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PREFACE

This report is published to provide coastal engineers with basic
scientific data on the benthic fauna and surface sediments collected
during a 12-month period in the nearshore zone of Panama City Beach,
Florida, before restoration of the beach, and the results of a study on
the effect of Hurricane Eloise on the benthic fauna of the swash zone of
Panama City Beach. The work was carried out under the coastal ecology
research program of the U.S. Army Coastal Engineering Research Center (CERC).

The report was prepared by Carl H. Saloman, Fishery Research Biologist,
National Marine Fisheries Service, Gulf Fisheries Center, Panama City
Laboratory, Panama City, Florida, under CERC Interservice Support Agreement
No. 75-28.

The author acknowledges the assistance received from the following
experts on the identification and verification of the various animal taxa
collected: Raymond B. Manning, National Museum of Natural History,
Smithsonian In§titution, Washington, D.C. (caridean shrimp and stomatopods);
Edward B. Culter, Utica College of Syracuse University, Utica, New York
(sipunculid) ; Herbert Boschung, University of Alabama, Tuscaloosa, Alabama
(lancelets); Les Watling, University of Delaware, Lewes, Delaware (cumacean);
Richard W. Heard, Jr., Gulf Coast Research Laboratory, Ocean Springs,
Mississippi (isopods); E.L. Bousfield, National Museum of Canada, Ontario,
Canada (amphipods); J.R. Pickavance, Memorial University of New Foundland,
St. Johns, New Foundland, Canada (oligochaetes); John Hall, National Marine
Fisheries Service, Panama City, Florida (mollusk); and John L. Taylor,
Taylor Biological Company, Lynn Haven, Florida (polychaetes).

Mr. R.M, Yancey, Chief, Ecology Branch, was the CERC contract monitor
for the report, under the general supervision of the Mr. R.P. Savage,
Chief, Research Division,

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th
Congress, approved 31 July 1945, as supplemented by Public Law 172, 88th
Congress, approved 7 November 1963.

MO

OHN H. COUSINS
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Commander and Director
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THE BENTHIC FAUNA AND SEDIMENTS OF THE NEARSHORE ZONE OFF
PANAMA CITY BEACH, FLORIDA
by

Carl H. Saloman

I. TINTRODUCTION

1. General.

Continuing erosion along the beaches of Panama City Beach has
caused concern to the resident and transit populations that inhabit
and utilize the beaches. Erosion has rendered many of the structures
along the beach vulnerable to storm damage. To alleviate the problem,
the U.S. Army, Corps of Engineers has proposed to restore the damaged
beaches and periodically nourish them to qffset erosion (Wilson, 1975).
On 23 September 1975, Hurricane Eloise caused considerably more
erosion to the Panama City beaches. In many areas, particularly at
the western end of Panama City Beach, the storm eroded the primary
sand dune and left many structures damaged or exposed to future damage
by storm waves.

The U.S. Army Coastal Engineering Research Center (CERC) provided
funds to the National Marine Fisheries Service for the collection and
analysis of data on the benthic fauna and sediments of the nearshore
zone off Panama City Beach, Florida. This report describes the benthic
fauna and surface sediments of this nearshore zone before restoration
of the beach. Also included are the effect of Hurricane Eloise on the
benthic fauna of the swash zone and a bibliography of published and
unpublished information pertinent to the physical, chemical, and
biological aspects of the St. Andrew Bay system and adjacent Gulf of
Mexico area.

2 Studz Area.

The study area, which is located on the northern shore of the Gulf
of Mexico, about 9Q miles (166.7 kilometers) east of Pensacola,
Florida, lies between the entrance to St. Andrew Bay (West Pass) and
Phillips Inlet (Fig. 1), a length of 18.5 miles (34.3 kilometers).

The area is a popular summer resort area and is undergoing rapid
development for tourism. Condominiums and motels have been built along
much of the beach. 7The natural beach and sand dunes remain at St.
Andrews State Park (Fig. 2), while the remainder of the beach has been
developed (Figs. 3 and 4).
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Subareas of the beach are known as Biltmore Beach, Silver Sands,
Panama City Beach, Laguna Beach, Sunnyside Beach, and Hollywood Beach.
St. Andrews State Park is at the eastern end of the beach. 1In this
report, the entire stretch of beach will collectively be called
Panama City Beach.

The shoreline is relatively straight and the beach averages about
85 feet (25.9 meters) in width. A dune at elevations of 10 to 15 feet
(3 to 4.6 meters) above mean sea level (Wilson, 1975) backs the beach.
An interrupted sandbar lies from 50 to 200 feet (15.2 to 61 meters)
offshore, and a second sandbar lies about 800 feet (243.8 meters)
offshore. Seaward of the second sandbar the slope is irregular and
increases rapidly. Depths at 1 mile (1.85 kilometers) offshore range
from 51 to 65 feet (15.5 to 19.8 meters) (Fig. 5).

3. Restoration Plans.

The recommended plans for Panama City Beach call for restoration
of sand to the beach and creation of a primary dune and berm in the
18.5-mile (34.3 kilometers) study area. The artificially created
dune would have a width of 25 feet (7.6 meters) with a crest elevation
of 12 feet (3.6 meters). The seaward face of the dune would have a
slope of 1 foot (0.3 meter) vertical to 5 feet (1.5 meters) horizontal
from the 12-foot (3.6 meters) elevation to a 30-foot-wide (9.1 meters)
storm berm at an elevation of 7 feet (2.1 meters). Figure 6
illustrates the proposed beach restoration plan.

Ts accomplish this restoration, 3,999,000 cubic yards (3,057,435
cubic meters) of sand are needed initially, plus an additional
910,000 cubic yards (695,740 cubic meters) at 10-year intervals. The
sand will be obtained from offshore.

4. Station Locations.

Forty-five stations were located on nine transects in the Gulf of
Mexico between West Pass and Phillips Inlet. The transects were
positioned perpendicular to shore and each contained five stations
(Fig. 7). Station 1 is located in the swash zone; station 2 is on the
first sandbar; station 3 is between the first and second sandbar;
station 4 is on the second sandbar; and station 5 is located seaward
of the second sandbar in 10 feet (3 meters) of water. Station A and
B are located in 30 feet (9.1 meters) of water off transects 5 and 8.

Locations of the nine transects along Panama City Beach are as
follows: Transect 1 is located 300 yards (274.3 meters) west of the
jetty at the entrance of St. Andrew Bay in St. Andrews State Park;
transect 2 is located 100 feet (30.5 meters) east of the pier in St.
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Andrews State Park; transect 3 is located offshore of the intersection
of Lookout Street and Spyglass Street; transect 4 is located offshore
of the Fountainbleau Terrace Motel; transect 5 is located offshore

of the Fiesta Motel; transect 6 is located offshore of the Holiday Inn
West; transect 7 is located offshore of the Seagate Villas; transect

8 is located offshore of the Roundtowner Motel; and transect 9 is
located offshore of Pinnacle Port.

5. Sampling Frequency.

Hydrographic data, sediments, and benthic animals were obtained
from November 1974 to October 1975. Sampling was conducted monthly
at station 1 of each transect; sampling at the remaining stations of
each transect was conducted quarterly (November 1974, February, May,
and August 1975).

II. HYDROLOGY
1. Introduction.

The hydrology of the nearshore area off Panama City Beach has
been studied by several investigators. Efforts in the past have
been primarily in the area seaward of the present study area (Tolbert
and Austin, 1956, 1959; Ichiye, 1962; Salsman, 1962a, 1962b; Tolbert
and Salsman, 1964; Gaul, 1966; Gaul, Boykin, and Letzring, 1966;
Kirst and McMath, 1966a, 1966b; and Bennet and Olsen, 1971). The
hydrology of St. Andrew-Bay has been reported on mainly by Jones
and Ichiye (1960) and the Environmental Protection Agency (1975).

Hydrographic data collected in this study were limited to surface
water temperature and salinity.

2. Methods.

Water samples were collected on each sampling trip and were limited
to stations 1, 3, 5, A, and B.

