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FOREWORD

Choctawhatchee Bay, with its 86,295 acres of surface area and 1,321,106
acre-feet of water, comprises the third largest estuarine system on the Gulf
Coast of Florida. As human activities encroach on the natural ecology of the
Bay, its natural equilibrium will be altered. We can have a positive
influence on these changes through a greater understanding of the dynamics of
the ecosystem of the Bay. The future use and exploitation of the Bay must be
carefully planned, and effective planning can result only from detailed
knowledge of the blology, water chemistry, physiography, sediments and the

general health of the ecosystem.
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PREFACE

The final objectlve of any environmental study of this scope is to provide
the lnsight that natural resource managers cequire to develop an appropriate
management program. A comprehensive resource management program should pre-
cede all future decisions which affect Choctawhatchee Bay and peint the direc-
tion to initiatlion of further studles. Delineation of guidelines, within a
resource management program, requires a comprehensive data base and report
concerning the dynamics of the Bay ecosystem and the components of the current
and previous state of the Bay. Initial objectives in thls process are to pro-
vide & concise summary of historical technlcal data and information which
exist concerning Choctawhatchee Bay. This report attempts to Lntegrate both
historical and current environmental knowledge to provide a basic
understanding of Choctawhatchee Bay to planners involved with implementing a
much needed Bay management strategy.

Among the bays and estuaries of the Florida Panhandle Region,
Choctawhatchee Bay is one of the most sparsely documented In terms of dynamics
and ecology. In a first effort toward gaining insight on the nature of the
Bay, all available technical and historical !nformatlon and data sources were
complled. Presently, all of the sources of information concerning
Choctawhatchee Bay are malntained at the Northwest Florida Water Management
District. Reduction of the literature to pertinent Information sources was
greatly facllitated by a comprehens{ve summary of all known literature con-
cernlng the environment of Choctawhatchee Bay (Northwest Florida Water
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Management District, 1980). The pertinent literature was reviewed and infor-
mation concerning each environmental character represented in these historical
and technical documents are presented and discussed. Of primary concern are
temporal and spaclal differences in the Bay as well as the quality and

accuracy of the source.

The second phase of this report is concerned with the presentation of data
gathered during the 1975 Florida Sea Grant sponsored project R/EM-5 (Collard,
1976). This grant was carried on through the University of West Florida,
Department of Blology under the direction of Sneed B. Collard. It was pri-
marily concerned with a biophysical environmental Enventory of Choctawhatchee
Bay over both seasonal and quarterly diurnal time frames. After the data were
computerized they were visually checked for accuracy and summarized over time
and space using tabular output and graphics including maps, contours, time
plots and profiles. In order to grasp the interrelationships, and in turn the
dynamics of the Bay, a host of statistical technliques including correlations,
regressions, non-parametrics and cluster analyses were employed. Finally, the
data were stored as a computerized data base at the Northeastern Regional Data
Center (NERDC) in Gainesville, Florida, for future use by concerned groups

desiring to study Choctawhatchee Bay (Blaylock, 1982).
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ABSTRACT

This report characterlzes the environmental conditions and mechanlsms pre-
sent In Choctawhatchee Bay. Existing environmental conditions documented In
literature are summarized and discussed. Biological, physical and chemlcal
data collected by the University of West Florida in 1975, through Florida Sea
Grant Funding are analyzed and presented. Finally, the summarized literature
and the 1975, University of West Florida study are assimilated Into a detailed
characterization of the ecosystem of Choctawhatchee Bay,

Intensive litecrature surveys were conducted for documents concerning both
historical and current information on environmental conditions in Choctawhatchee
Bay. Much of the survey was done by the Northwest Florida Water Management
Oistrict, who also maintains a complete library of literature concerning
Choctawhatchee Bay, The information in these documents was reviewed, con-
densed and discussed as an introductory characterization.

The Unlversity of West Florida conducted an Intensive monthly survey of
environmental conditions tn Choctawhatchee Bay for thlrty-one stations during the
year 1975. Also, diurnal 48 hour studies were conducted at elght stations for
each of the four seasons. Data collected includes phytoplankton, zooplankton,
coliform bacteria, benthos, fish, nutrients and physical Information. This infor-
mation was computerized and reviewed using graphic and statistical techniques.

Finally, information from both documented sources and the University of
West Florida data analysis were integrated and general conclusions describing

the conditions of the Bay were presented.
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1 - INTRODUCTION

Choctawhatchee Bay is located in the Panhandle Reglon of Northwest Florida
with the longltudinal axis in an east-west orientation (Figure 1-2). The
primary tributary to the Bay 1s the Choctawhatchee River at the eastern end of
the Bay, whlle East Pass [s the only direct outlet to the Gulf of Mexico, and
ls located near the west end of the Bay at Destin, Florida {Figure 1-1).

Santa Rosa Sound opens into Choctawhatchee Bay in the vicinity of Fort Walton
Beach and is an Indirect passage to the Gulf of Mexico through Pensacola Bay
approximately 40 miles to the west (Flgure 1-2). The largest munlclpality,
Fort Walton Beach, is located around Santa Rosa Sound and the deeper bayous at
the western end of the Bay. From 1954 to 1974 Fort Walton Beach and nearby
municlpalities experienced a 700 percent increase Ln population (Nix, 1976)
snd the rate ls expected to contlinue, since large amounts of land around the
Bay have been purchased for residential development, This will add to the
sewage and storm water input to the Bay, partlcularly around the many ad yacent
bayous where most of the development is centered. Some of these bayous are
already sites of degradatlon problems, and continued Increases to the nutrlent
loading to these bayous through point source, and nonpoint source {nput only
exacerbate the problems in these specific bayous (Ross, Anderson and Jenkins,

1974).
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PHYSICAL CHARACTERISTICS

Choctawhatchee Bay has a surface area of 86,295 acres and is the third
largest estuarine system on the Gulf Coast of Florida. Only Tampa Bay and
Charlotte Harbor are larger (McNulty, Lindall and Sykes, 1972). The Bay is
approximately 29.2 miles from east to west and about 3 miles wide at its
widest point. A maximum depth of 43 feet may be found in the Bay just north
of East Pass. Tidal range inside Choctawhatchee Bay varies from .6 feet in
the eastern bay to 1.4 feet in Santa Rosa Sound (U.S. Army Corps of Engineers,
1976). Outslde East Pass, the tidal range averages 1.5 feet (U.S. Army Corps
of Engineers, 1976). The low tidal range in eastern Choctawhatchee Bay as
compared to the western end of the Bay and other bays in Northwest florida,
including 5t. Andrews Bay and Escambia Bay with tidal ranges of 1.5 feet, may
be attributed to many factors, These {nclude the size of Choctawhatchee Bay,
the shallowness of East Pass, the inflow volume and proximity of Choctawhatchee
River, and Sania Rosa Sound, an indirect ocutlet to the Gulf of Mexico.

The entrainment of Choctawhatchee Bay occurred at approxlmately 3000 B.P.,
when a sea level change formed Moreno Point (Goldsmith, 1966, Pastula, 1967).
This formation eventually led to the creation of a bay of brackish nature,
which supported estuarine shellfish including oysters, which occurred In
archeological digs In large numbers between the ages of 3135 B.P. to about 800
B.P, (Fairbanks, 1960). Choctawhatchee Bay, in the early 1900's was an

inland, slightly bracklish, body of water with minimal saltwater intrusion and



mixing (Okaloosa Economic Development Council (OEDP), 1978. During Flood
conditions the freshwater inflow often exceeded the drainage rate through the
former pass which was part of Destin's Old Pass Lagoon. In the late twenties,
during flood conditions, a trench was dug at the site of East Pass and the
rapid flow of water from the Bay to the Gulf of Mexico rapldly washed out a
wide pass (QEDP, 1978). The Corps of Engineers periodically dredged that
pass to prevent natural shoallng (U.S. Army Corps of Engineers, 1975).
Choctawhatchee Bay 1s fed through 13 major inflow polnts with the
Choctawhatchee River accounting for more than 95% of the flow., Choctawhatchee
River {s the fourth largest river In Florida, draining about 4,000 square
miles In lower Alabama and the Florida Panhandle. The main tributaries are
Pea River in Alabama and Holmes Creek in Florida. The annual flow rates in
Choctawhatchee River average from 5,500 cfsd in late summer to 4 maximum of
28,000 cfsd In early spring. The effect of the tributaries on the Bay can be
determined by measuring the loading rates of nutrients, sedlments and toxics.
This rate i{s the total volume of a partlcular item contained Ln the inflow
being deposited into the reaches of the Bay. The minor tributaries to
Choctawhatchee Bay flow into the fringing bayous, and these bayous recelve
initial loading of nutrients and runoff wastes from these tributarles.
For thls reason, long term effects on the Bay due to a given set of
clrcumstances may be observed more rapldly within the bayous. In order to
measure effects within the bayous, their physiography must be studied to assess
the final effects on the Bay. In the Choctawhatchee River drainage basin, the
eastern bayous are generally shallow and must be dredged to allow moderate
boat traffic (U.S. Army Corps of Englneers, 1973). The western bayous,

including those located west of Niceville (Figure, 1-1), are deep and may act



as sediment traps for thelir respective tributaries. Garnler Bayou 1in

Shalimar, Florida, was suspected to once have have been a river channel,



ECONOMIC CONSIDERATIONS

Historlically, Choctawhatchee Bay has been widely recognized for its
recreational, transportational and commerclal fishing importance. The Bay
also serves as an important nursery and/or breeding ground to commercial and
sport fishing specles. |

The recreational potential of the Bay has stimulated locallzed growth and
promoted tourism. The quiet bayous of the Bay are used extenslvely for
swimming, water-skiing, sailing and fishing, while the open waters of the main
Bay are suited for large pleasure craft. Sportfishing interests in the Bay
tnclude trolling for spanish mackerel and bluefish, shrimping, cast fishing
for seatrout, croaker and other sport fish and oystering. These recreatlonal
tnterésts, as well as aesthetic appeal, have led to a boom in residential and
commercial development around the Bay (Hennington, Durham and Richardson,
1976; West Florida Regiondl Planning Council, 1976). In 1975, the growth of
the three western countles adjacent to Choctawhatchee Bay was second In
Florida only to the Tampa-St. Petersburg area. Secondly, and possibly of
greater importance to the economy, is the support the Ba& lends in prﬁmotlon
of tourism. fourism contributes significantly to retail salés which is second
only to military spending as a revenue source for Okaloosa County (Post,
Buckley, Schuh and Jernlgan, 1977).

A portion of the U.S5. Intercoastal Waterway passes through the length of

Choctawhatchee Bay connecting it with Pensacola Bay in the west through Santa



Rosa Sound, and to West Bay in the east. An dverage of 4,381,234 tons of
shipping passed between these points Prom 197G to 1974 (Table 1-1),
Maintenance dredging is performed by the Corps of Engineers to prevent
shoaling of the Intracoastal Canal channel through deposition of sedimeﬁts
from Choctawhatchee River. 1In Walton County a minor seaport Is maintalned at
Freeport, Florida, by the Corps of Engineers on LaGrange Bayou. The average
annual tonnage of shipping moving through LaGrange Bayou from 1970 to 1974 was
202,764 tons. Gasoline was the principal import, while agflcultural
products, fertilizers, sand and gravel were the primary exports. " Tables 1.1,
1-2 and 1-3 represent vessel trips, passengers and shipping tonnages for Fast
Pass, LaGrange Bayou, and the Intracoastal waterway from Pensacola to Panama
City, Florida.

Choctaﬁhatchee Bay and adjacent Gulf of Mexico waters are widely
recognized for both recreational and commercial fishing importance. Sport
fishing in Choctawhatchee Bay accounts for 19.5 percent of the local sport
fishing effort, while commercial Bay fishermen ére responsible for only 12,7
percent of the total local commercial harvest (Irby, 197%). Irby, 1974,
reports some 41,971 sport fishermen spending 104,004 man-hours of effort in
the Bay, accounting for 16.4 percent of the total sport fishing harvest over a
13.5 month period. A federal fishery management program for striped bass

(Morone saxatilis) was established in 1968, but was discontinued due to lack of

funding (Northwest Florida Water Management District, 1980). A number of
commercial oystering Interests have been developed in Choctawhatchee Bay as
described by Ritchie, 1961. But, as he points out, any further development

should follow a detalled seasonal study of hydrographic conditions.



Table 1-1:

Source:

Waterborn Commerce through the Gulf Intraccastal Waterway from

Panama City, Florida to Pensacola, Florida (110 miles).

Year

1970
1971
1972
1973

1974

Tons Shlpping

Number of Vessel Trips

4193132
4630427
4469075
4427047

4186422

7978
7861
7839
7787

7371

Waterborn Commerce of the United States, 1970-1974,




Table 1-.2: Waterborn Commerce through LaGrange Bayou

Year Tons Shipping Number of Vessel Trips
1970 164565 461
1971 234348 255
1972 197828 279
1973 236696 316
1974 1803852 252

Source: Waterborn Commerce of the United States, 1970-1974.

10



Table 1-3: Waterborn Commerce through the East Pass

Year Tons Shipping Passengers Number of Vessel Trips
1970 ° 3324 61392 4742
1971 332 79962 | 5616
1972 486 100464 8184
1973 2473 . 91104 7288

Source: Waterborn Commerce of the United States, 1970-1974.
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Table 1-4: The Amount and Value of Commercial Marine Invertebrates

Taken from Choctawhatchee Bay, Florlda

(Source: MNational Marine Fisheries Service, New QOrleans)

1966

Pounds
Dollars

Blue Crab 4,300
1,200

Shrimp 158,500
83,761

Spring Oysters 4,300

400
Fall Oysters 400

153
Squid 2,500

193

1967

Pounds
Doll

50,400
2,

122,600
63,

5,200
2,

1,400

ars

671

247

260

609

2,400

175

12

1968

Pounds

Dollars

220,300

14,914

106,200
60,

4,600

1,967

2,700

1,155

3,700

261

441

1969

Pounds

Dollars

233,400

17,822

41,500

21,156

9,700

4,203

3,800

1,646

700

64

1970
Pounds
Doll

15,200
1,

72,900
32,

10,900
5,

1,300

1,500

ars

396

084

298

631

99



Table 1-5: Average Annual Seafood Catch for Choctawhatchee Bay

Area (acres)

86,295

Source:

Catch Per Acre (pounds)

Finfish Shellfish Total

5.4 2.8 8.2

Natlonal Marine Fisherles Service, Monthly Reports.
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2 - READERS GUIDE

The document culminates much time and effort by students and faculty of
the University of West Florida. It 1s hoped that it will be useful 1In
decisions made concerning Choctawhatchee Bay. I hope that the decisions are
made with the thought that environmental changes in most cases occur very
slowly and that it takes many years to correct mistakes.

Section Four {5 a complete literature review with detalled discussions of
the processes and properties which affect the ecology of an estuary. This
section is most useful for persons interested in a detailed history of the
ecological studies in Choctawhatchee Bay. It covers each aspect of the
estuary as well as a discussion of information necessary to explain the
results of this study. Section Seven contalns the results of this study along
with explanations of the processes in the Bay. As in Section Four the
parameters are discussed individually. In addition to the Appendlces shown

¥
here a complete supplemental Appendix of all results is avallable.

*

NOTE: The Supplemental Appendices (p.xx) contain 965 pages, and are not included
with thig document. Also not included is an additional Supplemental Appendix, "Key
to the F1shes of Choctawhatchee Bay and Other Northern Gulf of Mexico Estuaries,"
Single copies of the Supplemental Appendices and the additional Supplemental Appendix
are on file at the Northwest Florida Water Management District Headquarters in
Havana, the Florida State University Marine Laboratory, and the Fiorida Sea Grant
office at the University of Florida.
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3 - CONCLUSIONS

Prior to 1975, environmental Informatlon concerning Choctawhatchee Bay was
sparce and incomplete, This study documents that information and provides
much of the environmental {nformation required to assess current conditlons
in the Bay. Future studies should be undertaken to determine changes In
Choctawhatchee Bay due to elther natural or cultural Influences.

Choctawhatchee Bay is an estuarine embayment dominated by freshwater
inflow. Sallinities in the Bay are controlled by the volume of freshwater
inflow due to topography of the Bay and the proximity and depth of East Pass.
Since East Pass s much shallower than the central Bay the heavier, higher
sallnity water from the Gulf of Mexico becomes trapped below the freshwater
from the tributaries. This process causes Choctawhatchee Bay to become highly
stratified except during climatic disturbances such as Hurricane Eloise In
1975. Temperature was found to regulate dissolved oxygen concentrations in
Choctawhatchee Bay with Increasing temperatures depleting concentrations of
dissolved oxygen. The mechanism of cause Is thought to be both physical gas
laws and biological actlivity. During summer months, the high temperatures and
stratification cause extremely low dissolved oxygen concentrations In benthic
waters. In bayous around the Bay and near the mouth of Choctawhatchee River
the low freshwater flow in the spring and summer months causes surface waters

to become oxygen depleted.

Productivity In Choctawhatchee Bay ls limited by low concentratlions of

15



dissolved phosphorus. This 1s characteristic of other Northwest Florida
Panhandle estuaries. Although tributary input of phosphorous is low it is
relatively constant. Primary producers rapldly deplete dissolved phosphorous
near the mouths of the tributaries to the Bay. These primary producers and
higher levels of the food chain slowly dile and settle to the bottom of the
Bay. Here an equilfbrium ls established at the sediment water interface where
phosphorous dissolved back into the water. The phosphorous recirculates back
into surface waters at the turblidity maximum zone or zone of maximum mixing of
surface and bottom waters. The location of this zone 1s controlled by the
volume of freshwater discharge and in the high flow year of 1975 was found
near stations 17 and 18 In the central Bay. The highest concentrations of
chlorophyll were found at these statlions suggesting high productivity and/or
large numbers of senescent phytoplankton,

Nitrate, nitrite, ammonia, and organic nitrogen all enter the Bay through
fluvial loading. However, the principal nitrogen compound leaving the Bay via
Last Pass 1s organic nitrogen. This Indicates that nitrate, nitrite and
ammonia are deposited in the sediments of the Bay through physical and
bioldgical processes. These compounds follow a similar trend to phosphorous
where they become remineralized in the sediments and are released back into

the water column.
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4 - LITERATURE SYNOPSIS

PHYSICIAL CHARACTERISTICS

Climatology

Choctawhatchee Bay, In the Northwest Florida Panhandle, is geographically
located in the semi-tropical reglion of the northern hemisphere. This reglon
is characterized by annual temperatures of about 68°F and 50 Inches average
annual rainfall. Storm fronts for the Florida Panhandle generaly move In a
southeasterly direction, while winter winds originate predominately from the
north {Taylor Biological Co., 1977). Goldsmith, 1966, reported the prevailing
winds to be northerly from September to February and southerly from March to
August, showing a distinct temporal pattern. The temporal varlation of tem-
perature precipitation, wind speed and wind direction play an important reole
in the nature of the Bay.

Daily weather conditions were obtained from the Department of the Air
Force at Eglin Air Force Base, Florida, which 1s located on the northern shore
of Choctawhatchee Bay, Alr temperature in 1975, as deplcted in Figure 4-1,
exhibits a seasonal pattern, while short term variation s the result of storm
events and local disturbances. Temperature patterns for the five years pre-
vious to and incuding 1975 are shown in Figure 4-2, The average annual tem-
perature for 1975 was 67.4°F, slightly below that of the five previous years,

but very close to the regional long term mean. This slight depression in the

18
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EGLIN AIR FORCE BASE, FLORIDA.

FIGURE 4-2 :
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annual average temperature appears to be the result of a longer winter season
than In the previous five years. Figure 4-1 shows temperature fluctuations in
1975 to be sporadic In the winter and smoother, steady state In the summer. A
sharp decrease in temperature occurred midway through October and below
average temperatures occurred in early March.

The amount of ralnfall within a region will control both surfaces and
ground water discharge. This directly affects flow rates In the tributaries,
and thus in turn, circulation and salinity within the Bay. Flve years of
monthly rainfall data from 1970 to 1975 show a departure in normal rainfall
patterns for the year 1975 (Flgure 4-4). The annual total precipitation for
1975 was 97.27 inches, almost double the mean of the preceeding four years
(Figure 4-5). The reglonal average annual amount of rainfall is 62.3 inches/
year (U.5. Department of Commerce). The departure from the mean may be attri-
buted to extremely high rainfall in late July, 1975, and Hurricane Eloise in
September, 1975, (Figure 4-3). These high preciplitation periods generally
depress salinity and lncrease suspended sediments in the Bay.

Figure 4-6 deplcts cloud cover. percentiles for the year 1975. In 1975,
weather data from Eglin Air Force Base, Florida, show clear days to account
for only 28.5 percent of the year.

Wind speed and wind direction ald in mixing of surface and bottom waters.
¥ind mixing facilitates increased gas transport and oxygenation of surface
waters, Wind mixing in shallow depths of the Bay causes resuspension of sedi-
ments which reintroduces metals and toxics into the water as well as causing
an increase in chemical and biological oxygen demand in the water column.
Strong winds, acting on a large embayment of water such as Choctawhatchee Bay,

can also affect circulation patterns by causing a temporary pile up of water at
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one end of the Bay. Figure 4-7 shows the largest percent of wind to originate
from the north with southerly and southeasterly wind directlons accounting for
a combined 24.29 percent of the prevalllng winds directions. This is iIn
agreement with Figures from the Escambia Bay Recovery Study (U.S. Environmental
Protectlon Agency, 1975). EPA, 1975, also shows average wind velocity to be

lower ln the summer months than In winter months.

Hydrodynamics

Circulation within Choctawhatchee Bay can be described as two layered flow
with entrainment of the bottom, higher salinity water underneath the
freshwater, surface layers (Dyer, 1973). The two layered flow pattecn is
fosthered by the bathymetry of the Bay, and the proximity of both East Pass and
Choctawhatchee River to the Bay. The effect which Santa Rosa Sound exhibits
on the circulation of the Bday 1s not described and remains unexplained here.

The depth in Choctawhatchee Bay decreases from east to west, with a maxi-
mum depth of 43 feet located about one mile northeast of East Pass (Figure
4-9), This gentle slope allows benthle tidal water to move slowly into the
eastern reaches of the Bay, but generally it does not cause strong mixing by
upward currents of higher salinity tidal water with the overflowing freshwater
from the tributaries. In the Bay west of Niceville, Increased mixing of tidal
water and freshwater are probably due to this area's proximity to East Pass,
as well as the greater Inclination of the bottom in near shore regions. As
incoming tidal water reaches these steeper Incllines, the water is forced
upward mixing it with the overlying freshwater layer. The gradual slope

toward the eastern end of the Bay allows the tldal water to disperse more
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slowly along the bottom toward the east, creating the two layered flow system.

The major cause of bottom water entralnment in Choctawhatchee Bay 1s the
shallow depth at East Pass which 1s maintained at 12 feet by the U.S. Corps of
Engineers, 1975. This greatly inhiblts tidal flushing of bottom waters as
tidal amplitude ranges greater than one foot outside East Pass, about 0.8 feet
in East Pass and less than 0.5 feet at the State Highway 331 bridge crossing
the eastern end of the Bay. The low tidal ranges are characteristic of the
diurnal tides of fhe northern Gulf of Mexico, and they are very low energy
tides when compared to most other United States coastlines. As a result,
tides play a much smaller role in the circulation and net flushing of
Choctawhatchee Bay than does freshwater discharge.

Due to the minor role of tides in the Bay, freshwater discharge and runoff
usually govern circulation, nutrlent loadings, salinity and sedimentation
rates. Discharge from the Choctawhatchee River ranges from 3,400 cublc feet/
second/day (cfsd) to a high of 28,000 cfsd. Higher discharge rates normally
occur in mid-summer. Within Choctawhatchee Bay, Goldsmith, 1966, found sur-
face velocity rates at East Pass to be 1.0 knots, while all other flow veloci-
ties throughout the Bay were less than 0.5 knots. The U.S. Fish and Wildlife
Service, 1969, found both bottom and surface flow velocities In the Bay to be
about 0.5 knots and East Pass flow velocities to average 1.0 knots. Also sur-
face waters were found to have a gentle westerly drift and tidal waters on the
bottom were found t.o move at least as far east as the State Highway 331
bridge, Movement of bottom waters in the Bay has been traced through forami-
niferal test deposition in the sediments (Pastula, 1967). Deposits of forami-
niferal tests in the sediments indicate historical zones of freshwater and sea

water interfaces where the calcified tests settle to the bottom in the lower
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density freshwater (Figure 4-10). The presence of these foraminifern tests
are indicative that the Bay was once a hlgher salinity Bay with greater
topographical variation causing upwelllng of tidal water into overlying fresh-
water and deposition of foraminiferan tests.

Surface water flow in the eastern end of the Bay i{s deplcted in reproduced
NASA photographs of flood water sediments In the Bay (Figure 4-11)}, This
interpretation of the photograph shows a water mass moving westward with
eddies of the maln stream of flow moving into the shallow bayous along with
southern shores of the Bay.

Through the above documentation and suggestlons of the frequent presence
of a strong salinity gradient, 1t may be concluded that little mixing of
salt water and freshwater occurs In Choctawhatchee Bay. As freshwater
flows to East Pass, the underlying bottom waters are slowly removed by
outgoing tides. Ross, Anderson and Jenkins, 1974, suggest thet the salt water
exchange rate in Choctawhatchee Bay 1is only 14% during each tidal cycle. The
major portlion, i.e. 86 percent of the Incoming tide, is comprised of both
freshwater and tidal water exchanged through previous tidal cycles. For this
reason Ross, Anderson and Jenkins, 1974, predicted the overall flushing rate
of the Bay to exceed one year. As mentioned previously, the reasons for this
are probably the locatlon of East Pass and Choctawhatchee River, as well as
the depth of East Pass., These characteristics foster low tidal amplitude at
1.0 feet compared to 1.5 feet for nearby Pensacola Bay and 5t. Andrews Bay,
and causes a 2 to 2.5 hour lag in tides from East Pass to the State Highway
331 bridge.

