, were
all inshore stations, and were affected by river run-offs. Under these
conditions and depending upon the time of the year, strong horizontal
gradients of temperature or salinity can be present in the distribution
patterns.

The data contained in Table 119 represent the difference in the salinity
and temperature values observed during all three seasons of the year on

those stations at which two or more STD's and/or XBT's were taken.
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Table 119.

The range of temperature (°C) and salinity (°/oo)
at the surface, ten meter and bottom on master
stations at which either a time series study or
were taken.

two or more STD's or XBT'

S

Summer - BIM 12

Master Depth Surface ‘Ten Meters Bottom Time
Station Meter Temp. Salinity Temp. Salinity Temp. Salinity Interval
1h12 15 28.32 -t 22.40  36.20 22.18 36.21
1412 15 28.25  27.83 22.19  36.17 22.19  36.20 18 Hours
Range 0.07 0.21 0.03 0.01 0.01
1308 17 27.7h  31.64 24.50 35.92 21.3h  36.12 1 Hour
1308 17 27.62  31.66 23.00  35.9h 21.22  36.00
Range 0.12 0.02 1.50 0.02 0.12 0.12
1204 1k 28.42  32.06 28.h2  32.06 28.19  33.60 1 Hour
1204 1L 28.38 33.01 28.38 33.01 28.25 32.60
Range 0.0k 0.95 0.0k 0.95 0.06 1.00
1101 21 28.37 3k.95 28.50 35.20 28.52  35.20
1101 21 28.39 35.00 28.39 35.01 28.58 35.13 13 Hours
1101 21 28.28  35.04 28.28  35.0h 28.54h  35.24
Range 0.11 0.09 0.22 0.19 0.06 0.11
1h1s 380 28.80 32.10 27.25  35.30 _— - o
1415 380  28.51 32.38  27.00  35.00 — —_ 9 Hours
Range 0.29 0.28 0.65 0.30

Fall - BLm 20
12 17 29.65 27.00  29.45 30.00  25.45 35.04 o4 tburs
1h12 17 28.84  26.63 20.00 29.00 24 .84  3h.62
Range 0.81 0.37 0.45 1.00 0.61 0.42
141k 110 29.33  35.07 29.21  35.16 —_— _— - .
141k 110 28.67  34.70 29.06  35.15 — — [ Hours
Range 0.66 0.37 0.15 0.01
1309 55 28.91  35.76 29.54  35.00 — —
1302 55 28.86 35.76  29.0n0  33.80 — ——— 1 Hour
Range 0.05 0.00 0.5h4 1.20
120kL 13 28.26 31.93 . 28.52 32.h40 28.52  32.43 30 Mi
1204 13 28.20  31.90 28.41  32.28 28,44 32,42 n.
Range * 0,06 0.03 0.11 0.12 0.08 0.01 120 Ho
1204 13 26.88  31.95 26.82  31.98 26.82  31.98 ‘ ours
Range *#% 1,38 .05 1.70 n.h2 1.70 0.h2

Difference before Hurricane ELOISE

¥* Difference aflter Hurricane ELOISE
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Table 119. (continued)

Master Depth Surface ~_ Ten Meters Bottom Time
Station Meter Temp. oalinity Temp. Salinity Temp. Salinity Interval
Fall - BIM 20
1205 18 28.2Lh 30,7k 28.24 32.75 28.h41 33.h0 120 Hours

1205 18 26.89 32,08 26.01 32,08 26.92 32.98
Range ¥*% 1,35 0.2k 1.33 0.23 1.9 0.h2
1207 35 26.43 3h.01 26.41 35.10 —_— —
1207 35 25.9h  3L.10 26.00 134.78 —_— e 2k Hours
Range 0.49 0.72 0.1 0.32

Winter - BIM 28
1h12 1k 13.74 31.92 15.22 33.60 15.87 33.81 ol Hours
112 1k 13.50 30.37 13.90 31.91 1ih.0oh 32.08
Range 2L 1,55 1.32  1.69 1.83 1.73
1310 167 19.82 -~ 19.78  --- 15.33 ——-
1310 167 19.29  ——- 19.29 - 14.86  ——- 5 1/2 Hours
Range .53 .49 46
1413 30 16.76 34.01 18.00 35.h5 19.6h  36.h0 12 Days
1413 30 16.64 33.60 17.50 3h.ko 18.30 35.62
Range 0.12 0.4 0.50 1.05 1.34  0.78
1414 80 19.79 35.77 19.79 35.78 20.53 36.41 10 Days
1hik 80 18.62 35.40 18.90 35.69 19.20 36.25
Range 1.17 0.37 0.89 0.09 1.33 0.16
1k15 332 20.33 36.19 20.33 36.19 _— _— 9 Days
115 332 17.60 33.90 18.19 34.60 R -
Range 2.73  2.29 2.1h  1.59
1205 16 14.30 35.60 14.30 35.60 1h.30 35.60 12 Hours
1205 16 1h.15 35.5h4 1k.15 35.54 1Lh.15 35.5h )
Range 0.15 0.06 0.15 0.06 0.15 0.06
1207 36 17.79 36.28 17.70 36.28 17.62 36.29 ol Hours
1207 36 17.61 36.22 17.60 36.25 17.53  36.26
Range 0.19 0.06 0.10 0.03 0.09 0.03
1102 32 16.85 136.18 16.95 36.18 16.30 36.16 66 Hours
1102 32 36.17 36.17 45.89 36.17 15.24 36.10 >
Range 0.96 0.01 1.06 0.01 1.06  0.06
1101 18 1h.12 35.17 ik.1h 35.16 14.16 35.15 38 Hours
1101 18 13.98 35.4k 14.06 34,98 ih.ok  35.08 - N
Range 0.1  0.73 0.08 0.18 0.12 0.07

#% Difference after Hurricane ELOISE
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The observed ranges at the inshore stations fall under the particle
movement of the tidal oscillation and current patterns. These can move
a particle on and offchore in an orbital pattern of 3.2-8.0 km and perpen-
dicular to the coastline from 2.4-U.0 km as has been previously discussed
under tides. These motions can result in rapid changes in temperature and
salinity values with time.

Master Station 1204 appears Lo be an example of this phenomenon in
which in approximately a one-hour time period a change of nearly 1.00 °/oo
salinity occurred. On this transect (II), depending upon which of the
two STD lowerings was taken, a pocket of high salinity would appear or not
appear on the inshore station. This could lead to the interpretation of
the water mass relationships as either the lack of run-off on Master Station
120h or a considerable surface pocket of low salinity water extending out
to Master Station 1205.

Based on the above discussion and the surface distribution patterns
shown in Figure 106, the high salinity values at Master Station 1204
(Figure 15) could be the result of tidal oscillation as the strong horizontal
gradients associated with the Horseshoe Bend water mass form a boundary
condition at or near this location.

In the surmer sampling program an attempt was made to review those
items that acted as forcing mechanisms on the shelf circulation patterns.
Tt was the intent that this procedure would be followed for the remaining
sampling seasons throughout the three-year study. However, one of the
forcing mechunisﬁs which can cause major effects not only in the water
column but.also on the sea floor is a hurricanc.

During the fall sampling season, Hurricane ELOISE occurred and moved
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through the Eastern Gulf of Mexico starting on September 21 and went
ashore in the vicinity of Panama City on September 23. The track of this
hurricane and its relationships to the water column transect are shown

in Figure 109. -

This hurricane caused the interruption of the water sampling during
operations on Transect II and after the completion of sampling on Master
Stations 1204 and 1205. It interrupted the box coring cruise while it
was on Transect IV (the Horseshoe Bend transect, which corresponds to the
water column Transect II) and the diving program in the Clearwater area.
Further, it occurred before the start of the dredge and trawl cruises.

Between 1899 and 1971, approximately 600 tropical cyclones have been
recorded over the North Atlantic (Brower, 1972). The occurrence of hur-
ricanes on the Cuter Continental Shelf in the Eastern Gulf of Mexico is
most frequent in the extreme southern portion of peninsula Florida and
in the Panhandle section (Dunn, 1960). In the MAFLA area the maximum
possibility for the occurrence of either tropical cyclones or hurricanes is
in the Panama City area on Transect III. Table 120 shows the frequency
of these storms in the area between the Mississippi Delta and Cape San
Blas for the years 1899 to 1971, which, as stated above, is the most fre-
quent area to be affected by hurricanes. This table indicates that once
in 3.8 yr a hurricane could affect the area. It would be possible, therefore,
for a three-year study not to record the effects of a hurricane.

The tropical cyclone storm track rose shown in the lower lefthand
corner of Figure 109 for September is based on data derived from the

"Climatological and Oceanographic Atlas for Marine Arecas, U. S. Department
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of Commerce and Navy, 1959." The direction of movement of these hurricanes
and tropical cyclones as shown by this rose indicates that Hurricane ELOISE
impacted on the shelf in a direction similar to 22% of the historical
tropical cyclones and hurricanes. -

Before examining the water column sections it is important to under-
stand the characteristics of the hurricanes and how they affect the hydro-
biological zones in the area. The material that follows has been extracted
from eleven sources, and no attempt will be made to reference each indivi-
dual statement to its source; rather, it is suggested that those who are
interested review these particular source materials for themselves. The
source materials were Dunn (1960); Brower, et al. (1972); the "Daily
Synoptic Weather Charts" put out by NOAA for September and October of
1975; "Data Report: Buoy Observations During Hurricane Eloise (September 19-
October li, 1974)"; "Marine Environmental Data Package Eloise, 1975";
"Natural Disaster Survey Report 75-1 Hurricane Eloise: The Gulf Coast.

A Report to the Administrator, December, 1975"; "NODC Hydrographic Vertical
Sections"; "Tide and Storm Surge Data"; "Tide and Storm Surges Curves';
"AXBT Log (Flight 750922)"; and "Stage I and Stage II1 Data Environmental
Division, Naval Coastal Systems Laboratory."

The locations of maximum wind and rainfall vary with the development
stage. TFor instance, intense immature storms seem to have more symmetricagl
wind fields with the strongest wind 1ocated in the wall cloud around the
eye while on the other hand, in mature decadent storms the maximum winds
can be found far from the center; and in poorly defined storms, hurricane

winds may be observed only in one quarter. Further, the location and
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angle of inflow seems to vary considerably with individual storms - their
size, their latitude, and other metecorological situations.

It is appropriate, therefore, to review the meteorological history of
Hurricane ELOISE. This disturbance was spavned on the west coast of Africa
on September 6, 1975, and by the 13th was a complete depression. By the
16th it had reached tropical storm strength and as a minimal hurricane
struck the northeast coast of the Dominican Republic late on the 16th.

Here it lost its intensity as it was circulating over land until it passed
into the northwest Caribbean Sea as a minimal tropical storm with a marked
decrease in associated rainfall. Even though the center was over the open
varm waters of the Caribbean Sea, it remained poorly orgaﬁized until it
approached the northeast coast of Yucatan late on the 20th. And during its
trip through the Caribbean, its size was 64-9U km in diameter. The
existence.of an upper level trough in the westerlies caused ELOISE to turn
to the north, crossing the Yucatan Peninsula, and reaching the eastern

Gulf of Mexico. ELOISE began a steady strengthening north of the Yucatan
Peninsula gaining hurricane force in the central Gulf of Mexico about

561 km south of New Orleans, Louisiana, on the morning of 22 September.

The hurricane continued to strengthen until landfall about midway between
Fort Walton Beach and Panama City, Florida, shortly after 1200 GMT on

the 23rd. In short, during the last portions of its history and particu-
larly during the last 561 km (1200 September 22 to 1200 September 23)
across the eastern Gulf of Mexico it was an intensifying immature hurricane

the maximum velocity of which had increased from 110 km/hr at approximately
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25°N to 187 km/hr with a steady intensification of the low pressure from
993 to 955 mbs as it struck land. Preliminary examination of the data
indicates that gusts as high as 229 km/hr were measured as it crossed
the Continental Shelf areas of Transgct ITI (water column) in the MAFLA
area.

Although not an absolute measurement, the barometric pressure in
the center of a hurricane is a measure of its intensity. Since readings
as low as 915 mbs in the western Caribbean and 935 mbs off Miami have
been recorded, this is not an extremely intense pressure pattern. As it
was a developing hurricane having reintensified after crossing the Yucatan
Peninsula, its strongest winds should bevlocated in the wall cloud around
the eye with the winds inclining inward toward the center. The strongest
winds will occur to the right and therefore would be along that side of
the hurricane in the closest proximity to the Western Florida Continental
Shelf. The size of a hurricane can be expressed in two additional ways.
One is by the diameter of the hurricane and gale wind and the other by the
diameter of the outer closed (roughly circular or elliptical) isobars.
Figure 110 is the surface map from the "Daily Synoptic Weather Chart Series"
for September 22 and September 23, 1975. If one uses the 100hk isobar as
the outer limits for gales and the 992 isobar for hurricane winds from
these two maps, they agree with the gales reported from the southwest
Louisiana Delta and the New Orleans area to Cedar Key, Florida, and hur-
ricane winds from extreme southeast Alabama to Panama City, Florida. This
would indicate that gale winds were extending 208-240 km and hurricane
winds were ‘extending 40-U8 km on either side of the center of the hur-

ricane. It also indicates that all of Transect IIT was under hurricane
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wind conditions and all parts of Transect IV and Transect IT and the outer
portion of Transect I were under gale conditions.

The diameter of the eye of the hurricane was 64 km when it crossed
the southwest Florida Panhandle. This is considerably larger than the
averapge diameter of the eye of about 22 km.

In addition, for this particular hurricane, its track took it past
four instrument buoys or towers.of which two (buoys) were in deep water
and tvo (towers) were on the Continental Shelf. It is possible by use of
data from these instruments' locations to discuss in some detail and am-
plify on the characteristics of the hurricane.

In recent years the National Data Buoy Office (NDBO) of the National
Oceanic and Atmospheric Administration (NOAA) has been operating deep
ocean data buoys in the Gulf of Mexico. Two of these buoys were in opera-
tion in the eastern Gulf of Mexico during the passage of Hurricane ELOISE.
These buoys are IIB-Ok and EB-10 located at 26°00'N, 90°00'W and 27°4T'N,
88°02'W respectively. Since it is unusual to have open ocean wind wave
height, precipitation, current speed, current direction, surface and at
depth salinity and temperature values in connection with the passage of
a hurricane, this set of data is unique. These buoys measured atmos-
pheric pressure, wind speed and direction, air temperature, dew point,
precipitation, shortwave solar radiation, longwave solar radiation, wave
spectrun, wave period significant heights, pressure, current direction and
speed, temperature, and salinity. Depending upon the buoy, some or all
of these parameters were measured.

The ﬁnvironmental Science Division of the Naval Coastal Systems

Laboratory at Panama City, Florida, in recent years, have instrumented
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two towers along Transect TII which have produced tidal wave heights, wind
speed, and wind direction data for the period 0550 GMT hours, September 22,
through 1127 GMT hours, September 23, 1975. These towers arc identificd
as Stage I at 30°00.6'N, 85°54.2'W (approximately 19 km offshore from
Panama City) and Stage II at 30°07.23'N, 85°L6.5'W (approximately 24 km
offshore). These towers produced data until the hurricane caused a

power faiiure on shore preventing the transmittal of data. Theve towers
feed their data to a computer that computes statictical values at approxi-
mately 30-minute intervals based on 1160 sampling points.

The hurricane passed within 27 km of Ocean Buoy EB-OL with the
vestern fringe of the eye passing over it between 1300 and 1400 hours GMT
on September 22, 1975. As the storm passed this buoy, it intensified to
hurricane strength. At 0300 GMT on September 23, 1975, it appears that
the storm center came within 16 km of Buoy EB-10. This would mean that
the eye of the hurricane passed over this buoy, and for that reason the
data from it represent a unique situation. It should be noted, however,
that this buoy was not operational until 1200 hours GMT, September 20,
1975 since it was under repair until that time. TIn the data report, "Buoy
Observations During Hurricane Eloise (September 19 to October 11, 1975)"
issued by the Environmental Science Division, data is given for Buoy EB-Ok
from 1200 GMT on September 19 through 1200 GMT on September 25, 1975, for
wind speed and direction and for Buoy EB-10 from 1200 GMT on September 20
through 1200 GMT on September 26 for wind speed and direction. At 1100
CMT, September 22, a maximum speed of 23.73 m/sec (85.2 km/hr) as the
northwest édge of the eye passed over Buoy EB-Oh. At 1500 GMI' on September

22 the southwest portion of the eye passed over EB-Oh and by 1700 GMT
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the wind speed had reached its maximum value of 96.4% km/hr. The wind speeds
and wind direction are given in Figure 111.

