
7. The St. Johns River System 

Carole L. DeMort 

Watershed Characteristics 

The St. Johns River is the longest river in Florida and is unique among the larger rivers 
of the United States in its northward flow. It is a coastal plain river that arises in the low 
freshwater marshes of St. Lucie and Indian River Counties, west ofFt. Pierce. From its 
headwaters, it flows northward 440 km to Jacksonville, then turns east 40 km to empty 
into the Atlantic Ocean at Mayport, Florida. The St. Johns River drains approximately 
22,790 km2 0r one fifth of the land area of Florida (Snell and Anderson, 1970) (Figure 
7.1). 

The physiography of Northeast Florida consists of barrier islands, coastal dune 
ridges, relict sand dunes, marine terraces, estuaries, and lagoons. These features lie along 
a predominantly north-south axis which runs parallel to the coastline. The valleys and 
sloughs between the ridges are poorly drained and form isolated wetlands and surface 
drainage channels for the numerous rivers and creeks of the region. 

Three major rivers empty into the ocean in Northeast Florida: the St. Marys, Nassau, 
and S t. Johns. The S t. Marys River arises in the southeastern part of the vast Okefenokee 
Swamp complex of southeastern Georgia and northeastern Florida. The Nassau and St. 
Johns are entirely coastal plain rivers. The St. Johns is, by far, the largest of these three 
rivers in terms of length and magnitude of discharge (Snell and Anderson, 1970). 

The St. Johns River Valley was formed during the Pleistocene epoch as a result of 
barrier island formation 16 to 25 km seaward of the Pleistocene coastline of Northeast 
Florida (Cooke, 1945). The barrier islands of the.. Pleistocene enclosed a large, elongate 
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Figure 7.1. The St. Johns River and its tributaries. 
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bay running in a north-south direction, parallel to the coastline. At this time, the 
Oklawaha Valley was partially flooded by the sea and the elongate bay was saline. The 
Oklawaha Ri ver predates the S t. Johns and lies primarily on the Penholloway and Talbot 
terraces, at elevations between 13 and 19 m. The St. Johns River lies on the Pamlico 
terrace, approximately 8 m above sea level. As the sea level dropped, saltwater within 
the ancient bay was replaced by freshwater. Because of the relict dune ridges to the west 
and the newer dune ridges forming to the east, the north-south valley developed 
extensive freshwater marshes along the banks and at the headwaters of the river. 

The St. Johns River drops only 8 m in altitude from source to mouth. This amounts 
to only a 1 % slope and has resulted in the creation of many wide, shallow pools along 
its length. These wide, slow-flowing areas of the river are the "lakes" of the St. Johns, 
beginning with Lake Hellen Blazes in the south and ending with Lake George, the last 
and largest of the lakes. Lake George averages less than 3 m in depth and is 20 krn wide 
at its widest point. 

The marshes that form the headwaters of the St. Johns are underlain by fibrous peat 
deposits. This extensive inland marsh system forms the watershed for three drainage 
systems located in north, south, and central Florida. The major storage component of the 
headwaters marsh is Blue Cypress Lake, now connected by regulated canal to the river 
system, but formerly connected by natural overland flow directly to the river. The 
southern part of the marsh flows into the St. Lucie drainage basin. The western portions 
drain into the Kissimmee River Valley, and the northern marshlands drain into the St. 
Johns basin. 

The western boundary of the watershed is underlain by the Ocala limestone of the 
Floridan aquifer. The surface waters percolate through the porous surface sand and shell 
deposits and into the limestone aquifer. The permeability of the limestone substrate in 
this region results in extensive lateral movement of groundwater. This groundwater 
discharges as nl:lmerous springs within the watershed, many within the riverbed itself 
(Cooke, 1945) . .. 

Climatology 

The climate of Northeast Florida is characterized as warm temperate to subtropical. The 
area has a summer rainy season and winter dry season. It is distinctly maritime with 
extreme temperatures moderated by the close proximity of the Gulf Stream. The weather 
is dominated by maritime tropical air masses from June to September and by continental 
frontal systems from September through May (parsant et a!., 1971). 

Mean annual air temperature for the region is 21OC. The summer months of June, July, 
and August average 26OC, and the winter months of December, January, and February 
average 12°C. Freezing temperatures occur sporadically as far south as the headwaters 
of the S t. Johns. During some years, there can be prolonged freezing periods, lasting 
several days. Other years can be very mild with no severe freezes (National Oceanic and 
Atmospheric Administration, Weather Service, 1982). 

The mean annual rainfall for the drainage basin is 127 cm. More than 50% falls 
between June and September. The wettest month' for the lower basin is September and 
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averages 17.4 cm. The wettest month for the headwaters marsh area is May. The driest 
month is November and averages 4.93 cm. Most of the precipitation during the summer 
months comes from thunderstorms, from the rise of warm, moist air masses inland 
during the day and movement from west to east in the afternoons. These storms are 
characterized by frequent lightning and the generation of brief but sometimes intense 
tornadoes. The prevailing winds are northeasterlies during the fall and winter months 
and southeasterlies spring and summer. The average wind speed for the region is 
approximately 15 km/hr. Although the entire region lies within the Hurricane Belt, 
hurricanes seldom make landfall in East Central and Northeast Florida. Hurricanes that 
do enter the area generally move parallel to the coast rather than inland from the Atlantic 
(NOAA, 1982). Northeasters are winter storms that occur frequently in the region. These 
winter storms can last for several days, and, although without the intensity of hurricanes 
or tornadoes, such storms have produced greater damage in terms of erosion and property 
damage than the more violent, short-term storms. 

Hydrology 

The average discharge is approximately 156 m3/s-1 • Because of the low stream gradient, 
tidal reversal may occur as far as Lake Monroe, 190 km upstream from the mouth. Daily 
tidal reversal typically occurs to Lake George, 160 kIn upstream (Bass and Cox, 1985). 
The low stream gradient, extensive pooling, and shallow depths result in prolonged 
retention times within the system. Surface runoff peaks in late summer and earl y autumn. 

Tributaries 

The Oklawaha River is the largest tributary within the system. Other major tributaries 
include the Econlochhatcheeand Wekiva Rivers of the upper basil! and Dunns Creek and 
Black Creek in the lower S 1. Johns basin. The Econlochhatchee River drains the western 
slope of the watershed between Orlando and Bithlo. The headwaters for this subsystem 
include a large area of swamp and a Karst area with no overland runoff. The lower 
channel of this tributary is cut into the shallow water aquifer, which provides base-flow 
even during extremely low flow conditions. The main flow into the Wekiva River comes 
from groundwater discharge from the Floridan aquifer, since most of the drainage basin 
is Karst topography with no overland flow (Snell and Anderson, 1970). 

Dunns Creek, the first major tributary of the lower basin, drains a mosaic of terrain 
consisting of swamps and Karst lakes. Crescent Lake is part of the Dunns Creek 
subsystem. The flow in the lower part of the system is subject to tidal reversal twice a 
day because of the back-flow from the main channel of the S1. Johns. 

