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Abstract

ABSTRACT

This report is Volume 6 in a series of reconnaissance reports
about the Lower St. Johns River Basin (LSJRB). The lower

St. Johns River is the northern part of the St. Johns River from the
mouth of the Ocklawaha River in Putnam County to the inlet at
the Atlantic Ocean in Duval County. The LSJRB includes nine
counties in northeast Florida. The reconnaissance reports compile
information and make recommendations to help resource
managers identify priority needs for research into and
management of the LSJRB. These reports are part of the research
funded under the Surface Water Improvement and Management
Act (SWIM) of 1987 (Sections 373.451-373.4595, Florida Statues).

Understanding and managing biological resources as part of the
holistic natural system is an important SWIM Program goal. This
volume has two purposes: (1) to review and summarize prior and
ongoing work relating to aquatic and wetland biological
communities in the LSJRB and (2) to develop a list of future
informational needs. Information is analyzed through 1990
literature.

The LSJRB is located at the boundary of the temperate and sub-
tropical regions at the southern limits of the Carolinian biotic
province. The post-Miocene history of this area includes alternate
exposure and oceanic inundation of large areas. These variations
have shaped the elevations, soil exposures, and drainage patterns
and largely control habitat differences. Prior sea levels also have
caused several endemic species complexes to form (Black Creek
complex; St. Johns-Ocklawaha river complex; St. Johns-Suwanee
river complex), especially in lotic freshwater habitats.

“Blackwater” color and high turbidity limit light penetration in
freshwater, oligohaline and estuarine reaches of the LSJRB,
limiting submerged macrophyte and phytoplankton productivity
and perhaps controlling sediment carbon, sulphur, and oxygen
fluxes.

St. Johns River Water Management District
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The entire reach of the main stem within the LSJRB and large
sections of many of the major tributaries are tidal. Wind-driven
circulation in the LSJRB and variations in rainfall in the middle
and upper basins of the St. Johns system may modify tidal period
and amplitude throughout the LSJRB. Ground water inflows,
rich in chloride, calcium, and sodium upstream of the LSJRB,
couple with tide to blur the estuarine biological boundary—the
distribution of many marine fish and several invertebrate species
far south of the LSJRB is documented. Physiologically
appropriate salinities supplement traditional freshwater bass,
bream, and catfish stocks by adding important fisheries and
nursery areas (blue crab, shrimp, croaker, channel bass) in the
oligohaline reaches. Extensive sport and commercial harvest of
these and many other species occurs in the estuarine river and on
the nearshore continental shelf. Salinity stratification is limited to
the estuarine (seaward-most 25-mile) segment; wind mixes the
water column upstream.

The primary determinant of vegetation community patterns in the
LSJRB is the degree of hydration of the landscape. Forest
communities include xeric and hydrophytic hardwoods and
persistent and deciduous evergreens. Uplands are dominated by
pine flatwoods, with considerable sandhill (old dune) habitat, also
pine dominated, at higher elevations; a variety of oak species is
present, but fire and fire management by humans in the past
10,000 years have maximized dominance by the pine species.
Virtually all of the uplands have been timbered-off several times,
and much of the area remains in silvaculture. Extensive areas of
the bottomlands and former pine flatwoods of the St. Johns River
valley have been under intensive management for agriculture
since 1520. A major potato and cabbage crop is harvested from
the LSJRB, as are ornamental plants and ferns, especially from
areas along the river where irrigation is available from the
Floridan aquifer system.

Tributary and mainstem wetlands in the LSJRB are dominated by
wetland-hardwood forests; slight variations in elevation
determine variations in soil hydration and species dominance,
defining hardwood hammock, bay head, cypress swamp, and

St. Johns River Water Management District
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cypress dome associations within these forests. Freshwater
marshes and wet prairies are minor components of the LSJRB
vegetative cover because northeastern Florida’s increased
variations in elevation limit sheet flow. In addition to the
wetland-hardwood forest, shoreline plant associations include
cattail-, bulrush-, maidencane-, sedge-, and rush-dominated
freshwater associations; water lily, pickerel weed, and arrowhead
may dominate emergent vegetation with freshwater eelgrass
(Vallisneria americana) as the dominant submerged macrophyte.
Cordgrass and black needle rush dominate the emergent
vegetation in salt marshes, but high tidal energies couple with
biogeographic factors to prevent any of the marine seagrasses
from colonizing the LSJRB. No references specific to the LSJRB
for any of the foregoing communities appear in the referenced
literature.

Research describing variations in phytoplankton speciation and
plankton community nutrient dynamics over an annual cycle in
the LSJRB is limited to two studies (1947 and 1985). Diatoms
dominate the phytoplankton community in both studies, with a
springtime "bloom" of green and blue-green algae. Primary
productivity, diel oxygen balance, color-turbidity-light penetration
interactions, and several other important factors from which
nutrient budgets, effluent limitations, or pollution load reduction
goals might be calculated are unreported for most reaches of the
LSJRB.