Water temperatures were measured with a hand-held thermometer.
Salinity samples were collected in a plastic jar and results were
later determined with a Goldberg refractometer.

3. Results.

a. Water Temperature. Water temperatures varied seasonally. The
lowest average monthly temperature from all stations was 14.2° Celsius
in December 1974; the highest was 30.9° Celsius in July 1975. The
range of individual water temperatures was 13.3° to 32.1° Celsius i
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(Fig. 8; Table 1). The widest variation in temperatures occurred in
November 1974 (13.9° to 21.8° Celsius); June 1975 had the least
variation (27.6° to 28.6° Celsius).

The average water temperatures on the nine transects were
essentially the same on each transect for the 12-month sampling period
(Table 1). The data indicate temperatures were slightly higher at the
eastern end (West Pass) than near Phillips Inlet. Since sampling on
any particular day was usually started in the morning at the western
end of the study area and proceeded eastward, this disparity is
probably due to time of sampling.

Individual water temperatures are listed by station and date in
Appendix A.

b. Salinity. Salinities fluctuated during the year from a low of
23.67 parts per thousand in August 1975 to a high of 35.39 parts per
thousand in December 1974 (Table 1). The highest average monthly
salinity occurred in December 1974 (35.03 parts per thousand); the
lowest average monthly salinity (28.44 parts per thousand) was in
August 1975. The highest variation within a month also occurred in
August 1975; the following September had the least variation (Fig. 9).

Average salinities on each transect for the entire sampling period
were approximately the same. A slight increase in salinity was noted
at the transects near the western end of the study area (Table 1).
Since the eastern end receives discharge from the St. Andrew Bay
complex, this slight increase is probably due to the paucity of fresh-
water discharge.

Salinities by station and date are listed in Appendix A.
I111. SEDIMENTOLOGY

1. Introduction.

Since the abundance and diversity of benthic animals are a measure
and function of the type of substrate, the collection of surface
sediments was dome primarily to describe their association with the
benthic animals. Also, if hydraulic dredging takes place, it is the
surface sediments +hut will be altered by siltation or placement of
sand with a different grain size.

Sediment analysis included the percentage weight of the gravel,
sand, silt, and clay-size fractions, carbonate, total carbon, and
organic carbon. Statistical factors of mean grain size, standard
deviation, skewness, and kurtosis were also determined.
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bt Table 1. Average and range of water temperature and salinity on
; transects 1 to 9 and stations A and B.
E Water Temperature (°C) Salinityl
i Transect Average Range Average Range
E 1 22.5 14.9 to 32.1 31.77 - 24.22 to 34.94
2 23.0 14.7 to 32.0 32.01 24.61 to 35.39
g 3 22.4 14.6 to 31.3 31.59 23.67 to 35.39
% 4 22.0 13.9 to 31.0 32.07 24.67 to 35.33
E 5 22.0 14.1 to 30.9 32,37 26.61 to 35.33
? 6 22.0 13.6 to 30.8 32.42 26.33 to 35.33
7 22.2 13.9 to 30.1 32,38 25.50 to 35.17
8 22.1 13.8 to 30.2 32.46 25.56 to 35.28
9 22.0 13.3 to 30.1 32.25 25.44 to 35.28
r Station
“ A 23.2 17.4 to 28.3 31.83 26.22 to 34.50
t B 23.2 17.5 to 28.5 31.63 26.11 to 34.33
Iparts per thousand
i
!
i
]
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Beach sediments in the study area have been studied by Cumings
and von Oesen (1973) and Balsillie (1975). Other reports from the
general area of northwest Florida with information applicable to the
study area include Stewart and Gorsline (1962), Koefoed and Gorsline
(1963), Gorsline (1964, 1966), and Stapor (1973). .

2. Methods.

Sediment samples were collected in 8-ounce jars which were pushed
at least 4 inches into the substratum, removed, and capped. The
samples were frozen and stored until time for analysis.

a. Particle Size, Carbon, and Carbonate Analysis. Samples for
sediment analysis were removed from the freezer and air dried over-
night. Using a microsplitter on a mechanical shaker, 15 to 20 grams
were separated for particle-size analyses. Another 4 grams were
separated to be ground for geochemical analyses. The split for
particle-size analysis was soaked in acetone, treated for 15 minutes
in an ultrasonic cleaner, and then rinsed. If the sand grains showed ]
any significant aggregation, the sample was carefully rubbed to |
disperse the grains. The sample was then put through a series of
3-inch sieves of 1 phi unit intervals by agitation for 15 minutes on
the shaker. Each separated fraction on the sieves was weighed to the
closest milligram. From these data a frequency distribution was
compiled and other textural parameters computed. Since the silt-clay
fraction of the sands was less than 1 percent, no pipette analyses
were necessary.

The analyses for total carbon and organic carbon content of the
beach sands were run on a Leco 750-100 90-second carbon analyzer. The
sediment split for chemical analyses was ground sufficiently to pass
through a 62-micrometer screen and then dried in an oven. To determine
total carbon content, approximately 0.2-gram samples were scooped out,
weighed to the nearest 0.1 milligram, and transferred to Leco
crucibles. The sediment was then combusted in a high-frequency
induction furnace at temperatures exceeding 1,600° Celsius. The carbon
dioxide driven off was carried off by dry, carbon dioxide-free oxygen
into a cylinder where the thermal conductivity of the gas mixture was
measured. A catalytic furnace in the oxygen train converted any carbon
monoxide to carbon dioxide. Readout was directly in percent carbon.
A1l samples and standards were run in triplicate. After 12 combustions
a high and a low standard were run and the bridge balance checked.
After about 110 combustions the tubing, sulphur and dust traps, and
combustion tube were cleaned. To determine the percent of organic
carbon, 0.2-gram samples were dried, weighed, treated with six drops
each of a 10-percent solution of hydrochloric acid, and warmed in a
Leco crucible. After removal of the soluble carbonate the residues




we e run through the carbon analyzer. The difference between the total
arbon content and the carbon remaining after treatment with weak acid
was the carbonate content of the sediment.

b. Statistical Analysis. The following four statistical para-
meters were calculated for each sample: Mean grain size, standard
deviation, skewness, and kurtosis. The formulas used were from Folk
and Ward (1957).

(1) Mean Grain Size. The mean grain size is the mean
calculated by the formula (¢16 + ¢50 + ¢84)/3. The three phi (¢) units
are percentiles taken from a plotted cumulative curve (Tyle standard
screen scale). Corresponding size limits in phi units and millimeters
in relation to particle-size classification are shown in Table 2.

(2) Standard Deviation. The standard deviation is a measure
of the average spread of the curve about its central tendency and
indicates the degree of sorting of particles in the sample. The
formula expressing this value is:

984 - 616 , ¢95 - ¢5
4 6.6

This formula includes 90 percent of the distribution and, therefore,
provides a wide-ranging measure of sorting. Folk {1964) identified
various standard deviations in relation to the degree of sorting
(Table 3).

(3) Skewness. Skewness indicates the displacement of the
median from the mean, and is independent of sorting. For example, a
symmetrical curve would have a skewness of zero; with an excess of
fine material, the sample would be skewed right or positive; a sample
with an excess of coarse sediments would be skewed left or negative
(Table 4). The formula is:

$16 + ¢84 - 2650 , ¢5 + ¢95 + 2¢50
2(¢84 - 416) 2(995 - ¢5)

(4) Kurtosis. Kurtosis is a measure of the ratio of the
sorting in the extremes of the distribution compared with sorting in
the central part (Folk and Ward, 1957). If the data can be plotted
as a straight line on probability paper, a normal distribution with a
kurtosis value of 1 is indicated. A departure from the straight line
indicates a departure from normality and changes the kurtosis. If
the central part is better sorted than the tails, the curve is
excessively peaked or leptokurtic; if the tails are better sorted than
the central part, the curve is flattened or platykurtic. The formula
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Table 2. Sediment classification by particle size.