The second major tributary in the lower S1. Johns basin is Black Creek (Figure 7.2): 
Black Creek drains a portion of the eastern slope of Trail Ridge, a relict dune ridge that 
extends from Putnam County in Florida northward into southeastern Georgia. Trail 
Ridge forms the western watershed for much of the northern portion of the S1. Johns 
basin. Black Creek divides into a South and North Fork several km above the city of 
Middleburg. Both of these forks cut into the limestone bedrock and contain swiftly 
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flowing rock rapids. Another unique characteristic of this stream is the extreme depths 
of several " deep holes" (down to 30 m) between Middleburg and the mouth of the creek. 

Main Channel 

The main channel of the St. Johns contains eight shallow lakes. LaIces Hellen Blazes, 
Sawgrass, and Washington are peat bottomed lakes with extensive marsh areas and 
connect the headwaters marshlands with Lake Winder. From Lake Winder northward to 
Lake Poinsett, the river becomes more channelized and has a firm, sandy bottom. The 
river then passes through a wide valley with numerous palmetto islands and marshes. It 
meanders widely through braided channels and experiences wide water level fluctua
tions from high flow to low flow years. 

Next, in the Puzzle Lake area, ancient marine salt deposits produce surface water 
salinities as high as 10 to 11 parts per thousand (ppt). This has a major effect on the 
ecology of the area. The river enters Lake Harney just north of the Puzzle Lake area. 
North of Lake Harney the river develops well defined, elevated banks. Between Lake 
Harney and Lake Monroe, the Mullet Lake slough drains into the St. Johns. Mullet Lake 
becomes a series of circular pools during low flow conditions. This area, like the Puzzle 
Lake region, is also saline due to shallow, marine salt deposits. 

Lake Jessup is a large, shallow lake that drains into the S t. Johns between Lake Harney 
and Lake Monroe, west and slightly north of the Mullet Lake slough. The topography 
surrounding Lake Jessup is low and marshy, and it is being enriched by drainage from 
the rapidly developing areas around Allamonte Springs, Longwood, and Casselberry. 
Because of its shallow depths and low relief, nutrient assimilation and retention times 
are greatly increased, creating eutrophication problems. 

From Lake Monroe north to Lake George, the river banks become more elevated and 
the river narrows. The current is faster and water level fluctuations are less extreme. 
Numerous streams discharge into the main channel and the tributaries in this section of 
the river. These springs include Blue Springs, DeLeon Springs,and Alexander Springs, 
the fourth largest spring in Florida (Rosenau et al., 1978). 

The river enters Lake George several km north of the Alexander Springs discharge. 
The western bank of Lake George is bordered by high relict dunes. The eastern shoreline 
is low and seasonally flooded. Juniper, Silver Glenn, and Salt Springs discharge via 
creeks into the western edge of Lake George. The Oklawaha River empties into the St. 
Johns north of Lake George, near Welaka (see Chapter 6 for a description of the 
Oklawaha River). From Palatka to Jacksonville, the river widens from 1.5 to 5.0 km with 
average depths of less than 3 m. 

The river channel narrows at Jacksonville and turns eastward to the Atlantic (Figure 
7.2). The channel deepens to 9 m and is deeper than 18 m in some tidally scoured and 
dredged areas east of the Acosta Bridge in Jacksonville. 

Water Quality 

From the headwater marshes to the mouth of the Econlockhatchee River, nutrient 
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Figure 7.2. Map of the 'lower St. Johns River showing tributaries and cities. 
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concentrations are below state water quality standards. Averages for nitrate nitrogen 
(N03) are below the expected maximum of 0.5 parts per million (ppm), and total 
phosphorus concentrations are below the expected maximum of 1.5 ppm. From Lake 
Hamey to Lake George, total nitrogen and phosphorus concentrations are high, above 
state water quality standards (Florida Department of Environmental Regulation, 1980). 

Dissolved oxygen concentrations frequently fall below the state standard of 5.0 ppm, 
often to 0 in some reaches, during the months of July and August. In July and August, 
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1978, no dissolved oxygen was found in the river from Blue Cypress Lake to north of 
Lake Poinsett. Dissolved oxygen, total nitrogen, and phosphorus concentrations for 
selected sites from Lake Washington to the St. Johns at Astor are given in Table 7,1 . 

The mean annual temperature for the upper St. Johns River for 1980-1986 was 23.6OC 
(Crumpton et aI. , 1987). The mean annual water temperature for the St. Johns River at 
Sanford for a 25-year period from 1930 through 1954 was 240C (McClane, 1955). The 
minimum temperature was 6°C and the maximum was 38°C. The water quality from 
Lake George north to Duval County is "fairly good" (FDER, 1980). The water quality 
decreases as it enters Duval County and increases toward the mouth of the river. Total 
nitrogen, total phosphorous, and dissolved oxygen concentrations for five locations 
from the Oklawaha River to the Main Street Bridge at Jacksonville are given in Table 
7.2. 

Rice Creek had the highest average nitrate nitrogen concentrations; Cedar River had 
the highest total phosphate concentrations and the lowest dissolved oxygen concentra
tions from 1975-1982 (unpublished data, University of North Florida Coastal Fisheries 
Lab). Main stream sites in the lower river tended to have higher water quality for the 
parameters of nutrients and dissolved oxygen than impacted tributaries (Table 7.3). 

Table 7.1. Concentrations of Dissolved Oxygen, Total Phosphorus, and Total Nitrogen for 
Selected Stations in Upper St. Johns River* 

Station Date D.O.* TP TN 
Min. Mean Max. Min.Mean Max. Min.Mean Max. 

St. Johns Lake 1974 0.8 6.5 10.0 .03 .08 0.2 1.18 1.50 2.02 
Washington exit. 1979 0.5 5.8 7.9 .03 .06 0.1 1.26 1.63 1.81 
Econ 1974 4.0 5.2 6.6 .42 1.26 3.5 1.25 1.74 2.28 

1979 2.5 4.4 7.2 .15 .52 1.1 1.25 3.07 6.04 
Lake Jessup 1974 2.6 9.2 18.0 .16 .57 0.9 1.36 2.76 4.40 

1979 4.8 9.1 14.0 .34 .46 .75 1.70 2.85 4.84 
St. Johns at 1974 2.1 6.8 16.5 .17 .27 .43 1.08 1.69 2.77 
Sanford 1979 3.9 7.3 10.0 .08 .15 .21 1.38 1.70 2.16 
Little Wekiva 1974 4.1 5.6 6.8 .5 .9 1.65 0.52 1.52 3.07 

1979 4.9 6.9 7.8 .19 .43 .79 1.22 1.87 2.21 
St. Johns at 1974 2.5 6.2 11.0 .09 .19 .34 .95 1.34 2.56 
Astor 1979 1.9 5.9 8.0 .09 .12 .14 1.03 1.27 1.46 

*Modified from Florida Department of Environmental Regulation Water Quality Report 
DO: Dissolved oxygen. All concentrations are in mg/L. 
Means were calculated from the phosphorus monthly samples for the year. 
TP: Total phosphorus 
1N: Total nitrogen 
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Table 7.2. Concentrations of DO, TP, and TN for Selected Sites in the Lower St. Johns River; 1974 
and 1979 

Station Date D.O.* TP TN 
Min. Mean Max. Min. Mean Max. Min. Mean Max. 