Invertebrate fisheries resources within the LSJRB include blue
crab, shrimp, and, of much lesser economic importance, molluscs
(oysters, clams, and mussels). The blue crab fishery extends from
the inlet at Mayport upstream through the LSJRB and at least as
far south as Lake George (river mile 120); commercial landings
vary from just below 1 million to nearly 3 million pounds per
year over the past 10 years, with no clear indications of decline.
Crabs mate from March to December throughout the St. Johns
River, with spawning (February to October) occurring in the most
seaward areas of the estuary; larvae are distributed by the tides,
and post-larval crabs are found upstream within 6 to 10 weeks.

St. Johns River Water Management District
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Few St. Johns River crabs survive more than 1 year after reaching
maturity.

Penaeid shrimp of three commercially important species (white,
brown, and pink) enter the LSJRB after ocean spawning and
larval development. All three species use the estuary as a
nursery area, ascending into fresh water to varying degrees.

Most abundant (and ascending furthest upstream) are white
shrimp, which enter the St. Johns River (April through
November), ascend as far as Palatka within 1 month, and may
eventually move as far south as Astor, 130 miles from the ocean.
Brown and pink shrimp do not typically ascend the St. Johns as
far as the oligohaline reach; as temperatures decline in November,
all species of shrimp leave the river. Total penaeid shrimp
landings vary from about 0.9 million to 1.6 million pounds per
year over the past 10 years, with white shrimp always comprising
90 percent or more of the total and pink shrimp never more than
3 percent; changes in reporting systems, seasons, and gear
regulations preclude more detailed trend analysis of these data.

Finfish of the freshwater and oligohaline reaches are perhaps the
best-studied biological resources of the LSJRB. The combined
species list of modern authors identifies 170 species for the entire
St. Johns River; only a few of the freshwater species on this list
are absent from the LSJRB. Management and regulation of most
biological resources in fresh water are the responsibility of the
Florida Game and Fresh Water Fish Commission (FGFWFC);
because marine species regulated by the Florida Department of
Natural Resources (FDNR) are also common in oligohaline
reaches of the LSJRB, FGFWEFC law enforcement agents face
complex responsibilities.

Freshwater sport fisheries investigations are reported since 1947,
with a wide variety of studies undertaken. Largemouth bass,
black crappie, other sunfishes, and catfish remain the most
pursued gamefish species, with relatively stable levels of
abundance (total biomass, number of species, numbers of game
fish, and commercial fish) reported. Where submerged and
emergent vegetation appear reduced, gamefish populations are

St. Johns River Water Management District
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diminished; however, no long-term (e.g., multi-year) vegetation
analyses are reported. Variations in water levels (caused by
variations in rainfall, irrigation, and flood control) are seen as
very important in modifying gamefish (and commercial finfish)
populations. Endemic striped bass are having only very limited
reproductive success, if any: no native striped bass young-of-the-
year have been reported during several surveys, and hatchery-
reared juvenile stripers and sunshine bass (hybrids) maintain the
fishery. Preliminary estimation of the mean economic activity
generated by recreational fishing in the LSJRB in 1990 was

$81.1 million (range $4.1-159.5 million).

Freshwater commercial finfish harvest (American eel, American
shad, mullet, freshwater catfishes) is a carefully regulated
enterprise in the LSJRB, with annual landings variable, but within
a stable range, for each species. Decline of fisheries from
overharvest, spawning habitat alteration or loss, destruction of
marsh and floodplain, and deteriorating water quality from
industrial and sewage effluent has not been demonstrated in
existing reports. Although many authors suggest reduced
juvenile recruitment is attributable to these factors, none of the
commercial landings, fish population, or environmental data have
been analyzed to test these assertions. The commercial fishing
methods presently permitted in the LSJRB have a very small
negative effect on gamefish species and sportfishing harvest:
studies of all types of gear (wire traps, hoopnets, and gillnets)
showed negligible mortality to these species when commercial
fishing regulations were followed. Mean total economic activity
for freshwater commercial fishing (1990) was $22.8 million (range
$12.6-33 million) based on a dockside-landings value of

$4.2 million.

Marine species and marine and estuarine habitats in the LSJRB
are managed through statewide programs of FDNR; this agency
has no fisheries research studies or biological data monitoring
programs currently active in the LSJRB. Trip-ticket monitoring of
Seafood Harvester licenseholders’ reports produces part of the
FDNR Marine Fisheries Information System database, but these
records provide only economic (landings) data. Law enforcement

St. Johns River Water Management District
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in estuarine areas of the LSJRB is the responsibility of the Florida
Marine Patrol. Agency studies (Florida Department of
Environmental Regulation [FDER], St. Johns River Water
Management District) of ulcerative disease syndrome and toxic
contaminant tissue burden in estuarine fish are ongoing, but no
definitive data are reported.