Phi Millimeters
Gravel -6.0 to 0.0 - 64.0  to 1.0
Sand 0.0 to 4.0 1.0 to 0.0625 i
Silt 4.0 to 8.0 0.0625 to 0.0039 |
Clay >8.0 <0.0039 ]

Table 3. Classification of sediment sorting by standard
deviations (after Folk, 1964).

Standard Deviation (¢) Classification i
<0.35 Very well sorted
3 0.35 to 0.50 Well-sorted
} 0.50 to 0.71 Moderately well sorted
3 0.71 to 1.0 Moderately sorted
1.0 t0°2.0 Poorly sorted
2.0 to 4.0 Very poorly sorted
>4.0 Extremely poorly sorted

Table 4. Classification of sediment by skewness
(after Folk, 1964).

Skewness Classification 3
-1.00 to -0.30 Strongly coarse-skewed

-0.30 to -0.10 Coarse-~skewed

-0.10 to 0.10 Near-symmetrical

0.10 to 0.30 Fine-skewed

0.30 to 1.00 Strongly fine-skewed

¥
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51 5 ﬁ




is:
_995 - ¢5
2.44 (975 - ¢25)

Classification of sediments by kurtosis is given in Table 5.

Table 5. Classification of sediment by kurtosis (after

Folk, 1964).

Kurtosis Classification
<0.67 Very platykurtic

0.67 to 0.90 Platykurtic

0.90 to 1.11 Mesokurtic

1.11 to 1.50 Leptokurtic

1.50 to 3.00 Very leptokurtic
>3.00 Extremely leptokurtic

3. Results.

A total of 255 sediment samples was analyzed for particle-size
distribution, percent carbon, organic carbon, carbonate, and
statistical factors. Since very little variation was noted in any of
the factors at any station or within the geographical boundaries of
the study area, surface sediments exhibited uniformity over time and
location.

The percentage of sample weight for each particle size (gravel,
sand, silt, and clay) for each station is listed in Appendix B, and
for each transect in Appendix C. The percentage of sample weight of
total carbon, organic carbon, and carbonate for each station is listed
in Appendix D, and for each transect in Appendix E.

a. Gravel. Sediments in the survey area ranged from 0 to 7
percent of the total sample weight in the gravel fraction. This size
fraction consisted mainly of carbonate particles. Over 90 percent of
the stations had less than 0.51 percent of the total sample weight in
the gravel fraction (Fig. 10).

The average percent of the total sample weight of this size
fraction at all transect stations was 0.197. Station 1, located in the
swash zone, had the highest average percentage of this size fraction;
station 4, located on the second sandbar, had the least (Table 6). The
weight percent of this size fraction was also low at stations A and B
(Table 7).
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Table 6. Average and range of the particle-size distribution as percentage of total sample weight of surface sediments, )
Grain-size classes
Station Gravel Sa Silt Clay
Average Range Average Range Average Range Average R‘Eﬁ"

1 0.315 0,000 to 6.967 9,649 93.014 to 100,000 0.036 0.000 to 0.217 0.000 0.000
2 0.139 0.000 to 3,240 99 813 96.730 to 100,000 0.048 0.000 to 0.214 0.000 0.000
3 0.163 0.000 to 2,209 99.771 97.762 to 100.000 0.066 0.000 to 0.164 0.000 0.000
4 0.028 0.000 to 1.053 99.8% 98.859 to 100.000 0.076 0.000 to 0.136 0.000 0.000
S 0.098 0.000 to 1.570 99.833 98.414 to 99.996 0.069 0.000 to 0.155 0.000 0.000

Yearly avg.

and range 0.197 0.000 to 6.967 99.752 93.014 to 100.000 0.048 0.000 to 0.217 0.000 0.000

Icotlected at each station from all transects in the nearshore zone of the Gulf

of Mexico off Panama City Beach, Florida.

Table 7. Average and range of the particle-size distribution as percentage of total sample weight of surface sediments,
stations A and B,
Grain-size classes
Station Gravel Sand Silt Clay
Average Range Average Range Average Range Average Range
A 9.000 0.000 99.860 99.826 to 99.892 0.140 0.108 to 0.174 0.000 0.000
B 0.126 0.000 to 0.502 99.775 99.341 to 100.000 0.100 0.000 to 0.157 0.000 0.000
Yearly avg.
and range 0.072 0.000 to 0.502 99.811 99.341 to 100.000 0.117 0.000 to 0.174 0.000 0.000

Icollected from stations A and B in the nearshore 2one of

the Gulf of Mexico off Panama City Beach, Florida.

Table 8. Average and range of the particle-size distribution as percentage of total sample weight of surface sediments on
each transect.
Gra'n-size classes
Transect avel Sand Silt Clay
Average Range Average Range Average Range Average Range

1 0.340 0.000 to 4.868 99.620 95.059 to 100.000 0.041 0.000 to 0.136 0.000 0.000
2 0.288 0.000 to 3.240 99.664 96.730 to 100.000 0.048 0.000 to 0.214 0.000 0.000
3 0.256 0.000 to 2.209 99,686 97.762 to 99,988 0.059 0.000 to 0,155 0.000 0.000
4 0.445 0.000 to 6.967 99.504 93.014 to 100.000 0.051 0.000 to 0.164 0.000 0.000
5 0.081 0.000 to 1.428 99.878 98.522 to 100.000 0.04] 0.000 to 0.133 0.000 0.000
6 0.119 0.000 to 1.039 99.837 98.959 to 99.995 0.044 0.000 to 0.105 ©.000 0.000
7 0.048 0.000 to 1.035 99.905 98.903 to 100.000 0.047 0.000 to 0.157 0.000 0.000
8 0.141 0.000 to 1.672 99.810 98.308 to 100.000 0.050 0.000 to 0.134 0.000 0.000
9 0.066 0.000 to 1.053 99,863 98.859 to 100.000 0.051 0.000 to 0.217 0.000 0.000

Yearly avg.

and range 0.197 0.000 to 6.967 99.752 93,014 to 100.000 0.048 0.000 to 0.217 0.000 0.000

ltollected on each transect in the nearshore zone of the Gulf
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The distribution of this size fraction varied only slightly from
one end of the study area to the other. Sediments on transects 1 to 4
had an average of two to three times more gravel than sediments on
transect 5 to 9 (Table 8). This difference could possibly be
attributed to a higher erosion rate near West Pass causing the smaller
sized particles to be eroded away. This section of the beach near West
Pass also received spoil from dredging in Grand Lagoon in January 1972.
The spoil probably had numerous particles larger than the existing
beach sand.

b. Sand. Surface sediments in the nearshore ranged from 93 to
100 percent of the total sample weight in the sand fraction. Over
87 percent of the stations had weight percentages of the sand fraction
in the 99- to 99.9-percent range. Almost 6 percent of the stations
consisted of 100-percent sand (Fig. 11).

The average percent of the total sample weight of this size
fraction at all transect stations was 99.752. Station 1 had the
lowest average weight percentage of sand; station 4 had the highest
(Table 6). The average weight percentage of sand at stations A and B
in 30 feet of water was 99.911 percent (Table 7).

The distribution of this size fraction varied slightly over the
study area. Lower percentages of sand were present at transects 1 to 4
and higher percentages of sand were present on transects 5 to 9
(Table 8).

c. Silt. Surface sediments in the study area ranged from 0 to
0.217 percent of the total sample weight in the silt fraction. Almost
50 percent of the stations had weight percentages of the silt-size
fraction in the 0.001- to 0.050-percent range. Over 9 percent of the
stations had 0 percent of silt present (Fig. 12).

The average weight percent of this size fraction at all transect
stations was 0.048. Station 1 had the lowest weight percent of silt;
station 4 had the highest (Table 6). The percent of silt at stations
A and B was 0.117 (Table 7).