Oklawaha River 1974 4.9 7.2 10.9 .03 .13 0:4 .13 0.6 1.70 
downstream of 1979 4.6 7.8 11.1 .02 .09 .38 .36 .65 1.08 
Rodman Dam, 

St. Johns 1974 4.3 7.3 9.5 .06 .11 .14 .26 1.17 1.88 
at Palatka 1979 3.3 6.1 7.9 .05 .12 .26 .62 1.59 2.73 

Ortega River at 1974 2.0 5.6 11.0 .22 .58 1.16 .14 1.62 3.60 
Jacksonville 1979 4.1 5.9 7.5 .20 .34 0.55 .58 1.08 1.63 

Cedar River at 1974 3.0 4.7 7.0 .44 .86 .86 1.16 3.49 3.57 
Jacksonville 1979 3.4 6.0 7.1 .66 .90 1.05 2.26 4.09 5.43 

St. Johns at 1974 2.5 6.5 11.0 .07 .22 .52 1.23 1.60 2.50 
Main Street in 1979 5.3 7.3 9.1 .12 .26 .67 .61 1.67 2.91 
Jacksonville 

*Modified from Florida Department of Environmental Regulation Water Quality Report. 
DO: Dissolved oxygen. All concentrations are in mg/L. 
Means were calculated from the phosphorus monthly samples for the year. 
TP: Total phosphorous 
1N: Total nitrogen 

Within the St. Johns River system as a whole, maximum freshwater discharge occurs 
typically in October and corresponds with the lowest salinities in the associated estuary. . 
Specific years and months vary widely for water quality parameters due to rainfall and 
temperature fluctuations. Spring-fed sections of the river show relatively constant 
temperatures of 20-22°C. The large number of spring boils in the St. Johns modify 
temperatures near the spring. Spring temperatures remain a relatively constant 23-24°C. 
These areas become important thermal refuges for fishes in both winter and summer. The 
impact on downstream waters depends on distance from the spring, river depth, and 
velocity. 

The St. Johns River near the mouth of the Oklawaha River is considerably modified 
by the dilution of mainstream water with the spring-fed Oklawaha. The temperature 
range is less extreme and the water is less turbid than the receiving river water. It is a 
diurnal, sliding effect caused by tidal reversal. The S t. Johns River, however, is basically 
a blackwater river, receiving most of its freshwater input from swamps and marshes and 
only a small percentage of total inflow from springs and spring-fed streams. 

The St. Johns estuary is a river-dominated, moderately stratified system. In the 
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Table 7.3. Selected Water Quality Parameters for the Stations Located Along the Lower St. Johns 
River System, 1975-76 

STATION LG OK DC RC 

"~".~~------, ,-----~-

Dissolved (range) 2.1-12.6 3.9-7.2 2.2-7.8 0.1-1.9 
oxygen (av) 8.0 5.2 6.0 0.8 
Nitrate (range) 1.4-3.2 1.2-6.0 0.3-6 1.3-8.5 
(av) 2.3 3.1 3.5 5.5 
Total (range) 0.2-0.8 0.4-2.0 0.1-1.0 0.1-4.1 
Phosphate (av) 0.6 0.9 0.5 1.9 
Light (range) 0.2-20 12-46 1.0-9.3 .0-0.28 
Penetration (av) 7.4 25 5 0.10 
Turbidity (range) 32-50 7-15 22-62 128-260 
(JTU'S) (av) 41 11 36 171 

Mayport area, there is a horizontal as well as a vertical salinity wedge. The river is 
regularly brackish during high tide flow as far south as Orange Park, with high tide 
salinities from 2 ppt to 5 ppt (See Figure 7.2). During low flow years, the saltwater 
mixing zone may extend south as far as Welaka. Low tide salinities in the Mandarin area 
North of Orange Park are less than 1.0 ppt. 

Biological Factors 

Wetlands 

There are 37,451 ha of wetlands in Northeast Florida, which represents about 10% of the 
total wetlands in the state (Durako et al. 1987). At present, there is no accurate estimate 
of the total wetlands in the S1. Johns River drainage system. The wetlands of the upper 
S1. Johns River to Lake Poinsett consist primarily of freshwater marshes, dominated by 
Panicum hemitomon (maiden cane), (Pontedaria cordata (pickerel weed), andNuphar 
luteum (spatterdock). Various species of Sagittaria and Cladiumjamaciense ate also 
abundant in these marshes. 

In the marshes from Lake Poinsett northward, Spartina bakeri (cordgrass) covers 
large areas of intermittently 'flooded wetlands. In the Puzzle Lake area, the water is 
saline. Spartina bakeri still dominates the marshes. Bacopa monieri (water hyssop), 
Sesuvium portulacastrum (seaside purselane), and Salicornia bigelovii (glasswort) form 
extensive mats on wet sands and muds on the upland edges of many of the marshes in 
this area. The Mullet Lake slough area contains vegetation similar to the Puzzle Lakes 
region, dominated by halophytes. 

From Lake Monroe to Lake George, the marshes are again dominated by freshwater 
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species similar to the vegetation above Lake Winder. The marshes on the east side of 
Lake George are characterized by Nuphar luteum, Eichornia crassipes (wateihy acinth), 
andAlternanthera pheloxeroides (alligator weed) on the deep water edges andPanicum 
agrostoides (panic grass), Panic um repens (torpedo grass), P anicum hemitomon (maiden 
cane), Paspalum repens (water paspalum), Scirpus cyperinus (woodgrass bulrush), and 
several species of Sparganium (burreed). The author found several large stands of 
Phragmites communis (common reed) within shallow marshes on the west side from 
1972 to 1981. In 1982, most of these stands had disappeared and contained only a few 
plants. Typhus latifolia (cattail) is common in the freshwater marshes throughout the 
area, occurring as far north along the St. Johns as Goodby's Creek in Jacksonville. The 
freshwater marshes bordering the river from Lake George north into Jacksonville are 
similar in species composition to Lake George. 

The wetlands in Duval County are dominated by saltmarshes. Much of the total area 
of salt marsh communities of the lower St. Johns is a characteristic high tide marsh of 
funcus roemerianus (Black Needlerush). High tide marsh occurs extensively through
out the area from the eastward bend of the river to Sisters Creek, along the northern 
boundary of the watershed (Figure 7.3). 

Low marsh is limited to the narrow edges of tidal creeks along the north bank to Sisters 
Creek. The greatest percent cover of low marsh dominated by almost pure stands of 
Spar tina alterniflora occurs along the southern boundary of the watershed and eastward 
from Sisters Creek to the primary dJjnes along the north bank (Figure 7.3). A species list 
of the typical salt marsh vegetation for Duval County is given in Table 7.4 (DeMort, 
1984). The landward barrier island marsh is dominated by Spartina alternifloraanddoes 
not typically contain funcus (Figure 7.4). 