At least 15 active freshwater aquaculture enterprises are in the
LSJRB, especially where Floridan aquifer system water is
available, including catfish farms, baitfish rearing, and striped
bass and American eel growout facilities. LSJRB mariculture is
presently limited to nine oyster leases in Duval County.
Streamlining of aquaculture permit processing (by six state and
four federal agencies) during 1990-91 may encourage new
seafood culture production.

The State of Florida has classified surface waters according to
Chapter 17-3 Florida Administrative Code; all waters of the LSJRB
are “Class IIIl—Recreation and Propagation and Maintenance of a
Healthy, Well-Balanced Population of Fish and Wildlife,” with the
exception of a small area of “Class I[I—Shellfish Propagation or
Harvesting” waters in Duval County. Several programs
mandating special protection for species and habitats are active
within the LSJRB; at least 14 plant species and 35 animal species
are listed for special consideration by a variety of agencies. There
are six Outstanding Florida Waters in the LSJRB, where
restrictions on new FDER permits pertain. An ongoing FDER
macroinvertebrate biological assessment program is being refined
to develop a biological component of water quality evaluations;
this program is presently focused on small freshwater streams but
will ultimately extend to all Florida waters.

At present, there is a paucity of information from which to
develop valid recommendations for improvement and
management strategies for the LSJRB SWIM initiative. The
primary need is additional data; virtually all types of research on
the aquatic and estuarine biota and their environment are
necessary. A list of specific recommendations is provided.

St. Johns River Water Management District
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INTRODUCTION

This report is Volume 6 in a series of reconnaissance reports
about the Lower St. Johns River Basin (LSJRB). This compilation
of information and recommendations provides resource managers
with a basis for identifying priority needs for future research and
actions regarding the LSJRB. The reconnaissance reports are part
of the research funded under the Surface Water Improvement
and Management (SWIM) Act of 1987 (Sections 373.451-373.4595,
Florida Statutes).

The SWIM Act declares that many natural surface water systems
in Florida have been or are in danger of becoming degraded from
point and nonpoint sources of pollution and from the destruction
of natural systems. The state’s five water management districts,
in cooperation with state agencies and local governments, were
directed to set priorities for waterbodies of regional or statewide
significance and to design plans for surface water improvement
and management. Six waterbodies were named for immediate
action, including the LSJRB.

The LSJRB is one of ten surface water basins of the St. Johns
River Water Management District (SJRWMD) (Figure 1). The
LSJRB is located in northeast Florida and represents about

22 percent of the area within the boundaries of SJRWMD. The
LSJRB extends from the City of De Land, in the south, to the inlet
of the St. Johns River at the Atlantic Ocean. The LSJRB includes
parts of nine counties: Clay, Duval, Flagler, Putnam, St. Johns,
Volusia, Alachua, Baker, and Bradford (Figure 2).

The LSJRB is located in a transition area between the subtropical
climate of southern Florida and the humid continental climate of
the southeastern United States. The climate of the LSJRB is
classified as humid subtropical, with an average summer
maximum daily temperature of 32.2°C (90°F). In the winter, the
LSJRB experiences below-freezing temperatures an average of 10
to 15 times per year. Average annual rainfall in the L5JRB is
approximately 132 centimeters (52 inches). A large portion of the

St. Johns River Water Management District
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annual precipitation falls between June and September when
convective activity generates showers and thunderstorms.

Landscape features within the LSJRB are relatively low and flat.
Three ridge systems border the drainage area. Surface elevations
range from sea level at the inlet to greater than 61 meters (m)
(200 feet [ft]) in the western part of the LSJRB.

The St. Johns River is an elongated, shallow estuary with an
extensive floodplain. The elevation of the St. Johns River at the
mouth of the Ocklawaha River is less than 3.0 m (10 ft) above sea
level, and the average gradient of the main river channel is only
0.022 meters per kilometer (0.1 feet per mile). Average annual
tidal amplitude is 1.5 m (4.9 ft) at the ocean inlet and varies
unequally upstream due to channel morphology. Due to the low
gradient of the river, however, tides affect the entire LSJRB, along
with the lower reaches of its tributaries. The mixing of salt
water and fresh water has an influence on water quality as well
as on the quantity and characteristics of sediments deposited in
the LSJRB. Water quality conditions for the LSJRB range from
good in the sparsely populated southern end of the basin to poor
in the urban reaches of Jacksonville (Hand and Paulic 1992).

The LSJRB is drained by 12 major tributaries. The drainage
basins of the tributaries are called tributary basins (Figure 3), and
each bears the name of the major tributary flowing through it. A
thirteenth tributary basin (the St. Johns River tributary basin)
represents the minor tributaries draining directly into the

Gt. Johns River.