In 1975, freshwater dlscharge from Choctawhatchee River peaked in April

27



Aeq

({961 ‘®BINISEd wO1j]) SIuUaWIpas

33Y23BYMR ID0Y) UT UGTINQTIISTp [€i1ajturmelay

fae . FENURIR  _ I T )

LLL LN

bt rﬂﬁ.l. .-.cw.l_—la-_lm._ bt

DOl aindty



s¢udeaoicnd GINA YSYN WO1J) WIS GLE] ‘ysapy e Autranp

fra PannaenmrIao) Fugaslua 1AIBMUSAI] USPEY ITIN

 il-h dandrg

b LSV T e

e — | I b f J.mr!_ﬂi. [ S—

29



with minor peaks occurring in August and October (Flgure 4-16). The unseasocnal

high discharge rates in August and October are due to high precipltation 1n
late July and Hurricane Eloise in late September. These unseasonal events
are represented strongly in several smaller tributaries to the Bay (Figures
4-17, 4-18, 4-19)., Figures 4-12, 4-13, 4-14 and 4-15 show annual discharge
trends from 1968 to 1978. All stations, excluding Juniper Creek near

Niceville, had the highest discharge occurring in 1975.

Water Temperature

Water temperature exhlbits seasonal trends based on alr temperature and
solar insolation. Water temperature Is also an Important limiting factor for
the biotlc communities within an estuary. Alteration of the temperature
regimes in an estuary will often drastically alter productivity and food-web
dynamics (0'Connor and McErlean, 1975) . Increasing temperatures, fresh-water
discharge and increasing nutrient loadings have been suggested to be the
controlling factors in spring blooms in other Northwest Florida estuaries
(Estabroda, 1973; Myers and Iverson, 1977). Increasing summer water tempera-
ture 1s thought to be the cause of increased bioleglical oxygen demand and che-
mical oxygen command (U,S. Environmental Protection Agency, 1975),
particularly in the sediments. As shown by Ferguson and Murdock, 1975, higher
temperatures Increase the standing crop of heterotrophic microbes which will
deplete both dissolved oxygen and benthic detrital concentrations., Therefore,
with the slow tidal exchange in Choctawhatchee Bay, temperatures play an
important role in causing depressed dissolved oxygen levels in bottom waters.
Ritchie, 1965, found only slight differences in water temperature in the sur-

face and bottom waters. Similar results were found by U.S. Fish and Wildlife
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FIGURE 4&-p4: AVERAGE ANNUAL DISCHARGE FROM MAGNOLIA
CREEK NEAR FREEPORT, FLORIDA FROM 1808 TO 1878,
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Service, 1268, whlle spatlally, temperatures In the Bay ranged from 19.8

deyrees centrlyrade to a low of 13.7 degrees centigrade [n the middle of March,

PH

Tributaries to Choctawhatchee Bay, excluding Choctawhatchee River, are
slightly acidic with a pH as low as about 5.0 to 6.50 (U.S. Geological
Society, 1980). The source waters of Chaoctawhatchee River arise In reglons
which are characterized by the Northwest Florida Water Management District as
having a chemical type consisting of calcium and magnesium bicarbonates
(Northwest Florida Water Management District, 1978). This could lead to a
fluvial input of slightly alkaline pH waters in the sastern end of the Bay.
This hypothesis ls supported by Battelle Columbus Lab, 1977, in a baywide sur-
vey of pH. Battelle-Columbus Lab., 1977, found pH to be higher in surface
fresh waters and decreasing slightly with Increasing depth. The ranges in
the main Bay were from 7.0 to 8.1 while Ln the more freshwater dominated

Intercoastal canal the pH ranged from 7.4 to 8.0.

Salinity

The characteristic feature of an estuarine habitat is the brackish water,
or water of a reduced salinity when compared to oceanic realms. The actual
medasured salinity depends on the degree of mixing between Inflowing fresh
water with.resident tidal salt water. Some forces in control of the mixing of
fresh and salt water Include the water density of both sources, volume of
river inflow and tidal transport, tldal resurgency, meteorological conditions
and the bathymetry of the estuarine system. Since chlorides in sea water are

conservative elements, they may be used as tracers of the aforementioned
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characteristics deplcting the circulation of an estuary. Secondly, the sali-
nity {s often the 1tem of primary importance in determining the distribution
of marine organisms In a tldal estuary. Estuarine organisms, for the most
part, have wide salinity ranges, but are limited as salinities approach that
of either freshwater or oceanic waters.

Choctawhatchee Bay has been characterized as having two layer flow with
vertical mixing In the east and two layer flow with entrainment of the bottom
water in the middle and western reglons (U.S. Environmental Protection Agency,
1975). The freshwater flow moves from Choctawhatchee River to East Pass as
surface flow while the denser high salinlty bottom waters move slowly with the
tides. The deep, gentle sloping bottom and shallow outlet to the Gulf of
Mexico helps entraln the bottom waters except in the eastern reaches where the
Bay is shallow. Bowden, 1967, shows a positive relationship between slope of
the bottom and increased tidal mixing rates which would Indicate strong mixing
in western bayous and moderate mixing throughout the central and eastern Bay.
The U.S. Army Corps of Engineers report increased tidal exchange through the
mouth of Eést Pass with every periodic dredging, but no harm occurs to the Bay
ecosystem (U.S. Army Corps of Engineers, 1975}). The U.S. Environmental
Protection Agency, 1975, reports constant surface salinities and bottom
salinities which decrease slightly with decreasing bottom depth toward the
east. During perlods of low freshwater inflow from Choctawhatchee River,
greater tidal salt water exchange results forcing the movement of the dense,
higher sallnity bottom water in the Bay toward the mouth of the River. This
bottom water moves along both natural and malntained channels from which the
higher salinity bottom water overflows and mixes with overlying freshwater

(U.S. Army Corps of Engineers, 1973). Sea water and freshwater mixing Is also
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reported to occur In the western bayous and 4round the shallow perimeter of
the Bay, though 1t Is not as Important as toward the center of the middle and
eastern end of the Bay (U.S. Flsh and Wildlife Service, 1975).

The strong halocllne commonly found in Choctawhatchee Bay (Ritchie, 1961;
U.S. Department of the Interior, 1968; Collard, 1976) is the result of reduced
tidal mixing, not an arrested salt wedge. The degree of mixing increases with
increasing tidal energy and is reduced Ln a low tidal energy system such as
Choctawhatchee Bay. In Choctawhatchee Bay the salt wedge penetrates at times
well Into the eastern end of the Bay and also up the deep water bayous in the
western end of the Bay. For thls reason, the western bayous have greater
flushing rates thaﬁ those In the eastern Bay, and can handle higher loading
rates of nutrients and organics (Ross, Anderson and Jenkins, 1274). Ross,
Anderson and Jenkins, 1974, also contend that the flushing rate for
Choctawhatchee Bay 1s less than 14 percent of new Gulf of Mexico oceanlc water
for each tidal cycle. At this rate, the estimated transport rate of nutrients
entering the Bay from Choctawhatchee River and leaving via East Pass will
slightly exceed one year. Attributing to the long residence of nutrients in
Choctawhatchee Bay is the reduced tidal exchange and veloclity within the Bay.

In Choctawhatchee Bay, a strong halocline exists between the lighter sur-
face fresh waters and the denser bottom waters with as much as a 14 ppt dif-
ference within two feet of water {(Collard, 1976). The strong demarkation of
salintty probably results from the velocity of the surface waters and the
bathymetry of the Bay. The submarine topography in the Bay support three
pockets where high salinity water s concentrated (Goldsmith, 1967). These
salt water sinks are not strongly demarked and they remain well connected by

central channels in the Bay through tidal movement. Tidal movement 1s slight
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and the resulting sluggish flow rates and the strong halocline lead to other
problems which have been documented for the main Bay, Bottom waters in
Choctawhatchee Bay are often depleted of dissolved oxygen. This, along with
sedimentation in the central and eastern Bay, often lead to anaerobic con-
ditions resulting in a blologically barren deep water region (Taylor

Biological Co., 1978).

Dissolved Oxygen

Dissolved oxygen content Is a strong indicator of current environmental
conditions within an estuary. When dissolved oxygen is low, metabollic pro-
cesses will be reduced accordingly in the estuarine community., Many factors
regulate the dissolved oxygen content in an estuary. In an estuary such as
Choctawhatchee Bay where tributary inflow dominates circulation, the dissolved
oxygen content from the river will be the major factor in determining
dissolved oxygen in the Bay. During normal and above average discharge con-
ditions from Choctawhatchee River, the incoming freshwater will increase
dissolved oxygen content in the Bay. However, during low river discharge
perlods the river water will consist of drainage from low marshy regions and
underground seepage, both of which are generally oxygen depleted. The bioche-
mical oxygen demand (BOD), during certain conditions, can also severely deplete
dissolved oxygen levels. When dissolved and sestonic organic carbon and tem-
peratures are high, as in the summer, the BOD will increase, thus reducing
dissolved oxygen In the Bay. The greatest BOD in the water column will be in
the halocline, which in Choctawhatchee Bay also seems to be the same reglon as
the turbidity maxima. Here sediments and clays tend to flocculate {Postma,

1967) and negatlvely charged dissolved organics precipitate and are adsorbed
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onto flocculated sediments {Darnell, 1967). These processes are lnitiated
upon contact with magnesium and calcium lons found in seawater {Postma, 1967).
This region of the turblidity maxima 1s also where heterotrophic microbes
concentrate, particularly in warmer months when favorable growing conditlons
for the microbes exist.,

Dissolved oxygen fluctuates largely over a diurnal cycle. This fluc-
tuatlon Increases In reglons which are nutrlent enriched. The nutrlent
enrichment precludes high photosynthetic rates [ncreasing dlssolved oxygen
during the day and high respiration rates at nlght depleting the oxygen
supplies. Temperature affects dissolved oxygen, not only through regulation
of metabollc processes, but also physically through gas constants., As tem-
perature lncreases, gas solubillty decreases and diffusion rates increase.
Thus, during the warmer summer months, the dissolved oxygen content saturation
is lower and dissolved oxygen input from the tributaries 1s reduced., Also
affecting dissolved oxygen concentrations in the Bay are gas transport rates.
Theoretically, oxygen should be distributed evenly throughout the water
column; however, dissolved gases, including oxygen, are inversely proportional
to salinity. In Choctawhatchee Bay diffuslon rates of oxygen to bottom waters
would be disrupted at the halocline causing a reductlon In dissolved oxygen
transport to the tidal waters on the bottom. The above condltlions create a
zone In Choctawhatchee Bay known as the compensation level, defined as the
level where respiration and decomposition consume oxygen 1n equal amounts to
that produced or input in a twenty-four hour period (Reld and Wood, 1976).
Contributing to the locatlon of the compensation level is the turbidity of

the water. Increasing turbidity will reduce light penetration of the water
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column thereby limiting primary productlivity and oxygen production to surface
waters.

Many studies have found depleted oxygen levels In Choctawhatchee Bay
(Battelle-Columbus Laboratories, 1973; U.5. Environmental Protection Agency,
1975; Ross, Anderson and Jenkins, 1974}, In particular, the benthic dissolved
oxygen levels have been cited as problematic (U.S. Environmental Protection
Agency (EPA), 1975). EPA, 1975, found in comparative samples during the
summer of 1974, that nine of twenty-one bottom stations do not meet the
Florida standard (Florida Administrative Code, 1973), for Class II and Class
1II waters. The minimum levels are 4.0 mg/1, except in natural dystrophic
estuaries. Lowest dissolved oxygen levels occurred in deeper waters of the
Bay. In surface waters EPA, 1975, found dissolved oxygen concentrations to be
at 70 percent of the saturation concentration at the mouth of Choctawhatchee
River, increasing to 100 percent saturation in the middle of the Bay. This is
indicative of acceptable environmental conditlons in surface waters of the
Bay. Ross, Anderson and Jenkins, 1974, and the U.S. Fish and wildlife
Service, 1968, both suggest that lowest dissolved oxygen levels occur in bot-
tom waters during periods of high inflow during the late spring and summer,
since benthic dissolved oxygen remalns unreplenished due to the strong
halocline.

While analyzing Florida Department of Pollutlon Control data, Ross,
Anderson and Jenkins, 1974, found BOD rates to range up to 5.4 mg/1 in the
mouth of several minor tributaries. The U.S. Environmental Protectton Agency,
1975, found surface BOD ranging from 5.2 mg/1 to 6.2 mg/1 and bottom water BOD
raning from 1.8 mg/1 at East Pass to 13.6 mg/1 in the central Bay above

Hogtown Bayou. These data show a potential! problem in the deeper waters of
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central Choctawhatchee Hay during September, 1975. Aside fruwm belng a natural

occurrence In Choctawhatchee Bay, one possible cause of the high BOD rate
could be Increased organics from seasonal demlse of phytoplankton populatlions.
Florida Department of Environmental Regulation, 1979, suggests potential
degradatlion problems in the western Bay resulting from increased urbanization.

Santa Rosa Sound was found to be relatively healthy in terms of BOD and

benthic dlversity,
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WATER QUALITY

Phaosphorous

In estuarine environments, most phosphorous exists primarily in an inso-
luble form; however, primary producers require it in a soluble form. The
soluble form commonly found in estuaries ls composed of orthophosphate,
polyphosphate and organic phosphate., The insoluble forms predominate in the
estuary because of high bacterlal utllization, primary productlivity, adsorp-
tion onto insoluble resldues and formation of insoluble preclipitates. The
basic pH conditions of estuarles enhance these processes. Princlpal alloch-
thonous sources of phosphorous are preclpitation and gas transport from the
air, and in some estuaries, from human derived sources. Phosphorous ls a con-
servative nutrient in estuaries, The precipitated lnsoluble phosphorous
remains in equillbrium with soluble phosphorous in the water and the ratio of
the two 1s indirectly mediated by dissolved oxygen concentrations (Webb, 1981).

Northwestern Gulf of Mexlco estuaries are characteristically limited in
terms of productivity by phosphorous. Any major Input of phosphorous to these
estuaries could lend to excessive phytoplankton blooms and eutrophication
(Meyvers and Iverson, 198%1), Choctawhatchee Bay is similar in respect to
phosphorous to many other Northeastern Gulf of Mexico estuarles

(U.S. Environmental Protection Agency, 1975). EPA, 1975, found mean total
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phosphorous to be 0.03 mg/1 and the mean dissolved phosphorous to be

0.013 mg/1 in Choctawhatchee Bay. The eastern reglon and tributaries seemed
to have higher phosphorous values than the central Bay. The phosphorous
levels found during the Escambla Bay Recovery Study, (EPA, 1975), never
exceeded criteria for total phosphorous of .05 mg/1 established in 1972 (Water
Quallty Criteria, 1972). Ross, Anderson and Jenkins, 1974, studied phosphorous
input to Choctawhatchee Bay from fluvial sources, point sources and non-polnt
sources, These studies indicated that the major source of phosphorous to
Choctawhatchee Bay was from Choctawhatchee River. Toms Bayou and other

bayous in the western Bay and Santa Rosa Sound were also found to have signi-
ficantly higher concentrations of phosphorous than found tn the main Bay.

This was thought to be the result of urbanization around the western end of
the Bay.

The principal nutrient index used to characterize phytoplankton blooms is
the phosphorous-nitrogen ratlo (P:N ratleo). Optimal conditlons are suggested
to be as high as 1:20 (Ross, Anderson and Jenkins, 1974}, with lower ranges of
1:5 and 1:10 (Webb, 1981). Preliminary cbservations of data from
Choctawhatchee Bay found P:N ratlos as high as 1:50 (Ross, Anderson and
Jenkiné, 1974), thereby suggesting a high degree of phosphorous limitation in

terms of productivity.

-Nitrogen

In estuarles nitrogen 1s essential to primary productivity; however,
excessive nitrogen, under certaln conditlons, can contribute to eutrophication.

Nitrogen compounds in an estuary can come from many allochthonous sources.
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Seemingly insigniflcant sources In Choctawhatchee Bay are preclpitation and
surface nitrogen fixation by certain algal groups. Gaseous nitrogen stays at
equilibrium at the surface air water Interface; however, this elemental form
of nitrogen is relatively unimportant to nitrogen cycling within the estuary
(Webb, 1981). Fluvial loading of nitrogen from tributaries includes input from
both natural and human sources. Theses sources include surface land runoff,
groundwater seepage and discharge of municipal and industrual waste products
into waters above the falline or the head of tide. Increased culturally
derived nitrogen input into an estuary through fluvial loading, runoff and
point source discharge often causes eutrophication problems withln an estuary
(Jaworski, 1981}.

Autochthounous nitrogen sources In the estuary are from the death and
decomposition of blotic components of the Bay and from sediment nitrogen
release. These nitrogen cycles within the estuary are well documented {Webb,
1981). Nitrogen compounds in an estuary occur in inorganic and organic
fractions. Nitrogen compounds or specles most readily used by primary produ-
cers include nitrate, nitr{te and ammonia. Total nitrogen Is computed as the
sum of nitrate, nitrite and total kjeldahls nitrogen (TKN). TKN is computed
as the sum of ammonia nitrogen and organic nitrogen. Water Quality Criteria,
1972, suggests 3 maximum concentration of (.36 mg/1 of total nitrogen for
coastal oceanic water, however, thls value may not be appropriate for
estuaries which may be dominated by high natural sources of nltrogen
compounds. There are no Florida State criteria for nitrogen levels in
estuarine waters.

The U.S5. Environmental Protection Agency, 1975, found mean levels of total
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nitrogen to average 0.25 mg/1 in Choctawhatchee Bay, well helow levels in
Escamla Bay to the west and suggested U.S. Environmental Protectlon Agency
lgvels (Water Quallity Criteria, 1972). In the same study organic nitrogen was
found to compose an average 74.2 percent of the total nitrogen levels. Ross,
Anderson and Jenkins, 1974, found the range of total nitrogen to be from 0.3
to 0.4 mg/1, with concentration ifncreasing toward the eastern end of the Bay.
This suggests high fluvial loading rates of total nitrogen from Choctawhatchee
River. High total nitrogen levels were found in LaGrange Bayou, Lafayette
Creek, Santa Rosa Sound, Clnco Bayou, Garnfer Bayou and Boggy Bayou {Ross,
Anderson and Jenkins, 1974). These high levels were probably the result of

munictpal input.
Carbon

Organic carbon represent the concentration of both living and non-living
carbon compounds avallable to heterotrophlc activity and contributing to
microbial blomass. Biggs and Flemer, 1972, suggest in upper estuartes the
concentration of organlc cerbon to be dominated by fluvial discharge of
allochthonous organics while In lower estuarles the peimary organic carbon
sources are through primary productivity. Most of the particulate ocganic
¢arbon and flocculated dissolved organic carbons from the river end up in the
sediment where they either become buried or used In heterotrophic activity,
Organic carbon 1s lost I{n significant amounts from the estuary through
respirat{on and tldal circulation in nearly equivalent amounts (Biggs and
Flemer, 1972).

In 1975, the U.S. Environmental Protection Agency found the mean total
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organic carbon (TOC) concentration In Choctawhatchee Bay to be 3.4 mg/1.
Generally, the TOC was hlgher toward Choctawhatchee River and decreasing
toward East Pass. Ross, Anderson and Jenkins, 1974, found many tributaries to
have a high Influx of carbon and suggested that this would increase the blolo-
gical oxygen demand in the bayous and eastern Bay. Water Quality Criterla,
1972, suggests a water column concentration of total organic carbon 1n coastal
waters exceeding 2.0 mg/1 to be sufficient to depress dissolved oxygen
concentrations. The U.S. Environmental Protection Agency, 1975, found
Choctawhatchee Bay to have the highest average total carbon content in the
sediments of five Northwest Florida bays. EPA, 1975, also found a general
trend in Northwest Florida estuaries for Increasing depths to have increased

volatile organics in the sediments.

Total and Fecal Coliform Bacteria

Coliform bacteria are used as indlicators of water quality in terms of
health hazards In the State of Florida. The numbers of coliform bacteria
indicate the degree of fecal pollution in a body of water. The fecal coliform
bacteria represent the percent of the total coliform bacteria which are truly
from fecal origin. In the State of Florlida, the median coliform number or
Most Probable Number (MPN} of Class II shellfish harvestlng waters, cannot
exceed seventy per one hundred milliliters of water In natural conditions and
no more than two hundred thirty per one hundred milliliters of water In ten
percent of the samples during extreme hydrological conditions. For Class 1II
waters, which are for recreation, propagation and management of fish and

wildlife, the fecal coliforms should not exceed a monthly average of 200/100
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milliliters, and no more than 400 total coliforms per 100 mllilliters of water
In ten percent of the samples. Also, the fecal coliforms should not exceed
800/100 milliiiters of water on any given day, nor 2,400 total coliforms per
100 milliliters of water on a given day. Ffor total coliforms, the monthly
average should be less than 1000/100 millilliters in 20 percent of the samples
within a month. Monthly averages fFor the above are expresses as a geometric
mean hased on 4 minimum of 100 samples taken over a 30 day period.

Significant coliform bacteria numbers in the water column are usually
indicative of untreated sewage input Into an estuacy through both point source
and non-point source discharge. In Choctawhatchee Bay most of the waste load
in 1975 was due to stream discharge while the lowest loading was from urban
runoff (Ross, Anderson and Jenkins, 1974). Ross, Anderson and Jenkins, 1975,
found high coliform levels in Santa Rosa Sound. The high numher of municlipa-
lity polnt source dischargers in the urbanized western end of the Bay may have
contributed to declining water guality (Figure 4-20). Another problem asso-
clated with urbanlzation which possibly could contribute to declining water
quality ln the western Bay, is the dralnage of private septic tanks for which

loadings are not estimable (Ross, Anderson and Jenkins, 1974).
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SEDIMENTS

Sediment Characterization

Choctawhatchee Bay {s fringed with flne to medium slzed, well washed
quartz sand. The sand extends from the mean high water level to the six to
eight foot contour where the bottom drops sharply into 4 transition zone of
sand and silt. From Battelle-Columbus Laboratories, 1973, for Grayton Beach
and eastern Choctawhatchee Bay and Goldsmith, 1966, for the entire Bay, this
sand marglral shelf grades into a deep water zone composed of clay and silt.
The sedimentology study conducted by Goldsmith, 1966, further indlicates a dif-
ferent bottom composition In the far western end of the Bay where the bottom
is primarily composed of relict quartz sand. The western Bay lacks the large
clay deposlits found in the eastern and central portlons of the Bay. The dif-
ference may be due to the erosion of existing shorelines on the northern and
northeastern shores.

The topology of Choctawhatchee Bay lends itself to the formation of an
expansive sediment trap, due to the shallow pass to the Gulf of Mexlco rela-
tive to the depth of the Bay. The clay deposits In the Bay are suspected to
have origlnated in sediment loading from Choctawhatchee River (Goldsmith,
1966). The clay and stlts from the river discharge tend to flocculate and

settle as the freshwater carcylng them encounters increasingly greater sali-
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nity gradients. Previous studies found salinity and pH to Increase in waters
moving from the mouth of Choctawhatchee River toward East Pass {Coldsmith,
1966; Ritchle, 1961), and the comblnatlon of these two factors cause
increasingly greater sedimentatlon (Postma, 1967). In addition, the sallnity
density gradient should cause a gradlent of large particle slze sediments to
finer sediments from Choctawhatchee River to the deep water reglion above East
Pass, Flocculation of sediments {s greatest at the salinity gradients found
at minor upwelling sites in Choctawhatchee Bay. Go}dsmith, 1966, found thls
to be evident with Increased clay deposits at suspected upwelling sites north
of Hogtown Bayou and northeast of East Pass (Figure 4-21}. An examination of
Figure &-9 depicting bottom depth confirms these sites as sites of potential
upwelling.

A review of sediment data from the U.S. Environmental Protection Agency,
1975, the U.S5. Corps of Englneers, 1975, and the U.S. Corps of Engineers,
1976, suggests increasingly greater organic constituents with finer silts and
clay in the sediment. In Choctawhatchee Bay this results In Increasingly
greater organic component concentrations in the deeper sediments and in turn
increased reductlon/oxidation (redox) from the east to the central region of
the Bay. In support, Goldsmith, 1966, found the redox potential to Increase
with increasing depth. The high redox potential facilitates and prompts low
alkalinity and low dissolved oxygen concentration. This both enhances the
growth of sulfate bacteria and restricts the benthic faunda. Low pH values
from the freshwater inflow causes calcium carbonate te go Into solution
(Goldsmith, 1966; Postula, 1967). Calcium carbonate concentrations are higher

in Choctawhatchee Bay than in other bays along the Florida Panhandle with high
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percentages of clay In the sediments. However, in areas of greater silt and
sand composition the trend is reversed. Foraminiferal deposits (Figure 4-1C)
found by Pastula, 1967, are in regions where higher saline water tongues can
buffer the pH, thus decreasing the dissolution of calcium carbonate. The
pockets of calclum carbenate In bottom sediments correspond directly to saline
pockets of water and large deposits of clay in the sediment (GColdsmith, 1968).
Other deposits of calcium carbonate in the form of oyster shells have been
located and dredged by Radcliff, Inc. (Taylor Blological Co., 1978). Taylor
Biological Co., 1978, found extensive beds of oyster shell lying &4 to 6 feet
beneath fine sediments and sand about 0.5 miles off the northern shores of the
central hay. These deposits Indlcate a previous change of nature of the
character of Choctawhatchee Bay possibly due to the formation of Morino Point
about 3000 B.P. Morino Point is thought to have been Tormed by a westward
longshore drift in the Gulf of Mexico blocking easy exchange of salt water and

fresh water in the Bay.