Snails 

Oysters f------1 
Oysters 

Figure 7.3. Vegetation zonation of saltmarsh Community at Pelotes Island (North Bank St. Johns 
River in Duval County). 
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Figure 7.4. Black Hammock Island transect. 

Submerged Grassbeds 

Submerged grassbeds are important primary producers and nursery habitats as far north 
as the Mandarin/Jacksonville Naval Air Station area just north of Orange Park. From this 
area north to the Acosta Bridge, grassbeds are sparse to nonexistent. The bottom from 
the Acosta Bridge to the mouth is characterized by a very soft mud substrate that does 
not support rooted aquatic vegetation in any shallow area with sufficient light penetra
tion. Scoured areas do exist, but these are generally too deep for submerged vegetation. 
Shallow scoured areas on sand/shell substrates eastward of downtown Jacksonville are 
often colonized by Ulva lactuca and several species of Enteromorpha. Vallisneria 
americana (tape grass) is the dominant submerged macrophyte throughout the freshwa
ter sections of the river. Because of the shallow euphotic zone that exists within most of 
the system, subpIerged macrophytes are limited in depth to less than 1 m. Hydrilla is 
rapidly dominating the upper lakes and replacing virtually all native submergents. 

Macrophyte populations are being studied in the primarily freshwater portion of the 
lower river from Lake George to Goodby's Creek. These studies include gradient and 
line transect analysis, monthly sampling for selected stations, quarterly sampling for all 
stations, and statistical analyses of the data. Preliminary surveys have been carried out 
in Lake George, Black Creek, Julington Creek, and Buckman Bridge to Jacksonville 
Naval Air Station. The dominant macrophyte species found at four of the sample sites, 
areal coverages, and current status of the grassbeds as of 1987 are given in Table 7.5. 

Soft-Bottom Substrates 

Most of the tributaries and main channels of the St. John are characterized by soft mud 
and silt bottoms. These sediments contain large quantities of decaying organic material, 
including entire leaves and stems, fibers, and pieces of vegetation. Very little research 
has been carried out concerning soft bottom communities of the St. Johns River. 

Phytoplankton 

The phytoplankton of the St. Johns River are not well known. Previous studies have 
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Table 7.4. Duval County salt Marsh Plant Species 

Dominant Species: Batis maritima (Saltwort), Borrichiafrutescens (Sea daisy), Distichlis 
spicata (Saltgrass), JWlCUS roemerianus (Black needlerush), Spartina alterniflora (Smooth 
cordgrass), Spartina patens (Marsh hay cordgrass) 

Associated species: Salicornia virginica (Glasswort), Sesuvium portulacastrum (Sea purslane), 
Suaeda linearis (Sea blight), Typha angustifolia (Narrow-leaved cattail) 

Transitional species: Andropgon elliottii (Broom sedge), Baccharis halimifolia (Groundsel 
bush), Batis maritima (Saltwort), Cladium jamtlicense (Sawgrass), lvafruitescens (Marsh 
elder), Limonium carolinianum (Marsh lavender), Lyonia ferruginea (Staggerbush), Myrica 
cerifera (Wax myrtle), Sabal palmetto (Cabbage palm) 

been limited in their approach and involved primarily freshwater sites and identification 
to genus only (Pierce, 1947; GFWFC, Dingell-Johnson Project, 1977). These studies 
give an incomplete picture of the total phytoplankton species diversity and populations 
within the system. 

TheUniversity of North Florida study was designed to give a detailed picture of the 
annual cycles of phytoplankton species in the St Johns River estuary system, to identify 
phytoplankton associations, to cluster stations based on similarity of species, and to 
attempt to determine environmental factors controlling the occurrence of individual 
species (DeMort and Bowman, 1985). Three hundred and forty three species of 
phytoplankton have been identified from the St. Johns River and the tributaries. Table 
7 .6 lists the dominant species for the riverine and estuarine sections of the lower river 
basin. The highest averages of species diversity indices were found at the four collection 
sites closest to mouth of the river. Lowest diversity indices occurred at the mouth of 
Trout River, Cedar River, and Ortega River (see Figure 7.5). The lowest average 
diversity indices occurred in Doctor's Lake and Rice Creek. 

Diatom species outnumbered chlorophyte and cyanophyte species at all stations' 
throughout most of the study. The major exceptions to this trend were four major blooms 
of blue-green algae (Cyanophyta) that occurred in Rice Creek, two blue-green algae 
blooms in Cedar River, and one in Doctor's Lake. Seasonal trends of phytoplankton in 
the brackish water region from the eastward turn of the river to the mouth typically 
showed three distinct peaks, with the major peak from June to July and the spring 
increase less than the winter peak (Figure 7.5). The secondary winter peak occurred in 
four of the five years of the study and was typically preceded by a week or more of mild 
temperatures and terminated by prolonged cold fronts moving into the area from the 
north. The freshwater sites on the river south of Orange Park typically had four peaks of 
phytoplankton growth with the highest cell counts frequently occurring in December or 
January (Figure 7.5). This trend occurred every year of the study, with only minor shifts 
in the month of each peak. These results are in contrast with Livingston's study of 
Apalachicola Bay, which showed major peaks in March and April with fall and winter 
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Table 7.5. Principal Submerged Macrophyte Associations for Four Selected Sites in Lower St. 
Johns River 

Site 

Lake George 

Hallowes Cove 

Black Creek 

Buckman Bridge 
(mandarin area) 

Dominant species 
Areal 

coverage 

1. Vallisneria americana 91 
2. Ceratophyllum demersum 7 
3. Nais guadalupensis 5 
4. Potamogeton illinoensis 5 
5. Hydrilla verticiliata 3 

1. Vallisneria americana 98 
2. Ceratophyllum demersum 5 
3. Egeria densa 10 
4. Sagittaria subulata 10 
5. Ruppia maritima 10 

1. Vallisneria americana 41 
2. Ceratophyllum demersum 6 
3. Nais guadalupensis 4 
4. Potamogeton illinoensis 4 
5. Sagittaria kurziana 3 

1. Vallisneria americana 1-2 
2. Ruppia maritima 31 
3. Potamogeton pectinatus 10 
4. Ceratophyllum demersum 8 
5. Enteromorpha intestinalis 5 
6. Ulva lactuca 5 

Current Status 
of seagrasses 
(1982-1987) 

Areal coverage 
and species 
composition 
stable 

Areal coverage 
and species 
composition 
Stable 

Areal coverage 
fluctuated 
10-20 % over 
3 year period/ 
species 
composition 

Areal coverage 
increasing 
30% since 
1982. species 
composition 
fluctuates 
(especially relative 
abuncance of 
# 1 and 2) 

minima (Livingston et al., 1976). The population peaks showed a close correlation with 
peaks in chlorophyll concentration (DeMort and Bowman, 1985). The only exception 

This imported detritus, along with the detritus produced within the river system itself, 
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Table 7.6. Phytoplankton Species Comprising 1 % or More of Total Count* for Freshwater and 
Brackish Sections of the Lower St. John's River 

Estuarine (Goodby's Creek to river mouth) 

1. 
2. 
3. 
4. 
5. 
6. 