The Lower St. Johns River Basin reconnaissance report provides a
synthesis of what is known about the condition of the lower

St. Johns River and its tributaries from three perspectives:
hydrologic, environmental, and socioeconomic. Volume 1,
Hydrogeology, presents information on the ground water flow
system in the basin and its connection to surface waterbodies.
Volume 2, Surface water hydrology, discusses the surface water
system, including hydrologic and hydraulic data collection
networks. Volume 3, Hydrodynamics and salinity of surface water,

St. Johns River Water Management District
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describes relationships between river water levels, velocity, flow,
storage, and salinity and reviews previous hydrodynamic
modeling studies. Volume 4, Surface water quality, and Volume 5,
Sediment characteristics and quality, present details on the levels
and trends of chemical contaminants present in the water column
and in the bottom sediments. Volume 6, Biological resources,
describes plant communities and fish, shellfish, and marine
animal communities. Volume 7, Population, land use, and water
use, ties population estimates and projections to land use and
residential, commercial, industrial, and agricultural water use.
Volume 8, Economic values, discusses the commercial, recreational,
and aesthetic values of the river. Finally, Volume 9,
Intergovernmental management, discusses jurisdictional boundaries,
regulatory authorities, and management efforts of governmental
agencies, offices, and commissions involved in restoration or
protection of water quality and habitat.

This volume, Biological resources, focuses on the water-related
resources of the LSJRB. It lists many of the plant and animal
species present in the LSJRB and examines the associations or
communities of species that form as a result of interactions of the
organisms with each other and their habitat. This volume has
two purposes: (1) to review and summarize prior and ongoing
work relating to the aquatic and wetland biological communities
and (2) to develop a list of future informational needs.

Understanding and managing biological resources as part of the
holistic natural system is an important SWIM program goal.
Many of the resources in the LSJRB are harvested: fish and
shellfish for food, trees for timber or paper. Use of some
resources is more subtle, and the resource value, therefore, is
more difficult to calculate. For example, the capacity of a
wetland community to utilize nutrients and the sediments
produced by anthropogenic sources is a biological resource. The
ability of certain marine fish and invertebrates to adapt to
mineral-rich fresh waters of the St. Johns River, extending their
range (and increasing the fishery) to 200 miles upstream of the
Atlantic, is a different type of biological resource. A diverse
avian fauna or the presence of an endangered bird species may

St. Johns River Water Management District
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delight a bird watcher and provide a valuable recreational
biological resource.

Our regulatory and environmental management efforts may seek
to define general classifications (“healthy” environments or
“eutrophic” tributaries) or to set specific chemical standards (e.g.,
dissolved oxygen concentration above 5 milligrams per liter
[mg/L]), but ultimately all are aimed at protection of the
biological constituents of the system.

The LSJRB has been inhabited continuously by man for at least
10,000 years and has been the home of people of European
descent since 1562. Despite this pattern of cultural utilization,
little information on the river’s biological resources has been
recorded in the scientific literature, and no recent summary exists.
For instance, there are only four phytoplankton and two
saltmarsh studies for the LSJRB, and few resource studies exist
for most of the major biological communities in the basin.

Computer literature searches of several databases produced
references to some reports, and all references mentioned in those
reports were researched. Further references were obtained
through the LSJRB Biology Work Group, a SWIM-sponsored
interagency committee composed of individuals from local, state,
and federal agencies and academia. References also were
obtained through other academic and agency colleagues.

Few of the biological resource investigations carried out in the
LSJRB have been reported in peer-reviewed journals. Local, state,
and federal agencies responsible for environmental monitoring
and regulation actions and a few academic researchers working in
this region have collected a large body of data that has never
been analyzed or published. This information could not feasibly
be included in this review. Several contracts have been let by
SJRWMD to some of these researchers in an attempt to upgrade
the information database; this data should be published during
the next 3 years. Reports, newspapers, and popular magazines
were not included in this review.

St. Johns River Water Management District
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Only studies specifically carried out in the LSJRB are included in
this report. Kurz and Wagner’s 1957 report, Tidal marshes of the
Gulf and Atlantic coasts of northern Florida and Charleston, South
Carolina, for example, is not reviewed because that study was
carried out in the Nassau River and South Carolina habitats, not
in the St. Johns River. Comprehensive consideration of upland
communities also is beyond the scope of this report.

St. Johns River Water Management District
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PHYSICAL SETTING

This chapter describes the physical-chemical-climatological factors
that delimit biological distributions within the LSJRB and reviews
biogeographic evidence for past and present patterns.

POST-MIOCENE GEOLOGIC HISTORY

Changes in sea level due to glaciation and tectonic activity
periodically have alternately inundated or exposed large areas of
the Florida peninsula and caused variations in the distribution of
many organisms in the LSJRB.