Sediment Chemistry

Choctawhatchee Bay was found to have higher organic nltrogen and carbon in
the sediment than many other Northwest Florida bays (Table 4-1). Sediment
phosphorous concentrations ranged from lows of 13.0 mg/kg to 78.75 mg/kg (U.S.
Army Corps of Engineers, 1976) to a mean for the central Bay of 350.7 mg/kg
{U.S. Environmental Protection Agency (EPA)}, 1975}. Phosphorous concentrations
were greatest ln the eastern portion of the Bay. Excluding Alagua Bayou with
residual sawdust sediments and the mouth of Choctawhatchee River stations,

EPA, 1975, found organic nitrogen and carbon to correlate well with depth.
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Table 4-1: Total phosphorous, organic nltrogen, and organic cdrbon in

mud sediments samples from five northwest Florida bays.

-----------------------------------------------------------------------------

Locatlion Number Mean Mean Mean
of Total Organic Organlc

Samples Phosphorous Nitrogen Carbon

{mg/g) {mg/q)} {mg/g)

Escambia Bay 19 248.8 0.57 31.4
East Bay 5 195.6 0.59 3.7
Panama Clty Bay 9 468.9 1.18 58.6
Choctawhatchee Bay 6 350.7 1.60 59.0
Pensacola Bay 1 468.0 0.71 35.4

-----------------------------------------------------------------------------

Source:; U.S. Environmental Protection Agency, 1975.

53



The U.S. Army Corps of Engineers, 1976, found stations In Santa Rose Sound
near the Ft. Walton Beach sewage treatment plant (STP) and near the
Intercoastal Waterway Canal mouth In eastern Choctawhatchee Bay to exceed
recommended standards of 1,000 mg/kg of nitrogen in the sediment by 150 to 300
percent.

Volatile organic compounds in the sediments of Choctawhatchee Bay were
sampled by the U.S Environmental Protection Agency (EPA), 1975, and the U.S.
Army Corps of Englineers, 1976. EPA, 1975, found deep water sediments to con-
taln from 8.42 to 24.52 percent volatile organics. The U.S. Army Corps of
Engineers, 1976, found percent volatile organics to range from 0.35 t 1.2 per-
cent in sandy locations, 3.83 percent in clay sediments and from 17.04 to
23,37 percent In sllty sediments. Percent volatile organics in silty sedi-
ments exceeded the criteria of é percent maximum volatile organics (Water
Quality Criteria, 1972), in all cases. The U.S5. Army Corps of Engineers,
1976, also found high biological oxygen demand and chemical oxygen demand
(COD) at silty sediments stations near the mouth of Choctawhatchee Bay. In
1974, in eastern Choctawhatchee Bay, along with Intracoastal Waterway, the COD
exceeded recommended levels of 50 mg/ky #103 (water Quality Criteria, 1972),
for coastal waters. Clay sediments had a COD of 27.35 mg/kg* 103, while sandy
bottom stations had a COD ranging from 2.09 to 6.21 mg/kg *103, Sediment
biological oxygen demand was found to be much higher In central Choctawhatchee

Bay than in other Northwest Florida Bays (U.S. Environmental Protection Agency,

1975) .
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Table 4-2: Percent of mud in sediments (top 15 cm.) from central baslins

of northwest Florida bays.*

Bay Number of Mean Percent Percent

Stattions Depth Mud Clay

(m) {%) (%)

Escambia 17. 3.3 91.36 50.63
East Bay 4. 4.2 58.34 64.69
Pensdcola Bay 1., *# 8.4 97 .47 60.0%
Choctawhatchee Bay 6. 5.2 98.00 73.93
Bays at Panama City 7. 6.3 91.43 62.19
Blackwater Bay 1. 2.6 9%.,78 70,30

- o o e o o kA A ke M M A M M MM EEEWwW 4SS s R A A mE T A A = =

* Data generated from samples that have elther greater than 80% mud or
greater than 50% clay.

«* Station near 4 recent channel dredging project and probably this station
dredged {n the past year,

Source: U.S. Environmental Protection Agency, 1975.
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Metals and Pesticldes

Toxic metals and pesticides in the environment, often termed toxics, are
accumulated In fine grain sediments and may be resuspended through natural
disturbances or human activities such as dredging (U.5. Army Corps of |
Engineers, 1976; Taylor Biological Co., 1978). Toxics in the sediments of
Choctawhatchee Bay have been sampled by the Corps of Engineers in 1975 and
1976, the Florida Department of Environmental Regulation, 1975, and the U.S.
Envirommental Protection Agency, 1975. Although the above studies rather
sparsely cover the Bay, comparison with simllar studies in other Northwest
Florida Bays suggest that Choctawhatchee Bay potentially has problems In the
sediments of the eastern Bay which receives the greatest fluvial loading
from the Choctawhatchee River Basin. The U.S. Army Corps of Engineers studied
Fast Pass and the western Bay around the mouth of Santa Rosa Sound, but no
seriously high concentrations of toxics were found.

Toxlcs are generally associated with sediment movement and deposition.

Due to its hydrography, Choctawhatchee Bay had been described as a sedimént
trap accumulating most of the sedlﬁents entering the Bay. As sediments
accumulate, so do many toxic metals and toxlc chemicals. Mollusks have a ten-
dancy to bio-accumulate many toxic compounds, and often are most sensitive to
metals. Documentation of present toxic compound distributions and changes
from normal distributions in an estuary are Important to the assessment of
toxic effects In an estuary. Toxicity of many metals are inversely correlated
with sallnity, i.e., the higher the salinity, the less toxic a metal may be.
Thus, in Choctawhatchee Bay the most blologically damaging high metal con-

centrations will be near the mouth of the tributaries, including
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Choctawhatchee River. Many metals are most detrimental to larval stages of
estuarine organisms. Both cadmium and mercury are deleterious to crustacean
larvae and seasonal spawnlng of crustaceans may be strongly affected by sedl-
mentldlsturbances.

The U.S. Environmental Protection Ageny (EPA), 1975, found metal con-
centrations in Northwest Florlda estuaries to be much higher in deep water
sediments than in sandier shallow water sediments. This may be attrlbuted to
sediment accumulation of metals. The U.S. Army Corps of Englneers, 197s,
found zinc concentrations exceeding standards of 50 mg/kg (U.S. Environmental
Protection Agency, 1971} in four of seven stations sampled with a maximum of
419.9 mg/kg. In centrally located staticns zinc was below recommended stan-
dards (U.S. Environmental Protection Agency, 1975). Mercury at 0.91 mg/kg,
Just west of the Highway 331 bridge, was just below the recommended.standard
of 1.0 mg/kg (U.5. Army Corps of Engineers, 1976). The U.5. Environmental
Protection Agency, 1975, during the Excambia Bay Recovery Study, found the
mean for many metals [n Choctawhatchee Bay sediments including lead, chromium,
cadmium, manganese, nickel, aluminum, lron, cobalt and vandlum to be generally
higher than in many other Northwest Florida estuaries (Table 4-3). However,
the sample locations and slzes may have blased these means. Tron and aluminum
were naturally high due to the large amounts of clay In Choctawhatchee Bay
sediments,

Pesticldes In an estuary are both biologically and geologically accumu-
lated (Odum, 1976). Pesticides cause the most problems In estuaries by phy-
siologically disrupting components of the food web in estuaries (Odum, 1976).

The U.S. Army Corps of Engineers found chlorodane (41.024 mg/kg), ODE (0.334
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Table 4-3:

Lead
Zinc
Chromium
Cadmium
Copper
Manganese
Nickel
Alumlnum
Iron
Cobalt
Vanadium

Titanium

Mean concentration of metals in surface sediments of

selected bays in Northwest Florida.

Escambia

18‘

W

43.2
39.7
1.0
8.7
188.8
8.8
17778
29298
12.2
73.6

70.2

Source: U.S.
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39.8 16.2 13.0 26.1 23.2
140.3 28.8 19.7 45.8 37.9
55.7 38.4 13.1 71.2 55.1
1.0 1.0 1.0 1.0 1.0
19.3 4.4 2.5 11.3 1.6

318.5 188.2  105.6  654.2 129.8
15.7 8.7 2.8 15.6 11.1
14565 10554 = 4684 21050 13433
32740 23836 11520 47967 20522
9.8 8.6 4.8 12.0 4.9
47.3 37.4 23.4 99.5 34.6

33,0 55.0 47.86 40.2 64.0

Environmental Protection Agency, 1975.
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mg/kg), Dlazinon (1.38 mg/kg) and PCB AR-1254 (14.679 mg/kg) in Choctawhatchee
Bay just east of Santa Rosa Sound in 1975. Diazinon was also found ln the
Intracoastal Waterway Just east of the State Highway 331 bridge at 7.172 mg/kg.
The U.S5. Army Corps of Engineers, 1976, also tested for the pesticides aldrin,
dieldrin, 0DOD, DOT, endrin, heptachlor, heptachlor epoxide, lindane,
methoxchlor, mirex, toxaphene, guthion, malathlon, methlparathlon, parathlon,
PCB AR-1242 and PCB AR-1260, but did not Find these In slgnificant amounts.
EPA, 1975, found 0.95 mg/kg of mirex at the mouth of Choctawhatchee River.
Also found were DOL up to 17.0 mg/kg and one station with 2.5 mg/kg DDD and

DDT ranging from 1.2 mg/kg to 2.8 mg/kg In central Choctawhatchee Bay.
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BIOTIC COMMUNITIES AND NATURAL RESOURCES

Plankton

Studies of planktonic communities in Choctawhatchee Bay are scarce.
Battelle-Columbus Lab,, 1973, assessed plankton numbers at several stations
tn the eastern end of the Bay in a single sampling period. The principal com-
ponent of the zooplankton proved to be copepod nauplii, probably the specles

Acartia tonsa, the dominant zooplankter in Northwest Florida estuaries (U.S.

Environmental Protection Agency, 1975). Battelle-Columbus Lab., 1973,
concludes there is a functional relationship between temperature and
zooplankton. However, this hypothesis would be difficult to explaln based on
one day of sampling at only a few stations. Studies in Santa Rosa Sound near
Pensacola Bay (Moshiri, et al., 1978) and In the St. Andrews Bay system
{Hopkins, 1966), both found large numbers of rotiferans near freshwater tribu-
taries and cirripedla nauplii, polychaete larvae and ctenophores occurring
seasonally. The dominant species in both studies throughout the year was the

calanoid copepod Acartla tonsa.

Battelie-Columbua Lab., 1973, found the dominant phytoplankton phyla to be
the Chrysphyta, more specifically, the Bacillariophyceae or diatoms. Numbers
of phytoplankton from stations nearer the tributaries are distinctly greater

than those from the more centrally located statlons in eastern Choctawhatchee
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Bay (Battelle-Columbus Lab, 1973). Thls possibly is the result of hlgh
nutrient input from the tributarles which are {mmediately utllized by the
phytoplankton. General phytoplankton trends in Santa Rosa Sound near
Pensacola Bay are for large numbers of dinoflagellates to occur in late winter
and early spring (Moshlrt, et al., 1980; Moshiri, et al., 1978). These glive
way to large numbers of single celled algae of many classes In the late spring
followed by high numbers of Bacillariophycae in the late summer, remaining pre-
valent until midwinter. Cell counts In the Choctawhatchee Bay have been
recorded as hlgh as 230,000 cells/milliliters (U.S. Environmental Protection
Agency, 1975). Ross, Anderson and Jenkins, 1975, speculated that the phy-
toplankton growth In the eastern end of Choctawhatchee Bay would be greater
than In the western and central bay based on nutrient input from
Choctawhatchee River.

A better estimate of productivity than phytoplankton numbers is the volume
of chlorophyll pigment retalned in the water column. Actlve growing phy-
toplankton populations will have a greater chlorophyll content than phy-
toplankton populations on the demise. Chlorophyll content represents the
physiological state of phytoplankton cells and thus, in turn, the productlvity
potential. The U.S. Environmental Protection Agency, 1975, made a comparative
study of uncorrected chlorophyll in Choctawhatchee Bay. Chlorophyll in the
water column showed & decrease from Choctawhatchee River to the mouth of the
Bay at East Pass with a range from 8.0 mg/l to 0.0 mg/l. The study also found
chlorophyll to decrease from the central Bay to the peripheral Bayous and

Santa Rosa Sound. The average for the entire Bay for 20 stations was 4.2 mg/l.
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This supports the hypothesis of high utllization of nutrients near Inflow

points and potential nutrient limitations in the central reglion of the Bay,

Benthos

Choctawhatchee Bay has several distinct types of benthic habitats which
support varied communities of macroinvertebrates., Benthic faunal surveys in
E£scambia Bay to the west of Choctawhatchee Bay (U.S5. Environmental Protection
Agency, 1975) revealed three major benthic habitat descriptions which would
apply to habltats in Choctawhatchee Bay, Marglnally, Choctawhatchee Bay is
fringed with a shallow sand shelf. This blends into deeper reglons with
varying mixtures of sand and mud comprising the transitional zone. Lastly,
there i{s a broad central deepwater mud plain. Other smaller habitats,
possibly of more importance, are the grass beds and oyster beds, The grass
beds and oyster beds provide substrate for attachment, shelter, feeding and
reproduction of macroinvertebrates. Also, these dareas should have a greater
species diversity than found In the three major hablitats of the Bay.

Studies of the benthic macrolnvertebrate communities in Choctawhatchee Bay
have been made Ly the Corps of Englneers in 1974 and 1976, Taylor Blological
Co,, 1978%, Battelle-Columbus Lab., 1973, and Ross and Jones, 197%. Ross and

Jones, 1979, found sixty four species at eighteen statiens in six primary

*Radcliff Company, Mobile, Alabama, removed eight million cublc yards of
oyster shell from the sediments of Choctawhatchee Bay from 1946 to 1970. 1In

an effort to extend this dredging activity, Taylor Biologtcal Company, 1978,

performed a study to assess dredging activities In the Bay.
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habitats lncluding shallow and deep water sand and mud communities, as well as
grass beds and a deep water red algae community. The Florida Department of
Regulation (unpublished data) has periodically sampled the benthos above Piney
Point and found 110 specles of benthic invertebrates thus far. Collard, 1974,
and Pastula, 1968, both suggested that benthic invertebrates were least abun-
dant toward the eastern end of the Bay. Pastula, 1967, attributes the
decrease to reductions of both salinity and dissolved oxygen toward the
eastern end of Choctawhatchee Bay. Most of the Information concernlng the
benthos {5 centered in deeper waters of the Bay. Further studies should
Investigate grass beds, oyster reefs and the near shore shelf around the Bay.
In studies of deep water stations, both Taylor Biologlical Co., 1978, and
Battelle-Columbus Lab., 1978, found polychaete worms to be the most common
organisms in both numbers and species diversity. All previous investigations
concerning the benthos In Choctawhatchee Bay have noted a general paucity of
benthic invertebrates., This pauclty has been blamed on the extreme en?lron-
mental stress at deep water stations in the Bay, resulting from salinity
changes, long term low dissolved oxygen concentrations and high sedimentation
rates. This stress 1s particularly evident in the summer and early fall, 1In
LaGrange Bayou, the U.S. Corps of Englneers, 1973, found freshwater bivalves

and crustacea to comprise the dominant fauna.
Fisheries

The general concensus concerning sport and commerical fishing In
Choctawhatchee Bay is that it has been on the decline since the late 1960's.

Prior to the late 1920's, the Bay existed as a limited access embayment with
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only slight tidal exchange resulting in slightly brackish water (Okaloosa
Economic Development Council, 1978). 1In the years prior to the formation of
East Pass, Santa Rosa Sound should have played a much more Important role

in the flushing of Choctawhatchee Bay than Lt does at present. With Increased
salt water intrusion Into the Bay due to the opening of East Pass, and the sub-
sequent malntenance of the Pass (U.S. Army Corps of Englneers, 1975), the spe-
cles of fish In the Bay, particulary in the western Bay, should have tended
toward more marine species. In the late 1960's, bridge fishermen from
Okaloosa County reported catching red smapper in Cinco Bayou and Garnler
Bayou. However, slnce then many local fishermen feel that both numbers of
fish caught have declined and that soﬁe species such as red snapper dare
completely absent where they were once common. Barret, Daffin and Carlln,
1979, make similar connotations.

Irby, 1974, discusses sea trout (Cynosion nebulosus) populations In

Choctawhatchee Bay. Many Bay sports Fishermen attribute decllining catches of
seq trout to over-fishing by commerical flshermen (Irby, 1974) and more
recently, declining grass beds (personal communication). However, Irby, 1974,
concludes that without earlier baseline data such reductions cannot be found
and that survey results do not indicate exploitation by commercial fishermen.
Fish kills occurring in both Garnier Bayou and Rocky Bayou from 1272 to
1975, are the result of low flushing rates, high temperatures and low
dissolved oxygen concentrations. The Fish and Wildlife service Inltlated a

striped bass (Morone saxtilis) stocking program and a basin wlde species survey

in 1968 (U.S. Fish and Wildl{fe Service, 1973). An assoclated envlironmental

study suggested that heavy sedimentatlon from Choctawhatchee River could be
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detrimental to fisheries In the Bay (U.S. Fish and Wildlife Service, 1973).
The striped bass stocking program was discontlinued in 1975 due to budget cuts
(Northwest Florida Water Management District, 1980); however, the stocking
program was showing signs of success with striped bass found to be spawning in

Choctawhatchee River in the spring of 1975 (U.S. Fish and Wildlife Service,

1975).

Submerged Aquatic Vegetation

Submerged aquatic vegetatlon Is an important component of estuaries. This
vegetation provides food and shelter to many estuarine organisms, as well as
spawning and nursery grounds for both resident and non-resident species,
Chemlcally, the grass beds in an estuary aid in oxygenation of the water and
act as buffers to nutrlents and toxic metals. Submerged aquatic vegetation
can also play an Important role in nutrient cycling within an estuary.

Many local resldents have suggested that grass beds in Choctawhatchee Bay
are declining in acreage. Suggestions as to reasons include increased
turbldity, adverse weather conditions, increased activity by commercial net
fisherman and testing of the herbicide, agent orange on the northern shores of
Choctawhatchee Bay. Without good documentation of the historical and existing
grass beds, no conclusions can be made as to the actual demise, if any, of the
grass beds in Choctawhatchee Bay. Figure 4-20 deplcts grass beds in
Choctawhatchee Bay. These beds are composed from both McNulty, Lindall and
Sykes, 1971, and drawings from 1973 gerial photographs covering the shoreline
of Choctawha;chee Bay. The prevalent estuarine seagrass in Choctawhatchee Bay

is Ruppia maritina. McNulty, Lindall and Sykes, 1971, found Choctawhatchee

66



Bay to contaln 3,092 acres of submerged aguatlc vegetation and 2,816 acres of
tidal marsh grasses (Figure 4-20).

The decline of existing grass beds within many of the estuaries ln the
Gulf of Mexlco and on the Atlantic Coast is well documented (U.S. Environmental
Protectlion Agency, 1975; EPA, 1981). The demise has been due to both natural
causes and cultural disturbances. Turbldity caused by weather disturbances,
increased fluvial sediment loads, increased boat traffic and dredging opera-
tions is thought to severly limit the resources required for productive grass
beds (EPA, 1981). EPA, 1975, found dredge and fil! operatlions to destroy
exlsting grass beds by excessive siltation. Other factors thought to cause
the decline of sumberged aquatic vegetation Include natural disedses, tem-
perature and sallnity trend changes, excessive nutrients, herbiclides and
excessive petrochemicals (U.S. Fish and Wildlife Service, 1978). The authoe
has also observed significant damage to seagrass beds due to careless opera-

tion of gill nets.

67



5 - MATERIALS, METHODS AND EXPERIMENTAL PROCEDURES

General

Understanding the environmental processes affecting the guality of
Choctawhatchee Bay necessitated a sampling regime which covered both spatial
and temporal ranges of ecological parameters affecting the Bay. The sampling
regime was designed to cover both monthly fluctuations and seasonal diurnal
fluctuations over geographical boundaries including major currents and inflow/
outflow points. Annual trends were assessed by comparing current information
and historical information that s available in the literature. The sampling
regime excludes the periphery of the Bay. Honthly sampling stations were
selected after reviewing the bathymetry of the Bay, as well as knowledge con-
cerning dredge channels, bayou and discharge inputs, suspected currents and
major infiow/outflow locatlions (Collard, 1976). Diurnal studies were
completed in each of the four sedsoﬁs to determine daily fluctuations along

the central axis of the Bay (Collard, 1978).

Monthly Sampling

Monthly sampling Includes physical/chemical data collection and collection
of the various components of the planktonic communities. Thirty-one monthly
water guality stations (Figure 5-1) were designated and sampled on the times

in Table 5-1. The entire sampling circuit was 105 statute miles and usually
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Table 5-1: Sampling Time Frame for the Sea Grant sponsored University of
West Florida Study of Choctawhatchee Bay, Florida. Monthly

sampling schedules.
MONTHLY (31 Stations)

28-29 JAN. 1975
19-20 MAR. 1975
21-22 APR. 1975
20-21 MAY 1975
21-22 JUN. 1975
19-23 JUuL. 1975
25-26 SEP. 1975
29-30 0CT. 1975

15 DEC. 1975
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required two ddys each month to complete. Samples In February and August were

not collected due to scheduling and weather difficulties. Weather conditions
for Five days prlor to each sampling perlod are depicted In Table 5-2.
Chemical and physical parameters were sampled at each of the thirty-one water
quality stations and conslsted of a surface sample one foot below the surface,
a middle depth (mid-depth) sample at the approximate mid-depth and a bottom
sample one foot off the bottom In the water column. The parameters sampled
are deplicted In Table 5-3. The biotic components of the Bay sampled on a
monthly basis Include total and fecal bacteria at ten stations from the sur-
face and bottom of the water column, phytoplankton at fourteen statlons

From the sucface only, and icthyoplankton and zooplankton from nine stations
in surface waters only (Figure 5-2, Table 5-3). Productlvity was measured in
surface waters through determination of chlorophylls A, B, and C at each of

the thirty-one water quality stations.

Physical Parameters {from Collard, 1976)

Salinity and temperature were determined using 4 Beckman RS5-3
Electrodeless Induction Salinometer (Beckman Instruments). Dissolved oxygen
for January through May was measured with a Delta Sclentific Model 85
Dissolved Oxygen Meter (Delta Instruments). A YSI Model 51A Dissolved Oxygen
Meter (Yellow Springs Instruments) was used for dissolved oxygen measurements
for June through December. The two probes, with cables, were bound together
along with a nylon water hose and callbrated {n one-foot units. Water depths
were determined using a Raytheon fathometer and the probes were lowered to the

proper depth.

71



Table 5-2: Weather Conditions for the Five Days Previous to Each

Sampling Period.

Monthly Sampling

Sample
Date

1/28/75
3/30/75
4/22/75
5/20/75
6/21/75
7/19/75
7/23/75
9/25/75
10/29/75
11/24/75
12/15/75

* $/21/75 Max. wind speed was 20 mph.

Mean Alr
Temperature

(°C)

61
64
65
75.8
81.4
80
80
6.4
71.4
49.2

59.6

Max. Alr

Temperature
(°C)

72
75
76
84
92
89
89
77
84
76

75

Min. Alr Total

Temperature Preclpitation
(*C) {Inches}
50 0.10
46 0.20
50 0.93
63 0.91
70 0.58
A 0.56
74 1.31
49 14,90+
61 0.00
34 0.08
32 0.00

¥ind

Speed

(Knots)
1.2 - 11.4
2.8 - 14.8
1.6 - 11.4
0.8 - 10.2
1.4 - 10.6%
0.8 - 9.6
0.8 - 8.4
2.4 - 18.2**
1.0 - 9.4
0.8 - 12.2
1.0 - 8.8

%% 9/23/75 Max. wind speed was 40 mph, precipitation was 40 inches due to
Hurricane Camille.
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Table S-3: Physical, chemlcal and blological parameters sampled monthly

in Choctawhatchee Bay, 1975.

Parameter Units
Salinity ppt

Water Temperature degrees Celstus
Dissolved Oxygen mg/1
Dissolved Ammonia mg/1-n
Dissolved Nitrate ) mg/1-n

Total Organic Nitrogen mg/1-n
Dissolved Orthophosphate mg/1-n

Total Phosphate mg/1-n

Total Carbon mg/1-C

Total Organic Carbon mg/1-C
Chlorophyll A mg/ 1
Chiorophyll B mg /1
Chiorophyll C mg/1

Total Coliform Bacteria MPN

Fecal Collform Bacteria MPH
Phytoplankton cells/liter
Zooplankton numbers/liter
[cthyoplankton numbers/liter
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Water Chemlistry Parameters

Water samples of chemical analyses were collected using a nylon hose con-
nected to a brass pump {Jabsco). This system was considered chemlcally
nonreactive with the parameters being medsured. Water samples were placed in
plastic bottles and stored at 4°C until anlaysis. Analyses were completed
withn 48 hours.

All methods for water chemistry analyses are those currently used by the
Environmental Protection Agency (U.S. Environmental Protection Agency, 1974).
The parameters and methods used are:

a) Dissolved Ammonia Automated Colorimetric Phenolate
b) Dissolved Orthophosphate Automated Colorimetric Ascorblc Acid Reduction

c) Dissolved Nitrate/Nitrite Automated Cadium Reduction

d) Total Organic Nitrogen Automated Phenclate

e) Total Phosphorous Automated Colorimetrlic Ascorbic Acld Reduction
f) Total Carbon Beckman Carbon Analyzer (Model 915)

g) Total Organic Carbon Beckman Carbon Analyzer (Model 915)

Biological Parameters

Five hundred milliliter aliquots of surface water from each of the thlrty-
one stations was flltered through 0.45 micron filters. The resldue on each
filter was analyzed for chlorophylls A, B, and C, using the Trichomatic
Methods of Weber, 1973. Chlorophyll concentratlions were calculated using
SCOR/UNESCO equatilons (Strickland and Parsons, 1972}.