Skeletonema costatum 
Melosira italica 
Chaetoceros decipiens 
Thalassionema nitzschioides 
Rhizosolenia alata 
Coscinodiscus lineatus 

Riverine <Doctor's Lake to Lake George) 

1. 
2. 
3. 
4. 
5. 

Melosira italica 
Anabaena circinalis 
Pediastrum simplex 
Oscillataria sp. 
Pedi(Jstrum duplex 

60.0% 
24.2% 
4.8% 
1.5% 
1.4% 
1.0% 

81.0% 
10.1% 
2.0% 
2.0% 
1.0% 

*Based on five year averages of total annual cell count, 1975-1980. 

The major peaks in chlorophyll concentration occurred in July or August. This indicates 
that there were large numbers of small-celled phytoplankton missed by the plankton nets 
during summer collections. 

The lower St. Johns River phytoplankton data indicate a system that varies from 
mesotrophic to eutrophic. Melosira italica, an extremely tolerant species, is character
istic of all stations sampled except the most saline areas close to.the mouth. However, 
the stations near the mouth frequently were dominated by Skeletonema costatum, an 
equally pollution-tolerant species that is limited to more saline water. The presence of 
blue-green algal blooms in some tributaries was also indicative of a system in trouble in 
terms of nutrient-loading. The phytoplankton data indicated that Rice Creek and Cedar 
River are the most pollution-affected subsystems. These findings correlate with water 
quality data for these systems (see Water Quality section). 

Zooplankton 

The zooplankton of the lower St. Johns River were studied by DeMort and Bowman 
(1985). Data collection for the freshwater sites along the lower St. Johns closely agrees 
with upper basin studies carried out by other investigators (pierce, 1947; GFWFC, 
Dingell-JohnsonProject, 1977). Eighty five zooplankton were identified to the lowest 
taxa possible. Table 7 .7 lists the dominant taxa for river-estuarine sections of the lower 
river as previously given in the phytoplankton section. The highest average species 
diversity indices occurred at the four most saline sites, from Clapboard Creek to the 
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Figure 7.5. A. Seasonal cycle of phytoplankton in clapboard Creek, 1980. B. Seasonal cycle of 
phytoplankton in Lake George, 1980. 

mouth of the river. The lowest species diversity occurred at Rice Creek; however, the 
lowest annual average species diversities occurred in the downtown Jacksonville area 
and in Cedar River. The zooplankton were characteristically marine through the Trout 
River station, dominated by barnacle nauplii and calanoid copepods (adults and larval 
stages). Tintinnids were also important components of the zooplankton in June andJ uly_ 
Polychaete larvae were more abundant during the late fall and winter months. 
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Table 7.7. Zooplankton taxa Comprising 5% or More of the Total count* and Taken From the 
Lower St. John's River 

Estuarine 

1. 
2. 
3. 
4. 
5. 

Riverine 

1. 
2. 
3. 
4. 
5. 

Balanus nauplii 
Copepod nauplii 
Copepod adults 
Tintinnids 
Polychaete larvae 

Cyclopoid copepods 
Copepod nauplii 
Bosmina 
Brachionus 
Keratella 

32% 
26% 
11% 
5% 
5% 

20% 
20% 
11% 
10% 
10% 

*Percent of total count for year averaged over 5 years (1975-1980). 

From late winter through spring, penaeid shrimp postlarvae were abundant from 
Clapboard Creek to the mouth on incoming tides. These numbers remained high, with 
some minor annual fluctuations, throughout the study. This indicates a steady supply of 
shrimp postlarvae into the inshore nursery grounds from the offshore spawning areas as 
described by Joyce (1965). Only a few penaeid postlarvae were collected upstream from 
the Clapboard Creek site. 

Zoeal stages of the blue crab (Callinectes sapidus) were also Seasonally abundant at 
the more saline stations, but blue crab zoeal collections varied widely from year to year 
and peak collection areas varied from the downtown site to Clapboard Creek. These 
variations appeared to be correlated with seasonal salinity shifts due to annual rainfall 
variations and did not appear to be related to overall water quality or phytoplankton· 
densities. 

Dominant species associations were similar for all of the freshwater sites sampled. 
Zooplankton.associations were characterized by cladocerans, copepods, and rotifers. 
Black Creek was an exception, with high numbers of the protozoans Arcella and 
Difflugua and zoeal crab larvae (Rhithropanopeus). 

Zooplankton associations do not appear to be good indicators of water quality or 
habitat variations in the lower St. Johns. However, species diversity indices correlate 
with phytoplankton diversity indices and differences in water quality. 

Benthic Macroinvertebrates 

Infaunal macroinvertebrates of the freshwater areas of the river vary widely in 
population densities because of water quality conditions described above. The infauna 
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has been studied by Cox etal. (1981). The most common bivalve found in the lower St. 
Johns is Rangia cuneata identified from Lake Harney to Jacksonville. In many areas, 
Corbicula manilensis, an introduced clam, is as abundant as the native unionid clams and 
mactrid clams. Tubificid worms are common annelids throughout the drainage basin. 
Isopod populations are dominated by Hyalella azteca. Isopod populations are sparse in 
most of the system, but Cyathura poUta has been collected from Lake George to 
Jacksonville by the author and reported by Cox et al. (1981). 

The most widespread epifaunal macroinvertebrate is Rhithropanopeus harrisii 
(white-fingered mud crab). It has been collected by the UNF Coastal Fisheries Labora
tory from Mayport to Lake Poinsett. This species peaks in the brackish water areas of the 
river with salinities between 6 ppt and 10 ppt. These areas include downtown Jackson
ville and some of the tributaries in this area and downstate in the Puzzle Lakes area. 

Economically, the most important epifauna include the blue crab (Callinectes 
sapidus) and the penaeid shrimp species, Penaeus setiferus (white shrimp) andPenaeus 
aztecus (brown shrimp). White shrimp have been collected 210 km upstream at salinities 
of 0.26 ppt. Brown shrimp juveniles are more common north of Green Cove Springs and 
occur abundantly during most seasons in Hallowes Cove, Julington and Durbin Creeks, 
and in the Mandarin area. Juvenile white shrimp have a higher tolerance for lower 
salinities than either the brown or pink shrimp. 

Blue crabs are abundant as far upstream as Lake George and may occur in significant 
numbers farther south. Mating occurs in the lower salinities upstream from Duval 
County. The females migrate downstream to spawn. Most spawning occurs in the lower 
32km oftheriver,eastofJacksonville (Tagatz, 1968). Males tend to remain in the lower 
salinity waters throughout their lives. Ratios of females to males harvested in crab traps 
in the St. Johns ~ncrease closer to the river mouth; males are dominant more inland in the 
St. Johns. Blue crabs occur as far south as Lake Harney, 305 km from the ocean. Both 
males and females utilize the freshwater portion of the river as feeding grounds. 