The work of Cooke and Mossom (1925), Cooke (1939), and Carr
(1940) provided summaries about the Pliocene-Pleistocene age
geology of peninsular Florida and were the context upon which
many zoogeographic studies were based. Burgess and Franz
(1978) reviewed these and several more recent papers on geology:
Cooke (1945), Alt and Brooks (1965), Alt (1968), and Pirkle et al.
(1974). Burgess and Franz (1978) also reviewed the zoogeography
of the aquatic fauna of the St. Johns River system and identified
several species complexes endemic to the Black Creek Basin, the
St. Johns and Ocklawaha rivers, the St. Johns River-Suwannee
River system, or as disjunct populations in the St. Johns River or
Santa Fe River-St. Johns River system (see Figures 1 and 3). The
Suwannee River and the Santa Fe River are outside the SSRWMD
boundaries.

Organisms representing a number of lotic freshwater groups
probably migrated into Florida sometime in the Pliocene Epoch
and may well have survived on the “Ocala Island,” the
submergence of the bulk of the peninsula by the Atlantic in the
late Pliocene Epoch. During the Wicomico interglacial period, the
Ocala Island was separated from the continental Piedmont by the
Suwannee Straits, which prevented migration of most continental
freshwater forms until well into the Pleistocene Epoch. Other
freshwater faunal elements may have survived on offshore

St. Johns River Water Management District
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islands in the present Brooksville, Lakeland, and Lake Wales
areas. Burgess and Franz (1978) presented faunistic evidence that
subsequent fluctuations of sea level and solution erosion in the
Santa Fe River Basin separated the lotic fauna of the Ocala Island
into the present freshwater populations of the Santa Fe River-
Suwannee River drainage system and those now present in the
St. Johns and Ocklawaha rivers.

Black Creek (Clay County), Yellow Water Creek (Duval County),
and Rice Creek (Putnam County) (Figure 6.1) are easterly flowing
streams which are located in the region of the former Ocala
Island. These streams emptied directly into the Atlantic Ocean
until at least as late as the Pamlico glaciation in the mid-
Pleistocene Epoch (Cooke 1945), when the present St. Johns River
channel was formed. Kingsley Lake, one of the few remaining
oligotrophic lakes in the state, feeds Black Creek on the Trail
Ridge (see Bergman 1992 for a discussion of the LSJRB
physiography). Elevations over 100 ft above present sea level
have been exposed since the late Pliocene Epoch and are thus
among the oldest terrestrial/freshwater habitats in the state.
Several endemic species apparently were isolated in this region
during interglacial periods of higher sea level.

Several authors reviewed the distributional evidence and
provided biogeographic discussions of a number of different
groups of animals present in the LSJRB or adjacent areas
(Table 6.1). These works were not reviewed in this report, but
they are listed in the references.

CLIMATE

The LSJRB is situated at the boundary of the warm temperate and
subtropical regions of the United States east coast, near the
southern limits of the “Carolinian” biotic province (Cape Hatteras
to Cape Canaveral) of Cowardin et al. (1979). A number of
organisms reach their northern or southern limits of distribution
in this area.
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Table 6.1 List of discussions on the biogeography of the
Lower St. Johns River Basin

General faunal Neill 1957

biogeography Webb and Tesseman 1968
Patton 1969
Webb 1974

Robertson 1976

Molluscs Clench and Turner 1956
Thompson 1968, 1969
Johnson 1972, 1973

Fishes Myers 1938, 1951
Bailey and Hubbs 1949
Hubbs and Raney 1951
Crawford 1956
Crossman 1966

Yerger and Relyea 1968
Gilbert and Bailey 1972
Burgess et al. 1977

Amphibians and Highton 1956

reptiles Telford 1959, 1962, 1966
Mount 1965
Zug 1968

Jackson 1973
lverson 1977

Insects Hubbell 1954
Berner 1955
Woodruff 1973

PHYSICAL ENVIRONMENT

Physical conditions in wetland and aquatic habitats vary widely
over the LSJRB. The entire reach of the main stem of the

St. Johns River within the LSJRB and large sections of many of
the tributaries are tidal. The physical action of oceanic tides
creates pulses and tidal action to the southern limits of the LSJRB.
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Wind-driven circulation may dampen or enhance these seiches to
reach far south of the LSJRB. Variations in rainfall in the middle
and upper basins of the St. Johns River may cause high or low
flow conditions, which further modify tidal period and amplitude
in the “tidal freshwater” sections of the LSJRB.

The broad shallow profile of much of the St. Johns River main
stem from Jacksonville at Interstate 95 southward to Palatka (see
Figure 2) may further modify tidal factors through the imposition
of wind-driven circulation. Much of this reach of the river is
apparently thoroughly mixed by wind, and the vertical salinity
stratification typical of many estuaries is rarely present (Odum
1953; SJRWMD 1990, unpublished data).