The distribution of this size fraction remained fairly constant
throughout the study area. Average values for each transect only

ranged from 0.041 to 0.059 percent of the total sample weight (Table 8).

d. Clay. This size fraction was absent from all stations in the
study area (Tables 6, 7, and 8).
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e. Total Carbon. The amount of total carbon in the surface
sediments of this nearshore zone was low. The percentage of the total
sample weight for each sample ranged from 0.010 to 1.761 percent, with
80 percent of the stations having a percentage of total carben below
0.151 percent (Fig. 13).

The average percent of the total sample weight at all transect
stations was 0.129. The highest averages were at stations 2 and 5;
station 4 had the lowest average (Table 9). The average weight percent
of total carbon at stations A and B in 30 feet of water was 0.133
(Table 10).

The distribution of total carbon on the nine transects indicated a
gradual decrease from east to west. The average values on transects
1, 2, and 3 was 0.173 percent; transects 4, 5, and 6 had an average of
0.131 percent, and transects 7, 8, and 9 averaged 0.083 percent
(Table 11).

f. Organic Carbon. The amount of organic carbon in the surface
sediments was low. The percent of the total sample weight for each
sample ranged from 0.005 to 0.208, with over 92 percent of the stations
having values below 0.100 percent (Fig. 14).

The average value of organic carbon on each of the five transect
stations ranged from 0.44 to 0.50 percent. Sediments at station 1 had
the highest value of organic carbon (Table 9). Average values at
stations A and B were slightly higher than at stations located on the
nine transects (Table 10).

The distribution of organic carbon on the nine transects followed
the same pattern as total carbon, i.e., the values decreased from east
to west along the beach. The average value on transects 1, 2, and 3
was 0.058 percent; transects 4, 5, and 6 had an average of 0.045
percent, and transects 7, 8, and 9 averaged 0.040 percent (Table 11).

g. Carbonate. The amount of carbonate in the surface sediments
was very low. The range of the percentage of the total sample weight
for each sample was 0.000 to 1.697 percent with almost 92 percent of
the stations having carbonate values below 0.200 percent (Fig. 15).
Only two samples had carbonate values above 1 percent.

The average value of carbonate on each of the five transect
stations ranged from 0.051 to 0.106 percent. Carbonates were highest
at stations 2 and 5, and the lowest at station 4 (Table 9). At
stations A and B, the level of carbonate in the samples was about the
same as the stations located on the transects (Table 10).

34




L}
0001< e
! p
: 0001 O1 1050 = ]
¢ (o]
e, 0
: 00g9 O 1D o
1 5 T
: & 0SY0 OL 1O¥0 = o
w o < e
1 g o b
o oovo oL 1sE0 ¥
el " w 2
g 0SE0 Ol 10€0 S
- a Q
o -
— ooco o1 1520 & 3 "
T
oszoortozo X 0*
2 &
00Z0 O1 ISL0 S8
L g
8.2
051G O 100 g R
a0
0010 OL 1500 ]
L 0]
~4
0500 O1 0000 .
g
2 = 3 & 2 = &
(12d) SNOILV1S




Table 9. Average and range of total carbon, organic carbon, and carbonate as percentage of total
sample weight of surface sediments.l

Station Total Carbon Organic Carbon Carbonate
Average Range Average Range Average Range
1 0.134 0.010 to 0.839 0.050 0.006 to 0.200 0.085 0.001 to 0.796 f
2 0.148 0.025 to 1.761 0.044 0.010 to 0.197 0.106 0.001 to 0.697 %
3 0.113 0.021 to 0.803 0.047 0.008 to 0.154 0.065 0.000 to 0.760 %
R} 0.093 0.029 to 0.389 0.046 0.005 to 0.208 0.051 0.001 to 0.196 i
» 5 0.148 0.032 to 1.096 0.045 0.006 to 0.169 0.106 0.002 to 0.481 g
Yearly avg. }
and range 0.129 0.010 to 1.761 0.048 0.005 to 0.208 0.083 0.001 to 1.697

Icollected at each station from all transects in the nearshore zone of the Gulf of Mexico off Panama
City Beach, Florida.

Table 10. Average and range of total carbon, organic carbon, and carbonate as percentage of total 3
sample weight of surface sediments, stations A and B.

Station Total Carbon Organic Carbon Carbonate
Average Range Average Range Average Range
A 0.102 0.070 to 0.144 0.051 0.024 to 0.081 0.051 0.020 to 0.120
B 0.174 0.082 to 0.334 0.069 0.008 to 0.114 0.105 0.022 to 0.220
Yearly avg.
and range 0.133 0.070 to 0.334 0.058 0.008 to 0.114 0.074 0.020 to 0.220

Ieollected from stations A and B in the nearshore zone of the Gulf of Mexico off Panama City Beach,
Florida.

Table 11. Average and range of total carbon, organic carbon, and carbonate as percentage of total
sample weight of surface sediments on each transect.

Station Total Carbon Organic Carbon Carbonate
Average _Range Average Range Average Range

1 0.138 0.017 to 0.389 0.074 0.008 to 0.208 0.065 0.002 to 0.212
2 0.257 0.021 to 1.761 0.054 0.014 to 0.197 0.211 0.004 to 1.697
3 0.125 0.039 to 0.489 0.047 0.011 to 0.124 0.081 0.006 to 0.455
4 0.131 0.025 to 0.729 0.036 0.008 to 0.086 0.097 0.002 to 0.700
5 0.153 0.027 te 0.803 0.052 0.011 to 0.149 0.104 6.003 to 0.760
6 0.109 0.025 to 0.284 0.047 0.006 to 0.177 0.060 0.001 to 0.237
7 0.074 0.026 to 0.148 0.047 0.005 to 0,117 0.026 0.001 to 0.062
8 0.108 0.010 to 0.643 0.042 0.006 to 0.160 0.066 0.000 to 0.481
9 0.066 0.019 to 0.171 0.031 0.007 to 0.080 0.035 0.004 to 0.124

Yearly avg.

and range 0.129 0.010 to 1.761 0.048 0,005 to 0.208 0.083 0.000 to 1.697

Icollected on each transect in the nearshore zone of the Gulf of Mexico off Panama City Beach,
Florida.
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The distribution of carbonate on the nine transects followed the
same pattern as total carbon and organic carbon. There was a decrease
in values from east to west. The average value on transects 1, 2, and
3 was 0.119 percent; transects 4, 5, and 6 had an average of 0.087
percent, and transects 7, 8, and 9 averaged 0.042 percent (Table 11).

h. Mean Grain Size. The average mean grain size from all transect g
stations was 1.918 phi (0.273 millimeter) (Table 9). Sediments with
these mean grain sizes were classified as sand (Table 2). The range of
mean grain-size values was 0.777 to 2.488 phi (0.178 to 0.584
millimeter). Over 87 percent of stations occurred in the range of
1.51 to 2.50 phi (Fig. 16); 96 percent of the stations had a mean grain
size between 0.11 to 0.4 millimeter (Fig. 17).

The mean grain size of the surface sediments gradually decreased
as distance from shore increased. An exception was at station 3,
where the sediments averaged slightly smaller than stations 4 and 5
(Table 12). Sediments at stations A and B had average mean grain sizes
smaller than the transect stations (Table 13).

The average mean grain size of sediments on each of the nine
transects ranged from 1.814 to 2.004 phi (0.253 to 0.297 millimeter)
(Table 14). There was a slight decrease in mean grain sizes from
transects 1, 2, and 3 and then an increase in values from transects
3 to 9.

i. Standard Deviation. Surface sediments at all transect stations
had an average standard deviation of 0.608 phi (Table 9) and were
classified as moderately well sorted (Table 3). The range of values
from transect stations varied from 0.321 to 1.119 phi. Over 64 percent
of the stations occurred in the bracket classified as moderately well
sorted; almost 17 percent of the stations were present in each of the
well-sorted and moderately sorted classifications (Fig. 18; Table 3).

The average of all samples taken at each of the five transect
stations was in the moderately well sorted classification. Sediments
at station 3 were better sorted than the remaining stations; station
2 had the poorest sorting of sediments (Table 12). Sediments at
stations A and B were also moderately well sorted with an average of
0.638 phi (Table 13).