Large populations of megalops blue crabs have been collected from the underside of 
spatterdock leaves in Julington and Durbin Creeks, Black Creek, and Hallowes Cove. 
These three areas had the highest population of any of 23 sites sampled from Lake 
George to Mayport. 

The artificial benthic habitat program of the UNF Coastal Fisheries Laboratory 
currently has established eight sites from Mayport to Black Creek. The most abundant 
invertebrate found on the habitat is Rhithropanopeus harrisii. Megalops and juveniles 
of Menippimercenaria are seasonally abundant in late summer at the Mayport and 
Sisters Creek sites. The hydroid Tubularia overgrows the habitats from downtown 
Jacksonville to Mayport during the winter months. Caprella (skeleton shrimp of the 
order amphipoda) are abundant at all Duval sites from spring through early fall. This 
amphipod is most abundant in the fall when there are hundreds of animals/cm2 
(unpublished data, UNF Coastal Fisheries Laboratory). 
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Fishes 

The St. Johns is the only river in Florida that supports major commercial fisheries. The 
principal commercial fishes are Anguilla rostrata (american eel), Ictalurus punctatus 
(channel catfish), and I. catus (white catfish) (see Table 7.8). The landings from these 
three fisheries totaled 589,183 kg/yr (1976) with an estimated dollar value of $449,121. 
There is also a significant blue crab fishery of 491,705 kg/yr (1976) with a dollar value 
of $199,021 (Bass and Cox, 1985). Po gonias cromis (black drum), S ciaenops ocellatus 
(red drum), Menticirrhus americanus (southern kingfish), MugU cephalus (striped 
mullet), and Archosargus probatocephalus (sheepshead) are also harvested from the 
river. Sport fishes that are fished heavily within the St. Johns include Micropterus 
salmoides (largemouth bass),Lepomis macrochirus (bluegill), andPomoxis nigromacu
latus (black crappie) in the freshwater areas and Micropogonias undulatus (atlantic 
croaker), Cynoscion nebulosus (spotted seatrout), and Paralichthys lethostigma (south
ern flounder) in the estuary (Florida Game and Freshwater Fish Commission, 1985; 
DeMort, 1984; UNF Coastal Fisheries Lab, unpublished data). The St. Johns River had 
a reported yield of 2268 fishlkm of stream in 1975-1976 (Bass and Cox, 1985). This was 
the highest yield of the nine Florida rivers listed. 

Several species found in the study area are Species of Special Concern. They are 
Fundulus grandis (gulfkillifish), Fundulus simi lis (longnosekilli fish), and Cyprinodon 
variegatus (sheepshead minnow). Anadromous fish collected in the river include Alosa 
sapidissima (american shad), Alosa mediocris (hiCkory shad), and Alosa aestivalis 
(blueback herring) (McClane, 1955). 

The St. Johns River functions as a major nursery area for many important species of 
commercially and recreationally harvested finfish as well as ecologically important 
baitfish such as silversides, killifish, and anchovies (see Table 7.9). The total number of 
fish larvae collected during one long-term study appears to be decreasing (Table 7.10). 
This decreased production is especially obvious in the anchovies and the killifish among 
the baitfish group and in the drums (Sciaenidae) and the flounders (pleuronectidae) 
among the commercial and sports species. It appears to be part of an overall trend of 
decreased production and decreased survivorship of the offspring produced (DeMort, 
1986). 

Energy Distribution and Food Web Structure 

Little is known about the energy flow and food web dynamics of this system. No research 
is available on this subject. Most allochthonous material carried into the St. Johns River 
system consists of organic detritus. This material settles out along the landward 
advancing saltwedge due to the flocculation process that occurs as a result of the 
chemical mixing of fresh and salt water. These flocculates become incorporated into the 
sediments near the mouth of the estuary. Flocculation may result in the removal of 
various trace metals and heavy metals from the water column and the deposition of these 
metals in bottom sediments. 



7. St. Johns River 115 

Table 7.8 Dominant Species of Trawl Catches from the S1. Johns River, 1980-1985 

Species Common Name % Catch 
number weight 

Pomoxis nigroftUlculatus Black Crappie 17.9 32.4 
Micropognias undulatus Atlantic Croaker 27.3 9.0 
Ictalurus catus White Catfish 16.3 20.0 
Dorosoma petenense Threadfm Shad 9.7 1.8 
Trinectes ftUlculatus Hogchoker 5.5 1.4 
Lepomis macrochirus Bluegill 4.6 4.3 
Leiostomus xanthurus Spot 2.6 1.1 
letalurus nebulosus Brown Bullhead 2.2 4.2 
Ictalurus punctatus Channel Catfish 2.1 2.1 
Anchoa mitchilli Bay Anchovy 2.2 1.1 

Table 7.9. Dominant Species of Juvenile Fish Collected from the Lower St Johns River (UNF 
Coastal Fisheries Lab)* 

Species Common name % catch by number 

Anchoa mitchilli Bay anchovy 16.7 
Cynoscion nebulosus Spotted seatrout 8 
Cynoscion regalis Weakfish 4.5 
Eucinostomus argenteus Spotfin Mojarra 8.0 
Fundulus heteroclitus Mummichog 3.6 
Lagodon rhomboides Pinfish 1.7 
Leiostomus xanthurus Spot 5.2 
Menidia beryllina Inland Silversides 26. 
Micropogonias undulatlls Atlantic croaker 10.5 
Trinectes ftUlculatus Hogchoker 1.6 

*Represents 79.8% of total number of juveniles collected from 1980-1985. 

Table 7. 10.Taxonomic Composition ofFish Larv ae Identified from Mid-flood Plankto n Collections 
During Summer 1979, 1980, 1985 and 1987 at Sisters Creek (UNF Coastal Fisheries Lab) 

1979 1980 1985 1987 1979 1980 1985 1987 

Anchoa 28 21 8 8 Menidia 16 10 10 12 
Fundulus 39 26 12 12 Anguilla 6 12 14 5 
GobiosoftUl 4 8 7 6 Pleuronectidae 6 1 
Brevoortia 2 1 1 Syngnathus 1 1 
Sciaenidae 6 3 2 2 Clupeidae 10 5 10 
Unidentified 12 18 12 7 Total 120 110 72 62 
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provides a food source for many estuarine species, including shrimp, fiddler crabs, blue 
crabs,snails, polychaete worms, and killifish (as a source of microfauna) (pomeroy and 
Wiegert, 1981). Humic, acid-like materials from swamps act as important metal 
chelating agents in estuarine and near-shore marine waters, potentially increasing 
primary productivity of the receiving waters. 