CHEMISTRY

Two important aspects of water chemistry within the LSJRB are
salinity and blackwater. Odum (1953) documents the
geochemistry of salt in Florida fresh waters, specifically in the
St. Johns River, and resurrects Redecke’s (1922) term
“oligohaline” to describe these waters that lack the sharp salinity
fluctuations of typical estuaries. Oceanic salinity is diluted by
freshwater runoff in the lowest (most northerly) 60 miles of the
St. Johns River, reaching a minimum salinity in the Palatka
region, as in a typical estuary.

Salinity increases upriver due to ground water inflows. Chemical
conditions presented to the biological components of the
community are complicated by these inputs of ground water.
South of Palatka, the primary sources of the biologically
important ions (chloride, calcium, and sodium) are a number of
springs along the St. Johns River and upward leakage from the
surficial aquifer system (Toth 1993). Variations in rainfall
between years can cause additional changes in salinity. The

St. Johns River estuary boundary thus is blurred, and the
estuarine system does not conform to any of the standard
definitions.
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Since the bottom of the river channel is below sea level, seawater
may well be forced up the estuary along the bottom throughout
the main stem in the LSJRB and into the tributaries. Odum (1953)
states: “How far marine salt comes upstream as wedges of
bottom water in the St. Johns river is not yet known” (p. 141). In
1992, that question remained unanswered.

The distribution of many marine fish and several invertebrate
species south of the upstream limit of the LSJRB has been noted
by several authors (Carr 1937; Gunter 1942; McLane 1955). Odum
(1953) provided experimental evidence that chlorinities between
0.1 and 1.0 parts per thousand (%o) in otherwise fresh water are
important to the survival of the blue crab (Callinectes sapidus).
Evidence for other marine species (e.g., croaker [Micropogon],
sting rays [Dasyatis], channel bass [Scinenops]) south of the LSJRB
also is reported (Odum 1953). Appropriate salinities affect the
important commercial blue crab fishery, the extensive oligohaline
nursery area for post-larval shrimp, and the sport and
commercial harvesting of several finfish species in the LSJRB.

As of 1990, no further research specific to the LSJRB habitats
regarding the nature of this geochemical resource (i.e., ground
water inflows) nor the changes that extensive development may
have upon the chemistry of the oligohaline system had been
published.

The St. Johns River and most of its tributaries within the LSJRB
are “blackwater” systems. The color results from high loads of
suspended material and tannins (non-volatile polymeric
carboxylic acids) from the breakdown of forest leaf litter. The
dark color and turbidity limit light penetration and probably limit
sessile plant growth to the shallows. Limited light penetration
also may reduce the extent of the euphotic zone available to the
phytoplankton community. This blackwater system (the LSJRB)
probably includes high bacterial, organic, and inorganic chemical
oxygen demand, but these aspects of the river’s ecosystem have
not been studied.
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PLANTS AND PLANT COMMUNITIES

Plant communities or associations that are found in habitats with
similar climate, elevation, soil, and wetness tend to be similar.
The primary factor that determines vegetation community
patterns within the LSJRB is the degree of hydration of the
landscape. The forest communities in the LSJRB include xeric
and wet hardwoods and persistent and deciduous evergreens. In
addition, there are wet and dry prairies, pasture, intensively
cultivated bottomlands, and coastal strands in the LSJRB.
Aquatic environments range from clear to eutrophic lakes and
freshwater marshes through the tributary streams and salt
marshes in the St. Johns River.

This chapter presents discussions on the flora of the LSJRB in a
progression moving from dry land to water habitats. The
progression includes the following:

Upland associations

Upland-wetland transition associations
Wetland and emergent aquatic associations
Submerged plant associations
Phytoplankton and primary productivity

Basin-specific references for habitats in the LSJRB have not been
published. Generally, the habitat types are defined by their
dominant vegetation. Descriptions in this report are the
responsibility of the author and are based on Davis (1967) and
work by Mattoon (1956), the Soil Conservation Service (1978),
Florida Natural Areas Inventory (1990), McEvoy (1990), and
SJRWMD unpublished data collected by P. Kinser, H.D. Baggett,
and R.W. Brody. Nomenclature (scientific names) follows the
usage of Duncan and Duncan (1988). In this chapter, common
and scientific names for each species are used at the first mention,
and the common name generally is used thereafter. The species
discussed do not represent a complete listing.
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Several plant guides exist for the wetland areas of Florida in
general and are useful for identification of the LSJRB species.
Dressler et al. (1987) is considered the most legally authoritative
because it is used for defining boundaries in jurisdictional
wetlands of Florida. Other useful wetland plant guides from
government agencies include Tarver et al. (1978) and Pierce
(1977). Federal wetland delineation procedures have been
re-organized and are presented in the Wetland Training Institute
(1989) manual, but this manual is not specific to Florida.