On EB-10 at 0100 GMI' on September 23 the maximum wind speed of
126.4 km/hr was recorded as the eye of the hurricanc moved across the buoy.
By 0400 on September 23 the eye had crossed the buoy and the wind decreased
to 125.3 km/hr. The wind directions and wind specds for this buoy are
shown in Figure 112.

At Stage I gale force winds began to occur at 0554 GMT on September 23
and reached hurricane force at 1127 GMI' on September 23. Gale force winds
vere reached at Stage II at 0622 GMT on September 23 and had not reached
hurricane force by the time power failure occurred after 1127 GMT on
September 23. The wind directions and wind speeds are shown in Figure 113.

On Buoy EB-0k gale force winds were not reached until 0900 GMT on
September 22 and terminated by 0200 GMT on September 23 while on Buoy
EB-10 gale force winds were reached by 1400 GMT on September 22 and were
over by 0900 GMT on September 23, 1975. This would mean that gale force
winds or greater occurred at EB-0OL for 17 hr‘and on EB-10 for 19 hr. Since
no data were available‘after the hurricane on Stages I and II, it is
difficult to determine the extent of gale force or greater winds at sea
on the Continental Shelf. However, because of the speed of the hurricane,
it seems reasonable to assume that the time period would not be greater
than 22 hr.

Because of the course of the hurricane, the full hurricane wind
effects were experienced along Transect ITII, which is nearly parallel to
the track 6r in the right gquadrant of the hurricane. The effeels of the

wind should have been Telt strongly on the outer portion of this transect
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(Master Station 1310 and Master Station 1311). On Transect I1, which is
nearly perpendicular to the pattern of the gale, winds of between 56 and

67 ¥m/hr should have occurred along the entirc transect. On the other hand,
Transects I and IV, nearly perpendicular to the pattern of the hurricane,
would have experienced steadily decreasing wind effects from the outer
stations towards shore.

Some of the world's heaviest rainfalls have occurred in connection
with hurricanes. The rainfall is always heavy, probably T7.5-15 cm on the
average and frequently much more. The total accumulation of rain at a
given locality is greatly dependent upon the forward speed of the hurricane
simply because in slower moving storms the rain lasts a longer time.
Although the quantitative aspects of rainfall distribution around hurricanes
are still in the stage of development, it has been found in general that
the distributions are quite asymmetrical around the storms along the
Gulf Coast {provided the hurricane center was moving). In these cases, the
areas of greatest intensity were found 96-128 km in front of the cyclone
center and mostly to the right of the line along which the cyclone was
advancing. However, such conclusions can be altered not only by the stages
of development, but by the speed of motion and degree of curvature that
occurs with each individual hurricane. In Hurricane ELOISE, which was a very
"wet hurricane," rainfall amounts generally ranged from ten to 20 cm from
extreme southeast Louisiana to west of the Panama City areca. The greatest
rainfall was 37.8 cm at Eglin Air Force Base at Fort Walton Beach, Florida.
Unlike the normal hurricanes, the heaviest rainfalls occurred west and north

of the storm track as the moist warm air associated with PFLOISE overran
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the colder air behind the stagnant frontal zone extending from northern
Alabama soﬁthward into the Gulf of Mexico (Figure 110). bMost stations east
of Panama City had less than 2.5 cm of rainfall as a tongue of dry air
behind the frontal zone was drawn inte the area of ELOIBE circulation.

This meant that heavy rainfall should have been experienced only on Transect
IV. However, due to the rapid movemeﬁt of the hurricane, excessive rainfall
(that is, above the average of T.5-.5 em) did not occur on Transect IV.

The speed of advance of the hurricane and the meteorological conditions
associated with the frontal conditions caused very little rain to fall on
Transects III and II and little or no flooding was noted in the area.

The rainfall associated with this hurricane is given below in Table 121.

Table 121. Rainfall associated with Hurricane ELOISE, September 22-

23, 1975.
Rainfall Storm

Station Total in Centimeters Dates
Boothville, Louisiana . 12.0 21-23
Bay St. Louis, Mississippi 22.1 No date
Dauphin Island, Alabama ' 13.3 22-23
‘obile, Alabama .4 22-23
Pensacola, Florida 14.3 20-23
Crestview, Florida 2h.1 22-24
Valparaiso, Florida 37.8 21-23
Panama City, Florida 1.9 23
Apalachicola, Florida 0.3 22-23
Tallahassee, Florida 2.3 23

Table 122 gives the September precipitation from several of the
meteorological stations in the area of the hwrricane. This table records

the normal total, the maximum monthly, the minimum monthly, and the maximum
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in 24 hr of rainfall for September. Included as part of this table are

the actual observed rainfall amounts for Hurricane ELOISE.

Table 122. HNormal and Hurricane ELOISE ussociated rainfall at selected
meteorological stations in the vieinity of the storm
(centimeters).

Precipitation - September Hurricane ELOISE
Normal Maximun Minimum Maximun Storn.  Seplember
Station Total Total Total in 2k hr Total Dates
Hew Orlearns,
Louisiana 12.78 ho.52 0.61 16.51 11.99 21-23
Mobile,
Alabama 15.88 34,57 1.kL7 16.71 L 42 20-23
Pensacola,
Florida 19.53 26.11 6.05 25.45 1k.28 20-23
Apalachicola,
Florida 21.67 57.15 1.98 29.Th 0.30 22-23

These data would indicate that the hurricane created rainfall amounts
equal about 90% of the total normal rainfall for September in those areas
west of the hurricane.center except for Mobile. Looking at Table 121 it
can be seen that at Dauphin Island on the coast south of Mobile that 13.3 ecm
of rain occurred which would be approximately ninety percent of the total
normal rainfall for September at Mobile, Alabama.
To the east of the hurricane, the rainfall data at Apalachicola,
Florida, indicate that only a nominal amount of rain fell in relation to
the total normal monthly rainfall. .
of ﬁérticular interest is the precipitation record from Buoy kB-10 QEEEELK

the passage of the hurricane. Figure 114 shows the hourly rate and the
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accumulated precipitation in centimeters during this time period at a
height of ten meters above sea level. The hourly rates are shown as dashed
lines and the accumulated amounts as a solid line. This data along with
variations in wind speed and wind direction indicate possible bands of
activity, which were associated with the spiral effect noted in the structurc
of hurricanes. These can be seen by periods of rainfall on the 21st and
22nd which are separated by either no precipitation or very littl: and
the increasing amount in the hourly rate as the hurricane approached the
buoy. The maximum amount of rainfall per hour occurred just before the
passage of the eye.

An important characteristic of any hurricane is the influence of
the abnormal tides and storm surges associated with the passage of a hur-
ricane. In this discussion the storm surge resulting from the hurricane
is defined as a rise above normal water level on the open coast due to the
action of wind stress on the water surface and the rise in level due to
the atmospheric pressure reduction.

The highest waves are usually produced to the right of the hurricane
center when the observer faces in the direction towards which the center
is moving. It can be seen from Figure 109 that the inner part of Transect
III would have received the highest waves. It can also be shown that the
ocean waves travel with a spced somewhat faster than the winds which generate
them, and normally they will precede the hurricane since the average movement
of a hurricane is about twelve miles per hour, and the average movement of
the waves is between thirty and fif%y miles per hour. This hurricane,
however, was not an average one in its rate of movement. By 0600 GMT on
the 23rd its speed was approaching 27 km/hr and by the time it reached

land it was moving at 34 km/hr.
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Through the courtesy of NOAA/Marine Climatological Services Branch,
graphs of the observed tide and storm surges from three NOS tide gauges
located at Pensacola, Panama City, and Apalachicola, Floridza, are shown in
Figure 115. These curves are based op hourly values. The storm surge
was determined by subtracting values of the astronomical tides from the
observed.

As can be seen from Figur¢ 1i5, the storm surge vesl of the hurri-
cane center at Pensacola ranged between 0.30 and 0.60 m while the values
at Panama City and Apalachicola to the east of the hurricanc center ranged
from 0.30 to 1.52 m. The influence of the hurricane on the water level
can be noted as starting on the 21st and ending by the end of 2k September.
Figure 115 graphically illustrates the location of the highest increase in
water level to the right of the hurricane.

Preliminary measurements indicate that the storm surges were from
3.66 to 4.88 m above mean sea level (MSL) just east of Fort Walton Beach,
1.83 to 3.66 m eastward to Port St. Joe, from 0.91 to 1.52 m elsewhere in
the gale wind area (Figure 109), and 0.61 to 0.91 m southward from Cedar
Key to Naples, Florida.

The extent of maximum wave heights is a muclh more difficult problem
to determine. The highest inside high water mark of 5.5 m above mean sea
level occurred near Dune Allen Beach. The data from the towers indicate
that at Stage II the maximum high was 2.9 m and at Stage I,3.2 m representing
conditions between Master Stations 1308 and 1309. The maximum observed
wave height value on Buoy EB-10 was 8.1 m just before the passage of the
eye of the hurricane and 8.8 m after its passage. If one removes the normal

recorded wave action before and after the hurricane of approximately two
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meters from these values, one has wave heights of 6.1-6.7 m respectively.
The position of the sensor and the buoy transfer functions indicate that the
estimate of the total system accuracy is approximately 50% depending upon
the statistical confidence required. -Taking this figure, the highest ob-
served wave would be about 3.3 m which agrees rather well with the figures
recorded at Stages I and II.

The horizontal movements of both temperature and salinity distribu-
tion patterns vestward from the 25 m depth on the Continental GChelf indicate
that these changes were not related to tidal oscillation patterns. The need
for long-term time series studies at a fixed location at critical positions
within the MAFLA area is apparent from the examination of the different
distribution patterns of temperature, salinity, and sigma t which have
resulted from the reoccupation of certain of these transects during the
fall and winter seasons. This is further supported by the examination of
the 2L-hr time series stationé taken in support of the transmissometer
studies at Master Station 1412 and the Middle Ground position at Master
Station 1207 during the fall and winter seasons. A similar situation exists
in the data shown in Table 119 taken by repeated sampling at certain stations
over the time intervals from thirty minutes to twelve days during the fall
and winter season. Table 123 records the results of similar measurements
in the summer and fall seasons at stations along Transect III from the
historical data (SUSIO, 1975). 1In this table the station numbers to the
left represent data from Gaul's work (196k, 1965, and 1966). The station
nunbers to the right represent station numbers from the BIM monitoring

survey.



Table 123. Historical variations in temperature/salinity along Transect III.
JUNE 1964 1965 BLM 1975
Station Temp.| Sal. Temp.| Sal. Temp.| Sal.} Sta.
No. Temp. Range Salinity Range 24H 24H Temp. Range Salinitv Range 24H 244 Tenp. Sal. | 24H 24K No.
1118 30.0-27.5=2.5| 34.95-31.08=3.87 | 1.3 | 1.39| 28.6-26.0=2,6 34.11-28.31=5.80{ 1.3 1.464 27,74 31.64 1308
B| 28.5-23.2=5.3} 34.99-32.97=2.02 | 1.8 | 1.30| 27.0-22.6=4.4 35.34~33.99=1.39 2.0 1.72§ 21.341 36.12
1 |8 ] 30.3-28.2=2.1} 33.49-29.47=4.02 1.1 | 1.754 27.6-26.4=1,2 35.22-32.66=2.,56| 1.2 0.96
Bl 26.4-22.6=3.8) 35.35-34.27=1.08 3.2} 0.89] 26.8-21.1=5.7 35.70-34.90=0.80; 1.3 | 0.96
D-2 |5, 29.3-20.3=9.04 35.71-33.64=2.07 27.2-26.3=0.9 28.59 31.93 1309
B 21.4-19.1=2.3 20.00 4 36.29
S 28.65] 31.52
SE 16.50 | 36.20 1310
v 1S 27.0-26.7=0.3 36.34~30.67=5.67 28.154 32,56 1311
B 13.5-12.2=1.3 35.68-35.53=0.15 13.801 35.81
SEPT. 1964 1965 BLM 1975
Station] . Temp.| Sal. Temp. | Sal. Temp.| Sal. | Sta.
No, Temp. Range Salinity Range 24H 24H Temp. Range Salinity Rante 24H 24H || Temp. Sal. | 24K 24K No.
11 S| 29.7-21.8=7.81 34.76-31.15=3.64 | 0.2 | 0.20] 28.1-28.0=0.1 33.39-32.82=0.57 28.2 ' 31.686 :1308
Bil 26.9-21.6=5.3 36.24-33.62=2.62 | 0.1 | 0.29} 27.4-27.3=0.1 34.87-34,51=0.36 23.3 35.92
1 I8 31.4-22.4=9.0| 35.25-30,10=5.15 1.1 | 1.30} 28.2~26.4=1.8 { 35.22-32.60=3.62| 0.8 1.31
B 25.2-20.6=4.6 | 36.62-36.26=0.36 1.0 | 0.36 27.7-25.5=2.2 35.70-34.26=1.44] 0.7 0.36
S.| 29.9-23.9=6.0] 35.82-32.00=3.82 28.0-27,5=0,5 35.53-34.70=0.83 28.914 33.76~-
D2l 28.86 1 33.76 10.05 0.00 1309
B} 23.7-19.6=4.1| 36.55~35,50=1.05 26.6-22.1=4,5 36.23-35.69=0.54 23.404 36.19-
. 23.13136.18 j0.27 0.01
S, 29.10 ] 35.31
. D-5 B 19.35[36.53 1310
1v 8 28.6-27.8=0.8 36.36-34.85=1.51| 0.6 0.114 28.93 | 34.63 1311
L B 13.7-12.1=1.6 36.09-35.41=0,68 1.2 0.11 .
S = Surface
B = Bottom

[ggle]
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The distribution patterns discussed previously reveal that the Loop
Current was not affecting water column conditions in the MAFLA area in the
winter season. Neither direct intrusions‘of main stream Loop Current water
(36.7 °/oo) nor eddy or boundary conditions of Loop Current water (36.55 °/oo0)
were present. Further, there is no eastern Gulf of Mexico water (36.4 ©/oo)
on the shelf although on Transects III and IV a very small wedge was present
either at the break of the slope or on the slope itself. The yatterns
indicate that the circulation patterns were carrying outer shelf waters off
of the shelf.

The effects of run-off can be seen on the inshore stations on each
transect, and they do not appear to be extending out any further than those
observed during the summer and fall periods. There is a difference, however,
in their influence as represented by the isothermal and isohaline conditions
on these inshore stations rather than the existence of surface pockets.

Only on Transect I during the second sampling period were any surface pockets
detected.

Figure 116 shows the monthly precipitation at Mobile, Pensacola,
Apalachicola, and Tampa or very near the coast in the MAFIA area. Table 124
gives the maximum, minimum and normal monthly precipitation amounts at these
meteorological stations and the monthly values for 1975 and 1976 for
December, January, and February are recorded. Thesefigures indicate that
the January and February rainfall during 19%6 was below normal except for
the January data at Pensacola and Apalachicola, Florida. Examination of the
daily precipitation rates shows that 9.27 of the 11.43 cm at Pensacola and

8.20 of the 17.20 cm at Apalachicola were recorded after the occupation
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Table 12L. lMonthly precipitation values in centimeters,

“onthly Precivitation

Station Max Min Normal
Monthly Monthly Total
Month Dec Jan Feb Dec Jan Feb Dec Jan Feh
Mobile 28.91 23.75 22.89 3.81 2.48 3.33 15.0Lk 11.96 12.09 .5 -

Pensacola 16.59 30.05 29.62 8.79 3.10 7.06 11.83 11.10 11.91
Apalachicola * 19.99 20.95 23.3%L 0.76 0.10 0.96 8.43 T7.79 9.€0

Tampa - - - - - - 5.53  5.36 7.26

£09
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of Transects IV and III. Taking this and the December and January records
into account it would appear that the winter coastal drainage into the MAFLA
area was lower than normal. Because of this and because of the data in the
summer and fall seasons, the isothermal-isohaline conditions experienced

on the inshore stations are not related to large run-off effects.

The only pocket of low salinity surface water which cannot be explained
by run-off occurred on Transect IV on Master Station 1L415. Based on the
summer and fall horizontal distribution patterns and vertical sections, this
water appears to be influenced by the Mississippi River System discharge.

Figure 117 is a horizontal distribution of salinity at the surface
during the winter. KXeeping in mind the limitations of the transect data as
previously discussed, it would appear that the Mississippi River System
drainage discharges were not moving to the east as was the case during the
summer and fall seasons when Loop Current water and eddies were present.