One major source of inorganic nutrients to the estuary is freshwater inflow. For most 
marine ecosystems, studies have shown that inorganic nitrogen is the limiting nutrient 
(Ryther and Dunstan, 1971). However, nitrogen does not appear to be limiting in the St. 
Johns River estuary (DeMort and Bowman, 1985). The total amounts of inorganic 
nutrients in the river system is determined by upland drainage patterns and volume of 
sewage discharge. Large amounts of nitrogen are carried into the St. Johns River by 
swamp drainage, agricultural runoff, and sewage discharge. 

Anthropogenous Impacts 

The S1. Johns River basin has undergone severe physical alterations primarily in the form 
of wetland drainage, interbasin diversion, dredging, filling, bulkheading, channeliza
tion, and the construction of jetties at the mouth. The S1. Johns Water Management 
District has estimated that as much as 30% to 50% of the wetlands of the upper basin have 
been lost due to these alterations. Durako et al. (1987) have estimated that 36% of the 
saltmarsh habitat has been lost since 1943. Losses certainly occurred prior to 1943, but 
these cannot be measured. Much of metropolitan Jacksonville is built on spoil banks and 
current residents are not even aware that marshes and other wetlands once thrived 
throughout the Greater Jacksonville area. The two worst areas for wetland losses within 
the S1. Johns River basin are the headwaters fresh marshes and the lower basin 
saltmarshes. 

The extensive losses of wetlands at the headwaters have drastically altered the 
hydrologic regimes,causing higher flows during times of maximum discharge and lower 
flows during low flow conditions and drought years. Formerly, extensive wetlands· 
retained the runoff and released the water more gradual I y over longer time periods, thus 
providing a more consistent w~ter supply. 

There are at least 13 canals that cross the Atlantic Coastal Ridge. Nine of these canals 
serve to divert water from the St. Johns Basin to the Atlantic (Clapp and Wilkening, 
1984). The greatest amount of diversion occurs south of US 192 where extensive areas 
of marsh have been diked and drained for agricultural use. In 1969, Canal 54 was built 
to alleviate flooding problems that had occurred primarily because of the loss of 
floodplain described earlier. Clapp and Wilkening (1984) have estimated that returning 
the diversion flows from the Fellsmere Main Canal and Canal C-l would add 27.32 m3s-
1 to the S t.J ohns between the Indian River-Brevard County line and US 192. The current 
average flow at US 192 is 27.61 m3s-1. The addition of the diverted freshwater inflow 
would double the flow in that section of river. 

The main pollution problems within the river system from Blue Cypress Lake pump 
(within the headwater marshes) through Lake Poinsett are as follows (FDER, 1980): 
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1) pump water from agricultural drainage canals. In most cases, this is poor quality water 
from highly organic soils and groundwater; 2) encroachment on the floodplain for 
agricultural purposes, resulting in the elimination of marshes essential for filtering 
pollutants and water storage; 3) canalization, causing intrusion of groundwater with high 
chlorides, allowing rapid runoff, wasting water and carrying pollutants downstream. 
The upper river near its origin has been extensively modified by canals and dikes; 4) 
hyacinths and the associated problems of hyacinth control, such as introducing a heavy 
load of organic matter in the form of decaying vegetation into the water; 5) periodic fish 
kills, associated with large scale agricultural pumping operations. 

Within the lower basin, the major land use is forestry and agriculture. This land use 
changes in Clay and Duval Counties, where more than 25% of the land use is urban
industrial. Pollution sources of the lower St. Johns Basin include sewage effluent, urban 
runoff, pulp mill effluent, and a variety of other industrial discharges (FDER, 1980). The 
point source inventory ofFDER listed 41 industrial sources and 112 municipal sources 
and another 188 permitted sources in 1980. 

The most affected tributaries in the lower St. Johns River are Rice Creek and the 
Ortega/Cedar River subsystem in Jacksonville. Both of these subsystems experience 
frequent periods oflow dissolved oxygen. The Rice Creek subsystem receives primarily 
pulp effluent, whereas the Ortega/Cedar River Subsystem has both industrial effluent 
and domestic sewage effluent. Toxic substances found in the sediments of Cedar River 
include polychlorinated biphenyls (PCBs) and above-average concentrations of mer
cury. The PCB levels in fishes collected and analyzed by the City of Jacksonville 
(Bioenvironmental Services Division) were found to exceed FDA limits of 5.0 mg/kg 
for edible tissue in some species collected from the Cedar River (Table 7.11). Mercury 
in fish was found not to pose a health threat unless extremely large amounts of fish are 
eaten. 

Resource Management 

The St. Johns River Water Management District (SJRWMD) has implemented an 
extensive program of wetland purchases to obtain privately held wetlands in the 
headwaters regions of the river. It has also developed a plan to block many of the 
interbasin and Atlantic ridge diversion and drainage canaIs discussed earlier. This will 
increase the freshwater input in the upper St. Johns River (Clapp and Wilkening, 1984). 
If these two plans are successfully implemented, it will result in significantly increasing 
flow rates from the upper basin and moderate flood stages and low flow periods. 

On November 24, 1969, the State of Florida designated a 23,068 ha (57,000 ac) area 
in northeast Florida as the Nassau River-St. Johns River Marshes Aquatic preserve. This 
preserve lies between Fernandina Beach on the north and Jacksonville on the south and 
extends west to State Road 17 (DHR, 1986). The stated objectives of this program are: 

1. To ensure the maintenance of an essentially natural condition, 
2. To ensure public recreational opportunities, 
3. To ensure continued propagation of fish and wildlife resources. 
Such designation could be considered as a first step in the protection of the remaining 

natural portions of the St. Johns River system. However, the preserve system in Florida 
is not considered to be well funded or adequately controlled by state agencies. 
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Table 7.11. PCB Concentrations* in Fishes Collected from the Cedar River 1984-1985 

Description Concentration 

Shrimp 0.50 
Redear sunfish (2'') 3.79 
Redbreast (1.5"-3.5") 7.34 
Shiners (3.0"-5.5") 6.23 
Catfish (14'') 0.56 
Spots (Williamson Creek) 1.65 
Bluegill (3.0"-5.0") 1.60 
Warmouth perch (1.0"-4.0") 7.55 
Bowfm (10) 0.19 
Spotted sunfish (4.0"-5.5") 1.53 
Redbreast (5.5"-7.5'') 0.90 
Spotted sunfish (2.0"-3.5") 1.31 
Bream bluegill (Williamson Creek) 0.99 
Blue crab (Ortega Island) 0.71 . 
Redbreast (Ortega Island) 0.03 
Redear sunfish (Ortega Island) 0.37 
Bass (?) Matthews Bridge 0.15 
Dames Point Composite 3.20 

·Units in rng/kg of body weight 

With the opening of the Dames Point Bridge, which is the northern extension of St. 
Johns Bluff Road into this area, the management objectives are on a collision course with 
economic growth of the area and anticipated population surges due to the sudden ease 
of access from all parts of the city of Jacksonville. The extensive saltmarsh system 
described earlier, with its many small islands and hammocks, has been relatively 
undeveloped because of a lack of easy access from the south and west. The area's rich 
shellfish beds have already suffered from the impacts of previous development. The 
shellfish beds essentially are closed because of urban and suburban runoff from septic 
tank drainfields, golf courses, and yards. The number of larval and juvenile fmfishes 
produced each year in this area also appear to be decreasing (see Biological and 
Anthropogenous Impacts sections). Current regulations and permitting practices do not 
appear to be effective in maintaining either the surface water quality or the fisheries 
resources of the river. 