The average standard deviations on each of the nine transects
ranged from 0.566 to 0.669 phi. Transects 1, 2, and 3 had sediments
that had higher standard deviations than the remaining transects and,
therefore, were slightly less sorted (Table 14).
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'r Table 12. Average and range of statistical data' for surface sediments.? “

rain Size (phi Mean Grain S Standard Deviation (phi Skewness Kurtosis
Range Average Average o Average ange Average Range
0.777 to 2.451 0.332 0.183 to 0.584 0.620 0.321 to 1.119 | +0.018 -0.468 to +0.297 1.100 0.584 to 2.026
4 2 1.890 1.314 to 2.323 0.273 0.200 to 0.402 0.648 0.522 to 0.861 -0.031 -0.266 to +0.247 0.923 0.741 to 1.366
3 2.2% 1.709 to 2.440 0.214 0.183 to 0.306 0.562 0.433 to 0.781 -0.189 =0.345 to +0.248 1.014 0.745 to 1.247
4 2,215 1.729 to 2.488 0.217 0.178 to 0.302 0.579 0.351 to 0.832 -0.201 -0.315 to +0.116 1.007 0.754 to 1.214
9 5 2.217 1.193 to 2.477 0.217 0.180 to 0.437 0.595 0.410 to 0,848 -0.270 -0.416 to 0.151 1.061 0.762 to 1.273
b, Yearly
4 :\.l'g‘.elnd 1.918 0.777 to 2.488 0.273 0.178 to 0.584 0.608 0.321 to 1.119 -0.085 -0.468 to +0.297 1.043 0.584 to 2.026
3

lUsing formulas by Folk and Ward (1957).
: ollected at each station from all transects in the nearshore zone of the Gulf of Mexico off Panama City Beach, Florida.

Table 13. Average and range of statistical dnal for surface sediments at stations A and Ii.2

; Station | Mean Grain Size Mean Grain Size (mm) Standard Deviation (phi Skewness Kurtosis
3 Average Range Average ange Average Range Average Range Average Range
- A 2.310 2.203 to 2.433 0.202 0.185 to 0.217 0.603 0.499 to 0.715 | -0.200 -0.246 to -0.156 1.128 1.014 to 1.227
g B 2.289 2.169 to 2.447 0.205 0.183 to 0.222 0.665 0.554 to 0.802 | -0.237 -0.382 to -0.089 1.237 1.134 to 1.376
; Yearly s
avg. and| 2.298 2.169 to 2.447 0.204 0.183 to 0.222 0.538 0.499 to 0.802 | -0.221 -0.382 to -0.089 1.190 1.014 to 1.376
range

lysing formulas by Folk and Ward (1957).
2ollected at stations A and B in the nearshore zone of the Gulf of Mexico off Panama City Beach, Florida.

Table 14. Average and range of statistical datal for surface sediments on each tranmsect.?

4 Station | Mean Grain Size (phi Mean Grain Size (mm Standard Deviation (phi) __Skewness Kurtosis
A _ﬂ Average Range E Range :@ Range Average Range m nge
2 1 1.899 | 1.121 to 2.400 | 0.276 | 0.190 to 0.460 | 0.669 | 0.467 to 0.991 | -0.117 | -0.358 to +0.247 | 0.999 | 0.738 to 1.296
2 1.913 | 0.896 to 2.418 | 0.274 | 0.187 to 0.538 | 0.663 | 0.343 to 0.900 | -0.110 | -0.416 to +0.297 [ 1.005 | 0.743 to 1.380
3 3 2.004 | 1.442 to 2.440 | 0.253 | 0.184 to 0.368 | 0.637 | 0.445 to 1.043 | -0.146 | -0.468 to +0.123 | 1.026 | 0.584 to 1.357
1 4 1.938 | 1.491 to 2.488 | 0.269 | 0.178 to 0.356 | 0.591 | 0.351 to 1.119 | -0.103 | -0.397 to +0.184 | 1.067 | 0.741 to 2.026 |
: s 1.983 | 1.544 to 2.426 | 0.258 | 0.186 to 0.343 | 0.592 | 0.472 to 0.791 | -0.055 | -0.381 to +0.251 | 1.054 | 0.738 to 1.344
6 1.920 | 0.777 to 2.459 | 0.275 | 0.182 to 0.584 | 0.566 | 0.407 to 0.743 | -0.062 | -0.314 to +0.245 | 1.068 | 0.746 to 1.368 4
7 1.890 | 1.335 to 2.458 | 0.277 | 0.185 to 0.396 | 0.567 | 0.321 to 0.742 | -0.036 | -0.331 to +0.248 [ 1.039 [ 0.738 to 1.267
"( 8 1.896 | 1.171 to 2.451 | 0.279 | 0.183 to 0.444 | 0.579 | 0.431 to 0.748 | -0.104 | -0.315 to +0.248 [ 1.039 | 0.750 to 1.400 :
3 9 1.814 | 1.148 to 2.432 | 0.297 | 0.185 to 0.451 | 0.613 [ 0.332 to 0.832 | -0.127 | -0.331 to +0.109 | 1.088 | 0.738 to 1.337
] Yearly i
avg. and| 1.918 | 0.777 to 2.488 | 0.273 | 0.178 to 0.584 | 0.608 | 0.321 to 1.119 | -0.085 | -0.468 to +0.297 | 1.043 | 0.584 to 2.026
range 1
1Using formulas by Folk and Ward (1957). 3

2Collected on each transect in the nearshore zone of the Gulf of Mexico off Panama City Beach, Florida.
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j. Skewness. Surface sediments at all transect stations had an
average skewness of -0.085 (Table 9) and were classified as nearly
symmetrical (Table 4). The range of values from transect stations
varied from -0.468 to +0.297. Almost 50 percent of the stations
occurred in the skewness bracket of -0.30 and -0.10 and, therefore,
were coarsely skewed; 27 percent of the stations were classified as
symmetrical (Fig. 19).

The average of all samples taken at each of the five transect
stations ranged from +0.018 at station 1 to -0.270 at station 5.
Sediments changed from nearly symmetrical in the swash zone to more
coarsely skewed as distance from shore increased at the five stations
on each transect (Table 12). Sediments at stations A and B were also
classified as coarsely skewed (Table 13).

The average skewness values on each of the nine transects ranged
from -0.036 to -0.146. Values on transects 5, 6, and 7 were classified
as nearly symmetrical; the remaining transects had average values that
were classified as coarsely skewed (Table 14).

k. Kurtosis. The average kurtosis at all transect stations was
1.043 (Table 9), and was classified as mesokurtic (Table 5). The
range of all values from transect stations varied from 0.584 to 2.026.
Over 41 percent of the stations had sediments classified as lepto-
kurtic; almost 32 percent were mesokurtic, and nearly 26 percent
platykurtic (Fig. 20).

The averages of all samples at each of the five transect stations
ranged from 0.923 at station 2 to 1.100 at station 1 (Table 12). The
average values at each of the five transect stations were classified
as mesokurtic, with sediments at station 2 tending more toward
platykurtic. The average kurtosis of sediments at stations A and B
were classified as leptokurtic (Table 13).

The average kurtosis on each of the nine transects ranged from
0.999 to 1.088. Sediments on transects 1, 2, and 3 tended more toward
platykurtic than on the remaining transects (Table 14).

IV. BENTHIC FAUNA

1. Introduction.

The abundance and diversity of the benthic invertebrates in this
nearshore zone are a measure of the quality of the benthic environment.
Determination of the faunal characteristics of this environment is
required before beach restoration takes place to determine the effects
of removing sand from offshore and creating a new beach.
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This report is the first to describe quantitatively the benthic
macroinvertebrates of this nearshore area. Included in the list of
animals are several new species, some of which comprise a significant
part of the fauna (Table 15).