A similar condition was present in the ten-meter horizontal salinity
distribution pattern. There was an indication that some form of upwelling
was occurring along the DeSoto Canyon area. The Horseshoe Bend eddy water
mass had established itself as a ridge of high salinity. Perhaps more im-
portant is the extent to which Outer Continental Shelf water has moved out
onto the Contiﬁental Slope.

Figure 118 shows the bottom salinity and indicates that in general
the bottom water flows along the isopleths.. It also shows that the Outer
Continental Shelf water has protruded well over half way onto the shelf on
Transects I‘and II.

The effects of the short-term fluctuations, referred to above,

can be secn on Figure 32 vwhere the salinity value of 36.06 °/oo at Master
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Station 1103 was taken some three days before the remaining data on the
transect (Figufes 36 and 37). The inherent danger, therefore, in using
non-synoptic data or not knowing the short-term fluctuations of the physical
parameters at a fixed location can be.illustrated by that data point, which,
if contoured, would appear as a tongue of 36.20 °/,, water extended out onto
the shelf.

Dismissal of large run-offs and Loop Current effects as cuuses of
the isothermal-isohaline conditions occurring over three quarters of the
MAFLA (TransectI through Transect III) area out to a depth of approximately
50 m suggests that the homogeneous mixing of the water column can be attri-
buted to wind stress. This was further supported by the examination of the
data contained in the synoptic surface maps. These maps were examined for
frontal conditions in the Eastern Gulf of Mexico (defined as being the location
within the area limited by 21°N and 31°N parallels and 80°W and 90°W meridians).
This area was also used by Fernandez-Partagas to characterize the frontal
conditions over the eastern Gulf of Mexico and surrounding land areas
(sUSIO, 1975). These frontal conditions show the passage of cold fronts on
December 30 and 31, 1975, January 3 and L4, 7 and 8, 14 and 15, 20 and 23,
26 and 28, January 30 and February 1, 6 and 7, 18 and 19, 22 and 23, 26
and 27, 1976. There were warm fronts on the 6th and Tth and 12th and 13th
of January and on the 19th and 20th of February. There were occluded fronts
on the 16th and 1Tth of January and the 25th and 26th and 28th and 29th of
February in the Miami area. Based on these charts there were six cold, two
warm, and two occluded fronts in Jaguary and six cold, one warm, and two

occluded frents in February.
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Fernandez-Partagas' study (SUSIO, 1975) was based on data over a
ten-year period. If the 1976 cold front distributions are compared with
the statistics from that study {in which frontal disturbance was defined as
the approximate number of consecutive ‘maps on which an individual warm or
cold front could be identified in the sample area) there was an increase in
the number of cold fronts and a decrease in the frontal passage time through
the area from the mean. Similar- statistics for the warm fronts indicate
that the frontal duration of the warm fronts was markedly increased over the
norm. To put it another way, only 1k days out of 31 (45%) in January and
nine out of 29 (31%) in February were under the influence of cold fronts.
Cursory examination of the weather charts for November and December, 1975,
also indicated that this was an unusual winter season.

An examination of the surface charts indicated that the winds were
moving over the subject area from either a north-northeast, eagst-southeast
or southerly direction 63% of the time. These particular directions of
flow would result in wind stress form the shore outward to the Continental
Shelf over Transects I and II. Northeasterly and easterly winds have the
same effect on Transect III. It is in these areas that the isothermals and
isohalines were so well defined and extended out nearly to the edge of the
shelf or across the shelf. Wind stressing from these directions would
cause the transport of surface water off the shelf areas with a resulting
inflow of water along the bottom of the shelf. Under these conditions, not
only would the isothermal and isohaline layers be present, but the water
temperatures themselves should be lower than normal.

As indication of the mixing of the water column except for the

instrusion of 35.8 °/,, water on the shelf (Figure 28), the thermocline is
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either at the bottom or very near the bottom throughout Transects I, III and
IV. On Transect II it was out to the Master Station 1207 with two surface
shallow thermoclines between Master Stations 1205 and 1206 and around 1207.

The historical data on the four transects (Figure k) were examined
for the winter months in regard to their distributions and the range of
temperatures across the shelf. The historical and BLM cruise numbers,
montk s, and years of this compar;son aire shown in Table 125. The results
of this examination indicated that the winter of 1976 was not unique on
Transect IV but was colder by one degree on Transect III, two degrees on
Transect II, and three degrees on Transect I; further, the temperatures
in 1976 were lower than or equal to the lowest temperatures observed in the
historical past.

Although February is the month of maximum thermocline depths, the ther-
mocline depths (particularly on Transect I) were abnormally deep. The
depth of the thermocline, the coldness of the water, the reports from the
diving program on the Florida Middle Ground, and the transmissometer readings
indicate that the water column was well mixed. It was interesting to note
that the transmissometer readings were lower in the winter months than those
taken directly after the hurricane on Transect II. This indicates that
unusual winter conditions may have a greater effect on the bottom than
storm (hurricane) effects.

The well mixed character of this water would indicate that on
Transects I, IT and III those values measured at ten meters were represent-
ative of surface and bottom values. Further, these values represent the

combined influence of the shelf circulaticn patterns.



Table 125. Historical and BIM Contract No. 08550-CT5-30 Cruise Numbers and
Months on Transects I through IV within the MAFLA =zreas.

Transect No.

I 1965 1966 1967 1971 1972 1973 197k 1975 1976
Jan.-Feb. , HC-24  HC-36 B-7201 CI-7303 BLM#28
June-July HC-29  HC-L1 G-7117 G-7210 CI-T7311 BLYM #12
October HC-19 HC-32  HC-4bL CI-7205 BLM #20

1T 1973 107k 1975 1976
Jan.-Feb. CI-T7303 ' BLM#28
July CI-T311 BLM #12
September BIM #20 t

TII 1963 196k 1965 1976
January D-1-64 D-1-65 : BLM #28
June D-6-63 D-6-64 D-9-65 BIM #12

D-T-6k
September D-8-63 D-9-64 ST-3 BLM #20
D-13-65

v 1967 12968 1969 1971 1972 1973 197k 1975 1076
Janvary G-f701 G-6801 G-6901 G-7102 G¥7201 BLM #28
June G-6T06 G-6806 G-6906 G-7106 G-T7206 BIM #12
September G-A709 G-6809 G-T7109 G-T7209 BLM #20

019 |
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Many authors have reported the acucnulation of particles at density
interfaceé, especially at the top of the pycnocline. Jerlov (1950) attri-
buted this phenomenon to the reduced mixing at that point as well as the
increase of water density with depth, Usually the particles are predominantly
organic, and large concentrations are likely to accumulate if the pycnocline
starts in the euphotic zone (i.e. phytoplankton). With the establishment
of a thermocline, particles are "trapped" and many phytoplanktecrs are
unable to migrate across the pycnocline (Bogorov, 1958; Raymont, 1963).
This was evident in the sharp zone of increased turbidity at the halocline
in Figure iiéé. To various degrees, similar features have been observed
elsevhere in the world oceans as indicated by studies in the Gulf of
California (Kniefer and Austin, 19T4), the Irish Sea (leathershaw and
Simpson, 1974), off Mission Beach, California (Ball and LaFond, 1964),
and in the Eastern Gulf of Mexico (Carder and Schlemmer, 1973).

A near-bottom nepheloid layer is indicative of turbulence in the
bottom water. This turbulence is usually caused either by the shear
induced by the bottom on an overlyihg current, or by the interaction of
wave-induced water motion with the bottom. Figure 119b provides an example
of a near-bottom nepheloid layer that has been induced at least in part
by a bottom current. Notice that the temperature and salinity were homo-
geneous from the bottom to about five meters above the bottom. This region
also conlains the major portion of the turbid matter. The SPM values
associated with the 24% transmission value near the bottom would correspond

to o = 1.58/m (or approximately 2.2 mg/L).
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The entire water column was quite turbid, indicating that particles
were beiné mixed all the way to the surface. If this turbidity profile
had been the direct result of wind alone, the water column would have been
vertically homogeneous in temperature and salinity. Illence we conclude that
the profile was caused by a bottom current, perhaps in combination with
wind waves.

Figure 119a provides an example of a well-mixed water column resulting
from turbulence which was probably largely wave induced. Here the temper-
ature and salinity values were uniform with depth, and the nepheloid layer
extended all the way to the surface. Its turbidity was higher near the
bottom since the upward mixing of particles is offset by downward settling.
If a steady state existed for the particle concentrations at all depths,
then a balance would have been established between the upward flux of
particles caused by turbulent diffusion and the downward flux of particles
caused by settling. This would have resulted in an exponential decrease
in concentration of particles or a (increase in percent transmission)
with distance above the bottom forva given particle size, shape and density.
Such a distribution approximates the shape of the transmissivity curve
in Figure 119b. For small, low-density particles the curve could become
nearly uniform with depth, given sufficient turbulence. For larger,
denser particles, a rapid decrease in concentration with distance above
bottom would be expected.

The particle content of a water column is often indicative of its
history. Figure 120 demonstrated a well-defined, turbid, and well-mixed

layer between 185 and 215 m. This layer appears to have been in contact
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with the bottom at some prior time. The percent transmission minimum was
not an instrumental effect since both down and up traces repeated the
pattern.

Mechanisms such as phytoplankton productivity, river plumes, and
sediment erosion often result in particulate distribution patterns quite
similar to those for salinity and/or temperature. For example, the
% T patterns in Figure i2i parallel almost exactly the temperat-re trends.
This apparently was the result of warm off-shore water being also clear
relative to Mississippi Delta water. Other such similarities exist between
% T and temperature and/or salinity distributions as illustrated in the

next section.

Hurricane ELOISE and Turbidity-Water Mass Relationships

The eye of Hurricane ELOISE hit landfall at 0630 hours, September
23, 1975 just west of Panama City, Florida (Data of Naval Coastal Systems
Laboratory). Transect II was sampled three days after the hurricane, with
temperature, salinity and transmissometer measurements included in the
sampling program. Some of the results are depicted in Figures 2L
and 39b, showing salinity and percent transmission sections, res-—
pectively.

The inshore waters were vertically well-mixed and turbid while extreme
stratification occurred at Master Stations 1206/1207. A turbid lens of
cold, saline water was found on the bottom. This lens was much more dense
(AOt = 1.2) than the adjacent seaward water. Such dense water would normally
be expected to flow downhill; howe&er, if it had sufficient longshore

momentum (induced by the Loop Current, for instance), the landward acceleration
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associated with its vertical vorticity component could cause it to become
a contour current. Thus, in seeking deeper waters it would probably flow
generally along the shelf, crossing depth contours obliquely. Similar
lenses of low temperature and high salinity have been found on the West
Florida Shelf when hurricanes have not been present (SUSIO, 1975) but such
lenses were not nearly as dense nor so isolated from the Loop Current as
the one discussed above. Thus the hurricane appecars to have enhanced a
phenomenon which could be occurring each summer. The cool, saline nature
of the water in question suggests that it was a remnant of Loop water which
had been upwelled and stranded from the Loop Current, perhaps at some point
near the DeSoto Canyon. It then may have progressed as a contour current
driven by its increased density.

The magnitude of the flow can be estimated to some extent by the
fact that the transmission values of the lens had a minimum of about 39% T,
corresponding to SPM values of about 1.5 mg/%. TFor such enrichment in
particulate matter to occur in a region not overly populated by fine
sediments suggests that the currents involved may have exceeded one knot
(5h cm/sec). Visual evidence of scour and rearrangement of bottom epifauna
(T. E. Hopkins, oral communication) confirmed this concept. For comparison,
nepheloid layers associated with the Guiana Current have been reported
to have SPM values of TOO ug/% resulting from erosion due to 35-L40 cm/sec
currents.

A subsequent iime series took place at Master Station 1207 (Figure bia)
where the turbid, dense lens reappeared about 12.5 hr after appearing at
Master Stat&on 1206-1207. This trend was even more apparent in the STD

data. This indicates that the core of the flow traveled 26 km in 12.5 hr
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or about tﬁo kilometers per hour, or 56 cm/sec seaward, which would be
only one component of the flow.

Such high water velocities are certainly compatible with the values
of suspended aprticulate matter found in the nepheloid layer. Such X
currents are clearly capable of rearranging the distribution of fine
sediments on the middle to outer snelf regions and transporting fine
particles rather large distances.

The seasonal patterns of turbidity distribution have been commented
on earlier. These and regional patterns have critical bearing on inter-
pretation of chemical measurements of particulate properties. During the
winter (January-February, 1976) season wind-wave, top-to-bottom mixing was
extensive in the inshore stations. Only on approaching the outer shelf and
slope did clearer water of the type noted closer to shore during summer
and fall appear. Moreover, the rapidity with which new turbid distributions
developed even within a few days, as demonstrated by reoccupation of
stations, indicates that the sedimeﬁts in question were of relatively local
origin, probably fine mobile fractions stirred up from the bottom primarily
by wave action. Data of Huang (1976 - this report) confirm this concept
in that the mineralogy of the inshore suspensates strongly resembles the
mineralogy of bottom sediments, and includes significant concentrates of
carbonate minerals such as high and low magnesium carbonates and dolomite
in given areas. Related observations were made by Hopkins (1976 - this

report) in suggesting that the repeated effects of winter storms may



j 619

exert a stronger erosive effect on thetMiddle Ground and its organisms
than a few yearly events of hurricane force.

The significance of these observations is that during wind-agitated
periods in winter, water samples from 4the middle of the water column probably
reflect the total water column conditions with respect to particulate matter
and perhaps phytoplankton, chlorophyll a and related measurements as well.

Not only do water column particulate samples provide a representa-
tive sampling for the water column, but they may even offer a rapid inte-
grated sample of fine bottom particulates for local areas during tur-
bulent seasons. Based on results from bottom sediment trace metal and
particulate trace metal values in MAFLA baseline studies for 197L-1975
(Presley, 1975; Betzer, 1975) we may presume that a significant proportion
of particulate trace metals for the winter season originate from the fine,
mobile fraction of bottom sediments in inshore waters. Although one would
expect a similar relationship between the particulate hydrocarbons derived
from the fine mobile fraction of the bottom sediments, neither the aliphatic,
the aromatic nor the total hydrocarbon fractions of either of these yielded
significant correlations.

It is unfortunately not possible to estimate the percentage of par-
ticulate matter comprised by organic matter quantitatively, since comparison
of SPM and POC shows POC values frequently exceeding SPM by considerable
margins. Systematic errors in particulate determination virtually always
occur on the high side; for this reason, and because the available SPM
values agree well with transmissometry - SPM data from other areas, the

conclusion is that the available particulate organic carbon (POC) data must be
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too high owing to some systematic factor.

Summer-fall water column conditions were entirely different from those
of winter, owing to the significant transparency of the water column, and
the strong vertical gradients in turpidity distributions. It is expected
that at ten meters particulate organic carbon may well predominate over
terrigenous or mineral detritus in these waters, and may be a result of
long distance transport depending on physical oceanographic, meheorologic
and other conditions. A single sample at ten meters or any other arbitrary
depth would not be representative of the water column. However, depending
on shelf water depth and complexity of particulate distributions, two or
three samples may provide adequate characterization of particulates, if
sampling depths were chosen after preliminary examination of turbidity
distributions. For example, on Transect I, in the fall at least two samples,
one in the clear water column and one in the bottom nepheloid zone would be
needed to determine the end-member composition of the suspensates, and permit
estimation of intermediate wvalues if needed.

The turbidity distributions also have implications for coagulation
and removal of oil slicks from the column by coascervation, zooplankton
sweeping, and aggregaticn of detrital particles with adsorbed oil and
subsequent sinking to the bottom. Such removal should be two-to ten-fold
greater during winter than during the summer well-stratified periods.

Physical processes appear to be the primary cause of the seasonal
differences in suspended load. Pierce (19706) has noted that in the pres-
ence of a strong halocline or thorﬁocline, it would be doubtful if the
mass of suépendcd material was ever sufficient to overcome the density

differences imposed by temperature and salinity changes between water
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masses. Furthermore, Brewer and others (1976) have concluded that advection
along isopycnals is an important process in controlling the distribution of
suspended matter. Physical data, collected concurrently with our suspended
material, disclosed stable water conditions (established thermocline

and halocline) during the summer and fall in the northeastern Gulf of
Mexico. As might be expected, the suspended material which was collected
at ur above ithe thermocline and/or halocline (ten meters) was dominated by
biogenic (silicecous and calcareous) particles. The winter, however, dis-
played unstable water conditions (no thermocline or halocline) and intense
mixing due to winter storms. This resulted in an alteration in both the
quantity and composition of the suspended material.