Coliform bacterial levels were determined from water samples collected by

pump. Samples were collected in sterile glass bottles with ground glass stop-
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pers and placed on Ice until anaysis. A maximum of twelve hours elapsed bet-
ween collection and analystis. For analysls, the samples were allowed to warm
to room temperature and analyzed using the Most Probable Number (MPN) multiple
dilutlon tube germentatlon test as described by the American Public Health
Association, 1971. For the presumtive tests, lauryl tryptose broth was used
in dilutions of 10°, 10-1, and 10-2. Positive tubes were indicated by the
presence of gas after 24 or 48 hours at 35°C. Posltive tubes were used to
innoculate brllliant green blle broth and EC medlum. If gas was produced
after either 24 or 48 hours at 35°C {n the brilliant green blle broth the pre-
sence confirmed total coliform numbers. Fecal coliforms were determined by
growth and gas production in 24 hours at 44.5°C in EC medium.

Phytoplankton Investigations included the classification and enumeration
of all genera of algae found in Choctawhatchee Bay. Samples were collected in
100 ml bottles, then preserved and stalined with T ml of Lugols lodine
solution. Classification and enumeration was accomplished using 10 milllliter
settling chambers viewed on an Inverted microscope. One 10 milliliter water
sample was taken from each 100 ml sample bottle. An overall scan was taken
through the middle of each settling chamber at 10x. Only the larger species
of algae, in particular diatoms and dinoflagellates, were counted in the scan.
In addition, 20 random fleld counts were viewed at 20x for enumeration of the
smaller species of algae, including members of Chlorophyta and Cyanophyta and
smaller members of Chrysophyta.

Zooplankton and tcthyoplankton were collected using standard half meter
Nitex plankton nets equipped with a General Oceanics guart plastic codend.

The net was towed with the top of the net approximately at the surface of the
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water and at d4n Javerage speed of 1.3 meters per second (varying between two
and three knots) for ten minute intervals. Slnce sampling was done from many
vessels whose speeds and rpm Indicators varled, it was Impossible to assess
volumetric differences in the numbers of individuals per unit volume., Flow
meters were not used at the onset of this study and consequently no quan-
titative estimate of the amount of water filtered can be made. Also, an esti-
mate of net clogging 1s Impossible. Zooplankters were collected in a 165
micron mesh net, while icthyoplankters were collected in a 505 micron net. At
the concluslon of each tow the net was washed with the aid of an electric pump
and plastic hose; the codend was removed and the sample transfertred to a quart
far and preserved in three to five percent solution of sodium borate huffered
Formalin ln sea water. The samples were ceturned to the lab for iden-
tification and quantification.

In the laboratory, each sample was filtered through a mesh sieve, then
rinsed carefully and placed in 70% ethanol solution. The flsh eggs were
counted and the fish larvae were counted and identifled to the lowest possible
taxa with the ald of a blnocular microscope. The standard lengths of the fish

larvae were measured.

Quarterly Diurnal Studies (from Collard, 1976)

In order to complement the monthly sampling schedule, four quarterly stu-
dies were conducted to measure 48 hour diurnal changes in salinity, temperature,
dissolved oxygen and pH (Table 5-4). Elght stations were established along
the midlength of Choctawhatchee Bay (Flgure 5-3). Each statlon was sampled

approximately every six hours and measurements were taken at three foot inter-
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Table 5-4:

Sampling Time Frame for the Sea Grant sponsored University of
¥est Florida Study of Choctawhatchee Bay, Florida. Quarterly

sampling schedule,

QUARTERLY (8 Stations)
25-28 FEB. 1975
27-30 MAY 1975
25-29 AUG. 1975

10-14 NOV. 1975
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vals from the surface to the bottom. Salinity, temperature and dissolved oxy-
gen were determined using the instruments defined previously in Physical
Parameters. Wdater samples were collected from each depth by pump, and pH was
determined using a Corning Model 7 Laborateory pH Meter. In addition to water
sampling, hourly observations of air temperature, wind speed and directicn,
sea condition, cloud cover and barometric pressure were recorded (Table 5-5).

Following the 48-hour study, eight benthic grabs, using a 0.05 m3 Ponar
dredge, were collected from each statlon. Each grab sample was washed through
4 1.0 mm standard sieve. The resulting sample of benthic Invertebrates was
preserved in 10% formalin prior to sorting, enumeratlion and identification of
individuals.

The final phase of each quarterly study was the collection of fishes and
macrolinvertebrates within Choctawhatchee Bay. A 30 foot otter trawl was towed
at random locations of 30 minute Intervals. Both daytime and nighttime trawls
were made. Fishes were ldentified and preserved in 10% formalin. Macro-
invertebrates were stored in 70% ethanol and later identified. Results of

this ts published as a specles key by Sneed Collard and John Wright as a

supplemental Appendix.

Sediment Analysis (from Collard, 1976)

Sediment samples were collected once during the year from each of the
thirty-one water guality stations. One sample, using a 0.05 m3 Ponar grab,
was collected and analyzed for total Kjeldahl nitrogen and total phosphorous,
using EPA methods (U.S. Environmental Protection Agency, 1974). Percent orga-

nics of sediments was determined by welght loss after combustion of a dried
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Table 5-5: Mean weather conditlons for the Five Days Prior to Each

Quarterly Sampling Period.

Quarterly Sampling

Sample Data Mean Air Max. Alr
Temperature  Temperature
(°C) (°C)
2/25/75 57.4 73
5/27/75 77.2 20
7/26/75 B2.4 92
M/11/75 74.2 79

81

Min,
Tempera
(°C)
38
65
72

69

Alr Total
ture Precipitation
{Inches)
1.05
77
0.0

1.25

Wind
Speed
{Xnots)
202 - 13.2
0.6 - 8‘8
0.8 - 10.6
1.4 - 11.2



sémple at 550°C for 24 hours. Particle slze distributlon of each sediment was

determined by the methods of Folk, 1968.
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Table 5-6: U.S. Geological Society Flow Gages on Tributaries to

Choctawhatchee Bay.

Gauge Station

1. Choctawhatchee River

near Bruce, Fl.
(02366500)

2. Magnolia Creek
near Freeport, Fl.
(02366900)

3. Alagqua Creek
near Defuniak Springs, Fl.
(02356000)

4, Juniper Creek
near S.R. 85, Niceville, Fl.
(02367310)

Source: U.S. Geological Society, 1980

Drainage Area
{sq. mi.)

84

4384

11.2

65.2

29.5

Period of Aug*
Record Discharge

10/30-12/81 7,056

9/68-12/81 6.4
4/51-12/81 164
3/66-9/75 83.8



6 - DATA MANAGEMENT AND ANALYSIS

[n addition to a thorough presentation of both the blophysical Inventory
of data and selected analyses of the data, & permanent computerized data base
for Choctawhatchee Bay has been compiled. This permanent data base will
tnclude physical/chemical and blological information and will be avallable
publicly through the Northeastern Regional Data Center (NERDC) at Gainesville,
Florida. The software package through which the data may be accessed is the
Statistical Analysis System (SAS). Coples of the data files will be sent on
computer tape to Florlda Seagrant, Gainesvifle, Florida, Northwest Florlida
Water Management District, Tallahassee, Florida, and the Institute for
Statistlcal and Mathematical Modeling at the University of West Florida,
Pensacola, Florida. Blaylock, 1982, discusses user availability and access to
the data. For reporting purposes the data are presented as an Inventory in
both tabular and graphlc formats (Supplemental Appendlices A-DD).

The raw data were tabulated and keypunched on cards using an outdated
input format of STORET, the U.S. Environmental Protection Agency's environmen-
tal data storage and retrleval software system. In 1980 the data were sent to
the U.S. Environmental Protectlon Agency (EPA) Laboratory in Athens, Georgia
for reformating and computerization. Due to the outdated STORET formats the
cards could not be read, so they were returned. At this time the author

designed input/output facilities using SAS to create computerized data sets.
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The SAS data sets were maintalned on IBM System 3350 disk pacs at NERDC for
graphic and statlstical analyses.

Data analyses using statistical, graphic and inferentlal methods proceeded
with a thorough review of the data for quality control. The data were first
checked using visual data scans to detect gross abnormalities. Secondarily,
the data were described utilizing summaries statistics of means and minimum/
maximum ranges by statlon, depth and time. These summary statistics were com-
pared with acceptable ranges from previous literature. Abnormalities in the
data were checked with raw data sheets and corrected where necessary.

The blologlical data were initially presented as tabular output and the
physical/chemical data were presented graphlically. The monthly physical/
chemical data were reduced and displayed on maps by time and sample depth.
Also mapped were the benthic sediment parameters. The second phase of monthly
graphic display involved production of linear plots of each parameter for each
depth over the period of sampling to depict any changes throughout the year.
Quarterly diel study data was depicted as comparative profiles from which one
can determine vertical depth variation as well as variation across the diel
study period. This data allows conclusions to he made concerning tidal
cycles as well as diurnal changes in the photoperiod. The physical/chemical
data are also summarized in tabular format displaying simple statistics across
the bay for the year, at each station for the year, across the bay at each
depth for the yar and for each month during the year. Quarterly data are sum-
marized in tabular format with sample statistics for each station and across
the entire bay. Phytoplankton, zooplankton and the benthos are summarized in

tables depicting numbers found at each station at each sampling period. Maps
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were prepared for the more common specles collected In the benthos. Other

assorted maps and tables were prepared in conjunctlon with descriptions of the
various conditions In the Bay and affecting the Bay.

Statistically, the monthly physical/chemical data were correlated over
time to suggest any relatlonships, These parameters were also correlated with
phytoplankton and zooplankton numbers at each station. Benthlc species were
correlated with the sediment physical chemical measurements to determine (f
there was a spatial relationship Ln the benthos. Stepwlise regressions were
made using fecal coliforms, total coliforms, total chlorophyll and chlorophyll
A as dependent varlables. These parameters were tested with dissolved oxygen,
temperature, total organic carbon, nitrate, total phosphorous and ammonia to
see 1f they could be modeled statistically through simple regressions.
Temporal studies were made with plots of phytoplankton and zooplankton numers
over the period of sampling.

All graphic display was done on a Tektronix graphlc system comprised of a
4052 intelligent terminal, paired 4907 file manager diskette drives, and 4
4663 flatbed plotter. The software was designed for all graphics on the 4052
terminal. Graphic programs Included X/Y plot routines, multiple profile plot
routines, bar charts and digitizing/mapping routines. To faclilltate data
transferal to the Tektronix, a communcations program was written and supple-
mented with data transformatlion files. ALl statlistical analyses as well as
much of the data analyses were made using Statlstical Analyses Systems (SAS)

software on the University of Florida computer facillty, at NERDC.
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7 - RESULTS AND DISCUSSION

PHYSICAL CHARACTERISTICS

Temperature

Water temperature In Choctawhatchee Bay is relatively constant spaclally.
Water temperature, as expected, does vary seasonally with seasonal changes in
the ambient air temperature. The mean annual water temperature was 21.12
degrees Celsius across the entire Bay (Table 7-1). Spatlally the temperature
was 2 to 3 degrees higher in the western and central reaches of the Bay due to
freshwater inflow depressing the temperature of surface water in the east.

The mean annual temperature at stations nearer the mouth of the bayous around
the Bay tended to be 1 to 2 degress Celslus higher than those in the central
Bay. The central Bay bottom stations did not show strong seasonal varlatien
when compared to surface and mid-depth waters (Figures 7-1 and 7-2). These
central Bay stations exhibited benthic temperatures with close to a one month
lag behind surface water temperatures with mid-depth temperatures falling bet-
ween the two. The seasonal spring increase in temperature occurred between
April and May while fall decreases occurred between October and November
(Figure 7-3). Water temperature in September was slightly lower than in
October due to the passing of Hurricane Eloise. During the fourth quarterly
sampling perlod in November the surface temperatures appeared to decrease with

increasing freshwater inflow (Figures 7-5 through 7-12}.
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Table 7-1: Annual means of physical parameters for Choctawhatchee Bay

and for each individual sampling depth during 1975.

Temperature Sallinity Dissolved Oxygen

(C*) (ppt) (mg/1)

Grand Means 21.21 13.36 5.74
Surface Depth Means 21.20 7.23 7.20
Mid-Depth Means 21.01 11.93 6.25
Bottom Depth Means 21,16 20.96 3.76
Station 1 19.97 4.91 6.15
2 20.07 4.4%5 5.81

3 20.05 3.33 5.92

4 20.38 6.87 5.99

5 20,83 7.59 6.25

6 21.49 9.04 5.4

7 20.83 2.77 5.94

8 21.47 9.21 5.83

9 20.78 10.42 6.37

10 21.67 92.26 5.89

11 20.27 11.40 6.47

12 21.13 12.72 95.74

13 22.01 14,41 4,71

14 21.28 13,37 5.51

15 21.46 15.40 5.44

16 21.11 14,50 6.23

17 21.34 19.01 4,77

18 21.30 19.00 5.07

19 21.34 16.22 5.64

20 21.88 14.70 5.20

21 21.36 18.96 5.82

22 22.01 17 .9% 4,30

23 21.25 17.96 5.28

24 21,15 20.89 6.84

25 21.35 20 .44 5.24

26 21.32 10.54 7.3

27 21.18 19.97 5.65

28 20.36 13,23 7.15

29 2117 19.19 5.70

30 21.62 15.61 6.33

n 21.56 18.21 5.51
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Figure 7-5r Profiles of temperature, salinlty, pH and dinsolved
oxygen At Statlen 1 on May 28, 1975,
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Flgure 7-71 Profiles of temperature, aallnlty, pH and dlssolved
axygan at Statlen ) on May 8, 197%.
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onygen at Station & on May 23, 1975,
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Flgure 7-%: Frofiles of Lemperature, 5alinll}. pH and O 6l ved
onyrpen ol Statlun b un May 78, 1975,
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fiqure 7-1i: Froflles of temparature, saiinily. gh and dissolved
onygn at statlon 7 on Hay 28, 1975.
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Water temperature was found to be statistically significant in stepwise
regression models predicting fecal and/or total coliform bacteria numbers
at monthly stations 18, 21, 28 and 29 for benthic waters and for predictlon of
total coliform bacteria numbers at statlons 18 and 29 for surface waters
(Tables 7-2, 7-3). This significance may result from increased non-point
source dlscharge from residential districts near those statlons. Statistically
significant inverse correlations occurred baywlide between amblent water tem-
perature and dissolved oxygen (Table 7-4). This Is in accordance with physi-
cal gas transport laws and increasing biological activity as expected with
increasing temperatures. 1In surface and mid-depth waters a statistically
significant correlation exists between temperature and ammonia nitrogen and
the P:N ratio (ratio phosphorous : total nitrogen). Also, temperature was
found to correlate strongly with total nitrate at all sample stations between
station 5 and station 22 and stations 25 and 27 (Appendix E). This may be a
function of both phytoplankton activity and water column microbial activity.
The surface samples also showed a correlation between nitrate and temperature
except in western Choctawhatchee Bay (Table 7-4). The absence of statisti-
cally significant correlatlons hetween temperature and nitrate may be due to

the increased number of municipal discharges in the western Bay.

pH

In Choctawhatchee Bay pH was measured only during the four guarterly diur-
nal sampling periods at the eight central quarterly statlons. Spatially,
during each gquarter, pH gradually increased 0.5 pH units from the eastern Bay

to the western Bay. The lowest Baywide average pH occurred in February, while
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Table 7-2:

Parameters for which significant (a = 0.10) models for bottom

water column coliform bactera were found using a maximum

R-square stepwise regresslon technique.

Statlion

Total Coliform Bacteria 18
20

21

28

29

Fecal Colliform 18

21

28

29

97

Parameter
Temperature

Total Organle
Carbon

Total Organic
Carbon and
Dissolved Oxygen
Temperature
Temperature
Temperature
Total Organic
Carbon and
Temperature
Total Organic
Carbon and

Temperature

Temperature

R-square

0.446

0.816

0.840

0.4688

0.493

0.469

0.669

0.696

0.493



Table 7-3:

Parameters for which significant (a = 0.10) models for surface
water column coliform bactera were found using a maximum

R-square stepwise regression technjque.

Station Parameter R-square
Total Coliform Bacteria 18 Temperature 0D.646

21 Dissolved Oxygen 0.805
and Temperature

29 Temperature 0.723

Fecal Coliform Bacteria 29 Dissolved Oxygen ¢.731

28



Table 7-4: Slgnificant correlations between temperature and other water

gquality parameters across the Bay and for each depth across

the Bay.
Parameter
Entire Bay Dissolved Oxygen
Bottom Dlssclved Oxygen
Mid-depth Dissolved Oxygen
Ammonia
Phosphorous/
Nitrogen Ratio
Surface Dissolved Oxygen
Ammonlia
Nitrate
Phosphorous/

Nitrogen Ratlo

29

R-square
-0.8787
-0.8022
-0.8438
-0.7406

‘0 07%3

-0.9293
-0.6376
-0.7458

-0.5826

PROB >
0.0008
0.0052
0.0021
0.0143

0.0214

0.0001
0.0473
0.0133

0.0997



much higher pH levels occurred in May and July {(Table 7-5). In individual
profiles, the pH was relatively constant from surface to bottom excepl at the
stations nearest the Choctawhatchee River (Figures 7-3 through 7-12). Here
the surface pH was slightly lower than on the bottom. The pH change was In
the halocline indicatng that the freshwater discharge was slightly more acidic
than resident tidal waters. Also interesting to note were pH fluctuations
occurring in the turbidity maximum or zone of maximum mixing of overlying
freshwater and bottom waters. This was unusual in that pH levels in the sur-

face and bottom waters were nearly the same.

Salinity

In 1975 the average salinity in Choctawhatchee Bay was 13.363 parts per
thousand (ppt) with a range from O ppt to 36.9 ppt (Table 7-1). Average sali-
nities in the eastern Bay and in the bayous around the Bay range from 2 ppt to
S ppt lower than salinities in the mainbay. This can be attributed to a
decrease in tidal Infiltration and increased mixing with surface waters as
suggested by lower than average benthic salinities and higher than average
surface and mid-depth salinitles in both the eastern bay and the mouths of the
bayous. The increased mixing can be attributed to decreasing depths in these
areas. Western surface waters also have higher than average surface sallnities
when compared to other mainbay statlens indicating either increased tidal
mixing of surface waters on low flow rates in western tributaries. The topo-
graphy of the Bay creates localized turbidity maxima zones near the mouths of
bayous and along the central axis of the Bay toward the east. These turbidity

maxima zones are created where freshwater and salt water mix, floculating
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Table 7-5: Quarterly dlurnal pH averages and overall averages in

Choctawhatchee Bay, 1975.

February May July November Annual
Station 1 5.87 7.98 6.75 7.84 7.14
Statlion 2 5.83 8.0% 6.60 7.93 7.10
Station 3 5.77 7.9% 6.78 7.89 7.10
Station &4 5.77 7.85 6.90 7.77 7.07
Station 5 5.76 7.76 6,54 7.71 6.94
Station & S5.74 7.62 6.69 7.65 6.93
Station 7 5.64 7.54 6.46 7.9 6.79
Station 8 5.3 7.3 6.34 7.49 6.51
Baywide 5.71 7.76 6.63 7.74 (6.96)
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sediments and concentrating these and other particulates forming & high tur-
bidity zone. The turbldity maxima is a functlion of tides, freshwater inflow
and the bottom topography.

Choctawhatchee Bay salinities are dominated by freshwater inflow.

Salinity is lnversely correlated with flow across the entire Bay (Table 7-¢).
Mid-depth and surface salinity are affected the most while benthic salinities
are buffered from freshwater inflow effects through tidal influx of seawater.
The domination of salinity by flow 1s also evident through the uniformity of
surface salinity as opposed to the sallnity in the benthic zone except at East
Pass (Figures 7-5 through 7-12). The depth of the halocline is also
controlled by flow except during low flow periods when tides influence the
location of the halocline. Salinity differences In the surface and benthic
waters of the Bay in quarterly stations 3 to § were as great as 28 ppt during
the quarterly samples, however, the average difference for all eight was near
17 ppt. This definitely confirms earlier conclusions which showed
Choctawhatchee Bay to be a stratified system during specific sample periods.
The stratificatlon resulting from the halocline breaks down only infrequently
and then only in stations inside the Highway 331 Causeway in the eastern end
of the Bay during extremely high flow periods.

Tidal Inflow into Choctawhatchee Bay moves as depicted in Figure 7-14. As
the saline waters come into the Bay, they are soon forced below the residual
freshwater into the deep water central basin north of East Pass. Interchange
of Choctawhatchee Bay and fresh Qulf of Mexico waters Is depleted In mean
salinities at East Pass (Station 24) whlch average higher than the rest of the

Bay for bottom, mid-depth and surface salinities (Table 7-1). The lack of
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Table 7-6: Statistically significant correlations of freshwater discharge

{nto Choctawhatchee Bay with salinity and dissolved oxygen, 1975.

R-square
Statlion Dissolved Salinity Station Dissolved Sallnity
Oxygen Oxygen
1 +375 19 6633 -.8%62
3 .7327 20 -.9277
4 .5585 29 - 8415
5 -.5504 22 : -.8042
6 .6257 23 -.8049
7 5865 -.5888 24 -.6432
8 - 5665 25 -.8615
9 +5959 -.6639 26 S =812
10 6039 -.6623 27 -.7285
1 .6838 - 7274 28 6334 -.7123
12 6633 -.7886 29 -.809%
13 -.7955 30 ' -, 7554
14 -.8539 N -.7697
15 -.8159 Surface -.7875
16 -.5667 Mid-depth .5898 -.8278
17 -.7702 Benthos -.5584
18 -. 7471 Baywlde -.8193
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Figure 7-13: Zone of Maximum Turbidity. Arrows indicate where
mixing occurs and sediments are trapped.
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Figure 7-14: Tidal Inflow into Choctawhatchee Bay.
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slmilar trends at both stations 23 and 25 indicate submergence of the heasvier
incoming tidal waters Into the central hasin (Table 7-7), The waters then
move both east and west Into the Bay with an intensity which is limited by
surface freshwater flow rates.

In the western Bay, waters move toward the northwest, possibly along an
old channel which leads into Garnier Bayou. Outflow from the west is predomi-
nantly along the southern shore parallel to Santa Rosa Island into Santa Rosa
Sound. Thls movement is probably the reason for below average salinities near
the mouth of Santa Rosa Sound at statlon 28. Low sallnities at statlon 26 are
probably the result of tidal movement during Incoming tides, forcing resldual
freshwater to concentrate along the shallow north shore between Shallmar and
Valparaliso.

Tidal movement toward the eastern Bay is stronger along the central bottom
channel following the bottom topography. This movement is closer to the
northern shore since freshwater outflow is stronger along the southern shore
as Indicated by mean salinities in the central Bay (Table 7-7). The strength
of the outflow as previously noted will control the tidal movement. The loca-
tion of the mainbay turbidity maxima where the bottom and surface waters are
forced to mix through current and tldal pressure will vary In the central 8ay
hetween statlons 21 and 15 depending upon the hydraological cenditlons. During
the period of study, the turbldity maxima was located most often at station 17
and occaslonally at statlon 18 where the mean mid-depth sallnities exceeded
that of all other statlons {(Table 7-8). Statistically significant correla-
tions of salinity with phytoplankton pigments and total phesphorous at sta-

tions 17 and 19 substantlates indlcations of a turbidity maxima since this
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Table 7-7: Mean Salinities at the Surface, Mid-depth and Bottom for

- sections 23, 24 and 25.

Station
23 24 25
Grand Mean 17.76 20.89 20 .44
Surface 10.64 18.50 11.61
Mid-depth 13.60 21.49 18.87
Bottom 29 .44 22.69 30.83
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Table 7-8:

Statlon
15
16
17
18
19
20
21
22

Mean salinlties at the Surface, Mid-depth and Bottom for

stations 1%, 16, 17, 18, 19, 20, 21 and 22.

Grand Mean

15.40
14.50
19.01
18,99
16.22
14.70
18.96

11.94

Surface

7.53
8.71
7.42
2.28
8.52
6.85
8,37

7.99
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Mid-depth

11.47
11.49
21.5%6
19.62
11.51
12.56
19.48

17.76

Bottom

27.2

24 .28
28.04
28.07
28.63
24.70
28.07

29 .44



nutrient rich zone enhances phytoplankton growth {Table 7-9; Appendix E).

During low discharge periods from Choctawhatchee River, high salinity
pockets are formed in central Choctawhatchee Bay as described by Goldsmith,
1966, and Pastula, 1967. These pockets are the result of reduced tidal move-
ments within the benthic waters since tidal flux is constrained to mid-depth
and surface waters. Since 1975 was considered a high flow year, this trend is
evident only in the location of station 13 during the month of December
(Figure 7-15).

Freshwater Inflow dominated the system in March, April, May, August and
September in terms of sallnity with extremes occurring in August, and
Sébtember during Hurricane Eloise. The highest sallnities across the Bay
occurred in January, July and December, corresponding to low flow periods. In
all months the difference in surface and bottom salinities Increased as
expected from the mouth of the Choctawhatchee River to the East Pass at the
mouth of the Bay. Greatest mixing of the waters of the Bay occurred in March
and September where on time plots there was the least difference between sur-
face and bottom water salinities (Figures 7-5 through 7-12}. These low dif-
ference periods were during months of increased flow and wind turbulence
(Figure 4-16; Table 5-2).

Salinity exhibits a positive relationshlp with total carbon at four sta-
tions around the mouth of the Bay along with the southern shore including sta-
tions 18, 23, 25 and 27 (Appendix E). Stations 24 and 25 were inversely
correlated with dissolved oxygen suggesting that often the high salinity
waters at these stations are also oxygen depleted as has been previously noted

(Ross, Anderson and Jenkins, 1974). Across the benthlc regions for the entire
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Table 7-9: Statistically significant (a = 0,.10) step-wise regresslons

deplcting the relationship between nutrients and total chlorophyll.