The benthic fauna of the nearshore zone of the Gulf of Mexico off
Panama City Beach, Florida, is practically unknown. Hulings (1961)
listed 53 species of barnacles and decapod crustaceans collected on
one transect perpendicular to the beach with trawls, scallop dredges,
and aqualung diving. Salsman and Tolbert (1965) made observations on
the populations of the sand dollar, Mellita quinquiesperforata. In
waters adjacent to the nearshore zone, Culpepper and Pequegnat (1969)
studied the gammarid amphipods on artificial substrates, and Little
(1963) surveyed the sponge fauna offshore of Panama City. |

The ostracods were examined from the Panama City area by Puri and
Hulings (1957) and from St. Andrew Bay by Waller (1961). The plankton
of St. Andrew Bay was reported by Hopkins (1966).

The fish fauna of the Panama City area has been reported by
Caldwell (1959), Allison (1961), Vick (1964), Haburay, Crooke, and
Hastings (1969), Klima and Wickham (1971), Hastings (1972), Wickham,
Watson, and Ogren (1973), and Ogren (1975).

2. Methods.

The benthic fauna was sampled with a stainless steel plug sampler
(Fig. 2]) that covers an area 1/64 square meter and penetrates to a
depth of 23 centimeters. It has handles for ease in handling, and
the top is covered with a stainless steel mesh (0.701 square milli-
meter). In operation the plug sampler is pushed into the bottom, the

substrate on one side is removed by hand, and the sampler is tilted and 7
lifted out with a hand covering the bottom. In water depths greater

than 4 feet (1.2 meters), the sampler is pushed in by a diver and .
removed as previously stated. During ascent, the open end is securely

held against the diver's body to prevent sample loss.

Four plug samples were taken at each station. Samples collected
on the beach were extruded intc pans, divided into equal top and
bottom parts (Fig. 22), placed in a stainless steel sieve (Fig. 21)
with a mesh of 0,701 square millimeter, and sieved. The remnant part
in the sieve was stained with Rose Bengal and preserved in 10-percent
Formalin-seawater solution. Samples collected offshore at stations
2 to 5 were placed in a large metal tub inside an inner tube (Fig. 23).
The samples were brought to shore and processed as previously stated.
At stations A and B, an outboard motorboat was used as the sampling
platform and the samples were processed identically.

-




Table 15. Checklist of benthic animals.

ACTINIARIA (Sea anemones)
Unidentified sp.

TURBELLARIA (Flatworms)
Unidentified sp.

NEMERTINEA (Ribbon worms)
Unidentified sp.

NEMATODA (Round worms)
1. Unidentified sp. A
2. Unidentified sp. B

POLYCHAETA (Marine worms)
1. Agloaghamus verrilli
2. Ampharetid sp.
3. Anaitides erythrophyllus
4. Apoprionospio pygmaea
5. Arieidea sp.
6. Aricidea fragilis
7. Armandia maculata
8. Brania clavata
9. Brania wellfleetensis
10. Unidentified capitellid
11. Caulleriella
12. Ceratonereis irritabilis
13. Unidentified cirratulid
14. Diopatra cuprea
15. Dispio uneinata
16. Eteone heteropoda
17. Glyecera oxycephala
18. Guptis vittata
19. Heteromastus filiformis
20. Loimia virdis
21. Lumbrineris sp.
22. [Lumbrineris paravapedata
23. Magelona sp.
24. Magelona obockensis
25. Magelona riojai

26. Mediomastus californiensis

27. Mesochaetopterus sp.
28. Micronephtys sp.

29. Micronephtys minuta
30. Minuspio sp.

Nephtys sp.

Nephtys bucera

Nephtys picta

Nereis acumulata
Notomastus hemipodus
Onuphis eremita oculata
Ophelia sp.

Ophelina sp.

Orbiniid sp.

Owenia fusiformis

" Paranaites speciosa

Paraonides sp.
Paraonides lyra
Paraonis fulgens
Paraprionospio pinnata
Pectinaria gouldia
Phyllodoce arenae
Phyllodoce sp.
Podarmus sp.
Poecilochaetus johnsonti
Polydora sp.
Prionospio cirrifera
Prionospio cristata
Seolelepis sp.
Seolelepis squamata
Scolelepis texana
Seoloplos foliosus
Scoloplos fragilis
Seoloplos robustus
Seoloplos rubta
Sigambra basst
Spiochaetopterus oculatus
Unidentified spionid
Spto pettiboneae
Spiophanes bombyx
Sthenelais sp.
Syllides setosa
Travisia sp.
Trochochaeta sp.




Table 15. Checklist of benthic animals.--Continued

e e &

OLIGOCHAETA (Marine '"earth'" worms)

Unidentified sp.

GASTROPODA (Snails)

15

.

LooNITBNPAEALUN

10.
11.
170

Aceteoeina candei
Acteon punctostriatus
Creseis acicula
Diastoma varium
Hastula salleana
Nassarius acutus
Natiea pusilla

Oliva sayana
Olivella dealbata
Oitivella mutica
Polinices duplicatus
Terebra dislocata

PELECYPODA (Clams)

oA UN -

.

10.
11.
12.
13.
14.

Anadara floridana

Barbatia sp.

Chione cancellata

Chione grus

Cuna dalli

Donax texasianus

Ervilia concentrica

Lepton sp.

Lucina multilineata

Periploma inequale

Pitar simpsoni

Strigilla mirabilis

Tellina versicolor

Unidentified venerid
(nr. Gouldia)

PYCNOGONIDA (Sea spiders)

Unidentified sp.

OSTRACODA (Ostracods)

Unidentified sp.

STOMATOPODA (Mantis shrimps)

Coronis excavatrix

CUMACEA (Cumacea)

1%

25
3.
4.

Cyelaspis varians
Mancocuma n. sp.
Oxyruostylis smithi
Unidentified sp.

ISOPODA (Pill bugs)

1.
2.
3.

Ancinus depressus
Chiridotea excavata
Seyphacella arenicola

AMPHIPODA (Sand hoppers)

(32 B~ I S

)}

Vi

8.

9.
10.
11.
12.
15,
14.
15.
16.
17
18.

19
20.

2l
22,

Acanthohaustorius
Ampelisca n. sp. A
Ampelisca sp. B

Batea catharinensis
Unidentified caprellid

sp. A
Unidentified caprellid
sp. B

Ericthonius n. sp.
Haustorius n. sp.
Listriella n. sp.
Lysianopsis sp.
Monoculodes n. sp.
Monoculodes nyet
Nototropis n. sp.
Parahaustorius n. sp. A
Parahaustorius n. sp. B
Protohaustorius n. sp.
Pseudohaustorius n. sp.
Pseudoplatyischnopus

n. sp. A
Pseudoplatyischnopus

n. sp. B
Synchelidium n. sp.
Talorchestia n. sp.
Tiron sp.

PENAEIDEA (Swimming shrimp)

1.
2
3.

49

Pengeus duorarum
Sieyonia brevirostris
Trachypenaeus constrictus




Table 15: Checklist of benthic animals.--Continued

CARIDEA
1. Ambidexter symmetricus
2. Ogyrides alphaerostris
3. Processa hemphilli
4. Processa vicina
5. Tozeuma cornutum

CALLTANASSIDAE (Mud shrimps)
Unidentified sp.

ANOMURA (Crabs)

. Albunea paratii

. Bmerita benedicti

. PBmerita talpoida

. Lepidopa benedicti
. Pagurus longicarpus

[Pl =T I S

BRACHYURA (True crabs)

. Arenaeus cribrarius
Dissodactylus mellitae
Ovalipes ocellatus
Pinnixa eristata
Pinnixa sayana
Pimniza lunzi
Pinnotheres maculatus
Portunus gibbesit
Portunus spinimanus
Ranilia muricata

. Unidentified xanthid

(=1

HFOoOWwVWooNOUMTAEWUN

-

SIPUNCULIDA (Sipunculids)

Sipunculus longipapillosus

ASTEROIDEA (Starfish)
Astropecten articilatus

OPHIUROIDEA (Brittle stars)
Amphipolis squamata
Ophiophragrus filograneus
Ophiophragnus wurdemanni
Unidentified sp. A
. Unidentified sp. B

w1 BN

ECHINOIDEA (Heart urchins)

1. Mellita quinquiesperforata

2. Unidentified sp.

HOLOTHUROIDEA (Sea cucumbers)
Unidentified sp.