An interesting corollary to the effect of physical processes on the
suspended loads occurred during the second sampling period. Master Station
1205 was sampled immediately prior to Hurricane ELOISE and again after the
hurricane. Suspended loads at the same station were approximately doubled
(128 pg/% to 210 pg/2) by the physical mixing due to the hurricane forces.
Similar observations were made off the North Carolina coast where suspended
loads were more than doubled over pre-storm values by the passage of a
hurricane, and within a week the concentration values had returned to pre-
hurricane values (Rodolfo, et al., 1971).

The weak acid soluble composition of Master Station 1205 after the
hurricane showed an increase in nickel, a doubling of lead, a four-fold
increase in iron and a five-fold increase in calcium. Calcium carbonate
content of the suspended load increased from 5.3% to 23% after the hurricane.
The refraciory fraction of Masﬁer Station 1205 showed an increase in silica,

iron, aluminum, and vanadium. Silica to aluminum ratios decreased after
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the hurricane (12 to 4.1), possibly due to an increased clay coﬁtent of the
suspended matter. Mineralogical analysis of the suspended material, al-
though not showing an increase in suspended clay content, did reveal a

shift in mineral composition following the hurricane. The percentage of
chlorite, illite, and feldspar increased while kaolinite decreased.
Hurricanes generate physical mixing forces which alter the suspended loads
and their composition. Similar. physical processes (no thermocline, water of
low stability, intense mixing) occur during the winter with similar results.

The composition of the weak acid soluble fraction of the suspended
matter at the 15 stations for the three sampling periods indicated that
weak acid soluble calcium comprised a consistent percentage (1.76%1.55)
of the suspended material for all stations during the summer and fall.

It has been previously noted that calcium values for the fall were clevated
in comparison to the first sampling period. The winter's weak acid soluble
calcium values were skewed with exiremely high calcium values reported for
Transects I and II (X = 12.2%) and values of one to two orders of magnitude
lower for Transects III and IV (X = 0.23%). Using the mean calcium composi-
tion and mean suspended loads of Transects I and II, one finds that CaCO3
comprises 1.8% and 6.2%, respectively, of the SPM in the summer and fall
versus 30.5% of the SPM in the winter.

Weak acid soluble cadmium was relatively consistent throughout the
sampling periods. Chromium, which was non-detectable during the first two
sampling sessions, was detected during the wiﬁter at certain stations
where suspended loads were relatively large (>200 pg/f). Copper and lead

values were highest for the first sampling session and somewhat lower in
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both subsequent sampling sessions. Weak acid soluble iron was lowest during
the fall sampling period and comparable for summer and winter on all transects
except for Transect IV during the winter. The iron concentration on

Transect IV was 8-36 times greater during the winter (i.e., X = 0.93%

for winter, X = 0.021% for fall, X = 0.10% for summer) than in the fall

and summer. Simultaneously, high refractory aluminum, iron and silicon

values suggest that this weak acid soluble iron results from a poorly
structured hydroxyoxide form in association with clay material. This is
further discussed in another section of this report.

The composition of the refractory suspended matter for the three
sampling periods show interesting trends and several differences were
evident in this fraction. Aluminum, iron and silica concentrations were
greatest during the winter sampling. This could have resulted from river
runoff, gesuspension of bottom sediments, and increased primary productivity
(diatoms). It is likely that all three mechanisms were operating to elevate
certain elements depending upon the sample location. An excellent tool
for evaluating the origin of the particles is the weight ratios of each
element to refractory aluminum (Tables 126a,b,c). Refractory aluminum is
used since it is not greatly concentrated by organisms and has a primary
source in clay minerals.

Diatoms, which utilize silica in their frustules, would, upon analysis
show a high silicon/aluminum ratio (>6) sigce they incorporate minor
amounts of aluminum (Bennekom and Gaast, 1976). However, clays, which are
alumino-silicate minerals, would display low silicon/aluminum ratios

(<6). Examination of the data shows low silicon/aluminum ratios on
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Table 126a. Metal/aluminum ratios in the refractory
rraction of the suspended matter - Summer, 1975.

Weight Ratio of Each Flement to Refractory Aluminum

Station Ca Cd* Cr* Cu* Fe Ni Pb* Si v
Number / / / / / / / / /
Al Al Al Al Al Al Al Al AL
1101 NA 0.03 0.59 0.17 0.87 ®% .31 15.97 * %
1102 NA *% 1.10 *¥ 0.92 ** .13 1k.29 *%
1103 NA 0.06 0.77  0.5% 0.85  ** .37 bo7h ¥
1204 NA 0.16 1.9% 0.97 1.21 * % RITS 16.90 L
1205 NA 0.11 1.46 . 0.90 0.94 *% .79 1h.27 *%
1206 NA *% 1.68 1.h% 1.0k *% .48 17.89 ®*
1207 NA ** 1.9% 1.59 1.07 *¥ .08 22.26 *
1308 NA 0.07 0.71 5.50 0.60 *% .72 6.59 ®%
1309 NA 0.32 1.7%  16.40  1.37 *¥ 2.84 10.54 *® %
1310 NA 0.09 0.57 2.08 0.20 i .95 3.16 *%
1311 NA 0.23 1.10 8.76 0.5h4 ** .03 6.65 *%
1k12 NA 0.02 0.15 0.34  0.hb *3% .36 7.21 *%
1413 NA 0.03 0.25 2.06  0.66 ** .50 8.77 ®%
1h1k NA 0.07 h.52 2.90  0.77 *% .96 50.68 *%
15 NA 1.65 1.32 7.38  0.59 #% .66 25.33 X%

*  Ratio x 1072-
*%  Not Detectable
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Table 126bh. Metal/aluminum ratios in the refractory
fraction of the suspended matter - Fall, 1975.

Weight Ratio of Each Ele&ent to Refractory Aluminum

Station Ca ca* Cr* Cu* Fe Ni Po* Si 1

Number / / / / / / / / /
AL Al Al Al Al AL Al Al Al
1101 NA .30 1.77 0.44 0.66 *% 5.69 29.47 L
1102 NA .71 T.12 L.07 0.76 **  1h.92 S5k Lk %%
1103 NA .86 9.01 ** 3.12 x* 9.89 33.67 *%
120k NA .07 1.17 *% 0.43 ** 1.07 10.08 *%
1205 NA .18 1.21 *% 0.43 i 1.80 12.28 i
1215 NA .03 0.36 0.06  0.37 * % 0.44 L.o7 %%
1206 NA .18 1.18 0.52  0.43 *¥ 2.03 10.24 i
1207 NA .12 0.31 0.22 0.39 *% 0.76 3.30 *%
1308 NA .01 5.40 #% 0.99 *% 5.86 25.82 *%
1309 NA .6k 3.32 *¥% 0.54 *% 8.0k 16.06 *3%
1310 NA .59 h1.62 *¥ 2.27 *% 5.59 20.61~ *%
1311 NA 11 0.85 ** 0,38 *% .87 6.32 %
1h12 NA .35 2!90 4L.35 0.64 *% 8.80 1k.32 *%
1413 NA .07 3.21 ** 0.45 *% 4.01 11.94 I
141k NA .05 k.19 * % 0.99 *¥% 8.38 21.10 *%
1415 NA .09 3.12 *% 0.38 *% h.25 1h.ho *¥

¥  Ratio x 10~
*¥* Not Detcctable

2
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Table 126c. Metal/aluminum ratios in the refractory
fraction of the suspended matter - Winter, 1975.

Weight Ratio of Fach Flement to Refractory Aluminum

Station Ca ca* Cr* Cu* Fe Ni Pb* Si v
Number / / / / / / / / /
Al Al Al AL Al Al Al Al Al
1101 NA *% 0.28 *% 0.43 *% 0.21 8.32 *%
1102 NA 0.03 0.25 ** 0.4k * 0.09 4.81 x*
1103 NA e 1.37 x% 0.63 %% 2.69 21.43 *¥
1204 NA *¥ 0.27 ** 0.46 *% 0.29 10.04 *
1205 NA 1.00 0.75 *% 0.54 *% 1.53 17.68 **
1206 NA 0.03 0.18 *x 0.35 ** 0.06 4.32 *%
1207 NA *% 0.33 *% 0.50 R 0.12 8.71 *x
1308 NA ** 0.21 *% 0.39 ** 0.20 6.03 *%
1309 NA *% 0.31 *x% 0.46 *% 0.18 4.33 #H
1310 NA 0.43° 0.59 L.35 0.88 *¥ 3.21  23.29 w%
1311 NA ** 2.25 *% 0.77 *% 3.80 52.71 *%
112 NA *% 0.11 *% 0.29 *% 0.09 3.08 *%
1h13 VA *% 0.10 *% 0.43 *% 0.06 3.10 *%
1h1k NA ** 0.32 X% 0.52 #% 0.23 4.18 **
1415 NA *x 0.23 ** 0,52  *x 0.16 4.7k e

*  Ratio x 1072 .

*¥%*  Not Detectable
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Transect IV in the winter when compared to the previous two seasons. These
alumino-silicate values result from an increased clay content of the winter
suspended loads (v60%). Whereas high calcium values occur on the carbonate-
rich West Florida Shelf (Davies and Moore, 1970), the high alumino-silicate
values occur on the Mississippi-Alabama Shelf where clays are an important
part of the bottom sediments (Gritiin, 1962). This reflection of shelf
sediment composition by the suspended matter implies that physical processes
were sufficient to resuspend and transport bottom and river material during
the winter in the northeastern Gulf of Nexico. The high silicon/aluminum
ratios found on other transects and at other times of the year indicate
increased silica concentrations resulting from biological sources or quartz
sand which would essentially dilute the existing clay. Suspended mineralogy
studies indicate quartz to be present in the SPM at 897 of the stations
sampled in amounts sufficient to contribute significant guantities of
silica.

The distribution of nearshoré particulate iron has been found to be
dominated by the presehce of detrital silicates, although the concentration
of marine organisms in surface waters can also be significant (Spencer,
et al., 1972). It was therefore interesting to note the consistency of
the Fe/Al ratios for the winter and fall sampling (Figure 122), except
at those stations during the fall where high Cr/Al ratios were accompanied
by high Fe/Al ratios (Master Stations 1310, 1103). A correlation coefficient

of 0.96 was calculated between Al and Fe for the fall and winter (excluding
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Master Stations 1310 and 1103 in the fall), whereas a correlation coefficient
of 0.75 was calculated between Al and Fe for the swamer. The lower corre-
lation of the early summer is believed to have resulted from increased
biological activity by amorphous silica concentrating organisms, notably
diatoms. The high silica concentrations and high Si/Al ratios on all the
transects during the summer indicate that diatoms may dominate the sus-
pended composition and were incorporating iron, unsupported by wluminum
during growth. However, the fall and winler periods were dominated by
carbonate organisms and resuspended sediments respectively, and here the
particulate iron was associated with detrital silicates. Thus it would

seem that particulate iron in surface vater of the northeastern Gulf of
liexico was primarily controlled by detrital silicates although biological
organisms were important seasonally, depending on the concentration and type
of organisms present.

Refractory iron concentrations were greatly elevated on Transect IV
during the winter compared to other sampling seasons. This obviously
resulted from increases in the contribution of clay minerals made to the
suspended natter.

Mineralogical analysis of the suspended fraction from Transect IV
showed that smectite and kaolinite were dominant during the winter.

This assemblage of suspended clays should have a Fe:Al ratio of approximately
0.055 for smectite (Degens, 1965) and 0.051 for kaolinite (Weaver and Pollard,
1976). However, our data for Trangect IV show Fe:Al ratios of 0.29-0.52.
This discrepancy can be explained by either the existence of free ferric

oxide pargicles, the adsorption of iron to the clay particles or both.

Tieh and Pyle (1972) described cores from the same region composed of
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composite clay particles stained with iron oxides and/or hydroxides. The
concurrently high weak acid soluble and refractory iron concentrations

for Transect IV indicate iron to be partitioned at different oxidation
states, gg§§}Plgﬁindicative of either recently deposited sediments, river X
run-off or both.

Refractory chromium showed some interesting trends during the
thre~ sampling periods. During'all seasons, chromium appears to increase
from Transect I to Transect IV. High Cr/Al ratios were generally found
at those stations with high Si/Al ratios, and it is possible that biological
mechanisms may, in part, be responsible for the increased chromium concentra-
tions in suspended matter.

Refractory lead was another element that appeared to be influenced by
biological activity. High Pb/Al ratios were often matched with high Si/Al
ratios, and this was particularly evident during the fall sampling session.
Tt was noted that high Pb/Al and high Cr/Al ratios generally occurred at
those stations where there were low suspended loads, which could result in
artificially high element-to-aluminum ratios because of the increased
possibility of contamination (although, with elevated Cr/Al ratios a
corresponding increase in the Fe/Al ratio would be present if contamination
occurred). This appeared to be the case for Master Stations 1103 and 1310
during the fall but still does not explain many other stations of the
summer, fall and winter which have elevated Cr/Al and Pb/Al ratios occurring
with high Si/Al ratios.

Comparison and interrelation of these data with the mineralogy of
suspended matter and sediments provides further insights into these

results. The dominant clay mineral on the Mississippi-Alabama shelf 1s smectite
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with both chlorite and chlorite—vermicﬁlite mixed layers present in trace
amounts. VIf the suspended mineralogy data from Transect IV is examined it is
apparent that smectite was present at only one station for the summer and
fall but present at all stations during the winter. Thus, it would appear
that physical processes were causing the suspended mineralogy to more

closely reflect the sediments' mineral composition during the winter.

This is consistent with the conclusion that clays dominate the suspended
material during the winter, but not during the remainder of the year on
Transect IV.

Suspended mineralogy from the winter showed carbonates (aragonite,
low magnesium calcite, high magnesium calcite and dolomite) present in
appreciable amounts on Transect II which suggests that some resuspension
of the bottom sediments may have occurred. This data corroborates the
elevated carbonate values found on Transect I and II during the winter.
Similarly, we also attribute resuspension of bottom sediments as the
primary carbonate enrichment process.

The mean iron content of zooblankton Quring the winter is much higher
than that of either the summer or fall. The concurrently high iron values
for the weak acid soluble and refractory fraction of the suspended material
indicate that suspended matter could be the cause of the elevated concentra-
tions in zooplankton. In order to determine how much clay would have to be
in the 0.5 g zooplankton éamples to elevate the iron values above their
previous levels, the following calculations were made.

The diffe;ence between the mean iron concentration for the winter and

that of the summer and fall for Transect IV is 1008 ug/% Fe/g of zooplankton.
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Knowing the mean Fe/Al ratio (0.41) of the refractory suspended particulate
materials for Transect IV of the winter, one would need V1,230 ug A1/0.5 g
of zooplankton to account for the iron. According to the suspended mineralogy
data the clay minerals were approximately 72% smectite and 17% kaolinite
for Transect IV. Aluminum constitutes 20% of kaolinite (Weaver and Pollard,
1967) and 11% of smectite (Degens, 1965). Using these assumptions one finds
that 11.2 ng of clay (2.2% of sample mass) were required to elesate iron
levels in zooplankton.

The above calculation is based on the assumption that all the iron
we found in the zooplankton is adsorbed on or contained in clay lattices.
If a free ferric oxide form existed, then this amount of .clay would obviously
be reduced. The high weak acid soluble iron values for Transect IV
indicate that a reduced form of iron could be available. Assuming the dry
weight of an organism tobe one-tenth of its wet weight, then 11.2 mg of clay
would be 0.2% of the zooplankton (wet weight) or two percent of zooplankton
(dry weight). Jorgensen (1966) has indicated that copepods show little
selectivity in assimilating particles from 1-50 um in diameter and can
efficiently sweep water volumes ranging from 72 to >2,000 ml 2k hr_l mg dry wt™L,
Since the dominant zooplankton of the offshore stations was Paracalanas,
and the inshore station (1L411) was characterized by the presence of

Paracalanas, Fucalanas, and fish eggs, 11.2 mg of clay does not seem to be

an unreasonablc amount.