UPLAND ASSOCIATIONS

Undeveloped uplands of the LSJRB are primarily pine woods.
The most important dominant species at the time of the first
systematic cataloging of this area (Nash 1895) were longleaf pine
(Pinus palustris) and slash pine (P. elliotii). These two species tend
to be most common on the higher, better drained soils of the
areas west of the St. Johns River. Natural conditions in Florida
favored the more fire-resistant longleaf pine; current silvaculture
practices throughout the LSJRB favor the faster growing slash
pine.

Open woodlands, called flatwoods, form a large part of the
upland habitat of the LSJRB and are typically composed of one to
three species of pine (longleaf, slash, and pond pine [Pinus
serotinal]) with small trees, shrubs, saw palmetto (Serenoa repens),
and herbs forming the understory. These flatwood areas may
also include cypress and bay swamps, small hardwood forests,
prairies, and marshes. Typical pine flatwoods west of the

St. Johns River are dominated by slash pine. Pond pine is the
naturally dominant species in the poorly drained, sandy soils of
many areas east of the St. Johns River. In pond pine woods, one
or more species of bay tree are often present.

In “sand hill” areas, typically at higher localized elevations on old
dunes, longleaf pine may dominate. In these habitats, the
understory is dominated by xerophytic (dry site) oaks,
particularly turkey oak (Quercus laevis), with blue-jack oak

(Q. incana) and sand post oak (Q. margaretta) sometimes present.
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The other dominant understory species in this upland pine forest
is wiregrass (Aristida stricta).

Sand pine (P. clausa) is natively dominant on the better drained,
deep sandy soils of the old dunes in the coastal strand and in the
relict dunes near the St. Johns River. Common understory trees
in the sand pine scrub community may include myrtle oak

(Q. myrtifolia), sand live oak (Q. geminata), and chapman oak

(Q. chapmanii).

Extensive areas of the bottomlands and former pine flatwoods
east of the St. Johns River have been under intensive management
for agriculture since the arrival of European settlers. Rich alluvial
soil and warm temperate climate combine with improved
drainage, grading, and availability of Floridan aquifer system
water to permit a large part of St. Johns, eastern Putnam, and
western Flagler counties to be planted in a variety of vegetable
crops, principally potatoes and cabbage in winter, with sweet
corn and other market species—including ornamental
plants—grown as early summer crops.

Fire management in the past few centuries has changed the
natural vegetation patterns. Silvaculture practices include
managed burning to reduce understory and reduce competition
for nutrients between the conifer species and the deciduous
hardwoods. Managed burning tends to be carried out during
winter, while natural wildfires are more frequent during summer
thunderstorm periods. Present efforts to extinguish natural
wildfires (to protect human economic interests) and to limit
burning to conifer tree-farms encourage hardwood species to
infiltrate the unmanaged pine forests. Once a hardwood forest
has become established, cooler and more humid conditions
prevail, reducing the likelihood of extensive fire. Diversity of
vegetation structure tends to increase, with a concurrent increase
in animal species diversity. However, in Florida’s sand
environments, the increase in accumulation of organic materials,
such as humus (and the consequent increase in plant species
diversity found in continental forests), does not occur rapidly.
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The upland forest systems may be returning to an appearance of
prehistorical habitats, however. Following the last glacial period,
northern Florida was largely covered by oak-dominated forests,
with patches of prairie. Pollen studies of Holocene Epoch lake
sediment cores suggest that about 7,000 B.P., precipitation
increased and temperature decreased (Watts 1971). This climatic
change with increased rainfall may have been accompanied by
increased incidence of thunderstorms and lightning. Charcoal
fragments in the lake sediment cores demonstrate an increased
incidence of fire. Meso-Indian cultures, using fire to drive game,
may have helped to reduce the oak/prairie habitat and caused its
replacement by pines (McEvoy 1990). Bartram (1791) confirms
the then-current practice of driving game with fire (p. 107). His
book also suggests, although in no quantitative manner, the
preponderance of oak-mixed hardwood communities in the mid-
1700s and rarely described pine forests in the LSJRB. This may,
however, be a result of Bartram'’s itinerary: he traveled mostly by
small sailing boat and would have been limited largely to
viewing the wetland-hardwood swamp communities during his
LSJRB journeys.

Some remnants of the Holocene Epoch oak forest associations,
more characteristic of the continental United States Piedmont
region, are present in the LSJRB. These forests are typically
isolated in the higher elevations of Duval, Clay, and northern
Putnam counties. These habitats are termed “upland hardwood
hammocks,” a diverse warm-temperate/piedmont community
which can include black cherry (Prunus serotina), pignut hickory
(Carya glabra), southern magnolia (Magnolia grandiflora), and a
variety of oaks (Quercus spp.), especially live oak (Q. virginiana).
The live-oak/magnolia forest community has recently been
reviewed by Daubenmire (1990) from data gathered outside the
LSJRB.