Station Nutrient R-square PRCB > 1
17 Dissolved Phosphorous 0.9300 0.0001
18 Dissolved Phosphorous, 0.9220 0.0017

Nitrate
19 Nitrate 0.4366 0.0527
20 Oissolved Phosphorous 0.7481 0.0024
21 Dissolved Phosphorous 0.9619 0.0001
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Bay, salinity is significantly correlated with dissolved phosphorous indi-
cating a potentlally strong sediment/water column exchange of phosphorous as
salinity Increases. Surface water sallinities dare inversely correlated to
dlssolved phosphorous showing trlbutary loadings of phosphorous to be rapldly
depleted from surface waters in the Bay. This also indicates that
Choctawhatchee Bay is nutrient limited with dissolved phosphorous belng the

limiting nutrient.

Diszsolved Oxygen

Except during infrequent times when strong winds, tldes and currents exist
in Choctawhatchee Bay, the Bay exhibits a strong dissolved oxygen
stratificatlon. The average dissolved oxygen content in the Bay during 1975
was 5.7 mg/l with 7.2 mg/l on the surface, 6.2 mg/l at mid-depth and 3.8 mg/l
on the bottom (Table 7-1). The lowest annual average dissolved oxygen con-
centration occurred in the mouth of Rocky Bayou (station 20), where several
fish kills occurred from 1972 to 1975 {Taylor Biological Co., 1978).
Statistically significant correlations of dissolved oxygen with water tem-
perature Indicate 4 strong influence of seasonal temperature changes on
dissolved oxygen concentrations (Table 7-4). The highest correlatlon signifi-
cance probabillti{es between water temperature and dissolved oxygen occurred In
surface waters, however, temperature was stlll statistically significantly
correlated with dissolved oxygen at mid-depth and on the bottom. The signifi-
cant inverse relationship between water temperature and dissolved oxygen are
explained by gas solubility rates and increasing blological activity

(Oppenheier, 1970}, It is commonly understood that the oxygen saturation
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coefficlent is much greater in cooler water. Increasing temperatures also
stimulate biological activity in micro and macro organisms. This increasing
activity results In liberation of nutrients and the utillization of oxygen.
These situations contribute to dissolved oxygen deficits during middle and
late summer as is evident in Choctawhatchee Bay in bottom waters throughout
the summer. Other low dissclved oxygen locations in Choctawhatchee Bay
include several bayous during certain time periods (Table 7-1). Low con-
centrations In these bayous are thought to be the result of increased organic
load and poor flushing rates. High dissolved oxygen areas are characterized
by high flow and strong mixing rates such as are found in East Pass at Destin
(Station 24) and at the mouth of the Choctawhatchee River (Stations 1 and 2).
This is evidenced by significant correlatlons of dissolved oxygen with flow
stations 1, 3, 4, 6, 7, 9, 10, 11, and 12 (Appendix D) and Inversely with
salinity at stations 24 and 25 (Appendix E). Dissolved oxygen concentrations
during the high flow periods in April and September were higher than average.
Increased discharge rates from Choctawhatchee River broke down the dissolved
oxygen stratification at eastern siations resulting in homogenous dissolved
oxygen concentrations from surface to bottom in the eastern Bay (Figures 7-5,
7-6). Flow controlled dissolved oxygen levels at mid-depth where a statistl-
cally significant correlation existed between flow and dissolved oxygen
{Appendix D). Thls 1s also evident In quarterly dissolved oxygen profiles
which show maximum variatlon In mid-depths where friction between underlying
saline water and faster moving upper freshwater mixes the two layers (Figures
7-5 through 7-12). It is in thls layer that most of the aforementioned

heterotrophic activity occurs, due to the accumulation of suspended par-
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ticulates and floculated organlcs, further reducing dissolved oxygen levels.
Quarterly profiles reveal strong differences down the malnbay between surface
and bottom dissolved oxygen. The depressed benthlc dissolved oxygen level is
thought to be a result of high blological and chemical activity in the sedi-
ments while surface varlation i{s a combination of the solublllity constant,
flow rate and photosynthesis. Olurnal fluctuation in dissolved oxygen
remained totally Lnconsistent throughout diurnal cycles, as often the lowest
dissolved oxygen level in the diurnal cycle occurred in mid and late
afternoon. A plausible explanatlon is the activity of tldes and flow creating
mixing convection currents which are low in dissolved oxygen,

Seasonally dissolved oxygen should follow trends of amblent air temperature
due to its strong correlation with water temperature. There ls a strong
summer benthic dissolved oxygen deficlt due to temperatures, decreased mixing
and lncreased bicloglcal activity (Figures 7-16 through 7-19). A strong rela-
tion exists In surface waters between dlssolved oxygen and nitrate
(Appendix E). This significant correlation 1s also found at statlons 3, 9,
14, 18, 19, 20, 21, 22, 26 and 27. It {s not known whether this relation is
seasonal, as 1s flow, or Lf it (s a result of high primary productivity with
the increased productivity alding in the saturation of surface waters with
dissolved oxygen, Similar positive correlations exists between dissolved oxy-
gen dand kjedahl nitrogen at stattons 1, 3, 12, 13, 27 and 30 and ammonia at
stations 5, 11, 13 and 14, The Increased productivity ls not supported by
similar correlations between dissolved oxygen and chlorophylls. Statistically
significant Inverse correlations with dissolved oxygen exists with chlorophyll

A at stations 8, 9 and 15 and with total carbon at stations 8 and 12.
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WATER QUALITY

Phosphorous

Phosphorous has been suggested to be a limiting factor in phytoplankton
productivity in Northwest Florida estuaries (U.5. Environmental Protection
Agency, 1975; Myers and Iverson, 1981). This is opposite to the supposition
that estuaries are characteri{stically limited in productivity by nitrogen
(Nixon, 1981). Choctawhatchee Bay follows trends found in both Escambia Bay
and Apalachicola Bay. Total nitrogen to total phosphorous ratios in nitrogen
limited estuaries are generally below 16:1 and phosphorous limited estuaries
are above 16:1. The total mean N:P ratio in Choctawhatchee Bay is 15:1;
however, this figure may be misleading. Recent studies have shown that only
soluble reactive nitrogen and phosphorous compounds should be used when calcu-
lating the N:P ratio. Soluble reactive nitrogen includes ammonia, ured,
nitrate and nitrite; while soluble reactive phosphorous includes
orthophosphate, polyphosphate and organic phosphate. N:P ratios in
Choctawhatchee Bay for only the soluble reactive fractions of nitrogen and
phosphorous are well above the 16:1 figure indicating strong limitations on
primary productivity through the absence of soluble redactive phosphorous.

Total phosphorous in Choctawhatchee Bay averages .0465 mg/Ll with surface
averages of 0432 mg/l, mid-depth at 0391 mg/l and benthic averages at .0571

mg/l (Table 7-10}. Spatial 'analyses suggest very irregular patterns In
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Table 7-10: Annual means of water quallty parameters including dissolved
phosphorous, total phosphorous, total carbon and total organic
carbon for Choctawhatchee Bay and for each sampling depth

durling 1975.

Dissolved Total Total Total
Phospharous  Phosphorous  Carbon  Organic Carbon

(mg/1} {mg/1) (mg/1) (mg/1)

Overall Means 0036 0465 43.86 29.09
Surface Depth Means .0031 (0432 43.28 32.46
Mid-Depth Means 0036 .0391 41,28 27.36
Bottom Depth Means L0042 0572 47.02 . 27.47
Station 1 .0003 0481 52.71 42,86
2 0017 0350 47.25 36.64

3 .0027 .0307 63.92 54.48

4 0167 .0739 58.22 46.35

5 .0137 .023) 49.04 37.39

é .0027 .0286 35.03 21.95

7 0060 0197 34.52 21.16

8 .0003 .0225 48.05 35.29

9 .0003 .1309 81.30 67.42

10 0007 .0906 46.38 33.66

1 0000 0382 49.37 36.52

12 0011 .0468 46.72 31.39

13 .0013 .0568 76.65 60.70

14 .0000 0148 77.94 6316

15 .0024 .0337 51.40 36.03

16 .0007 L0464 42.73 27.37

17 0045 0696 36.64 18.03

13 0031 0513 43.26 25.40

19 .0028 0775 36.29 19.64

20 0136 L0511 49.27 34,73

21 L0045 .0205 3g.22 20.12

22 0022 0675 32.57 16.41

23 .0031 0606 28,23 10.19

24 .0004 ,0394 29.28 11.90

25 .0036 0475 25.10 6.96

26 .0068 0663 23.34 1.72

27 .0075 L0215 33.92 15.84

28 .0009 0120 22.07 8.52

29 0032 0649 34.16 16.24

30 .0015 0185 28.20 12.69

31 .0030 .0206 23.18 5.91
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distribution. Total phosphorous is signiflcantly correlated with
chlorophyll across the entire Bay and in surface samples (Table 7-11}.
Significant correlations with chlorophyll were strongest In central stations
16 and 25 {Table 7-9). High total and dissolved phosphate concentrations were
found at statlons 17 and 18 where a turbidity maxima zone was found in the
year 1975 (Table 7-10). Total phosphorous correlated with nitrate and ammonia
at 3 of the 31 sampling statlons {Appendix E). Seascnally, total phosphorous
was lowest January through'March, increasing toward the summer with irregu-
lar distributlons throughout the rest of the year. The irregularity may have
been induced through sediment disturbance created by Hurricane Elolse,
Exceedingly high phosphorous concentrations relative to the entire year were
found in September after the hurricane (Figure 7-20),

Dissolved phosphorous was highest at stations 4 and 5 (.016 mg/l and
,015 mg/l, respectively) and at the mouth of Rocky Bayou (.013 mg/l). The
baywide average was .0036 mg/1 with .0031 mg/l, .0036 mg/l and .0042 mg/l at
the surface, mid-depth and bottom (Table 7-10). Seasonally dissolved
phosphorous was higher at the eastern stations during high flow perliods.
This is supported by strong correlations with flow at both stations & and 5
{Appendix D). Dissolved phosphorous was found in higher concentrations in the
central Bay In benthlc waters from mid-summer through the end of the year.
Summer increases can be attributed to decreasing dissolved oxygen on the
bottom., The low dissolved oxygen sediments are preclusive to remlnerallzation
of phosphorous from the sediments. Other studies have suggested in nitrogen
iimited estuaries that as much as 20% of the phosphorous input Into an
estuarine system may be due to remineralization (Nixon, 1981). In a phos-

phorous limited estuary, this rate of release of phosphorous into the water
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Table 7-11:

Significant correlation (a < 0.10) of water qualit:

with total phosphorous across Choctawhatchee Bay at

surface, mid-depth and bottom.

Parameter
Surface Chlorophyl! A
Chlorpphyll 8
Chilorophyll C
Total Chlorophyll
Mid-depth‘ .-

Bottom -
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R-square
0.7797
0.8942
0.89¢8

0.8937

PRG
0.0
0.0C
¢.00

0.001
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column may be Increased significantly. Also Interesting is the correlation of
dissolved phosphorous to salinity In benthic waters and lnversely to salinity
in surface waters (Table 7-11). This further supports conclusions of benthic
remineralization since salinlty in Choctawhatchee Bay tends to increase In
deeper waters where the dissolved oxygen supply is limited in deeper waters.
The data also suggest that all the input of dissolved phosphorous from fresh-
water inflow is being rapidly utillzed in surface waters accounting for hlgh
chlorophyll concentrations in the eastern reaches of Choctawhatchee Bay.
Chlorophyll is found to correlate significantly with dissolved phosphorous at
station & (Appendix E). In the mid-bay, from stations 16 to 21, dissolved
phosphorous correlates significantly with chlorophyll. The significance ls
supported by significant Ilnverse correlations between dissolved phosphorous
and ammonia and mid-depth where the turbldity maxima 1s most often sampled
(Table 7-12). After mixing of the dissolved phosphorous from the bottom
waters Into the turbidity maxima zone, ammonia s utlllzed strongly with
Increased phytoplankton productivity and increased chlorephyll production,
The source of phosphorous to the sediments Is from the settling of senescent
phytoplankton, fluvlal loadings of particulate phosphates and settling of

sediments to which total phosphates have absorbed.

Nitrogen

In Choctawhatchee Bay, as In other Northwest Florida estuaries, nitrogen
is not the primary limiting factor to processes of primary productivity.
Levels of nitrogen nutrlents such as ammonia and nltrate suggest that
eutrophlicatlon problems could exist at some locations in Choctawhatchee Bay

with an influx of soluble phosphates. Water column organic nitrogen, which ls
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Table 7-12: Significant correlations (a < 0.10) of water quallty parameters
with dissolved phosphorous across Choctawhatchee Bay at the

surface, mid-depth and bottom.

Parameter R-square PROB > F

Surface Freshwater Discharge 0.9362 0.0001
Salinity -0.7439 0.0136

Mid-depth Ammonia -0.5726 0.0837
Bottom Salinity 0.5503 0.0993
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not utilized 1in peimary productivity, seems to have reached an equilibrium
state with organic nitrogen compounds resident in the sediments.

Kiedahls nitrogen in the water column In Choctawhatchee Bay averages
.332 mg/1 with .28%4 mg/l, .318 mg/l and .393 mg/l at the surface, mid-depth
and bottom respectively (Table 7-13); Highest concentrations in the Bay are
found seasonally in Garniers Bayou in the western end of the Bay Indicatlng a
potential source of organic nitrogen. The highest input of kjedahls nitrogen
occurs during winter months from eastern bayous and the Choctawhatchee River.
Exceptionally high [nputs are noted at station 6 in the mouth of LaGrange
Bayou. In surface waters the kjedahls nitrogen dropped and remained low
throughout the spring and summer except at statfon 5 and statlon 24 located in
East Pass. High concentrations of kjedahls aitrogen throughout the year at
East Pass are indicative of elther high exchange rates with benthic waters of
organic nitrogen or an organic nitrogen source from the Gulf of Mexico. The
latter is unllkely with the pristlne nature of the waters in the Gulf of
Mexlco off the west coast of Florida. The high concentrations of kjedahls
nitrogen in the sediments are Indicative of an equilibrium state Lln which
dissolved organlcs are exchanged between the water column and sediments,
Throughout the central statlons from north of Hogton Bayou across to statlon
27, kjedahl nitrogen concentratlons were significantly higher than in
surrounding stations at mid-depth and benthic waters. This was also true for
surface samples during the warmer months. The high concentratlons are thought
to be due to benthlc nitrogen cycles, Nitrogen nutrients are transformed into
organic nltrogen through productivity. These llving organics are released to
the water column through cellular and organismic excretlons and death. Large

numbers of the biotlc community will settle to the benthos where they are
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recycled to nutrient nitrogen and released bac; into the water column to begin
the cycle again. Excepting seasonal highs in Garnier and Rocky Bayou, the
western and northern bayous have lower concentrations than in the central Bay.
At mid-depths the eastern reaches of Choctawhatchee Bay had zero con-
centrations during warmer months showing that mainbay concentrations are due
strictly to blotic cycles and remineralization. Remineralization 1s the
release of nutrient nitrogen to the water column.

Ammonia s the principle source of nitrogen nutrlent to primary produc-
tivity (Nixon, 1981). Within an estuary, nitrogen is cycled through the pri-
mary producers emerging as dissolved and particulate organic nitrogen which
then can be hydrolysed back through both biotlc and physical processes to
ammonia. The average ammonia concentratlen in Choctawhatchee Bay is
.0722 mg/1 with .039 mg/l, .061 mg/l and .177 mg/l at the surface, mid-depth
and bottom respectively (Table 7-13). The lowest ammonia concentratlions are
found in East Pass (Station 24) and at the mouth of Santa Rosa Sound
(Station 28). This indicates that there is little net output of ammonia from
Choctawhatchee Bay to the Gulf of Mexico through tidal outflow. The most
constant copcentrations of ammonia, temporally, are those found at stations
near the mouth of the Choctawhatchee River with slight decreases pceurring
in the summer (Figures 7-22, 7-23). Highest ammonia concentrations occur in
the mouths of peripheral bayous and at station 13, partlcularly at mid-depth.
Seasonally ammonia concentrations are significantly lower in the warmer months
corresponding to the months when productivity should be higher (Figure 7-24).
At benthic stations the total ammonia is considerably higher as evidenced by
the baywide means (Table 7-13). High benthic concentrations are due to remi-

neralization in the sediments. This causes concentrations of ammonia to

124



Table 7-13: Annual means of water quallity parameters lncluding ammonia,
nitrate and kjedahl nitrogen for Choctawhatchee Bay dand for each

sampling depth durlng 1975.

K}edahls
Ammonia Nitrate Nitrogen
{mg/1) {mg/1) {mg/1)
Overall Means 072 077 332
Surface Depth Means 40 085 294
Mid-Depth Means .061 071 .318
Bottom Depth Means L7 094 .393
Station 1 .087 110 269
2 .080 104 AN
3 .060 .103 313
4 049 10 .387
5 064 .097 274
6 - L.095 163 348
7 .079 .095 282
8 101 .078 .378
9 .079 .087 247
10 064 075 206
11 Q41 069 232
12 .076 .082 278
13 A16 .084 353
14 067 057 260
15 079 074 522
16 .053 062 .367
17 .083 .093 .376
18 072 074 374
19 .085 .072 .298
20 077 .068 .358
21 .082 .081 335
22 .081 .087 336
23 .058 054 .387
2% 042 032 343
25 066 .050 <329
26 .059 047 323
27 077 .048 .333
28 .031 039 297
29 .078 041 419
30 073 0486 .266
31 .083 Q6h4 467
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increase at mid-depth stations where mixing is strong such as at bayou mouths
and some central bay stations (Figures 7-24 through 7-26}. Highest con-
centrations of ammonia on the hottom occurred Iln the October to November
period and to a lesser degree in April and May (Figure 7-28). Generally, the
ammonla concentration is Choctawhatchee Bay was stable throughout the winter
with slight increases In the spring. This was followed by lowest ammonia con-
centratlons In summer months increasing In the late fall. Stabillty of this
cycle ls most evident In surface statlons with benthlc statlons showing the
highest variabllity.

Nitrate-nitrite nitrogens are used secondarily to ammonia and urea in pri-
mary productivity. Previous studies have suggested nitrogen enrichment
problems in the western bayous; however, samples In this study from the mouths
of these bayous suggest no problems are evident. The baywide average is .077
mg/1l with .065 mg/l, .071 mg/l and .093 mg/l at the surface, mid-depth and
bottom, respectlvely (Table 7-13). Statlon means suggest higher nitrate-
nitrite concentratlons in the eastern end of Choctawhatchee Bay, decreasing
towards the west. Lowest concentrations are at East Pass {Statlion 24}, Indi-
cating evidence of negligible nitrate-nitrite loss to tidal flux, and slow
flushing rates of nitrogen in the Bay. High nitrate-nitrite concentrations in
the east are due to freshwater discharge with a potential problem source a4t
LaGrange Bayou (Statlon 6). In mid-depths, both freshwater fnput and mixing
affect nitrate-nitrite concentratlons. Western bayous show evidence of
cultural nitrate lnput into mid-depth and benthic waters. Strong mixing of
surface and bottom water at stations 17, 18, 19, 20, 21, 22 and 23 is evident
since mid-depth temporal trends of nitrate-nltrite follow similar trends on

the bottom (Figures 7-29 and 7-30). Other stations in the Bay show thls
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Figura 7227  Amoual Trend of Ammonia fer
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affect seasonally during perfods of strong mixing (Example: Hurricane
Eloise). Seasonally, the nitrate-nitrite concentration in the fBay Is moderate
In the late winter, lncreasing In the spring, decreasing to dnnual lows in the
summer with high productivity and then lIncreasing into late fall and early
winter with high inflow rates (Figure 7-31). The western bayous did not show
nearly as strong an tncrease in the fall as did the eastern stations. Benthlc
stations showed nitratenitrite concentrations which were much more variable
and higher In concentration than that of surface water. Primary sources of
nitrate-nitrite to benthic waters were probably through nutrifying bacteria.
Sumqer lows were 4 cesult of low oxygen in those deeper water stations.

In the benthlc waters, ammonia and nitrate-nitrite concentrations are
significantly correlated (Table 7-14). This indicates that remineralization
cates of both from the sedlments are roughly equivalent. In additlon, both
are inversely correlated with temperature In surface waters, and also at mid-
depth for ammonia (Tables 7-14 and 7-15). This significant correlation with
temperature holds across most of the stations in the Bay and is augmented by
inverse correlations with chlorophylls and correlations with dissolved oxygen
(Appendix E), showing a relationship of nutrients with primary production, and
also with increaslng oxygen concentrations. There is a lag effect of nutrient
mixing through increased winds and currents and primary production resulting
in the Inverse relation with chlorophyll. Strangely, there is an Inverse
correlation between dissolved phosphate and nitrate-nitrite in mid-depth
waters. Organic nitrogen correlates with dissolved oxygen at six of the
thirty-one stations sampled and ammonia at some of the maln bay stations

(Appendix E}.
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Table 7-14: Significant correlations (a < 0.10) between ammonla and water

quallty parameters across Choctawhatchee Bay at the surface, mid-

depth and bottom.

Parameter R-square Prob > F
Surface Temperature -0.6376 0.0473
Mid-depth Temperature -0.7406 0.0143

Dissolved Phosphorous -0.5726 0.0837
Bottom Nitrate-Nitrite 0.7762 0.0081
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Table 7-15: Significnt correlations {a < 0.10) between nitrate-nitrite and
water quallty parameters across Choctawhatchee Bay at the

surface, mid-depth and bottom.

Parameter R-square Prob > F
Surface Temperature -0.7458 0.0133
Dissolved Oxygen 0.6160 0.0579
Mid-depth
Bottom Ammonia 0.7762 - 0.0081

133



Carbon

The Baywide average in Choctawhatchee Bay for total carbon was 43.85 mg/l
with 43,27 mg/l in surface waters, 41.285 mg/l at mid-depths, and 47.022 mg/l
on the bottom (Table 7-10). The high concentrations are the result of large
fluvial inputs from Choctawhatchee River as the concentrations at eastern Bay
stations are much higher than toward the west. Stations 9, 13 and 14 has the
highest average total carbon concentrations along with station 20 near the
mouth of Rocky Bayou. One would expect the surface water, total carbon con-
centration to be slightly lower than mid-depth total concentrations. However,
the surface total carbon concentrations are influenced by high concentratlions
of total organic carbon relative to the mid-depth and bottom total organic
carbon concentrations. The Baywide average total organic carbon concentration
was 29.09 mg/l with 32.457 mg/l, 27.362 mg/l and 27.474 mg/l at the surface,
mid-depth and bottom, respectively (Table 7-10}. It might be noted that sta-
tion 20, near the mouth of Rocky Bayou, and stations 9, 13 and 14 had the
highest total organic concentrations which would influence total carbon
concentrations. Total carbon concentrations were greatest in bottom waters.
This high concentration is influenced by the lack of productivity in benthic
waters, as well as Increased heterotrophic activity in the sediments releasing
carbon dloxide to the water column. The higher total organic carbon con-
centrations in the surface water are the result of bhoth fluvial loading of
organics and increased productivity in surface waters. Rocky Bayou
(Station 20) might be expected to have potentlal eutrophicatlion problems since
total organic carbon concentrations there exceeded concentrations throughout

the western Bay, particularly in July., 1In benthic waters both total carbon
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and total organic concentrations were high throughout the year (n Jolly Bay,
Alagua Bayou and Horseshoe Bayou,

Total concentratlions were highest in the eastern Bay in the spring and
summer (Figure 7-32). In September total carbon was noticeably higher at
western stations, possibly due to the disturbances created by Hurricane Elolse.
The lowest annual concentratlons of total carbon throughout the Bay was In
October. Total organic carbon was highest in the spring In the eastern Bay.
This probably is the result of Increased fluvial discharge rates. Toward
middle summer the central malnbay exhibited the highest total organic carbon
concentrations.

Throughout the Bay total carbon and total organic carbon were statisti-
cally significantly correlated (Appendix E). This is expected due to the
relationship of carbon dioxide to the production of organic carbon by phy-
toplankton through productivity. The relationship does not exlist at mid-depths
where heterotrophic activity utlllzed organfc carbon and releases carbon
dioxide (Table 7-16). The signiflcant relation between total organic cdarbon
and total carbon on the bottom is unexplained. Flow is significantly corre-
lated with total organic carbon at stations 18, 20, 22, 23, 24, 26, 27, 29 and

30 (Appendix 0). At these stations, western municlpal dlscharge influences

the carbon cycle in the Bay.

Total and Fecal Coliform Bacteria

Both total and fecal coliform bacteria in Choctawhatchee Bay in 1375 were
higher in surface waters than In bottom waters (Table 7-17). Thls 1s attri-
buted to the assoclation of the bacterla with cultural sources and fresh-

water discharge. In benthlc waters the greatest concentratlon of fecal and
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Table 7-16: Significant correlations (a < 0.10) between total carbon and

total organic carbon across Choctawhatchee Bay at the Surface,

mid-depth and bottom.

R-square Prob < F
Surface 0.9967 0.0001
Mid-depth - -
Bottom 0.9945 0.0001
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Table 7-17: Annual Means of Total and Fecal Coliform Bacterla for

Choctawhatchee Bay and for each sampling depth during 1975.

Total Coliforms Fecal Coliforms
{MPN) (MPN)
Overall Mean 122.427 80.114
Surface Mean 152.914 104 .688
Bottom Mean 91.609 55.272
Station 2 228.842 129.684
5 234,474 246 .632
12 85.650 50.000
15 93.300 89.000
18 25,050 19.300
20 151.800 71.450
21 46.278 29.222
25 34.667 16 .667
28 219.250 34.125
29 103.833 97.444
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total coliforms were in the east where freshwater flow dominates the water
column much of the year. Rocky Bayou (Station 10) and Garnler Bayou
(Station 25), as well as the eastern Bay, showed the highest surface con-
centrations of fecal coliform bacteria; however, the most signficant source
in surface ;aters of total coliform bacteria to the Bay appears to be Santa
Rosa Sound (Statlon 28).