The concentrationg of the remaining elements (Cd, Cr, Cu, Fe, Pb,
Ni, V) were in good agrecment with‘those reported by other authors (see
Table 127Y. Variations that did occur between stations and transects were

apparently due to taxonomic composition, population turnover rates and
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Table 127. Average trace element content (ppm) of
zooplankton collected in the MAFLA area,
1975-1976 (%+1 S.D.)

ca Cr Cu Fe Ph Ni v
Surmmer (1975 7.00 0.67 15.09 137.1 1.87 2.08 6.80
+3.1 +0.75 + 7.76 +124.30 +1.02 +0.93 +h .67
Fall (1975) 8.h1 0.94% 22,37 91.55% 2.4k 3.76 4. o2
+7.53 +1.5 £19.1)4 #5401 +3.1k +3.22 +8.58
Winter (1976) 5.82 0.88 15.30 549.6 2.34 2.41 5.02
2,17 +0.76 + 3.63 +701.1 +3.45 +1.25 +6.68
Martin and 6.2 - 5.4 34k 6.9 3.9
Knauer (1972)
Monterey Bay
Sims (1975) 1.9 -~ 16.2 1,181 10.0 3.9
Windom (1972 3.9 - 82.0 - 32.0 -
Martin 1970 - - 4.0 1,200 49.3 42.0
Topping (1972) 1.0 - 16.2 - 15.0 -
Martin and 2.4 - 15.4)% 348 7.2 -

Knauer (1974)
Pacific
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geographic location.
Despite the observed presence of tar balls in the neuston samples
the distribution of vanadium in this group did not deviate frbm that of
the other faunal samples (Figﬁre 123).~
The concentration of hydrocarbons in the water column of the MAFLA
lease area compares well with the lower values reported in the literature
for open ocean water. The overall average concentrations were 0.h pug/2
dissolved hydrocarbons, and 0.3 Hg/% particulete or 0.7 ug/? total resolved
hydrocarbons. Brown, et al. (1975) determined that total hydrocarbons in the
open Atlantic and Pacific were about 1 ug/2. In the Mediterranean the
concentration ranged from 2-8 pg/%, and near Bermuda the concentration was
3-6 ug/% and Levy (1971) reported values for total hydrocarbons of 2-13 ug/&
in the Atlantic off Halifax. Comparison of these results is made difficult
because of the three different analytical methods used (G.C., IR, UVF)
which are responsive to different portions of the hydrocarbons in the samples.
Two reports of dissolved hydrocarbons by gravimetric analysis, which measures
all hydrocarbons, indicate concentrations greater than reported above.
Iliffe and Calder (1974) reported concentrations for aliphatic hydrocarbons
of 12 ug/? in the southeast Gulf of Mexico and Yucatan Straits and L7 ug/L
in the Florida Straits while Barbier, et al. (1973) reported values of 43
and 95 g/l of total dissolved hydrocarbbns from water collected at 50 m
off the west coast of Africa. The GC-derived concentrations do not include
contributions from the unresolved envelope when it is present. In those
cases, total hydrocarbon may be a factor of ten greater than reported.
There‘was a general trend in the eastern Gulf of Mexico for higher

total resolved hydrocarbon concentrations near shore in both the dissolved
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and particulate phases, although there were several exceptions to this
trend.

The higher hydrocarbon concentrations near shore ﬁay be the result
of direct terrestrial input or enhanced in situ production stimulated by
terrestrially derived nutrients. The unresolved envelope components.seem
to have a terrestrial source, either Tampa Bay on Transect I, or the
Mississippi River/Sound on Transect IV. These unresolved compo:rents may
be the remnants of highly weathered crude oil from marine sources or waste
oil from terrestrial sources. Both dissolved and particulate hydrocarbons
contained a series of n-alkanes from nC21 to nC32 with an odd/even ratio
of near unity. This feature might be the result of weathered petroleum
residues, but could also be derived from marine phytoplankton (Clark and
Blumer, 1967). This series of alkanes was present when the lower molecular
weight biogenic alkanes were absent. Ifrthey are of recent biosynthetic
origin, their stability in sea water must be greater than that of nClS’
nCl7 and pristane.

The biogenic hydrocarbons nClS’ nC17 and pristane were dominant in the'
particulate aliphatic fraction and were probably the result of plankton
collected on the filters. These hydrocarbons then should correlate with
plankton biomass; however, the remaining aliphatic and unsaturated/aromatic
hydrocaybons in both dissolved and particulate phases were apparently not

reflective of in situ biomass. Thus total hydrocarbon should not correlate

with biomass estimators, such~as chlorophyll a and no correlation was noted
between chlorophyll a values on saﬁples taken simultaneously with these

hydrocarbon samples. This differs from the correlation between chlorophyll
a and total non-aromatic hydrocarbons reported by Zsolnay (1972) for waters

off the west coast of Africa. However, the upwelling region off Africa
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while the A group appeared only at the two outermost stations on Transect
IV. In the winter (Figure 12hc),the B group was not present and the A group
occupied the nearshore stations of Transects I, II and III as well as one
offshore station on each of Transectg IIT and IV. The C group occupied

the nearshore stations of Transect IV, but was in its usual offshore spot

on the other transects.

The three hydrocarbon compositions could be the result of three
factors:

a. different biosynthetic hydrocarbons from different zooplankton

species

b. different hydrocarbons taken up from different food sources or

wvater masses |

c. different biosynthetic hydrocarbons resulting from environmental

variation (e.g., temperature).

A first level examination of the zooplankton species composition
showed that the major zooplankton groupings occurred in nearly every sample
at all seasons. Thus, the hydrocarbons in the A and C group must be due
to very lipid rich minor components of the zooplankton if taxonomic variation
is responsible for observed hydrocarbon variations. This may be more likely
than it first seems because the hydrocarbon extraction was done on a bulk
zooplankton sample, while taxonomy was performed on a sample that had
been split from seven to eleven times. The splitting could have diluted
a minor yet 1lipid rich component.

Neither dissolved hydrocarbons nor those on suspended particulates
bear any relation to the zooplankton hydrocarbons (Calder, 1976) and thus
the zooplankton hydrocarbons do not appear to have been taken up from

different external sources.
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Since the C group was generally found offshore it came from waters
generally deeper, colder and more saline. Yet the inshore stations in
winter were Just as cold and saline as the offshore stations in summer
and contained the A, not the C group. Temperature and salinity variations
do not seem then to cause the zooplankton to alter their biosynthetic
hydrocarbon content.

?EEEBES_the hydrocarbon groups do display spatial patterns, rather )(
than random distribution, they must be the result of general circulation
phenomena. Hydrocarbon analysis of the major zooplankton groups (e.g.,
copepods, jellies, etc.) may be the best way of clarifying these observations.

To assess the effect of location on the variability of organic carbon

levels, the data was also considered by depth zones (Table 128).

Table 128. The average seasonal concentration (mg/%) of particulate
and dissolved organic carbon by depth zones.

SUMMER FALL WINTER
Zone POC DOC POC DOC POC DOC

1* 0.21 1.3k 0.1k 1.36 0.16 2.18
(s)?* (0.15) (0.74) (0.05) (0.34) (0.06)  (0.39)
% ¥ 0.12 0.98 0.07 1.05 0.12 1.89
(s) (0.0k) (0.29) (0.03) (0.2k) (0.ok)  (0.33)
3xEX 0.13 1.27 0.0h 0.94 - 0.10 1.94
(s) (0.06) (0.43) (0.01) (0.29) (0.05) (0.24)

1* Inshore Zone (Stations 1101, 1204, 1205, 1308, 1412)

2*%*  TIntermediate Zone (Stations 1102, 1206, 1207, 1309, 1413)
3*%¥*  Offshore Zone (Stations 1103, 1310, 1311, 1hkih, 1k415)
(s)* sStandard deviation
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These data show trends that, in all seasons, indicate that the
particulate organic carbon (POC) decreases in the transition from inshore
to offshore. Only the trends observed in the fall were significant.

These data are in genecral agreement with the findings of Fredericks and
Sackett (1970) in their study of organic carbon in western Gulf waters.

The dissolved fraction (DOC), in contrast to the particulate organic
carton, does not appear to exhibit any pronounced'pattern in any of the
three sampling seasons and this is in contrast to the data of Fredericks,
et al. (1961) for tropical and semi-tropical waters.

It is generally accepted that living organisms make variable and
significant contributions to the particulate fraction by their presence,
and to the dissolved fraction by their metabolic products (Riley and
Chester, 1971). Thus, in discussing possible interpretations of Fjigures
125Q$hrough 1253, POC has been related to chlorophyll and zooplankton and yx
DOC to primary productivity.

Considering first the total Gulf shelf area under study (Figure L)
it is apparent that the seasonal fluctuations of dissolved organic carbon
and primary productivity are similar. Likewise the relative levels of
particulate organic carbon and chlorophyll a follow one another closely.
Zooplankton varies with particulate organic carbon in the summer-fall
but not in the winter. 1In previous sections it has been shown that the
dissolved organic carbon and particulate organic carbon curves do, in fact,
indicate statistically significant seaéonal differences. Unfortunately,
the high variability of the other parameters (Tables 61, 62 and 63), does
not allow similar statistical distinctions to be drawn for these variables.

Figure 125 does suggest that, over the Northeastern Gulf Shelf, in situ
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biological processes may be exerting an influence on the observed levels
of POC and DOC.

Aggregating data for the entire shelf may obscure different processes
occurring in other shelf areas. Figures 125a-125d, which present the
seasonal fluctuations for all parameters by depth zone groupings, suggest
that this is the case. Inshore trends, as with the total shelf trends
for primary productivity and dissolved organic carbon, vary in = similar
manncr. Unlike the total shelf, the chlorophyll trend parallels the
zooplankton measurements from the fall to the winter sampling period sug-
gesting that other factors may strongly influence the inshore levels of
particulate organic carbon during this time period. These processes may
include exchange or mixing with sediments or effects from land run-off.

The intermediate and offshore zones follow the general pattern of trends
for the ﬁotal shelf.

Considering the seasonal mean levels of all the parameters under
consideration by transects reinforces the concept that each area of the
Gulf represents different combinations of processes and interactions between.
the parameters. Data from Transect III suggest that this region is quite
similar to the entire Gulf shelf study area as depicted in Figure 72 and
previously discussed. Transect IV follows the general trend pattern
established for the total shelf (Figures 72, 7T3), but is an area of
extreme seasonal fluctuation undoubtedly héavily influenced by the Mobile
Bay and Mississippi River system;. The lack of clearly identifiable
patterns along Transects 1 and If indicates that processes other than those
ig_§igg_biologicél ones examined may be largely responsible for the seasonal

fluctuations of particulate organic carbon and dissolved organic carbon.
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Along Transect I the influence of human activity from heavily populated
coastal areas is evident while the relatively shallow Transect I1 reflects
the fluctuating inputs from the extensive coastal marsh and seagrass
systems in this region. -

Although limited by its high varisbility, one method of assessing
the contribution of phytoplankton to particulate carbon levels has been
the determination of carbon to chlorophyll ratios (Steele and Baird, 1961;
Steele and Baird, 1962). For this study, over the total northeastern
Gulf Shelf, the carbon to chlorophyll ratios varied throughout the year
from 95:1 in the summer, LkL:1 in the fall, to 69:1 during the winter. This
suggests that the phytoplankton make the most significant percentage
contribution to particulate organic carbon during the fall.

A means of examining the temporal relationships of these parameters
more closely is to focus on each of the sampling periods rather than across
the entire year. This has been done through a series of linear regression
analyses which employed the following procedures. The ten meter organic
carbon determinations were compared with either the surface or the closest
to ten meter phytoplankton hydrocast. The one percent light level organic
carbon determinations compare exactly with the phytoplankton hydrocast.
Separate analyses by depth (ten meters versus one percent light level)
supported the validity of this technique; the significance of regressions
was not affected by employing this apperimation. Salinity and temperature
regressions with organic carbon were precise depth matches in almost all
instances. Since zooplankton tows fished the entire water column, upper

and lower organic carbon determinations were averaged for purposes of
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regression analysis. Transmissometry and organic carbon matched exactly
in depth al ten meters.

Regression analysis was performed using all variables with particulate
and dissolved organic carbon as the independent variable. Table 129
surmarizes the significant (o = 0.05) correlations. Regressions for depth
zones are based on few points and should be considered with caution.
Figures 126a, b, c through 128a, b, ¢ show scattergrams for chlorophyll
a, primary productivity, and zooplankton against particulate organic carbon
and dissoclved organic carbon respectively.

The data of Table 129 permit a closer examination of the relationships
sugzested by Figures 126 through 128. Immediately evident .is the fact
that, over the northeastern Gulf shelf, particulate organic carbon correclates
well with chlorophyll & during the summer and fall sampling periods.

Further, the supportive correlation coefficients for the depth zones

for chlorophyll a in these two time categories suggest that it is the
areas closest to shore which exhibit the strongest relationship between
phytoplankton and particulate carbon. These associations have been noted
by other investigators (Menzel and Goering, 1965; Parsons and Strickland,
1959).

During summer and fall, the zooplankton also show good correlations
with particulate organic carbon. The significant inshore correlation
coefficients in sﬁpport of those for £he total shelf, probably indicate
that the zooplankton are related to the pariiculate organic material primarily
through the necessity to feed on phftoplankton. In fact, since zooplankton

will usually contribute only a few percent to the actual particulate
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Table 129.

Significant r? Values of Linear Regression Analysis

Jun/Jul 1975

Sep/Oct 1975

Jan/¥eb 1976

Variable Region POC Doc POC DoC POC DOC
Chl a Shelf 0.70 0.57 0.18

Zone 1 0.98 0.86 0.97

Zone 2 0.kh 0.46

Zone 3 0.72
Primary
Productivity Shelf

Zone 1 0.79 0.86 0.89

Zone 2

Zone 3 0.63 0.h49 0.85
Zooplankton  Shelf 0.87 0.77 0.hk2

Zone 1 0.97 0.77

Zone 2

Zone 3 0.79
Temp Shelf 0.39
Salinity Shelf 0.25 0.25 0.52 0.32
Trans Shelf

Note: a<0.05.

A1l correlations are positive except temperature and salinity.
Blank cells indicate no significant correlation with the exception of
transmissometry (summer) for which data was absent.
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organic carbon present, the correlations between particulate organic carbon
and zooplankton may be taken as a further indication of a more direct
relationship between the particulate fraction and phytoplankton. The
scattered, inconclusive corrclations-between particulate organic carbon and
primary productivity may be related to zooplankton grazing pressure.

The limited winter relationships between particulate organic carbon,

chlorgghg}l a and primary productivity in the absence of any zooplankton

correlation appears to sustain this contention.

Particulate organic carbon relates weakly to salinity in the fall
but this relationship is more pronounced during winter when the offshore
salinity increase is most pronounced. This wogld have the effect of
making any consistent decline in POC as the result of dilution offshore
appear more evident. Recalling the earlier discussion which noted the
immediate offshore winter decline in the levels of particulate organic

material, and observing that chlorophyll a correlates well with particulate

koS

organic carbon during the winter inshore, it would appear that the processes

affecting particulate organic carbon were fairly similar throughout the
year along the northeast Gulf shelf. Thus the data suggests that the
current-salinity structure rather than soﬁe change in the source of parti-
culate organic carbon is responsible for the salinity correlations during
the fall and winter sampling periods.

Unlike particulate organic carbon, the results of this study cannot

link the dissolved fraction to in situ biological processes. Correlations

for dissolved organié carbon recorded in Table 129 arc absent or weak.
The apparently strong correlation with primary productivity during the

winter is based upon only five data points. The weak salinity correlations
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t
during the fall and winter, reflecting simple dilution in the open Gulf,

are, as with particulate organic carbon, the result of a more organized
inshore to offshore salinity gradient during thesc seasons. MNo significant
correlations between particulate or dissolved organic carbon and.any of
the other parameters were found.

The strong and consistent correlations found throughout the year
between particulate organic carbon and chlorophyll a and the concurrent
fluctuations of these two quantities over the entire shelf study area’
indicate that the phytoplankton comprise a significant portion of the
particulate organic carbon in this region. Considering the entire Gulf
of Mexico, Dryer (1973) estimated that phytoplankton contributed 38 times
the amount of terrestrially derived particulate organic carbon. When
dealing with the shelf this estimate would undoubtedly have to be revised
downward because of the proximity to terrestrial inputs. Knauer (1976),
working during the summer of 1974 in the same northeastern Gulf shelf area
as this study, found by ATP extraction that an average of 50% of the
particulate organic carbon was livihg. Thus, the present finding that
phytoplankton strongly influence the levels of particulate organic carbon
along the northeast Gulf coast shelf appears'to find support in several
separate studies.

Dryer (1973) found that terrestrial dissolved organic carbon inputs
were the major controlling influence on nearshore Gulf of Mexico dissolved
organic carbon concentrations. The decline of this influence was marked by
a pronounced diésolved organic carbon gradient related to salinity in
estuarine éreas. Dryer further calculated that the total contribution to

the dissolved organic carbon of the entire Gulf of Mexico from primary
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production and river inputs were approximately equal.