HEMICHORDATA (Acorn worms)
Unidentified sp.

CEPHALOCHORDATA (Lancelets)
Branchiostoma floridae

PISCES (Fishes)

1. Anchoa sp.
Cynoseion nebulosus
Bucinostomus sp.
Hemipteronotus novacula
Letostomus xanthurus
Microgobius carri
Myrophis punctatus
Unidentified ophidiid
Symphurus plaguisa
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At the laboratory, the samples were rinsed in freshwater, sorted
into major animal taxa, placed into isopropyl alcohol, identified to
3 the lowest taxonomic level practicable, and then enumerated.

The diversity index used in this report-is the Shannon index of
general diversity (H):

—

H= -1 10g QL

where ni is the number of individuals of a given species and N the
total number of individuals (Odum, 1971).

b

A special study was conducted to determine if the sampling depth of
of 23 centimeters was sufficient for the capture of the animals that
lived in this nearshore zone.

A comparison was made between the plug sampler and a core sampler. |
The depth of penetration by the core sampler was 46 centimeters or |
twice the depth of the plug sampler. The diameter of the core was |
6.35 centimeters. This sampler was modified from the one used by
Taylor (1965) by removing the flange. The surface area sampled with
the plug sampler was five times that of the core sampler.

Samples were taken in the swash zone of Panama City Beach, Florida.
Forty cores were taken and each extracted core was divided into two
23-centimeter lengths. The contents were sieved, and the animals were ]
preserved, identified, and enumerated.

3 The 40 cores produced a total of 38 benthic invertebrate individuals
: representing seven species. Only 1 of the 38 individuals was found in
the bottom 23-centimeter part of the core sample. The eight plug samples
produced 61 benthic invertebrate individuals representing eight species.
Thus, it is believed that the plug sampler is more efficient in

: sampling the benthos. Also, the time and effort expended in sampling
and analyzing the 40 cores are about five times greater than when eight
plugs are used.

il

3. Adequacy of Sampling.

A special sampling experiment was conducted to determine the number
of plug samples necessary to obtain a list of representative benthic
species occurring in the sampling area. One transect was chosen for
sampling and 12 plug samples were taken at each station on the transect.
They were numbered consecutively in the order of collection.

The total number of species per station increased seaward from
station 1. Station 1 had 5 species of animals; station 2, 9 species;
station 3, 17 species; station 4, 18 species; and station 5, 18 species.
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The accumulative number of species was plotted against the number of
samples (Fig. 24). The percentages of the total number of species
occurring in the first four samples for each station were: Station 1,
100 percent; station 2, 88.9 percent; station 3, 70.6 percent; station
4, 88.9 percent; and station 5, 94.4 percent. In all cases, the
_ additional species occurring in samples 5 to 12 were represented by a
i single individual.

The percentage of individuals collected in the first four samples
at stations 2 to 5 was about 33 percent of the total. At station 1,
the percentage of individuals occurring in the first four samples was
3 only 15 percent. This is probably due to the low diversity of animals
' and the clumping of the abundant animals.

Based on the above information, four plug samples per station were
deemed sufficient to determine species composition and their abundance.

4. Results.

Benthic plug sampling in the nearshore zone of the Gulf of Mexico
produced 26 major macroinvertebrate taxa and 170 species. In addition,
nine species of fish were also taken in the samples (Table 15). The
most abundant taxon in terms of species was the polychaetes with 69
species. Other abundant taxa in decreasing order were Amphipoda
(22 species); Pelecypoda (14 species); Gastropoda (12 species); and
Brachyura (11 species). Thirteen major taxa were represented by a
single species (Table 15).

Analysis of the benthic animals will be divided into several
sections. The numbers of species and individuals vary by distance
from shore, by season, and to a lesser extent by transect.

The numbers of individuals of each species caught per sampling trip
at each station are listed by station in Appendix F. Numbers are
totals of four plug samples taken during each station visit.

a. Distance From Shore. The number of species occurring at the
six different sites in relation to distance from shore varied
considerably. Station 1, located in the swash zone, had the least number
of species; station 5 had the highest (Table 16). Stations A and B,
located in 30 feet of water, had the highest average number of
individuals per sample.

The benthic macroinvertebrate fauna in the nearshore zone from the :
swash zone out to the 10-foot depth consists principally of 14 species.
These 14 species constitute at least 80 percent of the individuals 1
occurring at stations 1 to 5 on the nine transect lines sampled. Each
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Table 16. Number of species, individuals, and samples collected at
each station and the average number of individuals per
sample.

Individuals
per sample

Station Location Species | Individuals | Samples (avg.)

1 Swash zone 26 18,127 108 168
2 First sandbar 33 6,047 48 126
3 Between first and
second sandbar 88 8,106 48 169
4 .| Second sandbar 78 4,905 48 102
5 10-foot depth
seaward of second
sandbar 89 5,371 48 112
A 30-foot depth 78 862 4 216
B 30-foot depth 80 1,158 4 290
Total or average 179 44,576 308 145

IAt each station (1 to 5) the data represent the sum
from all nine transects.
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of the five stations represents different habitats in the sampling area,
and at each station the abundance of species changes.  There are

several species abundant at more than one station, but no single

species was the dominant one at all five stations (Table 17). The
following is a detailed composition of benthic macroinvertebrates at
each of the five transect stations, plus the two sites (A and B) in

30 feet of water.

(1) Station 1. This station, located in the swash zone,
produced 25 species of macroinvertebrates plus one species of fish in
12 months of sampling (Table 18). Four species dominated the catch,
constituting over 99 percent of the individuals. The most abundant
animal was the polychaete, Scolelepis squamata, representing 44.2
percent of the individuals. The common pelecypod, Donax texasianus,
ranked second with 41 percent; the anomuran, Emerita talpoida, was
third with 8.6 percent; and an amphipod, Haustorius n. sp., was fourth
in abundance representing 5.5 percent of the individuals.

The number of species in the major animal groups varied from a high
of six for amphipods, four of which are new species, to nine taxa which
were represented by a single species (Table 18).

Seasonally, the highest number of individuals occurred during May i
and June (68 percent of the individuals) with a secondary peak in
February. The month of least abundance was November, followed by
December, August, September, and October. The number of species was
highest in July and August, and lowest in November and January
(Table 18).

(2) Station 2. This station was located on the first sandbar
and was represented by 31 species of macroinvertebrates and 2 species
of fish (Tables 16 and 19). It was sampled quarterly on all nine
transects. Four species dominated the catch. They constituted 94
percent of the individuals. Three of the four species were also
abundant at station 1. The pelecypod, D. texasianus, was clearly the
dominant animal, representing 72.2 percent of the individuals. The
other three species in decreasing order of abundance (Table 19) were:
Haustorius n. sp. (8.8 percent); S. squamata (7.8 percent); and the
cumacean, Mancocuma sp. Ten of the 31 macroinvertebrate species were
represented by only one specimen at station 2.

The number of species in the major animal groups varied from seven
for polychaetes and amphipods to one for each of 10 other major taxa
(Table 19). Six of the seven species of amphipods at station 2 were
new species.
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Seasonally, 'the highest number of individuals (85 percent) occurred
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_ Table 17. Percentage of the species comprising over 80 percent of the
b individuals at the five transect stations.
Stations
1’ Species 1 2 3 4 5
3
3 POLYCHAETA
! Dispio uneinata ———- ——— ———- 6.4 S
4 Magelona riojat — ——-- A s 2.9
] Paraonis fulgens S e o 5.3 A
; Scoleleptis squamata 44.2 7.8 ——e- P W
3 Spio pettiboneae R —— 4.9 = 6.8
PELECYPODA
Donax texasianus 41.0 722 28.0 171 -——-
Ervilia concentrica — R - =% i 5.8
CUMACEA
Mancocuma sp. -——— 5.2 o ——an s
AMPHIPODA
Acanthohaustorius n. sp. ---- -—-- 30.7 37.9 28.4
Haustorius n. sp. §.5 8.8 ——-- R— -
Protohaustorius n. sp. -——- -—-- 10.9 8.6 18.7
Pseudohaustorius n. sp. -—-- -——-- 7.0 7.9 10.0
ANOMURA
Emerita talpoida 8.6 ——-- P PN SR
CEPHALOCHORDATA
Branchiostoma floridae ——-- PR ERE. == 7.3
TOTAL 99.3 94.0 81.5 83.2 80.3
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Table 18. Number of individuals of each species collected from the nine transects at station 1.