Seasonally both total and fecal collform bacteria occurred in the highast
concentrations during June and September (Figure 7-34). The large numbers In
September are the result of disturbances created by Hurrlcane Elolse with high
concentrations resulting from both seasonal temperatures and climatological
effects.

In bottom waters the total coliform baqterta are statistically signifi-
cantly correlated with temperature at stations 18, 28 and 29 and with total
organic carbon at statlons 20, 21 and 28 (Table 7-2). 8oth temperature and
total orgnaic carbon are Important to the heterotrophic activity of coliform
bacteria. Fecal coliform bacteria in bottom waters show significant correla-
tions with temperature at statlons 18, 21, and 29 and with total organle car-
bon at stations 21 and 28. In surface waters total coliform bacteria are

correlated with temperature at stations 18, 21 and 29 (Table 7-3).
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SEDIMENTS

Sediment Characterization

In Choctawhatchee Bay the majority of the bottom is composed of flne par-
ticle sediments, clays and silts, all of which are less than 50 mlcrons in
dlameter. Choctawhatchee Bay is fringed with fine to medium graln size sand.
This sand shelf extends from the medan low water mark to dapproximately the slx
to eight foot contour, where the bottom drops sharply Into a transition zone.
All statlons iIn the fringing shelf, or near the shelf, Including stations 3,
8, 11, 14, 16, 26, and 28 are relatively clean sand low In particulates
(Figure 7-35),

Goldsmith, 1966, reports that clay entering the Bay from Choctawhatchee
River discharge, tends to floculate and settle out of suspenslon when the
freshwater encounters the sharp solinity gradients tn the Bay. As river water
flows westward in the Bay, the first area for clay floculation is north of
Hogtown Bayou near station 12 (Figure 7-36). Textural data for Choctawhatchee
Bay do not show any pure clay deposits; however, the highest percentages of
clay in benthlc sediments occur near stations 10 and 12 above Hogtown Bayou
and between statlons 25 and 27 northwest of East Pass. The paucity of shell
material in sediment samples may be explained by the pH range along the bottom
of Choctawhatchee Bay., Goldsmith, 1966, reports that pH values lower than 7.9

would cause the calcium carbonate composing Invertebrate shells oand tests to

1
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go into solution relatively guickly. S5ince the mean pH levels in
Choctawhatchee Bay are usually lower than 7.8, particularly away from the
River, one would expect little shell material In benthic sediment samples. In
Choctawhatchee Bay samples, the little shell material present showed evidence

of abrasion and decay,

Sediment Chemistry

Generally, any station in Choctawhatchee Bay with less than 5 percent
organic composition, is in water shallower than 15 feet (Figure 7-39).
Exceptions to this are stations 17 and 23 with well washed sand on the bottom.
The high sandy bluffs along the northern shore of central Choctawhatchee Bay
probably supply the sand to these stations through erosion. The deeper sta-
tions in Choctawhatchee Bay are higher in organic composition, total Kjeldahl
nitrogen and total phosphorous (Figures 7-39, 7-40, 7-41). The principal
source of these nutrients to the bottom are through settling of sediments and
particulate nutrients. The sediment nutrient concentrations are highly impor-
tant in the nutrient cycles of the Bay through reminerallzation. Nutrient
concentrations and percent organics are much higher in Choctawhatchee Bay than
in other Northwest Florida estuaries (U.S. Environmental Protectlon Agency,
195), As discussed in Chapter &4, this is the result of the bathymetry and
hydrography in Choctawhatchee Bay. The percent organics in the sedliments
across the Bay is significantly correlated with Kjeldahls nitrogen., This
indicates that much of the nitregen nutrients remain bound in the sediments
with the organics while total phosphorous concentrations in the sediments are

under other constralnts.
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BIOLOGICAL COMPONENTS

Phytoplankton

Fluctuation of phytoplankton numbers and biomass in estuaries is regulated
by many parameters. In Florida west coast estuaries salinity, temperature,
nutrients, light, trace metals, grazing, external metabolites, currents, river
dlscharge rates, and biclogical rhythms are all suggested to Influence phy-
toplankton populations (Steidinger, 1973). For this reason, both spatial and
seasonal variablility of phytoplankton can be expected. In Choctawhatchee Bay
the system is dominated by freshwater inflow, thus phytoplankton trends in the
Bay should also strongly correlate with discharge rates from Choctawhatchee
River (Figure 4-16)}. This may be seen in examination of monthly total
chlorophyll baywide averages in Choctawhatchee Bay in 1975 (Figure 7-42).
Seasonally the total chlorophyll was highest in April with spring flow and
after Hurricane Eloise in September (Figure 7-42). Hurricane Eloise caused «
resuspension of total phosphorous in September, significantly alterling normal
nutrient cyclkes in the Bay.

The baywide average of total chlorophyll was 0.021 mg/1l and was prin-
cipally composed of chlorophyll C {Table 7-18). This would he expected in an
estuarine system dominated by diatoms and dinoflagellates (Prescott, 1968).
Chlorophyll A concentrations {.0041 mg/l) in Choctawhatchee Bay were slightly

higher than chlorophyll B concentrations {.0039 mg/l) and very close to con-
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Table 7-18: Annual Means of Total Chlorophyll, Chlorophyll A, Chlorophyll B,
and Chlorophyll C for Choctawhatchee Bay and at each Statlon

during 1975.

Total Chlorophyll  Chlorophyll Chiorophyll
Chlorophyll A B C

Mainbay-Surface 0.02120 0.00412 0.00397 0.01311
Station 1 . 0.02514 0.00376 0.00474 0.01664
2 0.02099 0.00341 0.00396 0.01382
3 0.01788 0.00363 0.0032¢ 0.01099
4 0.01486 0.00183 0.00366 0.00937
5 0.01953 0.00337 0.00376 0.01241
6 0.01717 0.00427 0.00323 0.00967
7 0.02726 0.00446 0.00540 0.01740
8 0.01753 0.00379 0.00317 0.01058
9 0.02311 0.00415 0.00427 0.01470
10 0.02068 0.00461 0.00354 0.01252
1 0.02919 0.00579 0.00538 0.01802
12 0.02694 0.004861 0.00564 0.01669
1) 0.02379 0.00454 0.00459 0.01468
14 0.01869 - 0.00352 0.00334 0.01182
15 0.01787 0.00354 0.00330 0.01102
16 0.02096 0.00434 0.00380 0.01281
17 0.02161 0.00367 0.00436 0.01359
18 0.02587 0.00479 0.00487 0.01621
19 0.02444 0.00459 0.00411 0.01544
20 0.0221¢6 0.00486 0.00387 0.01343
21 0.02065 0.00435 0.00369 0.01261
22 0.01913 0.00384 0.00351 0.01178
23 0.02648 0.00495 0.00488 0.01665
24 0.01546 0.00280 0.00289 0.00976
25 0.02024 0.00366 0.00369 0.01289
26 0.01886 0.00423 0.00353 0,011
27 0.02229 0.00411 0.00426 0.0139
28 0.02017 0.00383 0.00391 0.01243
29 0.01715 0.00400 0.00305 0.01010
30 0.02333 0.0057¢6 0.00410 0.01346
31 0.01845 0.00471 0.00314 0.01060
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centrations In the Bay found by the U.5. Environmental Protectlon Agency, 1975
{.0042 mng/l). Average chlorophyll concentrations in the Bay are lower east
of Hogtown Bayou, along the northern shores, than In the central Bay. Stations
7, 9, 12 and 13 along the central axis have higher than average total
chlorophyll concentratlons whlle centrally located stations In the western
central Bay are conslstant with the baywlde mean. The lowest concentratlons
oceur in channels and near the mouths of bayous except at station 23 above
Joes Bayou and In the mouth of Cinco Bayou at statlon 30. CEast Pass
{(Statlon 24) and statlon 4 at the Highway 331 causeway in the east have the
two lowest average total chlorophyll concentrations in the Bay {Table 7-18).
As in many estuaries, the micro-flagellates, chlorophytes and blue green
algae were numerically dominant in Choctawhaﬁchee Bay except during June in
the central Bay when dlatoms occurred in greater numbers. In terms of
biomass, the diatoms and dinoflagellates dominated In the Bay during various
time perlods and at various statlons {Appendix G). Generally, the dlatoms
were more predominant from early spring through to mid summer, at which time
the dinoflagellates began to dominate the phytoplankton population in terms of
blomass (Figure 7-44). Toward late fall and early winter the phytoplankton
biomass was evenly dlstributed between dinoflagellates, dlatoms and micro
algae, Including the chlorophyta, micro-flagellates and blue green algae.
Seasonally, the phytoplankton blomass was highest in May and June during late
spring, and early summer, dlatom and dinoflagellate blooms {Fligure 7-43).
These trends are not followed well In statlons near the pecriphery of the Bay
(Appendlx G). This may be due to the influence of the minor tributarles and
clrculation within the bayous daround the Bay., Stations 28 and 29 in the

western Bay had the greatest phytoplankton biomass in December.
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Contrary to suggestions made by Steldinger, 1973, concerning estuaries on
the Florida western coastline, Choctawhatchee Bay shows a slight increase In
phytoplankton cell number and biomass from Choctawhatchee River to Destin Pass
(Appendix G). Phytoplankton numbers from stations 2 and 5 Increase strongly
toward the central Bay and then more gradually into the western Bay. At sta-
tions 7 and 21 in the mainbay from March through September, a strong decline
in numbers of dinoflagellates ls evident while dlatoms are increasing
slightly. Interestingly, in the fall and winter the mainbay appears to sup-
port more diatoms, while dinoflagellates prefer peripheral stations near the
bayous. However, this trend is reversed In the same months at stations west
of station 25.

In Choctawhatchee Bay the smaller flagellates dominated the samples In
terms of cell concentrations. Some of the more Important genera include
Platymonas sp., Pyramimonas sp., Dunaliella sp., Rhodomanas sp., Cryptomonas
sp. and Eutreptia sp. These micro-flagellates were relatively constant
throughout the Bay; however, individually, they varied widely in generic com-
position and numbers across the Bay. Predominate diatoms were Nitzchia sp.,
Navicula sp., Thalassiosira sp. and Chaetoceros sp. The absence of large num-

bers of the estuarine diatom Shelotonema costatum is Indicative of the high

flows occuring through the year 1975. Both Gymncdinium sp. and Exuviella sp.
(dinoflagellates) occurred throughout the Bay In significant numbers, while
Gonyaulax sp. was present in the central Bay only in late summer and fall.

Appendix A lists the genera of phytoplankton collected from Choctawhatchee Bay

in 1975.
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Icthyoplankton

Estuaries serve as both spawning and nursery grounds for many species of
_ fish. Often the critical phase of the juvenlle life cycle of many species of
fish 1s spent in estuarine habitats where both food and shelter are avallable
to the young fish. Although many species of fish spawn offshore, thelr larvae
move lnto the estuary from January to March and then back out with increasing
temperatures from October to November (U.S. Environmental Protectlon Agency,
1975) .

From icthyoplankton samples in Choctawhatchee Bay in 1975, it was deter-

mined that anchovies (Anchoa sp.) and silversides (Menidia beryliina) comprise

67.3% and 30.75 of the pelaglc fish larvae in Choctawhatchee Bay (Table 7-19).
Sheridan and Livingston, 1979, suggest that Anchoa sp. in North Florida
estuaries spawns most often in October and November. Results from
Choctawhatchee Bay do not confirm these suggestions, as fish eggs were more
abundant in July and September and to a lesser degree in May and June (Figure
7-45), The fish eggs were most abundant in the mainbay stations 15, 17 and 25,
less abundant at stations 18 and 22, and virtually absent from stations in the
eastern Bay {(Flgure 7-46).

Table 7-20 depicts occurence of the fish larvae at all the stations
sampled in Choctawhatchee Bay in 1975. The majority of the fish larvae were
caught during May, with others caught in April, June and September (Figure 7-47).
Anchoa sp. represented most of the May and June catches while Menidia sp.
represented catches from April, May and September. As with filsh eggs, the
fish larvae are primarily from mainbay stations 18 to 27 except for large num-

bers of Anchoa sp. larvae at station 12 (Figure 7-48).
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Table 7-19: Relative Abundance of the Fish Larvae found in Choctawhatchee Bay

in 1975.
Total
Numbers Percent

Engraul idae

Anchoa spp. 1064 67 .34
Atherinidae

Menldla beryllina 886 30.75 98 .09
Gobiidae 10 0.63
Sclaenidae

Menticirrhus 8 0.51
Carangldae

Oligoplites saurus 5 0.32
Blenniidae & 0.25
Syngnathidae

Syngnathus floridae 2 0.13

Syngnathus louislanae 1 0.06 1.91
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Figure 7-45:. Annual Trend of Fish Egges Found
in Chectowhatchee Bay during the veaoar 1875
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Table 7-20: Specles Checklist of Fish Larvae found In Choctawhatchee Bay in

1975.
Stations

2 5 7 12 15 18 22 25 27

Engraul idae (anchovies)

Anchoa hepsetus +
Anchoa mitchillii +
Anchoa spp. + + + + + + + + +

Atherinidae (silversides)

Menidia beryllina + + + * + + + + +

Sclaenidae (plpeflshes)

Syngnathus floridae + +

Syngnathus louislanae +

Carangidae (jacks)

Oligoplites saurus + +

Syngnathldae (drums)

Menticirrhus spp. + + + + +
Blenniidae (blennles) + + + +
Gobiidae (gobles) + ¥ + +
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Zooplankton

Northwest Florida estuaries are characterized as having lncreasingly more
diverse zooplankton populations toward the mouth of the estuary where salinlty
is higher. Zooplankton numbers are also generally higher in the late spring
and summer months (Hopkins, 1973). Hopkins, 1966, found seasonal maxima In
St. Andrews Bay to occur In June and September, and seasonal milnima In
February, April and December. In Choctawhatchee Bay, in 1975, spring

zooplankton maxima were composed of the calanoid copepod Acartia tonsa, har-

pacticoid copepods, cladocerans, the rotifer, Brachionus sp., veliger larvae,
larvaceans and ctenophores. A listing of zooplankton found in Choctawhatchee
Bay in 1975 may be found In Apprendix B.

In Choctawhatchee Bay the dominant zooplankter was the calanofd copepod,

Acartia tonsa. Except at statlion 2 near the mouth of Choctawhatchee Rlver and

in the months of January and October, Acartia tonsa accounted for the greatest

percentage of the zooplankton samples (Tables 7-21 and 7-22). Other Northwest
Fiorida estuarles, Including Escambia Bay to the west and 5t. Andrews Bay to

the east, are also dominated In terms of zooplankton numbers by Acartia tonsa

(U.S. Environmental Protection Agency, 1975; Hopkins, 1966). Excluding

Acartia tonsa, In Choctawhatchee Bay in 1975, harpacticoid and calanold cope-

pods were most common (Tables 7-23 and 7-26). Harpacticolds were most common

in the spring and summer, while calanoid copepods, excluding Acartia tonsa,

were common only In the central and western Bay from December to April. The
cyclopeid copepod, Oncaea sp., was common at station 2 and throughout the Bay

in December. Copepod nauplii occurred ln bloom conditions in both May and
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Table 7-21: Annual Average Numbers of the Major Specles of Zooplankton

collected at each station in Choctawhatchee Bay in the year 1975.

Station Species
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12 2100 662257 0 3200 400 158
15 4800 136#198‘ 0 12678 700 150
18 1625 527238 0 15083 214 196
22 800 1399480 100 19900 1000 513
25 0 421613 0 39525 1375 375
27 125 397092 0 150491 8042 134
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Table 7-22: Monthly Average Numbers of the Major Species of Zooplankton

collected at each station In Choctawhatchee Bay in the year 1975,

Month Species
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Jul 1482 468259 0 49802 8580 620
Sep 0 350144 Q 0 0 0
Oct b6 482083 9 315 65 0
Nov 0 102523 0 4 0 0
Dec T 64370 1623704 0 25556 148 0
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Table 7-23: Annual Average Numbers of the Major Groups of Zooplankton

collected at each station in Choctawhatchee Bay 1n the year 1975,

Station Group
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15 1365098 19061 4800 77951 33 12678
18 536117 9583 1625 50521 83 15083
22 1405835 17333 800 48791 617 20300
25 425952 8917 0 89399 1464 39625
27 424545 35741 125 253524 292 150491
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Table 7-24: Monthly Average Numbers of the Major Groups of Zooplankton

collected at each station in Choctawhatchee Bay In the year 1975.

Month Groug
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Jan 168131 3e7 0 165857 857 1437
Mar 710532 4373 8 150173 667 556
Apr 102590 1160 0 6145 583 309
May 1967417 36056 167 1528 0 15167
Jun 819407 7982 0 1648 0 137926
Jul 472926 47228 1482 202494 296 50247
Sep 352000 4563 0 292 83 0
Oct 489083 3287 46 2019 741 315
Nov 102523 3489 0 370 1143 4
Dec 1665074 0 64370 37 370 25556
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December throughout the Bay.

Hopkins, 1966, suggests that the meroplankton, including invertebrate
larvae, veliger larvae and polychaete larvae, comprises twenty percent of the
annual zooplankton biomass in St. Andrews Bay. These temporary zooplankton
were not as prevelant in Choctawhatchee Bay (Tables 7-15 and 7-26).

Crustacean zoea larvae were common only in July. Barnacle nauplil were common
only at stations 5, 7, 25 and 27 from December to May. Polychaete larvae were
common only in December and molluscan vellger larvae were common from May to
July.

The second most numerous zooplankton group in Choctawhatchee Bay, 1975,
was the Cladocerans (Tables 7-23 and 7-24), The most common cladoceran was
Podon sp., which was more common in the central and western Bay during the mid-
winter and early spring (Tables 7-27 and 7-28). The other cladocerans,
including Penilla sp., Evadne sp., Alona sp., Chydoris sp., Ceriodophnia sp.,
and Bosmia sp. were more common in the eastern Bay in January, March, April
and October. Ostrocods were common in the spring and fall but were unpredic-
table spatially.

In many North Florida estuaries, the ctenophores and jellyfish are common
in the winter (Hopkins, 1973). However, in Choctawhatchee Bay, these secon-
dary grazers in the plankton were more common from May to June following the
seasonal lncreases of the micro zooplankton In the spring (Table 7-21 and

7-22). Of these macro 2ooplankton, both Oikiopleura sp. and Mnemiopsis sp.

were ldentified.
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Table 7-25: Annual Average Numbers of the lLarval Zooplankton collected

at each station in Choctawhatchee Bay in the year 1975.

Statlion Larval Form
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27 2973 125 3389 42 8042 0
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Table 7-26: Monthly Average Numbers of the Larval Zooplankton collected

at each station in Choctawhatchee Bay in the year 1975.

Month Larval Form
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Apr 3204 0 550 0 0 0
May 15268 333 1700 0 1333 0
Jun ' 57 37 300 0 1278 37
Jul 2593 321 0 12 8580 12
Sep 625 0 0 250 0 104
Oct 2167 167 0 227 65 0
Nov 4667 0 20 0 0 0
Dec 31574 0 1317 1981 148 0
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Table 7-27: Annual Average Numbers of Cladoceran genera collected

at each station In Choctawhatchee Bay in the year 1975.

Station Species
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22 88 0 48604 100 0 0 0 0
25 18 14821 74060 0 0 250 0 250
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Table 7-28: Monthly Average Numbers of Cladoceran genera collected

at each station in Choctawhatchee Bay in the year 1975.

Month Species
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Sep 0 292 0 0 0 4] 0 0
Oct 289 0 167 1167 157 106 Y 106
Nov 115 0 0 54 rA 64 0 64
Dec 19 19 0 0 0 0 0 0
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Benthos

Major abiotic factors whlch affect the distribution and composition of
benthic macro fauna in Choctawhatchee Bay include temperature, salinity,
turbidity and substrate type. The most important single factor in estuaries
is substrate type (Collard and D'Asaroe, 1973). Lauff, 1967, reports that the
estuary Is an ecotone between the freshwater and marine communities. TIn an
ecotone the gradlents should allow for abundant, diverse communitles,

However, other studies repoct in estuaries that four-fifths of benthic fauna
inhabit hard substrate. Thus, the deep water mud plains in Choctawhatchee Bay
are limited not only by water column characteristics as dlscussed earller, but
also by the nature of the substrate itself. Appendix C Lists the specles
found in 1975, In Choctawhatchee Bay. The species found were quite dissimilar
to specles listed by Taylor Biological Co., 1978, and Ross and Jones, 1979.
Appendix C has only four common genera with Taylor Biologlcal Co., 1978, and
12 genera In common with those In Ross and Jones, 1972. Of the 12 common
genera from Ross and Jones, 1979, six were pelecypods.

The three major groups of benthlc macro fauna, Including gastropods, pele-
cyods and polychaets were all statistically significantly related to sallnity
(Table 7-29). This confirms the similarity of Choctawhatchee Bay to other
North Florida estuaries where benthic lnvertebrate abundances increase with
increasing salinity. Polychaetes were also significantly correlated to total
organi¢ nltrogen and the percent organics in the sediments, This might be
expected after considering the feeding hablts of polychaetes. Table 7-29 also
shows individual signiflcant relationships existlng Ln Choctawhatchee Bay bet-

ween benthic species and sediment characteristics.
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Table 7-29: Significant Correlations of Benthic Macrolnvertebrate Numbers with Benthic Sediment

Parameters across the Quarterly Choctawhatchee Bay Sampling Statlons in 1975,

KJedahls Percent Total Benthic
Hitrogen Organics Phosphorous Salinfty
Gastropods - - - 0,843+
Acteocing
canallculata 0.8746* 0.7618+ - 0.837a%
Cyclostremlscus
pentagonus - - - 0.7695»
Pelecypods - - - 0.7598%+
Abra sequalis - - 0.9137+ -
Anomalocardla
auberiana - - 0.7219= -
Anadara sp. - - - 0.8892*
(Juvenile
Mercenarla
mgecﬁlensls 0.799%)+ - - 0.9353n»
Malinia lateralis 0.9017#+ 0.8153+ - -
Macoma sp. - - - 0.9243ns
(Juvenile) -

Haculana acuta - - - 0.9243
Telllna versicolor 0.6287+ - - -
Polychaetes D.8768%+ 0.8979e¢ - 0.6% 3+

Glycera

H!Eranchiata - - - 0.85621e¢
Medionastus

callfornlensts - - - 0.84120+
Notomatus laterlcus 0.8604= 0.8247* - -
Noris =p. - - - 0.9047=»
Priovnsplo pinnato - - - 0.9496%
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Table 7-30 shows the combined annual numbers of more common benthic tnver-
tebrates at the elght quarterly sampling stations In Choctawhatchee Bay, in
1975. Gastropods comprise the most commonly found species, followed by pele-
cypods and then polychaetes. The two most common specles sppear to be

Nuculana acuta, a blvalve with greater numbers in the central, western Bay and

the gastropod Acteocina canaliculata which Ls most common in the central

eastern Bay. Other commonly found specles include Cyclostremiscus pentagonus,

Haminoea succinea, Mullnia lateralls, Nuculana actus, Odostamoa sp. and the

palychaete Priocnospio plnnata.
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Table 7-30: Combined annual numbers of benthlc invertebrates found at the

eight quarterly sampling stations in Choctawhatchee Bay, 1975.

SPECIES STATION NUMBER

1 2 3 4 5 6 7 8
Abra aqualis 0 2 0 3 5 4 1 0
Anomalocardla auberiana 5 4 8 5 4 5 5 1
Anachls avara 1 2 4 10 4 2 0
Acteocina canaliculata 166 [ 145 | 333 | 251 |B25 | 648 {608 | 155
Anadara ovalls 2 7 5 1 2 1 0
Anomia simplex 1 0 2 1 [ 0 1
Agriopoma texasana 2 5 é 3 0 0 0 0
Ampelisca vandorum 12 1 0 0 0 2 0 0
Anachls fuvenile 1 2 5 3 0 0 1 0
Anadara juvenile 1 1 0 3 2 44 0 ]
Anodontia juvenile 1 4 3 6 19 1 1
Crassatella lunulata 0 0 0 1 157 4 1
Cyclostremiscus pentagonus &1 1117 99 82 47 36 5 1
Corbella swiftiana 17 37 15 16 3 7 5 0
Crepidula sp. 2 0 1 1 3 9 0 2
Creseis sp. 11 92 38 113 33 20 2 0
Dinocardium juvenile 2 1 1 3 2 1 0 0
Clycera dibranchiata %6 ] 113 71 59 57 52 &h 7
Godiva rubralineata 1 0 0 0 0 0 11 0
Haminoea succinea 920 50 | 104 39 {212 59 65 24
Littorinidina 1 0 3 3 0 4
Medionastus californiensis 3 1 4 5 4 17
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Table 7-30: Comblned annual numbers of benthic invertebrates found at the

eight quarterly sampling statlons in Choctawhatchee Bay, 1975.

SPECIES STATIOM NUMBER

1 2 3 4 5 6 7 8
Mercenarla campechiensis 3 6 9 T 13 19 12 5
Mulina lateralls 12 20 51 (169 {197 | 161 | 194 129
Macoma mitchelle 15 19 15 18 3 1 5 38
Macoma pusilla 2 1 0 8 ] 0 0 1
Macoma juvenile 7 é 0 1 2 2 0
Nuculana acuta 193 {505 | 641 | 813 | 473 |257 |203 36
Nuculana acutus 15 18 55 | 116 | 234 | 1869 91 71
Notomatus latericus 146 § 136 41 15 39 59 7 25
Nassarius vibex 2 0 34 0 0 1 2 1
Mereis sp. 61 36 84 42 76 4h 26 1
Odostomia seminuda 2 é 9 2 2 9 0 0
Odostomia sp. 22 41 | 104 56 | 203 | 136 | 114 34
Podarke obscura 3 0 1 1 1 1 0
Prionospio plnnata 147 [ 122 | 174 {149 | 140 | 164 | 118 68
Paramphinome pulchella 0 4 1 1 0 0 0 0
Polychaete fragment 21 26 17 3 5 4 7 1
Pryramidella 1 0 0 1 5 3 a 1
Rissonia catesbyana 0 0 ¢] 1 0 0 1 0
Semele juvenile 3 2 0 12 0 1 0 0
Spionidae A Unknown 2 7 3 3 o] 2 4 2
Tellina versicolor 8 3 4 1 2 1 0 0
Turbinella sp. 3 1 0 0 0 5 1 0
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Appendix A: Phytoplankton specles from Choctawhatchee Bay during the year

1975.