If ﬁhe measure of chlorophyll a does in fact provide an indirect
measure of approximately 50% of the particulate organic material as Knauer
has suggested with ATP extraction, then the relationships established are
between quantities on the same order of magnitude. In attempting to
link dissolved organic carbon with primary productivity, however, additional
considerations are involved. The reservoir of dissolved organic carbon
represents a pool of material while the primary productivity is a rate
quantity three orders of magnitude smaller (Tables 60 and 63). A reliable
estimate is that only about ten percent of the photoassimilated carbon is
added to the dissolved pool directly as excretion (Hellebust, 1965). This
suggests that the annual relationships depicted in Figures 126a through 128c
may exist but are undetectable by the comparisons of Table 129. Certainly
the unique station to station variations and the absence of the inshore to
offshore gradient noted by Fredericks and Sackett (1970) are indications
that in situ processes are important to the observed levels of dissolved
organic carbon.

Chlorophyll g_meésurements are generally used in biologically related
studies to indicate the quantity of phytoplankton population in a given
volume of water. Spatial and temporal changes in these concentrations
are useful in interpreting observed changes in other parameters.

The increased concentration of chlorophyll a in the bottom waters
is in part a function of phytoplankton dependence upon light for photo-
synthetic activity. The presence of higher concentrations of the pigment

in the deeber portions of the water column is typical of tropical and
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subtropical waters and is in agreement with other data (Alexander, et al.,
1961; Alexander and Corcoran, 1963).

The previously established correlations between chlorophyll a and
particulate organic carbon levels were further confirmed by the correlation
coefficient between these two parameters of 0.81 in the fall whereas in
the summer and winter the coefficient was 0.25 and 0.50 respectively. The
abov: relalionships considered all of the data for chlorophyll a and parti-
culate organic carbon. If the shelf is divided into three zones such as
Inshore (Master Stations 1101, 1204, 1205, 1308 and 1412), Intermediate
(Master Stations 1102, 1206, 1207, 1309 and 1413) and Outer (Master Stations
1103, 1310, 1311, 1Lik and 1L15), more meaningful relationships can be

seen. Subsequent correlations are based on fewer data points and should

be considered accordingly.

Strong to moderate correlations between chlorophyll a and particulate
organic carbon in the summer were present in the Inshore (r = 0.9) and
Intermediate (r = 0:7) zones. In the fall a significant correlation was
present between these two pafameters in the Intermediate zone only (r =
0.8), while in the winter strong relationships were observed in the Inshore
and Offshore region (r = 0.9).

No significant relationships existed between chlorophyll a and
dissolved organic carbon in the summer. Strong correlations were found
between these two parameters in the fall in the Inshore and Intermediate
Zone (r = 0.8 and 0.9 respectively) and in the winter in the Inshore and
Offshore Zone (r = 0.8 and 0.9 respectively).

No significant relationships were found during any season between

salinity and chlorophyll a when the data from the shelf were treated as a
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whole. When compared on a zonal basis similar to the above, strong correla-
tions were present between these paramecters in the Inner and Intermediate
Zones {(r = 0.9) in the summer, none in the fall and moderate to strong
relationships were present in all three zones (r = 0.7-0.9) in the winter.

Chlorophyll a and particulate iron relationships in these same zones
also showed evidences of strong relationships (although these must be
treated with caution due to few data points involved). For example, weak
acid soluble iron correlated strongly with chlorophyil in the Inshore and
Intermediate Zone in the summer (r = 0.9) and in all zones in the winter
(r = 0.8-0.9). Refractory iron correlated with the pigment in all zones in
the summer and winter (r = 0.7-0.9). Copper generally showed no correlation
and no consistent trends were evidenced in cadmium and lead chlorophyll
relationships. Weak acid soluble chromium was consistently below detection
limits and refractory chromium-chlorophyll correclation ranged between 0.7-
0.9 in all zones in the summer and winter. Interestingly, in only one out
of the 27 data sets (weak acid soluble plus refractory) was a significant
correlation found between the metals and chlorophyll in the fall. The
exception was an r value of 0.9 between weak acid soluble cadmium and
chlorophyll in the Inshore Zone. This single occurrence is considered as
random.

.The general pattern of decreasing density of zooplankton with increased
distance from shore is to be expected since the inshore area; are generally
considered to be more productive in terms of supporting a larger standing
crop of zooplankton. Population densities were strongly correlated with
biomass in both the summer and fall (r = 0.83 and 0.85 respectively).

Similar comparisons in the fall showed a correlation value of 0.59.
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As shown in Table 130 (Shannon-Weaver diversity index) the diversity
of zooplankton generally increased from inshore to offshore in the summer

and fall. The exception to this was present in the winter where the

opposite trends were noted along Transects IT and IV. The generally higher

diversity in the fall (as compared to fall and winter) relates to the

lower population densities at this time of the year.

Interpretation of the neusten data and associated statistical analyses

reported here is difficult because of the great quantitative variability
among collections. The tendency of water column populations to exhibit
patchiness in distribution also adds to the difficulty of interpreting
distributions. At best, one can only say, with any degree of certainty,
that the distribution of neuston in the MAFLA study tract appear to
exhibit spatial and temporal patterns of heterogeneity but that these are
poorly understood at present. The paucity of previous neustonic studies
on eastern Gulf of Mexico waters adds to the problem. It is biologically
significant that crustaceans, especially copepods, dominated the collec-
tions. This is typical of most zooplankton populations sampled in marine
waters. Fish are not a major component of tﬁe neuston.

The negative relationships between neuston abundance and light in-

tnesity may be indicative of vertical migration patterns. This seems

fo

feasible since many of the specimens collected can be classified as bentho-

hyponeuston and bathyplankto-hyponeuston. This is of particular importance

considering the dominance of copepods, known vertical migrators, in the
collections.

Of particular importance is the negative correlation of neuston
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Table 130.

Shannon-Weaver index of zooplankton

species diversity.

Station Summer, 1975 Fsll, 1975 Winter, 1976
1101 2.165 2.085 1.948
1102 2.553 2.526 2.h31
1103 2.708 2.830 2.629
1204 0.716 1.613 2.280
1205 1.063 1.692 2.084
1205A - 2.h1h
1206 2.175 2.551 2.077
1207 2.685 2.363 1.975
1308 2.179 2.399 2.316
1309 2.38k 2.487 2.530
1310 2.k31 2.825 2.h9b
1311 2.563 2.75h 2.965
1k12 2.316 2.185 2.868
1413 2.4k 2.515 2.779
1kl 2.809 2.570 2.154
1415 2.730 2.769 2.062
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abundance with tar in the surface waters and azir/sea film. It is unknown
if this relationship is due to an avoidance mechanism or different wind-
rafting characteristics for hydrocarbon substances and neustonic organisms.
If the former is the case then oil dispersal within the surface layer may
have a detrimental effect on the neustonic community.

Sea Floor

The Mississippi River Delta System forms a continental margin province
which dominates the north central portion of the Gulf of Mexico. East of
the Delta, off the coast of Mississippi, Alabama, and Florida lies a
gsecond province known by the acronym MAFLA (Figure 1). The easﬁern part
of the MAFLA margin is dominated by the Florida platform, an accumulation
of over 4,570 m of carbonate sediment ranging in age from Jurassic to
Recent. West of Cape San Blas, carbonates become intercalated with increasing
amounts of clastics. Across the northern extension of the Florida Escarp-
ment (Figure 82) the sedimentary basement rocks change from dominantly
carbonates on the east to Cenozoic clastics on the west. The Florida
Escarpment trend therefore represents a major sedimentary boundary between
the Gulf Coast Geosyncline and the Florida carbonate platform.

Most of the sediment of the Mississippi River is delivered directly
to the shelf edge or is transported west by the Coriolis effect, the long-
shore current system, and the prevailing surface currents. As a result,
the MAFLA continental margin is covered by a sand sheet which Uchupi and
Fmery (1968) have called relict, which is dominantly quartz west of Cape
San Blas and carbonate east of Cape San Blas.

Excebting mineralogy, the MAFLA sand sheet is much like that of the

continental shelf of the southeastern Atlantic margin. Rivers which empty
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into the MAFLA vaters carry very little sediment and virtually none of this
is sand éized. Furthermore, most of the fine sediments delivered to the
coast are trepped in estuaries, bays and lagoons.

Estuaries, bays, and the coastal zone of the MAFLA area have been
thoroughly investigated by Tanner (1960), Goodell and Gorsline (1961),
Kofoed and Gorsline (1963), Tanner and others (1963), Kofoed and Jordan
(1964 ), Gorsline (1966), and many more. However, surprisingly few studies
of the continental shelf of the MAFLA area have ever been undertaken, and
with the exception of the broad overview of Uchupi and Emery (1968) data
covering limited sectors of the area have never been integrated. Many
of the individual investigations which have been conducted are listed in
Brooks (1973). Gould and Stewart (1955), Ludwick (1964), and Grady
(1972) have contributed most to the description of the MAFLA continental
shelf. Holmes and others (1963) have investigated the innershelf sediments
between Cape Romano and Cape Sable and Shepard (1956) the eastern flank of
the Mississippi Delta. Gould and Stewart (1955) have depicted the central
portion of the West Florida Shelf as covered with predominantly carbonate
sediments zoned into quartz sand, quartz-shell sand, shell sand, algal
sand, oolite sand, and foram sand and silt bands. Banded character of the
sediments was also evident in Stewarl and Gould's (1955) description of
sediment textures. ZLudwick (196L) described the sediments between the
Mississippi Delta and Cape San Blas as a number of sand, mud, and transi-
tional facies. Grady (1972) mapped sediment textures based upon a triangular
diagram present#tion of percent sand, silt, and clay in the northern Gulf

of Mexico and his data was used to construct the latest existing sediment



670

texture chart of the area published by BIM (197k). Finally, Van Andel and
Poole (1960) and Fairbank (1962) have described the heavy mineral suites
of the Eastern Gulf.

Although never before integrated, these studies are of good guality
and provide a framework upon which a discussion of the sediments and
sedimentary processes of the MAFLA shelf can be built and compared and
contrasted with those of the southeastern United States. Geologic data
analyzed for this study is small in comparison to those of the aforementioned
work, but ties those investigations together and provides a basis for
modifying interpretations put forth in them.

In the 1974k benchmark survey of the MAFLA lease tracts the bottom
sediments in study areas I, II and III were dominated by carbonate in the
sand fractions (>62 um material). Where non-carbonate material was present
in significant amounts, it increased in abundance in the finer sand fractions.

Mcllusc and shell fragments were the predominant grain type in all
size fractions (>2000, 2000-1000, 1000-500, 500-250, 250-125, and 125-62 um)
in nearly all samples. All other grain types showed large variations in |
abundances either between areas or within areas.

Skeletal grain types tended to predominate in that size fraction
associated with the size of the unbroken grain or the physically stable
fragment and decreased in abundance in the finer sand fractions. That is,
the mollusc shell grains decreased in abunaance from the coarser to finer
sand sizes (from whole to fragmentgl). Bryozoan fragments, Halimeda
plates, and echinoid plates and spines showed a similar distribution.
Ostracod tésts, sponge spicules and alcyonarian spicules occurred only

in the finer fractions.
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Non-skeletal grain types showed a less predictable size distribution.
These were commonly lesser smounts of unidentifiable grains in the finer
sand fractions. This was in sharp contrast to the trends of shallow water
carbonate sediments in southeastern Florida and the Bahamas. The abundance
of unidentifiable grains in the coarser fractions appears to reflect more
intense rock-boring organism activity into coarser sand grains.

The distribution of the carbonate sediment attributes in the lease

tracts in 1974 showed three important characteristics:

1. In the size fractions greater than 500 um there was a large
variation in grain type abundance between samples that reflected
variations in substrate (rock vs sediment), local abundance of
skeletal producing organisms, local pellet production or local
intraclast formation. Grouping of these attributes commonly

" cut sharply across bathymetric contours.

2. In the size fractions less than 500 pum, variations between samples
commonly either decreased or displayed groupings that trended
more parallel to the bathymetric contours. These distributions
indicate that bottom wave and current energy was important in
redistributing the more transport prone finer sediment fractions.

3. Weathering characteristics of a grain type displayed a different
distribution pattern than the abundance of the associated
attribute.

In this study the mapped distribution of constituents on the Eastern

Gulf of Mexico Shelf generally reflects the maps of Gould and Stewart

(1956), thé results of Back (1972), and the synthesis map of Ginsburg
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and James (197h). There were a number of important quantitative differences.

1. Gould and Stewart (1956) defined a broad, elongate zone in which
coralline algae was the predominant constituent. This generally
correlated both with the >}% coralline algae abundance zone and
with the >20% unidentifiable carbonate zone. Thin sections
confirrm that most of the unidentifiable carbonate was coralline
algae in samples with significant identifiable coralline algae.
Yet these samples can only contain 20-30% coralline algae at
most and were in nearly all cases dominated by molluscan remains.
Two possibilities may cause this discrepancy: a) these samples
were biased against an adequate reflection of abundance of the
>4000 um fraction (which is dominantly coralline algae) or
b) the sampling and recovery methods of Gould and Stewart caused
bias towards the coarser for their samples.

2. Gould and Stewart defined a broad zone of colitic sand seaward
of the coralline algae zone along the southern portion of the
Eastern Gulf Shelf, narrowing north of 27°30'N and terminatiné
in the vicinity of 28°30'N. Althéugh ovoid grains were recog-
nized in loose grain analysis from Master Stations 2105 and 2533,
they were classified as unidentifiable because of moderate
surficial biological corrosion. Thin section examination of
these samples verified that ooids were an important to dominant
constituent at these stations. Most were only a thin oolitic
coatiﬁg on carbonate or non-carbonate nucleus. Master Station
2105 is just seaward of the mapped distribution of oolite suggested

by Gould and Stewart while Master Station 2522 was located
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at 29°43'N and was well north and west of the previously suggested
occurrence of oolitic sands.

Parlier maps suggest an important boundary between carbonate dominated
mid-shelf (to the south) and non-carbonate dominated mid-shelf (to north-
west)occurs between Transects III and IV of the 1975 box coring study.
Carbonate abundance data of Doyle (1976) and this study support this
bouniary. Associated with this‘was a sharp change in the azbundance of
certain carbonate constituents. Especially notable were the benthic
foraminifera, increasing dramatically landward along Transect III, but
were nearly absent from Transect IV just to the north. Benthic foramini-
fera were so abundant in the shelf zone represented by Master Stations
2317 and 2318 that this would fall into the ca‘;,egory of a molluscan-
foraminiferal sediment [such as that defined for Florida Bay by Ginsburg
and James (197h)].

The densely sampled shelf area just west of Cape San Blas (Destin Dome
area) contains a carbonate constituent distribution that reflects the
complexity of the middle to outer shelf. 1In this area there is a low
bathymetric ridge protruding across the shelf and separating two zones of
fine sediment accumulation. A scan of the mapped attributes showed an
abundance of mollusc, pelagic foraminifera, echinoid, ostracod, sponge
spicules, and alcyonarian spicule grains in a broad shelf indentation in
the vicinity of 29°45'N and 86°30'W. Just to the cast was a narrow zone
of abundant benthic foraminifera, corailine algae, bryozoan, blackened
carbonate and unidentifiable carbonate (mostle coralline algae). The
mapped distribution of each of these firm bottom constituents varied

somewhat producing a somewhat broader composite zonc than is apparent from
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erxamining individual maps. The coralline algae abundance on this promentory :
is the highest observed. Because constituent composition distribution cuts
across bathymetric contours and does not correlate with previous sediment
maps, no attempt has been made to correlate beyond sampling area.
Stations to the west of DeSoto Canyon occur along a rather narrow
band from the shelf margih 1o near the ggandfleur Islands. Contouring of X
this complex area has considered Iudwick's facies and grain-sizc distribu-
tion bathymetric contours and MAFLA geophysical data. The reef and inner-
reef facies of Ludwick contain no significant coralline algae but rather
an abundance of bryozoan, benthic foraminifera, and unidentifiable grains.
The complex alternations of bathymetry and substrate landward cause var-
iations in constituent abundance. Benthic foraminifera, echinoid, blackened
carbonate and unidentifiable carbonate increased markedly on the inner
third of the shelf here. Echinoids in the inner shelf here were very
delicate, porous spines, and were in marked contrast to most other areas.
One of the most significant aspects of the MAFLA sediment sheet is
the quartz band that is shown as Zone VIII in Figure 80 and the transition
between it and the carbonate sand sheet of tﬁe West Florida continental
shelf. ©Since virtually no sand sized sediment has been brought into the
system during the present high stand of sea level, and since it is bordered
on the south and west by carbonate sands, the quartz sand belt provides
a natural laboratory in which to test some of the current theories on shelf
sediment transport. Since it is cut off from a quartz source, longshore
current systems.that affect it must balance out essentially to zero net
transport or else the band should have disappeared or evinced dilution

with carbonates.