In 1987 ,the Florida Legislature passed the Surface Water Improvement and Manage
ment Act. This bill specifically targets the St. Johns River as a deteriorating aquatic 
system in need of restoration by directing the SJRWMD to plan, implement, and 
coordinate a restoration strategy that will involve both the "surface waters and associated 
natural systems" (Chapter 87-97, Laws of Florida). The plan currently is being 
developed and will be implemented over the next 5 to 10 years, if legislative funding 
continues. 
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The fish and wildlife resources of the St. Johns River basin are still abundant, but 
industrial, commercial, and residential development has taken its toll in terms of 
population densities and species diversities. Some species no longer occur in the area; 
others have been reduced to clinging to survival in small "pockets" of suitable habitat. 
Sections that have not yet felt t.~e full impact of the tremendous population and industrial 
expansion being experienced by the Northeast Florida region will soon be under 
pressure. If the fish and wildlife resources of this region are to be managed in any kind 
of productive manner, residential, commercial, and industrial growth must be controlled 
and not simply regulated. Critical habitats of the size necessary to sustain viable fish and 
wildlife populations must be selected and set aside as refuges. Development must be 
concentrated and directed into areas that will experience the least environmental impact 
and that have been designated by state and regional agencies as development zones. Any 
policy based on saving small, isolated pockets of fish and wildlife habitat is doomed to 
failure. In addition to the concept of "critical habitat", regulatory agencies must accept 
the basic concept of critical size in terms of areal coverage or lineal kilometers of river 
necessary to maintain ecologically viable fish or wildlife populations. 

References 

Bass, D.G., and Cox, D.T. 1985 River habitat and fishing resources of Florida" In: Seaman, W. 
Jr., (ed). Florida Aquatic Habitat and Fishery Resources, Florida Chapter American Fisheries 
Society, pp. 121-187 

Clapp, D.A., and Wilkening, H.A. 1984. Interbasin Diversion in the Upper St. John's River Basin. 
St. John's River Water Management District Project No. 2005001 

Cooke, W.C. 1945. Geology of Florida. Florida State Geological Survey, Bull. 29, 1-339 
Cox, D. T., Vas atka, E.D. Horel, G., Eisenhauer, R., Moody, H.L., Connor, L.L., and Smith. R. 

1981. Completion Report for Investigations Project. D-J Proj. F-33. St. John's River Fishery 
Resources. Study I. Ecological Aspects of the Fishery. Florida Game and Freshwater Fish 
Commission. Tallahassee, Florida 

Crumpton, J.E., Hale, M.M., and Renfro, D.lI987. A Six-year Summary of Trawls from the St. 
John's River, Florida 1980-86. Commercial Fisheries Project, Florida 

DeMort, C.L. 1984. Ecological Survey of Tidal Marshes of the North St. John's-South Nassau 
River Study Area. Water Quality Assessment in the Jaxport Area with Analysis and Plan for 
the Estuarine Marsh System. City of Jacksonville 

DeMort, C.L. 1986. Biological Assessment. Water Quality Review: Lower St. John's River, Duval 
County, 1986. Florida Department of Environmental Regulation, Tallahassee, Florida, 39-43 

DeMort, C.L., and Bowman, R.D. 1985. Seasonal cycles of phytoplankton populations and total 
chlorophyll of the lower St. John's River estuary, Florida. Florida Sci. 48(2), 96-107 
Department of Natural Resources. 1986. Nassau River, St. John's River Marshes and Ft. Clinch 
State Park Aquatic Preserves Management Plan. 

Department of Natural Resources. 1986. Nassau River, St. John's River Marshes and Ft. Clinch 
State Park Aquatic Preserves Management Plan. 

Durako, M.l, Murphy, M.D., and Haddad, K.D. 1987. Coastal habitats and fisheries of northeast 
Florida - Issues and Impacts. Florida Department of Natural Resources, Bureau of MarIne 
Research, St Petersburg, Florida 



120 C.L. DeMort 

Florida Department of Environmental Regulation, State of Florida, St. John's River Dist. 1980. St. 
John's River Water Quality. Tech. Pub. SJ, 84-10 

Game and Freshwater Fish Commission, State of Florida. 1977. Dingell- Johnson Project F-33-
1, Annual Progress Report 

Joyce, E.A. 1965. The Commercia! Shrimps of the Northeast Coast of Florida.Prof. Pap. Ser. No. 
6, Marine Laboratory. St. Petersburg, Florida 6, 1-224 

Livingston, R.J., Iverson, R.L., and White, D.C. 1976. Energy Relationships and the Productiv
ity of Apalachicola Bay. Florida Sea Grant Technical paper 

McClane, W.M. 1955. The Fishes of the St. John's River System. Dissertation, University of 
Florida 

National Oceanic and Atmospheric Administration. 1982. Local Climatological Data, Annual 
Summary with Comparative Data 1982, Jacksonville, Florida, National Oceanic and Atmos
pheric Administration, Ashville, North Carolina 

Parsant, M.A., Altomare, P.M., Perez, L.J., Jr., and Coleman, J.R. 1971. Environmental and 
Demographic Data Summary for the Cape Kennedy Florida vicinity. Report prepared for U.S. 
Atomic Energy Commission under Contract AT (29-2), 2711 

Pierce, E.L. 1947. An Annual Study of the Plankton and Chemistry of Four Aquatic Habitats in 
Northern Florida. University of Florida Press 

Pomeroy, L.R., and Wiegert, R. G. 1981. The Ecology of a Salt Marsh. Springer-Verlag, New 
York 

Rosenau, 1., Faulkner, G., Hendrey, C.W., Jr. and Hull, R.W. 1978. Springs of Florida. Florida 
Department of Natural Resources, Bur. Gool., Bull. No. 31, Revised. Tallahassee, Florida 

Ryther, I.M. and Dunstan, W.M. 1971. Nitrogen, phosphorus and eutrophication in the Coastal 
marine environment. Science 171, 1008-1013 

Snell, L.1. and Anderson, W. 1970. Water Resources of Northeast Florida Florida State Depart
ment of Natural Resources Report of Investigation No. 54 

Tagatz, M.E. 1968. Fishes of the St. John's River, Florida. Quart. J Fla. Acad. of Sci. 30(1 ),25-50 


	p01
	p02
	p03
	p04
	p05
	p06
	p07
	p08
	p09
	p10
	p11
	p12
	p13
	p14
	p15
	p16
	p17
	p18
	p19
	p20
	p21
	p22
	p23
	p24