PHYL.UM CHRYSOPHTA
Subphylum NTATOMACFAE
Order Pennales

Nitzschla sp.
Synedra sp.
Meridion sp.
Navicula sp.
Gyrosigma sp.
(Opephora sp.
Amphiprora sp.
Cymbella sp.
Frustulia sp.
Cocconels sp.
Diploneis sp.
Diatomella sp.
Epithemla sp.
Achnanthes sp.
Pinnularia sp.
Fragltaria sp.
Diatoma sp.
Tabellarta sp.
Gomphonema sp.
Synedra sp.
Asterionella sp.
Baclllaria sp.

Order

Thallasiosira sp.
Hemlaulus sp.
Bacteriastrum sp.
Skeletonema Costatum
Chaetocerces sp.
Rhizosolenla sp.
Cyclotella sp.
Biddulphia sp.
Coscinodiscus sp.
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St:lbphyl um  CHRYSOPHYCEAE
Order Ochromonadales
Ochromonas sp.
Dinobryan sp.
Mallomonas sp.
Order Chromulinales
Chromilina sp.
Order Rhizochrysidales
Diceras sp.
Subphylum CHRYSOPHYCEAE
Order Isochrysidales
Isochrysis sp.
Subphylum XANTHOPHYCEAE

Order Mischococcales

Centritractus sp.

PHYLUM CHLOROPHYTA
Subphylum Chlorophyceae
Order Volvocales

Haematococcus sp.
Platymonas sp.
Pyraminonas sp.
Carterla sp.
Dunaliella sp.

Order Chlorococcales
Scenedesmus Sp.
Ankistrodesmus Sp.
Actinastrum sp.

PHYLUM EUGLENOPHYTA

Order fuglinales

Futreptia sp.
Euglena Sangulnes
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PHYLUM CRYTOPHYTA
Family Cryptomonadaceae
Crytomonas sp.
Family Cryptochrysidaceae sp.

Rhodomonas sp.
Chroomonas sp.

PHYLUM CYANOPHYTA
Order Nostacales
Anabaena sp.
Order Chroococcales
Merismopedium sp.
PHYLUM PYRRHOPYTA
Class Dinophyceae
Gymnod infum sp,
Ceratium sp.
Gonyaulax sp.
Glenodinium sp.
Peridinium sp.
Dinophysis sp.

Class Desmokont ae

Prorocentrum sp.
Exuvtella sp.
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Appendix B: Zooplankton found in Choctawhatchee Bay during the year 1975,

PHYLUM ARTHROPCDA
Class Insects
Subclass Pterygota
Superorder Megopteroidea
Order Diptera
Larvae, unidentifled
Class Crustacea
Subclass Copepods
Nauplius, unidentified
Order Cyclopoida
Oncaea sp.
Order Calonolda

Acartlia tonsa

Order Harpacticolda
Microsetella sp.
Subclass Brachyura
loea, unidentified
Subclass Cladocera

Peni]la sp.
Evadne sp.

Podon sp.
Scapholeberis sp.
Alona sp.
Chydoris sp.
Ceriodaphnia sp.
Bosmina sp.
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Subclass Ostracoda

Subclass Cirripedlia

Balanus sp. nauplii

Subclass Malacostraca

Subphylum

Class

PHYLUM

PHYLUM

Class

PHYLUM

PHYLUM

PHYLUM

Class

PHYLUM

Order Eucarida
Suborder Decapoda
Family Sergestidae

Lucifer faxoni

Chelicerata
Arachnida
Order Acarina
Mites, untdentified
ROTIFERA
Brachlonus sp.
ANNEL IDA
Polychaeta
MOLLUSCA
Veligers, unidentifled
ECHINODERMATA
Larvae, unidentified
CHORDATA
Larvacea
Oikipleura sp.
CTENOPHORA

Mnemliopsis sp.
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Appendix C:

Benthic Macrofauna found

PHYLUM ARTHROPODA
Class Crustacea
Order Cumacea
Cyclaspis  Sp.
Order Mysidacea
Mysis  Sp.
Order Amphipoda
Ampelisca vandorum
Listriella barnardi
Listriella sp.
PHYLUM MOLLUSCA
Class Gastropoda

Cyclostremiscus pentagonus
Aceteocina canaliculata
Nassarius acutus
Nassarius uibex
Haminoea succinea
Odostomia sp.
Neritina reclivata
Crepidula sp.
Cantharus tinctus
Cresels sp.

Cavolina sp.

Anachis avara

Anachls sp. juvenile
Natica pusilla
Mitrella pusilla
Sella adamsi
Lithorinidina sp.
Pyramidelia sp.
Rissonina catesbyana
Acteon punctostraitus
Odostomia seminuda
Triphora sp.
Epitonium sp.

Godiva rubralineata
Turbinella sp.

in Choctawhatchee Bay in 1975,

186



Class Pelecypoda (Blvalvia)

PHYLUM

Solen sp.

Cyrtopleura costata
Tellina alternata
Tellina versicolor
Nuculana acuta

Torbula swiftiana
Mercenaria campechiensis
Agriopoma texaslana
HuI{nEa Tateralls
Mytilopsis leucophaeta
Crassostrea virginica
Laevicardlum laevigatum
Laavicardium mortoni
Anadara ovalis

Anadara sp. juvenile
Anodara floridana
Anodontla alba
Glycymeris pectinata
Anomalocardia auberiana
Anomlia simplex

Semele proflcua

Semele sp. juvenile

Rangla cuneata
Dinocardium sp. juvenile
Linda amiantus

Macoma sp. juvenlile
Anodontia sp. juvenlle
Abra aequalls

Chione cancelleta
Macoma mitchelll
Crassatella lunulata

ANNEL IDA

Class Polychaeta

Notomastus laterlcus
Glycera dlbranchiata
Nerels sp.

Branchiomma nigromaculata
Paramphinome pulcheila
Medionastus californiensis
Armandla agilis
Prionospio plnnata
Podarke obscura

Family Splonidae

Family Syllidae
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PHYLUM ECHINODERMATA

Class Stelleroidea

Ophiura sp.
PHYLUM SIPUNCULA
PHYLUM NEMATODA
PHYLUM CHORDATA

Class Ascldiacea

Mclgula manhattensis

PHYLUM BRYQZ0A
Class Gymnolaemata
Bugula sp.
PHYLUM CNIDARIA
Class Anthozoa

Qculina sp.
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Appendix D: Significant Correlations (a < 0.10) of Monthly Water Quality
Parameters with the Net Discharge of Freshwater from the
Tributaries to Choctawhatchee Bay at each of the thirty-one

water quality stations In 1975.

Parameter Station R-square PROB > F

Sallnity 5 -0.5504 0.0992
7 -0.5988 0.0733
8 . -0.5665 0.0878
9 -0.6639 0.0363
10 -0.6623 0.0369
1" -0.7274 0.0171
12 -0.7886 0.0067
13 -0.7555% 0.0186
14 -0.8539 0.0017
15 -0.8159 0.0040
16 -0.5667 ¢.0876
17 -0.7702 0.0091
18 -0.7471 0.0130
19 -0.8562 3.0016
20 -0.9277 0.0001
21 -0.8415 0.0045
22 -0,8042 0.0050
23 -0.8409 0.0045
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Parameter Statlion R-square PROB > F

Salinity 24 -0.6432 0.0616
25 -0.85815 0.0028

26 -0.8121 0.06078

27 -0.7285 0.0260

28 -0.7123 0.0474

29 -0.8095 0.0082

30 -0.7554 0.0184

31 -0.7697 0.0153

Dissolved Oxygen 1 0.5753 0.0818
3 0.7727 0.0088

4 0.5585 0.0933

6 0.6257 0.0530

7 0.5865 0.0747

9 0.5959 0.0691

10 0.6039 0.0645

11 0.6838 0.0292

12 0.6633 0.0365

19 0.6633 0.0365

26 0.6334 0.0918

Dissolved Phosphorous 4 0.7627 0.0103
5 0.7663 0.0097

26 0.7238 0.0275

| Kjedahls Nitrogen 10 0.6895 0.0399
Ammonia 12 0.5619 0.0909
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Parameter

Total Carbon

Total Organic Carbon

Chlorophyll A

Chlorophyll B

Chlorophyll C

Total Chlorophyll

Station
2
18
22
23
24
27
28
29
3
2
18
20
22
23
24
26
27
29
30
4
13
20
13
3
13
13
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R-square
0.59210
0.7399
0.7460
(}.9405
0.9401
0.9615
-0.7495
0.6723
-0.7640
0.6155
0.7527
0.5%936
0.7641
0.9368
0.0333
0.7105
0.9574
0.7468
0.6557
0.7855
0.6727
0.6353
0.7102
0.6168
0.6621

0.6788

PROB > F
0.0938
0.0226
0.0210
0.0005
(.0005
0.0001
0.0524
0.0677
0,0273
0.0776
0.0192
0.0920
3.0165
0.0006
0.0007
0.0483
0.0002
0.0333
0.0775
0.0121
0.0675
0.0660
0.0484
0.0768
0.0736

0.0642



Appendix E: Significant Correlations (a < 0.10) of water quality parameters
with each other at each of the Thirty-one water quality stations

In Choctawhatchee Bay, 1975.

1. Temperature correlated with:

Statlion Parameter R-square PROB > F
1 Dissolved Oxygen -0.9094 0.0003
2 Dissolved Oxygen -0.9083 0.0003
3 Dissolved Oxygen -0,.9135 0.0002

Kjedahls Nitrogen -0.6067 0.0832
4 Dissolved Oxygen ~0.8940 0.0005
S Dissolved Oxygen -0.8950 0.0005
Nitrate/Nitrite -0.5563 0.0949
é Dissolved Oxygen -0.6148 0.0585
Nitrate/Nitrite -0.5786 0.0797
Ammonla -0.5600 0.0922
7 Dissolved Oxygen -0.9582 0.0001
Nitrate/Nitrlte -0.6310 0.0504
8 Dissolved Oxygen -0.8627 0.0013
Nitrate/Nitrite -0.8172 0.0039
9 Dissolved Oxygen -0.9504 0.0001
Nitrate/Nitrogen -0.8571 0.0015
10 Dissolved Oxygen -0.8368 0.0025
Nitrate/Nitrite -0.7791 0.0079
Total Carbon 0.6046 0.0846
Total Organic Carbon 0.5922 0.0930
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1. Temperature cocrelated with:

Station

11

12

13

14

15

16

17

18

19

20

21

Parameter
Dissolved Oxygen
Nitrate/Nitrite
Ammonla
Dissnlved Oxygen
Nitrate/Nitrite
Ammonla
Total Carbon
Dissolved Oxygen
Nitrate/Nitrite
Ammonia
Dissolved Oxygen
Nitrate/Nitrite
Ammonia
Dissolved Oxygen
Dissolved Oxygen
Nitrate/Nitrite
Dissolved Oxygen
Nitrate/Nitrite
Dissolved Oxygen
Nitrate/Nitrate
Dissolved Oxygen
Nitrate/Nitrite
Dissolved Oxygen
Nitrate/Nitrite
Dissolved Oxygen

Nitrate/Nitrite
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R-square
-3.8875
-0.7761
-0.8269
-0.88907
-0.5727
-0.6656

0.8520
-0.8595
-0.5965
-0.6796
-0.8457
-0.7532
-0.6386
-0.8703
-0.8794
-0.6636
-0.7761
-0.5857
-0.9362
-0.6472
-0.8867
-0.6333
-0.8251
-0.6206
-0,8985

-0.7164

PROB > F
0.0006
0.0098
0.0032
0.0005
0.0836
0.0357
(.0035
0.0013
(.0900
0.0440
0.0020
0.0119
0.0462
¢.001
0.0008
0.0364
0.0083
0.0752
0.0002
0.0431
0.0008
0.0493
0.0033
0.0555
0.0010

0.0299



1. Temperature correlated with:

Station

22

23

24

25

26

27

28

29

30

31

Parameter
Dissolved Oxygen

Nitrate/Nitrite

R-square
-0.9412

-0 -6“03

Total Organic Carbon -0.6081

Dissolved Oxygen
Ammonia

Dissolved Oxygen
Dissolved Oxygen
Nitrate/Nitrite
Ammonia

Dissolved Oxygen
Ammon]ia

Dissolved Oxygen
Nitrate/Nitrite
K}ledahls Nitrogen
Dissolved Oxygen
Dissolved Oxygen
Dissolved Oxygen
Kjedahls Nitrogen
Dissolved Oxygen

Total Phosphorous

2. Salinity correlated with:

Station
7
B

12

Parameter
Ammonia
Total Carbon

Kjedahls Nitrogen

-0.9066
-0.6645
-0.8919
-0.9179
-0.6079
-0.6619
-0.8550
~0.6022
-0.9528
-0.64139
-0.7767
-0.9422
-0.9423
-0.9347
-0.9269
-0.9735

_0 L} 624“

R-square
-0.5537
0.7733

-0.7586
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PROB > F
0.0001
0.0461
0.0823
0.0007
0.05G9
0.0012
(.0005
0.0824
0.0521
0.0033
0.0861
0.0001
0.0613
0.0266
(.0005
0.0001
0.0002
0.0003
0.0001

0.0723

PROB > F
0.0968
0.0244

0.0178



2. Salinity correlated with:

Station Parameter R-square PROB > F
14 Total Phosphorous -0.5800 0.0788
Total Organlc Carbon -0.5833 0.0988

17 Dissolved Phosphorous 0.6636 0.0364
Total Phosphorous 0.6646 0.0360

18 Total Organlc Carbon -0.,5845 0.0984
19 Total Phosphorous 0.6219 0.0266
21 Dissolved Phosphorous 0.7725 0.0147
23 Total Organic Carbon -0,7904 0.0194
24 Dlssolved Oxygen -0.6484 0.0589
Nitrate/Nitrite -0.5881 0.0958

25 Dissolved Oxygen -0.6276 0.0704
Total Carbon 0.7825 0.0217

27 Total Carbon 0.6692 0.0695

3. Dissolved Oxygen* correlated with:

Station Parameter R-square PROB > F
1 Kjedahls Nitrogen 0.6128 0.0793

3 Kjedahls Nitrogen 0,.7104 0.0320

5 Ammonia 0.6017 0.0657

8 Nitrate/Nitrite 0.6102 0.0610
Total Carbon -0.6518 0.0799

9 Nitrate/Nitrite 0.7159 0.0199

1 Ammonia 0.7953 (.0059
12 Kjedahls Nitrogen 0.7583 0.0179
Total Carbon -0.9069 0.0007

*Note: For complete listing see also previous parameters in Appendix E.
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3. Dissolved Oxygen* correlated with:

Station Parameter R-square PROB > F
13 Ammonia 0.7984 0.0099
Kjedahls Nitrogen 0.8764 0.0043

14 Ammonia 0.5538 0.0967
Nitrate/Nitrite 0.6253 0.0532

18 Nitrate/Nitrite 0.6542 0.0559
19 Nitrate/Nitrite . 0.5596 0.0925
20 Nitrate/Nitrite 0.5924 0.0712
21 Nitrate/Nitrite 0.7316 0.0251
22 Nitrate/Nitrite 0.5585 0.0733
24 Total Organle Carbon 0.6276 0.0957
26 Nitrate/Nitrite 0.6205 0.0746
27 Nitrate/Nitrite 0.7243 0.0273
Kjedahls Nitregen 0.6569 0.0546

30 Kjedahls Nitrogen 0.9085 0.0007

4, Ammonla correlated with:

Station Parameter R-square PROB > F
1 Total Carbon -0.6514 0.0573
Total Organic Carbon -0.6617 0.0522

3 K}edahls Nitrogen 0.7374 0.0234

7 Kjedahls Nitrogen 0.7019 0.0351

9 Kiedahls Nitrogen 0.7361 0.0237

10 Dissolved Phosphorous 0.9084 (.0003
Ll Total Phosphorous 0.5645 0.089
12 Total Carbon -0.6302 0.0689

*Note: For complete listing see also previous parameters in Appendix F,
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4, Ammonia* correlated with:

Statlon Parameter R-square PROB > F
13 Kjedahls Nitrogen 0.8639 3.0057
17 Kjedahls Nitrogen 0.6983 0.0247
18 Dissolved Phosphorous 0.7109 0.0212

Total Phosphorous 0.7082 0.0219
22 Nitrate/Nitrite 0.0275 0.0521
Total Carbon 0.6025 0.0860
25 Nitrate/Nitrite 0.7551 0.0186
27 Nitrate/Nitrlte 0.5859 0.0973
29 Total Phosphorous - 0.7040 0.0343
Total Carbon 0.6495 0.0813
Total Organic Carbon 0.7679 0.0261
30 Total Carbon 0.6926 0.0569
Total Orgaenlc Carbon 0.6265 (}.0965
M Total Phosphecrous 0.9329 0.0002

5, HNitrate/Nitrite* correlated with:

Station Parameter R-square PROB > F
1 Total Phosphorous 0.855%1 (3.0016

3 Kjedahls Nitrogen -0.7109 .0318

1" Total Phosphorous 0.5524 0.0977
26 Dissolved Phosphorous 0.6300 0.0620
Total Organic Carbon 0.6366 3.08%é6

27 Total Phosphorous 0.8376 0.0048
N Total Organic Carbon 0.6454 0.0839

*Note: For complete listing see also previous parameters in Appendix E.
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6. Dissolved Phosphorous* correlated with:

Station Parameter R-sguare PROB > F
b Total Carbon 0.6537 0.0562
Total Organlc Carbon 0.6682 0.0492
17 Total Phosphorous {.9982 0.0001
18 Total Phosphorous 0.9987 0.001
21 Kjedahls Nitrogen -0.7103 0.0320
27 Total Organic Carbon 0.6579 0.0762

7. Total Phosphorous* correlated with:

Statlion Parameter R-square PROB > F
15 Kjedahls Nitrogen -0.6145 0.0783
25 Total Carbon 0.7785 0.0229

8. Kjedahls Nitrogen* correlated with:
Station Parameter R-square PROB > F

27 Total Carbon 0.6679 0.0703

9. Total Carbon* correlated with:

Station Parameter R-square PROB > F
1 Total Organic Carbon 0.9995 0.0001
2 Total Organic Carbon 0.9998 0.0001
3 Total Organic Carbon (.9989 0.0001
5 Total Organic Carbon 0.9996 0.0001
6 Total Organic Carbon 0.8644 0.0026
7 Total Organic Carbon 0.9966 0.0001
8 Total Organic Carbon 0.7967 0.0179

*Note: For complete listing see also previous parameters in Appendix E.

198



2. Total Carbon* correlated with;

Station Parameter R-squadre PROB > F
9 fotal Organic Carbon 0.9991 0.0001
10 Total Organlc Carbon 0.9986 0,0001
11 Total Organle Carbon 0.9994 0.0001
2 Total Organic Carbon 0.1331 0.0246
13 Total Organic Carbon 0.9982 0.0001
14 Total Organtc Carhon 0.9997 0.0001
15 Total Organic Carbon 0.9986 0.0001
17 Total Organic Carbon 0.9978 0.0001
18 Total Oerganic Carbon 0.9984 0.0001
19 Totsl Organic Carbon 0.9912 0.0001
20 Total Organic Carbon | 0.9997 0.0001
21 Total Grganic Carbon 0.9972 ¢.0001
22 Total Organic Carbon 0.7920 ¢.0110
23 Total Organic Carbon ¢.9915 0.C001
25 Total Organic Carbon 0.6221 0.0995
26 Total Organlc Carbon 0.9887 (.0001
28 Total Organic Carbon 0.7448 0.0549
29 Total Organic Carbon 0.6823 0.0623
30 Total Organic Carbon 0.9183 0.0013

*Note: For complete listing see also prevlious parameters In Appendix E.
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Appendix F: Correlations of Chlorophylls with water guallty parameters of
each of the Thirty-one water quality sampling statlons

in Choctawhatchee Bay, 1975.

1. Chlorophyll A correlated with:

Station Parameter R-square PROB > F
2 Ammonia -0.6951 0.0376
4 Dissolved Phosphorous 0.8169 0.0072
5 Salinity ~0.7664 0.0180
6 Temperature 0.6154 0.0777
7 Nitrate/Nitrite -0.7240 0.0423
8 Dissolved Oxygen -0.6896 0.0398

Total Organic Carbon -0.7147 0.07114
g Dissolved Oxygen -0.,7041 0.0512
10 Temperature 0.8885 0.0014
Nitrate/Nitrite -0.7078 0.0329
13 Total Phosphorous 0.7138 0.0329
15 Dissolved Oxygen -0, 6404 0.0633
17 Salinity 0.7387 0.0230
Dissolved Phosphorous 0.9492 0.0001
Total Phosphorous 0.9492 " 0.0001
18 Ammonia 0.8013 0.0094
19 Total Phosphorous 0.6362 0.065%4
21 Salinity 0.6436 0.0851
Dissolved Phosphorous 0.8259 0.0115
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1. Chlorophyll A correlates with:

Station

22
24

25

29

30

Parameter

Kjedahls Nitrogen

Dissolved Phosphorous

Total Phosphorous
Tatal Carbon

Total Organic Carbon
Total Phosphorous
Total Carbon

Total Organlc Carbon

2. Chlorophyll B correlated with:

Station

2

10

13
15

16

Parameter
Ammonia
Total Carbon
Total Organlc Carbon
Salinity
Total Phosphorous
Nitrate/Nitrite
Total Carbon
Ammonl a
Total Phosphorous
Total Phosphorous
Ktedahls Nitrogen

Total Phosphorous
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R-square
0.7007
-0.6455
0.8887
0.7264
0.7485
0.7039
0.7638

0.7244

R-square
-0.6028
0.8488
0.8443
-0,7855
0.6338
-0.7187
-0.8697
(.9073
0.7672
0.61304
0.6465

0.9468

PROB > F
0.0355
0.0839
0.0032
0.0645
0.0529
0.0514
0.0430

0.0655

PROB > F
0.0858
0.0157
0.0189
0.0121
0.0668
0.0291
0.0110
(.0007
(0.0158
0.0938
0.0832

0.0001



2. Chlorophyll B correlated with:

Station

17

18

19

20

21

22

24

25

29

30

Parameter
Salinity
Dissclved Phosphorous
Total Phosphorous
Ammonia
Dissolved Phosphorous
Total Phosphorous
Nitrate/Nitrite
Total Phosphorous
Nitrate/Nitrite
Dissolved Phosphorous
Salinity
Dissolved Phosphorous
Ammonia
Ammonla
Total Phosphorous
Total Carbon
Total Organic Carbon
Total Phosphorous

Total Carbon

3. Chlorophyll € correlated with:

Station

2

Parameter
Ammonlia
Total Carbon

Total Organic Carbon

2Q2

R-sguare
0.6312
0.9547
0.9590
0.8079
0.6452
0.6473
0.6171
0.76806
0.6732
0.8%900
0.76327
0.9744
0.7724
0.6608
0.9589
0.7114
0.8371
0.8579

0.7903

R-square
-(0.5968
0.8403

0.8365

PROB > F
0.0683
0.0001
0.0001
0.0084
0.0606
0.0595
0.0767
0.0130
0.0469
(.0013
0.0255
0.0001
0.0145
0.0744
0.0002
0.0731
0.0188
0.0064

0.0344

PROB > F
0.0897
0.0179

0.0189



3. Chlorophyll C correlated with:

Statlion

5

10

15

16

18

19

20

21

22
24

25

Parameter
Salinity
Tofal Phosphorous
Nitrate/Nitrite
Total Carbon
Ammontia
Total Phosphorous
Kjedahls Nitrogen
Total Phosphorous
Salinity
Dissolved Phosphorous
Total Phosphorous
Ammonta
Dissolved Phosphorous
Total Phosphorous
Nitrate/Nitrite
Total Phosphorous
Nitrate/Nitrite
Dissolved Phosphorous
Salinity
Dissolved Phosphorous
Ammonla
Ammonlia
Kjedahls Nitrogen
Total Phosphorous

Jotal Grganlc Carbon

203

R-square
-0.7781
0.6287
-0.8051
-0.8169
0.8%67
3.7942
0.6562
0.9441
0.6313
0.9610
0.9658
0.73862
0.63%6
0.6441
0.6R54
3.7426
0.6597
0.9067
0.7335
0.9799
0.7763
0.6532
0.6234
0.9547

0.7899

PROB > F
3.0135
0.0697
(.0843
0.0249
(.0010
0.07106
0.0771
0.0001
0.0683
0.0001
0.0001
3.0237
0.0636
0.0612
0.046
0.0219
0.0532
0.0007
(.0384
0.0001
0.0139
0.0790
0.098s6
0.0002

¢.0346



Chlorophyll ¢ correlated with:

Station
29

30

Parameter
Total Phosphorous
Total Carbon

Total Organic Carbon

Total Chlorophyll correlated with:

Station

2

10

13
15
16

17

18

Parameter
Ammonia
Total Carbon
Total Organic Carbon
Dissolved Phosphorous
Salinity
Total Phosphorous
Nitrate/Nitrite
Total Carbon
Ammonla
Total Phosphorous
Total Phosphorous
Kjedahls Nitrogen
Total Phosphorous
Salinlity
Dissolved Phosphorous
Total Phosphorous
Ammonia
Nitrate/Mitrite
Dissolved Phosphorous

Total Phosphorous

204

R-square
0.8678
0.8203

0.6802

R-square
-0.6324
0.7904
0.7866
0.6607
-0.7928
0.6295
-0.6777
-0.8250
0.8867
0.7933
0.6289
0.6586
0.9350
0.6455
0.9643
0,9685
0.7700
0.6509
0.6305