Pilkey and others (1972) have suggested that the beaches of the
Southeastérn Atlantic continental margin are fed by sediments from the
adjacent continental shelf. If this is indeed the case, the ramifications
for the onshore transport of oil related pollutants which may become
incorporated in shelf sediments are oninous.

Sediment texture in any sand sheet is subject to considerable variation
over short distances. A major faccor in controlling textural variation is
local bathymetry. Thus while the attributes of a sand sheet as a whole may
be accurately described, specific grain size is difficult or impossible to
predict at any projected station. ©Small scale variability is illustrated
by Figure 8lc which shows a series of stations taken at one mile intervals
across the central portion of the VWest Florida carbonate sand sheet (see
Figure 82 for station locations). Table 131 shows variation within the
sand sheet on an even smaller scale, i.e. variation among the box cores
at each station among the several sampling periods. Distances among the
individual box cores are limited by the swing of the vessel and by accuracy
and reproducibility of the navigatibn systems used. Average maximum
variation within a station among the sampling periods is T7.9% in sand
sized sediment. Maximum variation in percentage of sand at one station is
about 28.6. These variations are significant and suggest that grain size
analysis should be conducted on each box core sample in order to have
complete confidence in biological and chemical data interpretations.

Analysis by settling tube should theoretically result in a hydraulic
equivalent grain size since the particles are sized by the time it takes
them to seftle through a water column of known length. Sieve analysis is

a direct measure of particle diameter. Comparison of settling tube and
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Table 131. Seasonal deviations in sediment weight

among box core stations.

Station Greatest Deviation Among Box Cores
Over Three Cruises Expressed as
Weight Percent

2101
2102
2103
2104
2105
2106
2207
2208
2209
2210
2211
2212
2313
2314
2315
2316
2317
2318
2419
2420
2421
2422
2423
2424
2425
2426
2427
2528
2529
2530
2531
2532
2533
2534
2535
2636
2637
2638
2639
2640
2641
2642
2643
2644
2645

8.
9.
20.
14.
12.
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sieve analyses shows no interpretable pattern of variation. It is there-
fore recommended that scttling tube analysis of grain size be discontinued.
Since organisms respond to the physical size, morphology and composition,
of the particles and not to the hydraulic character of grains, sieving
should be the preferrcd method for MAFLA type studies.

Previous research provides a general framework of the carbonate
sediment environments oi the MAFLA shelf. Ludwick (1964) mapped general
surface sediment facies between the Mississippi River Delta and Cape San
Blas. This provides little information on carbonate sediment constituents,
but recognizes a long carbonate-rich deep reef (sandy) and inter-reef
(muds and sands) facies towards the shelf margin south of the Mississippi-
Alabama zone. To the west of DeSoto Canyon, he terms the equivalent depth
zone as western Florida lime mud facies, in which are dispersed pinnacle
and other positive zones considered to be reefal. He concluded that the
western Florida lime mud facies was of broader seaward extent than the
Mississippi-Alabama reef; the inter-reef facies was of broader seaward
extent than the Mississippi-Alabama reel and the inter-reef facies was
also muddier, had smaller median grain size aﬁd contained significantly
less terrigenous material.

Iudwick defines two sand facies on the northeastern shelf section.
Mississippi-Alabama sand facies occurs in 12-80 m of water to the west
of DeSoto Canyon, and the Cape San Blas sand facies occurs from nearshore
to the 50-100 m contour.

The studies indicate slow deposition and (slow) erosion taking place

uniformly across the eastern Continental Shelf of the Gulf of Mexico.
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The high degree of bioturbation is attributed to infaunal organisms. Thek

few variations in percentage of bioturbaticn may be due to: 1) Seasonéli
variations ~ for example the stations near the Suwannee and Choctawhatchee
Rivers show faint primary physical structures, laminations and cross

bedding, during the rainy season when there is a corresponding increase

in sediment supply, and 100% bioturbation when there is no sediment input

from river run-off during the dry months; 2) Differences in‘ﬁégﬁgfgoq sampling
Jocations. Regardless of location on the shelf, shallow or deep, all

stations have shown 100% bioturbation.

The distribution of kaolinite suggests that its abundance is primarily
controlled by transportation from West Florida. Chlorite-vermiculite
distribution probably reflects the reworking of older shelf deposits or
the transformation from smectite transported by the rivers of West Florida
(Huang, et al., 1975). The abundance of smectite would appear to be
related to the offshore currents of the Gulf as described by Shepard (1973)
along the margins of the slope. The distribution of smectite present
in this study was consistent with those found by Milne and Farley (1958),
Griffin (1962) and Huang, et al. (1975).

Major factors for the clay distribution patterns in the Mississippi-
Alabama region relate primarily to the transportation of sediments from
the Mississippi and Mobile Rivers.

The only samples indicating detectable amounts of barium were located
adjacent to the eastern influence of the Mississippi River and approach
values documented for similar clay rich sediments (Holmes, 1973). Additional
evidence for this is indicated in the high iron, low carbonate and high

percentage of fines at Master Stations 2637 and 20638. -
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Table 132 shows the inter-element relationships as expressed by the
correlation coefficient. Strong relationships (r > 0.8) were present

between chromium, copper, iron and vanadium; between chromium, copper and

0.7)

nickel and between chromium and vanadium. Moderate correlations (r
existed between iron, lead and nickel; between copper and vanadium and
between chromium and nickel. Only chromium and copper co-varied with the
fine sediment fraction.

To examine the interrelationships between possible controlling factors
and metal concentrations, Trefry, et al. (1976) and Trefry and Presley
(1976) have normalized metal concentrations to iron. Sediment with metal
concentrations which deviate from their expectgd ratio to iron have been
cited as having an anthropogenic contribution. This is reasonable because
metals, including iron, are well correlated with grain size, organic matter,
CaCO3, ete. but iron is unlikely to be added by man in amounts which would
increase natural levels.

At the completion of the initial (1974) study of the MAFLA area,
it was shown that metal concentrations correlated well with the fundamental
sediment characteristics and that there was no indication of metal pollution
(Presley, et al., 1975). This observation also holds for the 63 second-
year samples. To examine all of the interrelationships between metal
concentrations and their controlling factors would require an extensive
analytical program and a rigorous stati;tical treatment of the data. It
is more convenieﬁt to normalize observed metal concentrations to a single
index which encompasses the more important concentration controlling

factors. As mentioned, iron provides such an index and in an effort to
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Table 132. Sediment inter-element relationships as expressed
by the correlation coefficient.

Fe Pb Cu itk Cr cd v CO5 Fines
Fe -- 0.697 0.834 0.701 0.866 0.141 0.871 -0.015 0.€00
Pb _— 0.557 0.729 0.6k0 0.209 0.188 0.262  0.400
Cu — 0.809 0.895 0.056 0.772 -0.089 0.810
Wi - 0.728  0.058 0.593 0.298  0.656
Cr — 0.101  0.869 0.117 0.719
cd — 0.062 0.254  0.023
v - -0.094  0.56k
CO3 - 0.028

Fines
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evaluate the distributions found in this study this approach was applied
to the data.

Figures 129 through 131 give the metal to iron scatter plots for the
1975-1976 MAFLA sediment data. In each case, there is a significant linear
correlation of the metals with iron. This occurs despite the three areas
of provenance fcr MAFLA sediments. The plots provide a prediction interval
for evaluating future sediment analyses and show no present-day evidence
of pellution. Any input of trace metals from oil-related activities would
result in data points which deviate from linearity in the positive y-
direction on the scatter plots, assuming that anthropogenic iron input is
not high enough to influence the normallsediment iron content and that
trace metal concentrations could be more easily and noticeably increased.
Such an approach may be subject to difficulty in some of the extremely
low iron Florida shelf areas; however, any appreciable metal increase to
these areas will be observable due to the very low natural levels.

To gain information relating to seasonal changes in the trace metal
content of the surface sediments samples were collected at 18 of the
stations previously occupied during the summer sampling. The results of
this are shown in Table 133. As stated previously the precision of the
analyses for the various metals was: Cd, 35%; Cr, 20%; Cu, 12%; Fe, 9%;
Pb, 15%; Ni, 11% and V, 25%. Although evidence for differences between
the samples was present in the chromium, lead and nickel data these changes
should be considered as apparent for the moment. Further study is needed
to determine the variability in thé metal content of the surface sediments
about a particular station before any conclusions can be drawn.

As indicated previously the metal content of the sponges-was variable.
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Table 133. The trace metal content of the surface sediments (ppm)
at 18 stations in the summer and winter.
Ba cd Cr Cu Pb Ni
tation I IT T TI T . IT I II I 1T I IT T IT I TT
2101 3 - <.05 .04 2 3.2 1 1.1 .13 .13 6 3.7 5 1.5 9 24
2104 <3k <86 .10 .13 i 5.1 2 1.7 .09 .10 9 5.0 8 1.5 L 3
2106 <Ll <l .10 .20 8 7.8 I 2.9 .39 .33 10 5.8 13 7.0 5 T
2207 <h1 - .10 11 3 3.9 1 0.6 .08 .08 7 2.0 2 1.1 7 -
2212 <53 <97 .10 .13 14k 13.3 5 4.8 .81 .78 11 5.3 1k 7.9 13 11
2313 <58 <102 .10 ok 16 3.8 5 3.6 .05 LTh 12 2.2 18 9.1 13 15
2318 <65 < L7 <.05 .04 1 2.4 1 0.5 .02 .00 2 0.8 2 <.0k 2 T
2424 <2k <59 <,05 .0k 5 .6 1 0.7 .08 .10 2 2.0 2 1.k 3 7
2425 81+25 <49, <.05 .ok 3 3.4 1 .04 .08 .05 3 2.2 3 1.2 ~ -
okaT <67 <12, .07 .08 17 1k.9 7 6.4 .70 1.29 11 9.5 17 2.4 20 2L
2531 <39 <80 .15 .10 13 10.8 2 1.8 .60 .52 9 6.1 11 9.2 8 8
2536 <76 <138 .10 .02 23 13.h 8 5.9 .3h 1.05 15 10.1 20 1k.2 ks 39
2637 321 -~ .08 .07 35 36.7 8 8.3 17 1.87 15 16.1 1b 15.0 78 -
2638 288 288 .10 .05 L5 L48.3 10 10.1 .87 2.34 15 18.0 22 16.7 101 -
2639 <59 <89 <.05 .0 12 1k.1 3 2.3 .OkL .78 12 8.2 8 <.0k 23 19
2643 <72 <36 .10 .04 10 1k4.6 2 2.1 .63 1.43 18 11.0 12 7.5 2 23
264 <75 <76 .10 .70 10 10.1 2 1.7 .12 1.05 20 5.4 9 5.1 31 29
2645 <59 <107 .10 .07 13 11.3 3 2.4 .0k .80 20 2.0 9 L.o 18 21

I Summer concentration
IJI Vinter concentration

$89
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Iron concentrations ranged over two orders of magnitude when the sponges
are treated as a group and these organisms exhibit greater variation in
metal content than most other groups. They were surpassed only by the
cadmium and copper variations presenf in the molluscs and crustaceans.
The precise reasons for these variations are not clear although they are
undoubtedly related to species variations, geography and composition of
the suspended matter.

In general, the sponges contained elevated concentrations of chromium,
iron and nickel (although considerable "scatter'" was presenf in the data).
A majority of the sponges had nickel concentrations in excess of ten parts
per million and although this may, in part, be a result of sediment con-
tamination in some of the sponges it is felt that it is not true for such

other sponges as Cinachyra sp. and Pseudoceratina crassa. Bowen and Sutton

(1951) attributed the high nickel values found in many sponges to the
assoclated microflora.

The average trace metal coneentration (ppm) among the various phyla
are listed in Table 134. Within the sponges only two species display any

dominance (Cinachyra sp. and Pseudoceratina crassa) (Table 135). The only

consistenci in metal concentration within each of these species was found
in the copper and nickel concentration. This trend was present in each
season.

Geological trends in trace metal concentrations were not readily
apparent among the sponges. This is probably due to the lack of sufficient
numbers of samples, of the same species, at all stations. Therefore, only

those stations where samples were collected during at least two of the



Table 134. Comparison of the Average Trace Metal Concentrations among the
Various Phyla of Benthic Macrofauna from the MAFLA Lease Areas
(concentrations in ppm dry weight),

r—

No. of
samples¥
Group Name . analyzed Cd Cr Cu Fe Fb Ni v

Sponges 68 . Range 0.058- 0.06- 3.0~ 30.0~ <0.01- 0.L4- <0. b4~
9.670 29.80 20.5 4500 8.82 372 8.8

Mean t 2,367 3.11 7.7 516 <1.17 22.7 <1.6

Std. Dev. 2.540 5.75 3.9 835 1.50 52.0 1.7

Corals 55 Range 0.020- <0.01- 3.7~ 17.0- 0.07- <0.2- <0.4-~
1.610 0.59 10.1 123 2.72 9.6 6.0

Mean 0.214 <0.23 7.1 39.3 0.29 <1.0 <1.9

Std. Dev. 0.317 -~ 0.43 1.2 19.0 0.41 2.2 1.4
Molluscs 1k Range " 0.660- 0.32- 1.5- 19.3- 0.15- 1.3~ <0.kL-
35.0 9.52 Lh.2 308 1.66 ; T70.3 6.0

Mean 13.65 4.38 7.9 89.4 0.9k 22.1 <3.1

Std. Dev. 11.33 3.14 10.8 67.8 0.43 17.6 2.0

Crustaceans 59 Range 0.050- <0.01- 12.7- 11.0- <0.01- <0.2- <0.k4~
12.120 1.46 110 773 6.9k 1.9 3.9

Mean 1.807 <0.38 50.7 125 <0.82 <0.7 <1.5

Std. Dev. 2.1h1 0.28 24,1 1k 1.46 0.k 0.9

Echinodernms 30 Range 0.056- <0.01- 5.1- 19.3- 0.27- <0.2- 0.k4-
1.190 1.53 21.3 1832 7.96 6.2 8.3

Mean 0.320 <0.73 7.8 267 1.26 <0.9 <1.9

, Std. Dev. 0.274 0.52 3.2 355 1.75 1.2 1.9

¥ For some metals, the number of samples analyzed is one less than that given.
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Table 135. Intraspecies variability of trace metals among the

dominant macrofauna (concentrations in ppm dry weight),

No. of SPONGES
samples¥®
Species Name analyzed cd Cr Cu Fe Pb Ni \
Cinachyra sp. 8 Range 1.900- 0.43~ h.s5- 65.8- 0.10- 1.1- 0.8-
5.850 5.39 6.9 935 1.96 26.9 3.8
Surmer Mean 3.080 2.05 6.0 339 0.77 1h, 7 1.6
Std. Dev. 1.450 2.00 0.9 370 0.76 9.6 1.0
Cinachyra sp. 2 Range 1.500- 0.58- 3.9~ 130- 0.16- 0.8- <0.b-
5.100 1.39 h.7 200 0.45 16.8 1.2
Fall Mean 3.310 0.98 4.3 165 0.30 8.8 <0.8
Std. Dev. 2.600 0.57 0.6 Y] 0.20 11.3 0.6
Cinachyra sp. 9 Range 0.239- 0.32~ 5.0- 86.9- 0.30~ b.8— <0.h4
1.877 1.05 7.1 863 0.95 20.9 3.9
Winter Mean 0.785 0.96 5.9 231 0.58 9.0 <0.8
: Std. Dev. 0.570 1.02 0.7 230 0.20 7.3 1.k
Pseudoceratina
crassa 6 Range 1.220- 0.36- 6.k4- 79.6- 0.72 5.3- 1.0-
5.800 3.15 20.5 312 5.39 23.6 5.8
Summer Mean 2.967 1.75 9.4 172 2.27 15.6 2.1
Std. Dev. 2.357 1.07 5.5 87.0 1.98 5.2 1.8
Pseudoceratina
crassa 2 Range 1.000~- 0.89- 8.1~ 67.0- 0.07- 31.8- <0, k-
1.550 1.66 19.2 268 0.23 33.1 1.7
Fall Mean 1.275 1.27 13.6 137 0.15 32.4 <1.0
td. Dev. 0.389 0.5k 7.8 185 0.11 0.9 <0.9
Pseudoceratina &\
crassa 6 Range 0.216- 0.18- 8.3- 79.3- 0.33-  20.0 —
Winte . 0.790 1.25 11.4 126 1.20 290.6 —_—
rinter Mean 0.3%? 0.51 9.6 101 0.6k 25, <0.h
Std. Dev. 0.200 0.32 1.2 18.1 0.35 7.5 ———



Table 135. Continued.
No. of ECHINODERMS
samples*
Srecies Name analyzed Cd Cr Cu e Pb Ni
Stvlocidaris
affinis 2 Range 0.8ko- 0.28- 5.1~ 19.3- 0.27- 0.8- 1.
0.924 0.6k 6.7 196 0.82 0.8
Swrmer Mean 0.883 0.46 5.9 107 0.54 0.6
Std. Dev. 0.058 0.25 1.1 125 0.39 0.0
Stylocidaris
affinis 2 Renge 0.100- 0.36- 6.8- 369- 0.55- 0.h4-
0.239 0.80 7.6 580 1.51 0.6
Winter fean 0.167 0.58 7.2 Lrlh 1.03 0.5
Std. Dev. 0.070 0.22 0.4 106 0.48 0.1
1]
Clypeaster sp. 2 Range 0.162~ 0.78- T.2- 81. 4~ 0.35- 0.6~
0.210 0.79 7.6 229 0.54 0.8
Surmer Mean 0.186 0.78 7.k 155 0.4 0.7
Std. Dev. 0.0k0 0.01 0.3 105 0.13 0.1
Clypeaster sp. L Range O.lO;— 0.28- 7.2- - 1ho- 0.43- 0.3~
0.326 1.53 10.0 704 1.5 3.2
Fall Mean 0.222 0.7 7.8 337 0.80 1.1
Std. Dev. 0.079 0.51 1.2 216 0.46 1.2
Clypeaster sp. L Range 0.056- 0.36- 5.9- oL.2-~ 0.39- <0.2-
0.278 0.91 7.0 278 0.67 0.6
Winter Meen 0.191 0.73 6.6 165 0.52 <0.3
Std. Dev. 0.090 0.22 0.4 68 0.10 0.2
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Table 135. Continued.