Species

Nov.

NEMERTINEA
Unidentified sp.

NEMATODA
Unidentified sp. A

POLYCHAETA
Paraonia fulgens
Prionoapio crigtata
Scolelepis squamata

GASTROPODA
Cregeis acicula

PELECYPODA
Barbatia sp.
Chione grus
Cuna dalli
Domax texasiarus

PYCNOGONIDA
Unidentified sp.

CUMACEA
Mancocwma sp.

IS0t LA
Seyphacella arenicola

AMPHIPODA
Batea catharinensis
Epicthoniue n. sp.
Haustoriue n. sp.
Nototropis n. sp
Pgeudohaustorius n. sp.
Unidentified caprellid sp. B

ANOMURA
Brerita talpoida
Lepidopa benedicti

BRACHYURA
Pimniza cristata
Pinnotheres maculatus

OPHIUROIDEA
Ophiophragnus wurdemanni

CEPHALOCHORDATA
Branchiostoma floridae

PISCES
Letostomus zanthurus

()

Dec.

Feb.

t Nnr.r

Apr.

June

July

Sept.

Total

~

44

33
81

8,0

-

8
[SRSRR-&

1,555
17

=
o

86

425

[ a5

3,047

486

18,127
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Table 19. Number of individuals of each species collected from the
nine transects at station 2.

Species Nov. Feb. May Aug. Total
NEMERTINEA
Unidentified sp. 3 - 7 6 16
NEMATODA
Unidentified sp.- - - 2 3 S
POLYCHAETA
Dispio uncinata - - - 5 5
Lumberineris paravapedata - 1 - - 1
Nephtyid sp. - - 1 - 1
Nephtys bucera - - 1 - 1
Paraonis fulgens 8 46 53 22 129
Scolelepis squamata - 62 289 119 470
Spionid sp. - - - 1 1
GASTROPODA
Creseis acicula - - - 7 7
Diastoma varium - - - 6 6
Hastula salleana - - 2 - 2
PELECYPODA
Donax texasianus ; 135 46 14,134 52 4,367
‘ Ervilia concentrica 1 - - - 1
|
[ CUMACEA
Mancocuma sp. - 10 294 10 314
g
| ISOPODA
E Aneinus depressus - 5 10 2 17
AMPHIPODA
Acanthohaustorius n. sp. - - - 3 3
Ericthonius n. sp. - - - 78 78
Haustorius n. sp. 48 152 284 Sl 555
Nototropis n. sp. - - - 19 19
Parahaustorius n. sp. - 1 6 9 16
i Pseudohaustorius n. sp. - - 2 - 2
% Talorchestia inexpectata - - - 1 1
PENAEIDEA
Penaeus duorarum - - ~ 4 4
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Table 19. Number of individuals of each species collected from the
nine transects at station 2.--Continued

Species Nov. Feb. May Aug. Total
CARIDEA
Tozeuma cornutum - - - i 1
ANOMURA
Emerita talpoida 2 6 16 1 25
Lepidopa benedicti - - 1 - 1
BRACHYURA |
Pinnixa cristata - - 11 - 11 |
1
OPHIUROIDEA
Ophiophragnus wurdemanni - 1 - - 1 ;
ECHINOIDEA
Mellita quinquiesperforata - - - 1 1
CEPHALOCHORDATA
Branchiostoma floridae | 1 - - 2
PISCES
Cynoscion nebulosus - - - 1 1
Leiostomus xanthurus - 3 - - 3
TOTAL 198 334 [5,113 402 6,047
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in May. The great abundance of D. texasianus in May was the principal
factor. November samples had the least number of individuals. The
number of species gradually increased from a low of 7 in November to a
high of 22 in August (Table 19).

(3) Station 3. Station 3 was located between the first and
second sandbars, and was represented by 85 species of macroinverte-
brates and 3 species of fish. This station was also sampled quarterly
on all nine transects and produced the highest number of individuals
per sample of the five stations on transects (Table 16). The number
of species was nearly triple the numbers from stations 1 and 2. Five |
species were abundant at this station, and accounted for 81.5 percent
of the individuals. The pelecypod, D. texasiarnus, again was one of
the most abundant species with 28 percent of the individuals. The
species with the next highest number of individuals was another new
species of amphipod, Acanthohaustorius n. sp. It represented 31
percent of the individuals. The two species ranked third and fourth
in abundance were also new species of amphipods. Collectively, the
three amphipods species accounted for almost 49 percent of the 3
individuals. The other two new species of amphipods were i
Protohaustorius n. sp., and Pseudohaustorius n. sp. Ranked fifth in
abundance was a polychaete, Spio pettiboneae, representing 5 percent
of the individuals. The polychaete, S. squamata, which was abundant
at stations 1 and 2, occurred only in the February samples and
represented only 0.09 percent of the total catch or 0.8 percent of the
polychaetes (Table 20). Twenty-three of the 85 species of macroinver-
tebrates were represented by only one specimen at station 3.

The number of species in the major animal groups varied from 25
species per taxon (Polychaeta) to 1 per taxon; 12 major taxa were
represented only by a single species (Table 20). Three of the 25
species of polychaetes (S. pettiboneae, Dispio uncinata, and Paraonis
fulgens) accounted for 85.6 percent of the polychaetes. Nine of the
13 species of amphipods were new species; collectively, these 9 species
accounted for 99.6 percent of the amphipods and 49.6 percent of the
total individuals at station 3. Since D. texasianus was clearly the
dominant bivalve, accounting for 94 percent of the pelecypods
(Table 20), the number of species of pelecypods increased substantially
to 10.

Seasonally, the highest number of individuals occurred in May. The
two most abundant animals were D. texasianus and Acanthohaustorius n.
sp. The month with the least number of individuals was February. The
month of August again had the highest number of species; February had
the least at station 3 (Table 20).

(4) Station 4. Station 4 was located on the second sandbar, J
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Table 20. Number of individuals of each species collected from the
nine transects at station 3.

Species Nov. Feb. May Aug. Total

ACTINIARIA
Unidentified sp. - - - 1 1

TURBELLARIA
Unidentified sp. - 1 - - 1

NEMERTINEA
Unidentified sp. 9 9 24 12 54

NEMATODA
Unidentified sp. A - 5 2 3 10

POLYCHAETA
Armandia maculata - - 1 -
Brania wellfleetensis - 1 - -
Bravia clavata - 1 - -
Dispio uncinata - 1 15 239 25
Eteone heteropoda - - it -
Magelona riojai 1 1 25 19 4
Micronephtys sp. - 1 - -
Micronephtys minuta - - 2 -
Nephtyid sp. - - - 2
Nephtys bucera - - 7 9 1
Ophelia sp. 2 - - -
Ophelina sp. - - - 1
Orbiniid sp. - - - 1t
Paraonis fulgens 31 37 15 35 11
Phyllodoce arenae - - - 2
Podarmus sp. - - 1 -
Prionospio cristata 2 - - -
Scolelepis squamata - 7 - -
Seolelepis texana - 2 - 1
Seoleplos fragilis - - - 3
Seolopolos feliosus - - - 5
Spionid sp. - - 1 5

6
2

o e Nl U el 4! Al e i

AUVMTUWWUNINFHFNOOFHFEFNONNDFEFON- U

Spio pettiboneae - - 224<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>