0.6344

PROB > F
0.0052
0.0238

0.0927

PROB > F
0.0675
0.0344
0.0359
0.0527
0.0108
0.0693
0.0447
0.0223
0.0014
0.0107
0.0948
0.0757
0.0002
0.0604
0.0001
0.0001
0.0152
0.0576
0.0e87

0.0665



4. Total Chlorophyll correlated with:

Station

19

20

21

22
24

29

29

30

Parameter
Nitrate/Nitrite
Total Phosphorous
Nissolved Phosphorous
Salinity
Dissolved Phosphorous
Ammonia
Ammonia
Kledahls Nitrogen
Total Phosphorous
Total Organic Carbon
Total Phosphorous
Total Carbon

Total Organic Carben

205

R-square
0.6608
0.7476
0.8649
0.7456
0.9508
0.7631
0.6492
0.6308
(.9559
0.7991
0.8557
0.8105

0.6874

PROB > F
0.0527
}.0206
0.0026
0.0337
0.0001
0.0168
0.0815
0.0936
0.0002
0.03M1
0.0067
0.0270

0.0879
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Appendlx H: Spacial and Monthly Distributions of Icthyoplankton in
Choctawhatchee Bay, 1975.
Number of Fish Larvae

Month Station

2 5 1 12 15 18 22 25 27 Total
Jan 0 0 0 0 1 0 0 0 0 1
Mar 0 0 1 2 0 16 10 3 27 59
Apr 23 5 3 0 0 24 81 21 38 197
May 6 0 4 7 55 82 208 375 317 1054
Jun 1 4 1 88 33 10 7 6 27 177
Jul 0 0 0 0 1 0 2 0 12 25
Sep 0 2 1 0 0 10 8 8 34 63
Oct 0 3 0 -0 0 0 0 0 0 3
Nov 0 0 1 0 0 0 0 0 ¢ 1
Dec 0 0 0 0 0 0 0 0 0 0




Number of Fish Eggs

Month Statlon

2 s 7 12 15 18 2 2 27 Total
Jan 2 1 3 a 1 1 0 0 0 8
Mar 0 0 0 0 1 0 2 ) 0 3
Apr G 0 0 0 0 0 0 0 a 0
May 0 0 0 0 0 15 137 233 37 422
Jun 0 0 0 2 0] 51 1 242 11 307
Jul 0 0 1 5 789 93 ey 981 1328 3222
Sep 1 0 25 33 83 241 106 985 557 2018
Oct Q 0 o 0 0 0 0 0 9] 0
Nov 0 0 0 0 0 0 0 0 0 0
Dec 0 0 0 0 0 0 0 0 0 0

Total Menidia beryllina Larvae

Month Statlon

2 s 1 12 15 18 2 25 21 Total
Jan 0 0 0 0 0 0 0 0 0 0
Mar 0 0 0 0 0 16 10 3 25 54
Apr 0 4 1 0 0 10 &1 10 12 101
May 6 0 0 1 M 3% 70 66 0 191
Jun 0 2 0 2 16 9 7 5 27 68
Jul 0 0 0 0 11 0 1 0 3 15
Sep 0 1 1 0 0 10 1 8 33 54
Oct 0 3 0 0 0 0 0 - - 3
Nov 0 0 0 0 0 - 0 0 - 0
Dec 0 0 0 0 0 0 0 0 0 0
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Month

Jan
Mar
Apr
May
Jun
Jul
Sepn
Oct
Nov

Dec

LY

Jwn

f~a

Total Anchoa Larvae

15
0
0
0

40
17

o o o ©

Statlon

o o |&

14

16

131

<o o

Total

91
846
107

10
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Appendlx I: Numbers of Zouplankton/LLlter Found During Each Month at Each Statlon During 1975,

221

January

Zooplankton Station

Group BN

2 5 7 12 1% 18 22 25 27

Insects 0 143 0 0 a kAl 14} 0 4]
Dipterdsn Larvae 1413 V] ] o 0 0 0 0 0
Copepod Nauplll 0 429 429 0 286 0 0 1714 1288
Calanoid Copepods 0 ¢ is 1] 0 0 429 2714 286
Acartla tonsa 3000 26929 22157 06071 ] 2317429 | 2260711 289714 | 544571 53571
Harpactlcold Copepods 229 0 a ¢ 0 0 0 0 929
Microsatella sp. 1143 571 0 0 0 0 0 ] 0
Penilla sp. 929 357 0 143 g 2 0 143 0
Evadne sp. o 0 o 0 0 ] 0 571 0
Podon sp. 10M 5T 857 3187 1286 | 383000 3012841 554143 | 20785
Scapholeberis sp. 214 0 o 0 o g o] 0 0
Alona sp. 214 2071 bal 0 4] a 0 0 4]
Chydoris sp. 17143 1286 517 0 Q 0 0 ¢ 0
Bosmina 3p. 2857 1286 $71 0 ¢ 0 0 Q 0
Oatrocods 4286 1218 286 214 0 0 0 1714 0
Barndcle Naupli 0 143 679 71 0 0 0 429 500
Acarina sp. 143 214 0 0 0 0 0 0 Q
Brachlonus sp. 1] o ¢ [\ 0 0 0 a1 12929
Veliger Larvae 0 0 0 0 0 1714 0 0 0
Clhlpleura sp. 0 o Q o O 1714 0 0 o
Mnemiopsis sp. 0 b} 0 0 a n 0 0 71




Appendlx T: Humbers of Zooplankton/Liter Found During Each Month at fach Statfon During 1975,

January
Species Station
2 5 7 12 1% 18 22 25 27
Insecta o 143 0 0 0 n 143 0 0
Dipteran larvae 143 0 0 0 0 1] 0 4] 0
Copepoda nauplii 0 429 429 o 286 0 0 174 1286
Oncaea Y 0 0 o 0 0 0 0 0
Calanoida 0 0 3¢ ¢ 0 0 429 2714 286
Acartia tonsa 000 26929 22357 | 106071 | 231429 | 228071 289714 544571 53571
Harpact icolda 929 0 0 o] 0 1] 0 0 929
Microsetella 1143 ST 4] 0 0 0 0 0 0
Zoed 0 0 0 0 0 0 0 0 0
Penllla 929 357 0 143 0 0 0 143 Y
Evadne 0 0 o 4] H 0 0 571 0
Podon 107 571 857 3357 1286 3880001 301286\ S54143| 207857
Scapholeberis 214 0 0 0 0 1] o 4] 0
Alona 2t 207 7 ] 0 0 Y 0 0
Chydoris 17143 1266 517 0 0 0 ¢ 0 0
Ceriodaphnia [ 0 0 0 0 0 0 0 0
Bosmina 2857 1284 571 0 0 0 ¢ 0 0
Ostracoda L4286 1214 266 214 ¢ 0 0 1714 0
Balanus nauplil 0 143 679 7 0 ] 0 429 500
Luci fer faxoni 0 o 0 C ] ] 0 0 0
Avaring 143 2t ¢ 0 Q 0 0 0 0
Rotifera 0 0 0 0 0 ¢ Q 0 0
Brachlonus 0 0 0 0 0 0 0 o 12929
Pulychaeta 0 0 0 0 0 0 0 0 ¢
veligers 0 0 0 0 0 1714 )] 0 v
Echlnvdermat a 0 it o 0 0 o 0 0 0
Clkipleura 0 0 0 0 0 1714 G 4] 0
Marmiops!s 0] 0 0 0 0 n 0 0 rA|
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Appendix T: Humbers of Zooplankton/Liter Found During Each Month at Fach

Statlen Durlng 1975.

March
Species Station
2 5 7 12 15 18 22 25 27

Insecld 214 143 +] Q 0 g 125 1000 0
Dipteran larvae 1429 0 0 ¢ ] o ] 0 0
Cupepoda nauplil 143 429 8000 0 36000 1000 375 4000 1000
Oncaea FA 0 0 0 a ¢ 0 0 0
Calanolda 0 0 000 0 4] 200 2125 0 2000
Acgrtla tonsd 9643 51071 | 1344000 89000 | 1005000 210001 918750 | 4650001 475000
Harpacticolda as7 0 0 0 t] 1000 1500 5000 31000
Microsetella 0 0 0 0 0 0 a 0 v}
loea 0 0 0 0 0 0 4] 0 0
Penilla 214 0 1000 ] 3000 4] 875 o 0
Evadne 143 ] 4] o a Q 0 0 0
Podon S00 2861 253000 315001 &£46000 1000 44750 36000 ) 327000
Scapholeberis 429 \) 0 0 0 0 0 0 Q
Along 857 0 0 0 0 0 0 0 0
Chydoris 4500 0 0 0 0 0 o 2000 9000
Cariodaphnia o 0 0 0 1] 1] 0 0 0
Bosmt na 4500 0 0 0 0 0 0 2000 0
Ostracoda 4000 o 1500 0 0 0 500 Q 0
Balanus nauplll o 214 0 0 0 0 0 2000 9000
Lucifer faxoni ] 0 0 0 0 0 0 0 o
Acarina 143 0 0 0 0 200 0 0 0
Rotifera g 0 0 o 0 v 0 0 Q
Brachlonus 0 0 0 0 0 o 0 0 5000
Polychamsta 0 0 0 0 0 0 0 0 0
Veligers G 0 0 0 0 0 0 0 o
Echinvdermata o 0 9 o 0 0 ) o o
Ofkipleurs 0 0 o 0 0 0 0 0 0
Mnemiopsls V) 0 500 0 1000 0 125 1000 0
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Appendix I: Numbers of Zooplankton/Liter Found During Each Month at Each Station During

1975,

April
Species Station
) 4 5 12 15 18 22 25 27
Insecta 0 0 500 0 11 167 0 0 0
Dipteran larvae 0 500 4] 0 b} 1667 o 333 0
Copepoda nauplil 0 o o 667 4] o 24000 1667 2500
Oncaea 0 0 0 0 0 o 0 0 0
Calanolda o 0 0 3313 0 o 0 0 ¢
Acartla tonsa 2250 5500 2500 27000 319556 14333 | S81000) 210333 33500
Harpacl icolda 1500 1000 1500 1000 778 1333 1000 1333 0
Microsatella 0 0 0 0 0 o 1000 0 0
2oea 0 o 0 0 0 o 0 0 ]
Penllla 250 0 150 0 0 4] 0 1] o
Evadne 0 0 0 0 0 0 0 0 0
Podon 4250 0 0 0 11 2167 | 100000 233 13500
Scapholeberis 250 0 0 o hiy 1667 1000 0 0
Alona ' 2500 0 0 0 556 167 0 0 500
Chydoris 2000 1500 1000 Y 2556 0 0 0 500
Ceriodaphnia 4] 0 0 0 0 0 0 0 0
Bosmina 2000 1500 1000 o 2556 0 o 0 500
Ostracoda 750 0 1500 0 33 667 2000 0 0
Balanhus nauplil 0 2000 500 0 0 0 3000 ] 0
Lucifer faxoni ¢ 0 \ o ¢ Q 0 0 0
Acaring 0 500 01 0 222 0 0 0 0
Rotifers 0 0 0 ] ] 0 0 0 0
Brachlonus 250 750 0 0 1778 ] 4] o 0
Palychartd 0 Y ¢ ¢ Q 0 0 4] 0
vellgers 0 0 Q 0 0 0 0 0 0
Eenlnodermal a 0 0 0 0 0 0 0 ] 0
Qfkipleuwrd 0 0 0 0 1] 0 0 0 0
Miwmiopsis 0 0 0 333 0 0 0 0 0
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Appendix It MNumbers of Zooplankton/Liter Found During Each Month at Each Station Ouring 1975.

Hay
Specles Statlon
Fo 5 7 12 15 18 22 25 27

Insecta 0 0 0 0 o 0 0 0 Q
Dipteran larvae 1500 1] 0 G 0 ] 0 a o
Copepoda nauplll 5000 52000 24000 19000 312000 4500 2000 6000 000
Cncdea 1500 0 0 a 0 0 0 0 0
Calanoida 0 0 2000 18000 ] 1500 0 5000 ]
Acartla tonsa 5250 | 3626000 | 1654000 | 2840000 | 7250000 | 179000 | 8930007 V1460007 286000
Harpacticolda 5000 72000 0 15000 | 164000 4000 0 13000 51000
Micrusetella 0 o 0 0 0 0 0 0 0
Zoea 0 0 4] 2000 0 0 ] 0 1000
Penllla 5000 0 1000 0 0 0 4] 0 0
Evadne 0 0 0 0 0 0 0 0 0
Podon 0 0 0 0 6000 0 0 ] 0
Scapholeberis ) 0 0 a Q 0 1] Q 0
Aluna 1750 0 0 0 0 0 0 0 0
Chydorls Q V] 0 0 ¢ 0 0 0 0
Ceriodaphnia 0 0 o 0 0 4] 0 ¢ 0
Bosmina 0 0 0 0 0 0 0 ¢ 0
Ostracoda o 0 0 0 0 0 0 0 0
Balanus nauplidl 4] 0 0 3000 0 0 g0 2000 12000
Lucifer faxonl g 0 o 0 0 0 0 0 0
dcarina ¢ Q 0 o 0 0 ] 0 0
Rotifera o 0 0 0 v} 0 g 0 0
Brachlonus 500 0 0 4000 52000 2000 3000 41000 24000
Polychaeta 0 0 0 0 0 0 0 0 Q
Yellgers 0 2000 0 2000 0 g 0 8000 0
Echlnodermata 0 0 o 0 ¢ 0 0 ¢ g
Okipleura 0 2000 0 2000 o 0 0 5000 Q
Mnemiopsis ] 0 1000 1000 s} 500 1000 1000 1000
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Appendix I: HNumbers of Iooplankton/Liter Found During Each Month at fach Statlon During 1975,

M
Specles Station
2 5 7 12 1% 18 22 25 27
Insect a 0 0 0 0 o 0 0 0 0
Dipteran larvae 0 167 1} 1] 0 O 0 o 0
Copepoda nauplil 0 500 0 ] 0 0 0 ] 0
Oncara 0 0 0 0 0 0 0 0 0
Calanolda 0 0 o 6000 0 333 o ot 208000
Acartla tonsa 41000 31333 81000 | 850000 85000 73000 | 5900000 £0000 9000
Harpacticolda 1000 1000 0 1000 1500 5333 3000 26000 0
Microsetella 0 0 0 0 0 0 0 0 0
Lora m 0 0 0 0 0 6 0 ]
Penilla 333 1500 0 o 0 o 0 0 0
Evadne 0 0 0 0 ] 9667 ¢ 3000 0
Podon 0 0 0 0 0 0 0 0 0
Scapholeberis 33 0 0 0 0 0 0 0 0
Alona 0 0 0 o 0 0 0 0 0
Chydoris ] 0 0 0 0 H 4] o 0
Cerlodaphnla 0 0 0 0 0 0 0 0 0
Basml na ol 0 ) 0 0 0 ¢ ] a
Ostracoda 0 0 0 0 0 0 0 0 0
Balanus nauplil ¢ ] 0 1000 1000 0 0] 0 1000
Luci fer faxoni 0 0 ] 0 500 o 4] o 4]
Agarina 0 0 0 ¢ G 0 0 1000 4]
Rutiferd 0 0 ¢ 0 0 0 0 4] 0
Brachlonus 3000 2313 1) 23000 13000 1667 | 132000 274000( 792000
Pulycharta 0 0 0 G V] ¢ ¢ 0 0
Vellgers 0 1000 0 2000 4500 0 2000 2000 o
Echlnodermat o 333 0 0 it ] 0 o 0 0
Diklpleurds 0 1000 0 2000 4500 0 2000 2000 0
Mnemiapsis 0 0 113 0 0 G 2000 ] 4]
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Appendix I: Numbers of Zouplankton/Liter found Durling Each Month at Each Station Durlng 1975.

July
Specles Statlon
2 5 7 12 15 18 22 2% 27
Insecta 0 0 0 0 a 0 0 0 0
Dipteran larvae 667 0 0 0 0 0 0 0 4]
Copepoda nauplitl 23 2000 2000 1] 0 0 10000 0 0
Dheaea 333 Q 0 0 Q 13000 0 0 0
Calanulda 0 0 Q ] 0 it 0 0 0
4oartla tonsa FEEF) 106000 31000 17000 51000 | 504000 | 1370000 ] 122000 2010000
Harpact Lcoldd sssel 2000 1000f ss00!  so00| es000] 1soon| 23000} 200000
Hicrusetella 0 Q 0 0 0 0 0 0 0
FATEY 288y 0 0 ¢ 4] 0 0 o 0
Penilla FARE 0 0 0 0 v J Q 0
Evadne 1] 0 0 o] 117000 0 0{ 115000 1478000
Podon )] ¢ 4] 4] 0 G| 110000 0 0
Scapholeberis G 0 0 0 0 0 0 0 0
Alona 333 0 V] 4] O 0 ¢ 0 0
Chyduris 0 0 0 0 0 o 0 0 0
Cerlodaphnia 0 0 0 0 0 Q0 0 0 0
Bosmina 0 0 0 o ¢ 0 ) 0 0 0
Ostracoda &67 0 0 0 0 0 0 Q 2000
Balanus naupll! 0 0 )] o 0 o 0 0 0
Luclfer faxenl 0 0 0 0 0 0 ¢ 0 o
Acarlna Lbh 0 0 0 0 o 0 0 4]
Rotlfera 0 0 0 0 0 0 4000 0 0
Brachlonus 222 1004 4000 0 20000 41000 10000 2000| 370000
Polychaetea 111 1] g 0 0 0 ] Q g
Yeligers 222 1500 1000 0 2500 ¢ 8000 0 &4000
Echlnodermata LA R 0 0 0 0 0 ¢ ] o
Oikipleura 222 1500 1000 1] 2500 0 3000 0 64000
Mnemlopsis 0 500 333 250 500 1000 2000 1000 0
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Appendix I: MNumbers of Zooplankton/LIter Found During Each Month at Tach Statlon During 1975,
September
Species Station
2 5 7 12 1% 18 22 25 27

Insecta 3133 500 0 0 0 500 0 0 667
Dipteran larvae 0 0 0 0 4] o 0 0 0
Copepoda nauplli 0 4] 1000 0 4000 0 0 0 ]
Onceey 0 0 0 0 0 0 o 0 0
Calanoclda 0 0 0 0 0 0 0 o 0
Acartia tonsa 67667 | 1960001 144000 | 1081000 1 1021000 82500 78333 0] 130667
Harpact leolda 1667 4500 3000 18000 6000 0 b3 5] 0 3000
Micrgsetel la 0 0 0 0 Y 0 0 ¢ 0
Zoea 0 4] 0 0 0 0 0 0 0
Penllla 0 0 0 o 0 0 0 0 0
Evadne 0 500 1] 0 0 1500 4] 0 333
Podon 0 0 Y 0 0 0 0 0 0
Scapholeberis 4] 0 ] o 0 1] 0 0 0
Alona o 0 ] 0 0 ¢ ¢ 0 0
Chydoris 0 0 0 0 0 0 0 o 0
Cerjodaphnia 0 0 0 o 0 0 0 o e
Bosmi na 0 ] o +] 0 0 0 0 0
Ost racodd 0 0 0 0 0 0 667 0 4]
Balanus naupl!l o 0 0 ] 0 0 333 0 0
Lucifer faxon! 0 0 0 G 0 0 0 0 ¢
Acarina 0 ¢ 0 ¢ 0 0 0 0 0
Hotifers 0 o 0 o 0 0 0 0 ¢
Brachlonus 0 0 0 0 0 0 ] 0 ¢
Polychart o 0 0 1000 0 0 0 1000 0 0
Yellgers 0 0 ¢ 0 ] 0 D o 0
Echinodermata 313 0 0 0 0 500 0 Y 0
Diklpleuras 0 ¢ 0 0 0 ¢ 0 4 0
Hitemiopsis { 0 Q 0 0 0 0 ] 0 n
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Appendix It Numbers of Zooplankton/Liter Found Durlng Each Moath at Each Statlon During 1975,

October
Specles Statlion
2 5 7 12 15 18 22 25 27
[nsecta 0 0 Q ¢ 0 0 o 0 Q
Dipteran larvae 0 0 0 0 4] Q 0 Y] o
Capepoda nauplii 0 1000 8000 0 4000 0 0 0 0
Oncaed 278 0 ¢ ¢ 4 0 0 0 0
Calanolda 0 0 0 0 0 0 0 0 4]
Acartia tonsa 0 S4000 | 3210001 333500) 1021000 ol 1135000 0 0
Harpact[colda 2167 0 0 300 6000 0 11000 Q 0
Microsetella 56 0 0f 0 0 0 0 0
Zoea 0 0 0 1000 0 ] a 0 0
Penlilla 611 a 1000 0 U] 0 0 0 0
Evadne 0 0 0 o ] 0 0 0 0
Podon 0 0 1000 0 0 a 0 0 0
Scapholeberls 6000 0 0 1000 0 a 0 ) g
Alona 4 o 0 0 0 0 0 0 0
Chydorls 389 250 0 0 0 0 0 0 0
Cerfodaphnia 278 Q 0 0 Q 0 0 0 0
Bosmina 389 250 0 ¢ 0 0 0 0 0
Ostracoda iy i} 1000 o 0 0 3000 0 0
Balanus nauplil 0 0 0 0 0 o a 0 0
Lucifer faxonl 0 0 0 0 Q 0 0 0 0
Acarina 0 0 0 0 0 0 0 0 0
Rotifera V] 0 o 0 0 0 0 1] 0
Brachionus 1869 0 0 o 0 ¢ 0 0 0
Polychaeta m 250 1000 0 0 0 o 0 0
Vellgers a9 0 0 0 Q 0 s o ]
Echlnodermata 0 0 o 0 Q 0 0 o ¢
Olkipleura 389 0 0 0 0 G 0 0 0
Mnemlopsis 0 0 0 ] 0 0 0 0 0
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Appendix It Numbers of

looplankton/Liter Found Durlng Each Month at Each 5Statfion During

1975,

November
Specles Station
5 7 12 15 18 22 25 27
Insecta 0 o 0 0 0 0 0 0 0
Dipteran larvae 0 0 0 0 0 0 0 0 0
Copepoda naupli! 0 0 4000 4000 3667 0 9000 12000 0
Oncaea 0 0 0 ¢ 0 0 0 o 0
Calanolida o 0 0 o 0 0 0 0 4]
Acartia tonsa 63 53600 75000 78000 44000 01 171000 296000 t]
Harpacticoida 94 0 4500 8000 4333 o 4500 3000 0
Microsetella 0 0 o 0 0 o 0 0 0
Zoeq 0 0 0 0 0 0 o 0 0
Pentlla 813 0 0 0 0 0 0 ] 0
Evadne 0 0 0 0 0 o 0 0 0
Podon 0 0 0 0 o H 0 0 o
Scapholeberis ] 0 4] 0 ) 0 0 0 0
Alona 0 0 0 0 0 0 0 0 0
Chydorls 0 0 0 0 0 o 0 o 0
Cerlodaphn!a 0 0 0 a 0 ¢ 0 0 0
Bosml na 0 0 0 ¢ D ¢ 0 0 0]
Ostracoda 0 0 ¢ 0 0 0 667 0 0
Balanus naupli! 0 200 0 Q 0 0 0 0 0
Lucifer faxon] 0 ¢ o 0 ¢ 0 0 0 0
Acarina o 0 0 0 o 0 0 0 0
Rutifera 0 0 0 0 V] 0 o 0 0
Brachlonus 31 0 0 0 0 0 0 0 0
Pulycharta 0 o 0 0 0 0 0 o 0
Vellgers 0 0 ] o 0 0 0 0 0
Eehlnodermata 0 Y 0 0 0 ) 4] ¢ 0
Dikipleuras 0 o 0 0 0 0 0 ¢ 0
Mreml opsls 4] ¢ 0 4] 0 0 0 0 4]
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Appendix I: Nombers of Zooplankton/Liter Found During Each Month at Each Statlon Durlng 1975,

Specles Station
2 5 7 12 15 18 22 25 27

Insecta 0 o 0 0 0 0 6000 0 0
Dipteran larvae 167 G 0 0 0 0 0 t] 0
Copepoda nauplli 4167 580001 104000 5000 7000 80000 10000 2000 14000
Oncaea 19333 482000 21000 48000 0 8000 0 1000

Calanvida 53N 4000 17000 61000 8000 60000 38000 21000 5000
Acartia tonsa 87333 | 48082000 | 1098000\ 1171000 ] 821000 | 3118000 | 2658000} 529000 179000
Harpacticolda 0 0 0 0 o 0 0 0 Q
Microsetella ] 0 0 0 0 0 g 0 0
loed ¢ 0 0 0 0 0 0 0 0
Penilla 167 ¢ 0 0 0 0 0 0 0
Evadne 167 0 0 o 0 [\ 0 0 0
Podon 0 0 0 0 0 4] 0 Q 0
Scapholeberis (] 4] 0 0 0 0 0 o 0
Alona a 0 ] 0 0 0 0 0 0
Chydorls 0 0 0 0 0 0 o 0 o
Certodaphnia 0 ¢ ] 0 0 a 0 a )
Bosmlna 0 0 0 0 0 0 0 0 0
Ostracoda 1000 0 0 0 0 0 0 2000 B )
Balarus nauplil 167 0 0 0 0 o 0 S000 800Q
Luclfer faxonl 0 0 H 0 0 a 0 0 0
Acarina 0 0 0 0 4] 0 Q 0 4]
Rotlifera 0 v} 0 0 0 V] 0 0 0
Brachlonus 7000 58000 0 5000 30000 76000 54000 ] 0
Pulychaeta 500 10000 2000 o 3000 0 2000 0 33
veligers 0 0 0 0 0 0 ] 1000 i
Echinodermata a 0 Q 0 0 ¢ 0 0 a
Oikipleura 0 0 0 0 V] 0 0 1000 333
Mnemiopsis 0 . 0 0 0 o 0 0 0 0
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