No. of CORALS
semples¥
Species Neme analvzed Cd Cr Cu Fe Pb Ni
Madracis decactis 6 Range 0.061- 0.17- 3.7- 17.3- 0.11- 0.3~
1.330 0.40 7.0 24.8 0.31 1.5
Summer Mean 0.479 0.32 5.3 20.0 0.19 0.6
Std. Dev. 0.500 0.12 1.1 3.0 0.08 0.5
Madracis decactis 7 Range 0.0kL1- _— 6.5- 27.0- 0.13- _— 1.
0.081 . —_— 7.6 41.8 0.35 —
Fall Mean 0.055 <0.01 7.0 35.0 0.21 <0.2 3.
Std. Dev. 0.016 ——— 0.3 5.0 0.09 ——— 1.
Madracis decactis 7 Range 0.020- 0.01- 7.6- 36.3- 0.11- —— 0.
' 0.072 0.11 8.5 Lh.g 0.17  ~—=m
Winter Mean 0.0k40 0.07 7.8 39.5 0.1k <0.2
Std. Dev. 0.010 0.03 0.3 2.8 0.04 _——
Porites
divaricata 5 Range 0.129- 0.26- 5.1~ 18.3- 0.13~ <0.2-
1.110 0.59 6.9 21.7 0.28 1.0
Sunmer Mean 0.478 0.37 6.3 20.0 0.18 <0.4
Std. Dev. 0.379 0.1k 0.7 2.0 0.07 0.3
Porites
divaricata 6 Range 0.108- ———— 6.3~ 31.6- 0.07- ————
0.325 —— 7.0 36.2 0.27 ———
Fall Mean 0.233 <0.01 6.7 35.0 0.16 <0.2
Std. Dev. 0.084 _— 0.2 2.0 0.08 ——
Porites
divaricata 6 Range 0.068- <0.01- 6.8~ 32.2~ 0.11~ ————
0.280 0.20 8.5 42.3 0.31 ———
Winter Mean 0.154 <0.10 7.6 40.0 0.17 <0.2
' Std. Dev. 0.090 0.09 0.5 4.6 0.07 ———
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Table 135. Continued.
No. of MOLLUSCS
samples¥*
Species Name analyzed Ca Cr Cu Fe Pb Ni \'i
Spondylus
americanus 2 Range 20.4- 1.89- 6.9~ 71.9- 1.0L4- 5.k 5.6~
20.8 2.59 9.2 80.8 1.42 20.5 6.0
Summer Mean 20.6 2,25 8.0 76.0 1.23 13.0 5.8
Std. Dev. 0.3 0.49 1.6 6.4 0.27 10.6 0.3
Spondylus
emericanus 6 Range 19.4- 3.31- 2.3- 63.2- 0.51- 25.8- 3.0-
35.0 9.56 6.1 79.5 1.66 33.7 5.1
Fall Mean 22.7 6.92 L.2 72.0 1.03  29.9 h.1
Std. Dev. 7.8 2.58 1.k 6.0 0.46 3.1 1.0
Spondylus
americanus 3 Range 1.525- 1.76- 1.5- 19.3- 0.15- 5.9~ <0.4
3.875 6.31 3.3 66.1 0.71 17.1 3.9
Winter Mean 2.479 L.1h 2.2 39.5 0.51 10.7 <1.8
Std. Dev. 1.010 1.86 0.8 19.6 0.25 4.5 1.6
CRUSTACEANS
Sicyiona
brevirostris 2 Range 0.1k49- 0.h4h- 12,7~ 11.2- 0.73- <0.2- <0.L4-
0.571 0.4k 31.0 106 0.80 1.2 1.7
Summer Mean 0.360 0.4k 21.8 58.6 0.76 <0.8 <1.1
Std. Dev. 0.298 0.00 12.9 67.0 0.05 0.5 0.9
Sicyiona
brevirostris L Range 0.228- <0.01~ 29.9~ 49.9~ 0.15- 0.5~ 0.6~
0.474 1.07 92.0 104 0.67 0.8 2.1
Fall Mean 0.361 0.29 73.0 79.0 0.41 0.6 1.4
Std. Dev. 0.110 29.7 24,0 0.26 0.1 0.6

169



Table 135. Continued.

No. of CRUSTACEANS
samples*
Species Name analyzed Cd Cr Cu Fe Pb Ni \'
Sicyiona
brevirostris Y Range 0.050- 0.20- 37.5- 51.4- 0.26- 0.kh- ——
0.827 0.51 110 84.2 0.39 0.8 ———
Winter Mean 0.282 0.32 69.6 72.3 0.32 0.6 <0.4
Std. Dev. 0.320 0.12 29.5 13.1 0.05 0.1 —_—
Acanthocarpus
alexandri 3 Range 0.500- 0.65- 38.7- 245~ 0.24- 0.8- 1.2-
1.250 1.46 53.7 773 5.88 1.9 2.4
Summer Mean 0.950 0.94 45.8 431 2.20 0.9 1.6
\ Std. Dev. 0.397 0.45 7.5 296 3.19 0.8 0.7
Acanthocarpus .
alexandri 2 Range 0.518- <0.01- 71.8- 124- 0.28- <0.2- 2.3
2.68 0.49 80.0 245 0.66 0.6 3.0
Fall Mean 1.600 <0.19 75.9 184 0.47 <0.4 2.6
Std. Dev. 1.529 0.26 5.8 85 0.26 0.3 0.5
Acanthocarpus
alexandri 1 Range ——— ———— ——— ———— ——— ———— ————
Winter Mean Mean 0.khks 0.42 39.1 383 0.33 0.7 0.9
Std. Dev. —— —— — —— —_—— ——— —
Portunus
spinicarpus 6 Range 0.815- 0.33~ 19.1- 26.5 0.29- 0.3- <0.4=
7.120 1.05 61.4 669 6.94 1.4 1.k
Surmer Mean 3.143 0.5 Ys.7 190 3.42 0.9 <0.9
Std. Dev. 2.400 0.27 18.5 245 3.03 0.5 0.5
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Table 135. Continued.

No. of
samples¥®
Svecies Name analyzed Cd Cr Cu Fe Pb Ni
Portunus
spinicarpus 6 Range 0.358~ <0.01- 36.0- 35.9- 0.15- <0.2-
5.870 0.75 79.8 326 0.67 0.9
Fall Mean 2.636 0.21 55.9 129 0.30 <0.6
Std. Dev. 1.986 0.30 15.7 104 0.14 0.2
Portunus
spinicarpus 3 Range 3.201- 0.19- 39.4~ 51.5- 0.25- 0.3-
5.466 0.35 67.8 172 0.45 0.9
Winter N Mean L.o007 0.25 55.9 93.6 0.35 0.6
Std. Dev. 1.030 0.07 12.0 55.4 0.08 0.2
Stenorhynchus
seticornis 6 Range 1.070- 0.25- 19.3- 32.1- 0.17- 0.9-
1.890 0.46 34.3 61.9 0.83 1.7
Summer Mean 1.5L7 0.36 25.4 “h1.0 0.L48 1.0
Std. Dev. 0.349 0.07 5.5 7.0 0.28 0.3
Stenorhynchus '
seticornis 6 Range 0.635- 0.28- 28.5- 39.4- 0.34- <0.2-
' 1.250 0.89 57.8 T1.4 0.56 1.6
Fall Mean 0.959 0.53 39.9 56.9 0.4 <0.9
Std. Dev. 0.254 0.22 9.7 14.9 0.08 0.6
Stenorhynchus
seticornis 6 Range 0.397- 0.09- 25. 6~ 52,4~ 0.22- <0.2-
0.661 0.28 39.1 86.3 0.73 0.7
Winter Mean 0.466 0.17 31.7 69.5 0.45 <0.2
' Std. Dev. 0.090 0.09 .7 12.0 0.16 0.3

¥ For some elcements, the number of samples analyzed is one less
than that given.
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three sampling periods were considered in establishing gecographical trends.
Also, becéuse of the lack of gsufficient data, geographical trends should be
viewed only as possible indicators.

Sponges collected at Master Stations I-B, II-A, 062, and 06k were
consistently lower in their nickel concentrations than those from other
stations (Table Th) while the sponges from Master Stations VI-V and V-A
were consistently higher in chromium and iron. They also contained slightly
elevated concentrations of vanadium and nickel, respectively. These values
may be biased somewhat in the case of Master Station VI-A, since Guitarra
sp. was dominant and high chromium and iron values may be characteristic
of this sponge. This situation does not exist at Master Station V-A.

Due to the location of this station which is proximal to areas where the
suspended loads are at times greater than in the areas further to the

south, the elevated chromium, iron and nickel values may be due to sediment -
contamination. Brooks and Rumsby (1965) have demonstrated similar correla-
tions between these elemental concentrations and sediment content of
organisms. Within a sampling perioa, Cinachyra sp. was noticeably higher

in cadmium, iron, lead and vanadium at Master Stations II-A, 062, and 064
than at the other stations. The precise reasons for this were not clear,
although these stations were located close to the Tampa-St. Petersburg
region.

Seasonal trends in metal content were not readily apparent among the
sponges. Since Cinachyra sp. and P. crassa were the only sponges collected
in sufficient qﬁantities al the same station locations during all three

sampling periods, they were the only sponges used for seasonal trends.
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Both sponges show a steady decrease in every metal, excluding copper and
nickel, ffom summer to winter.

Although the range of values for metals in sponges appeared quite
large, other studies indicate that these values are within the ranges of
those found by other investigators (Bowen, 1966; I.D.0.E., 1972; Vinogradov,
1953).

Corals exhibit the greatest consistency in their concentrations of
trace metals (Table 135). Although the ranges in the nickel and vanadium
data appear to contradict this statement, only seven out of 55 samples
showed values greater than the mean for vanadium. What was even more
significant was that most of the nickel and vanadium values are below
the detection 1limit. This lack of "scatter" in values may be due to
1) the similar metabolism and feeding habits of the group as a whole, 2) only
seven species were collected and 3) restricted distribution (Florida
Middle Ground and off Clearwater, Florida). Other authors have noted this
same uniformity in trace element concentrations (Livingston and Thompson,
1971). In addition to the consistehcy in thgir trace metal concentrations,
corals also have the lowest values for the metals when compared to other
phyla. They average from five to ten times lower in their values than most
of the other groups.

The lack of variation in trace element concentrations within species
of corals is more remarkable than the lack of variation between the groups.
Since all coral samples were collected in a localized area, it was not
possible to diséern geographical trends in the metal data although one

seasonal trend was observed. Both dominant corals, Madracis decactis and
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Porites divaricata, show decreasing values in their cadmium, chromium, and

nickel content from summer to winter. It is possible that this trend may
not be completely duc to environmental conditions since the analytical
group was working at or near the detgction limit for the above-mentioned
metals during the three sampling periods. The analytical techniques were
improved with time and thus, the ability to distinguish between slight
variations in instrumental results was refined and the detecticn ability
improved. Since the analytical ability was improved slightly during the
course of the year, the slight differences in the metal concentrations in
corals may not be significant.

Data concerning tracebmetal concentrations in corals 1s scarce,
The few studies that have been done used neutron activation analysis
(Livingston and Thompson, 1971; Forster,et al., 1972). The detection
limits for many of the metals by this method is not good and thus these
data are significantly lower for many of the metals in corals than those
reported in the literature.

The results on the data obtained on molluscs is scarce (only 1b sampleé
were collected and analyzed) and data interpretation is difficult. Essentially

only one species was collected, Spondylus americanus.

The metal content of the molluscs showed considerable variation in
their concentrations of cadmium, chromium and copper. This is surprising,
when one considers that one species, S. americanus, compricsed 11 of the 1k
samples and that most samples were collected from the Florida Middle
Cround. Cadmium, chromium, and niékel values were greater than those of

most of the other groups.
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S. americanus, with one exception, exhibits no trends in its trace
metal concentrations. The exception was cadmium, and the concentration of
this metal decreased from summer to winter. Comparative values of the
molluscs analyzed in this study are glmost non-existent in the literature,
except for a few values (I.D.0.E., 1972).

As a whole, crustaceans vary to a lesser degree in their heavy metal
conczntrations than most othecr groups. This is somewhat surprising since
crustaceans are the most diverse and mobile group of organisms sampled
and exhibit many types of feeding habits (filter feeders, detrital feeders,
and carnivores). Also, crustaceans were collected from stétions covering
the entire MAFLA area. Thus, if there were any differences in trace
metal concentrations due to geography, the ranges in trace metal concentra-
tions would be influenced accordingly. Other than cadmium and copper the
trace metal values were not significantly higher in crustaceans and nickel
and vanadium values were near the detection limit in most organisms.

Variations in trace element concentrations among the dominant species

are shown in Table 135. In all three sampling periods, Stenorhynchus

seticornis shows the least variation for all elements. Since all S. seticornis
samples were collected from the Florida Middle Ground this may explain the
uniformity of the trace element concentrations.

No geographical trends were encountered and at best, seasonal trends
were limited. S. seticornis was the only crustacean collected in sufficient
quantities at the same location during the three sampling periods that
could be used to show any seasonal trends. Cadmium, nickel, and vanadium
decreased slightly in concentration from summer to winter and iron values

showed & slight increase.
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A number of the crustacean species analyzed in this study are not
cited elsevwhere in the literature. In order to make any comparisons to
the trace element concentrations of other studies, it was necessary to
integrate the various crustacean speties together and in general, the
trace metal values in crustaceans from this study compare favorably with
those of other investigators (Bryan, 1968; I.D.0.E., 1972; Martin, 197L;
Sims and Presley, 1976).

Except for iron and lead, the echinoderms were seqond only to corals
in their degree of consistency in trace element composition. This also,
was surprising, since out of the 29 samples analyzed there were 11 species

(Brissopsis elongata, from the winter were not included in this group

because the values were so much greater for chromium and iron). Further-
more, the samples were collected from stations encompassing most of the
MAFLA le;se area. As is the case with most other groups, nickel and vana-
dium values were low.

Due to the lack of sufficient data, any trends in this phylum were
1imited. Samples from Transect VI (especially Master Station VI-C) contained
higher iron values than the rest of the samples. A possible explanation
for this may be the input of terrigenous material in this area. No seasonal
trends were observed.

When comparing trace metal values in echinoderms from this study to
others, the same problem was encountered aé that with the crustaceans:
the same species have not been analyzed by others and it was again necessary
to group all echinoderms together. These data were similar to those of

Riley and Segar (1970) and I.D.0.E. (1972). Vinogradov's (1953) values were
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similar except that his copper values were greater (>100 ppm).

Some sediment hydrocarbon differences that were not evident in comparing
the summer and fall periocd chromatograms can be seen by observing the da