UPLAND-WETLAND TRANSITION ASSOCIATIONS

There is no abrupt demarcation between upland and wetland
plant communities; rather, the transition is controlled by the
periodic inundation of the habitat by seasonal rainfall or flooding
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from rivers and streams. The length of time that water remains
in the particular site (wetland hydrology) will in part determine
soil chemistry by creating anaerobic conditions (hydric soils).
These factors in turn determine the nature of the plant
community found at a particular place and the proportion of
hydrophytic vegetation classes (obligate wetland plants,
facultative wetland plants, and/or facultative plants) that may
exist (Wetland Training Institute 1989). Because abrupt
demarcation is usually absent, wetland determination, in the legal
sense, is carried out using all three criteria (hydrology, soils, and
plant species).

An important habitat type in the LSJRB is the stream and its river
swamp forest, generally termed “wetland-hardwood forest.” This
is a periodic wetland habitat with inundation ranging from a few
weeks per year to daily, tide-driven soil hydration. A very wide
variety of hydrophytic (wet-site) trees can be found here,
including pond and bald cypress (Taxodium ascendens and

T. distichum), red maple (Acer rubrum), sweet gum (Liquidambar
styraciflua), river birch (Betula nigra), water hickory (Carya
aquatica), and one or more of the tupelo (Nyssa), willow (Salix), or
oak (Quercus) species.

Most typical wetland-hardwood forests in the LSJRB contain
hardwood “hammocks”: areas of slightly higher elevation
dominated by mesophytic (moist-site) oaks, including willow oak
(Quercus phellos), laurel oak (Q. hemisphaerica), and live oak.
Swamp chestnut oak (Q. michauxii) and many of the hydrophytic
species mentioned above are also found sometimes on the
hammocks. In floodplain areas of wetland-hardwood forests,
diamond-leaf oak (Q. laurifolin) and water oak (Q. nigra) are not
uncommon. Loblolly pine (P. taeda) is present in varying
abundance in specific localities, particularly along tributary
streams and rivers where good quality, alluvial soil is found.
Pond pine and occasionally other pine species are also present in
areas where flooding is shallow and of brief duration.

Bay swamp or “bay head” (also termed “bay gall”) habitats may
be found in higher-moisture conditions, with wetter, more
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organic soils than the hardwood hammock habitat. These
habitats are dominated by trees such as loblolly bay (Gordonia
lasianthus), sweet bay (Magnolia virginiana), red bay (Persea
borbonia), and slash pine. Typical understory plants may include
wax myrtle (Myrica cerifera), large gallberry (Ilex myrtifolia),
swamp titi (Cyrilla racemiflora), and black titi (Cliftonia monophylla).
Somewhat similar habitats with a high concentration of black titi
and swamp titi may be termed “titi swamps.” In both types of
swamps, cypress and hydrophytic hardwoods also may be
present.

Cypress may form pure stands or predominate in an association
termed a “cypress dome” in flatwood areas or in the wettest
sections of otherwise well-drained uplands. The LSJRB formerly
had extensive areas of cypress “swamp” in the bottomlands of
the river and its tributaries. Logging in the nineteenth and early
twentieth centuries all but eliminated cypress swamps as near-
monocultures. This habitat now is largely a wetland-hardwood
community. The two forms of cypress (pond cypress [Taxodium
ascendens] and bald cypress (T. distichum]) are defined as
subspecies of a single species by some authors, but as two
distinct species by most. In mixed stands where cypress is the
dominant tree form, both bald and pond cypress may be found
with some representatives of any of the hydrophytic hardwood
species or with slash pine. In some drier localities, bald cypress
is also found associated with laurel oak, sweet gum, and sweet
bay.

WETLAND AND EMERGENT AQUATIC ASSOCIATIONS

There are three major wetland community types in the LSJRB:
freshwater marsh, wet prairie, and salt marsh. No
comprehensive list of the saltmarsh plants or submerged and
emergent aquatic macrophytes specific to the basin has previously
been compiled and published. A few site-specific plant lists are
found in the literature, primarily in environmental impact
statements (for a variety of projects such as power plant siting
and housing and marina developments) and in Florida Game and
Fresh Water Fish Commission (FGFWFC) and Florida Department
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of Natural Resources (FDNR) reports. These reports include
Joyce (1965), Rehm et al. (1975), Atlantis Scientific (1976), Dames
and Moore (1978), DeMort (1984), and Murphy and Johnson
(1988). Many of the emergent species listed in Table 6.2 will be
found in wetlands associated with the LSJRB.

The LSJRB, unlike the south and central basins of the river, does
not have extensive freshwater marshes or wet prairies, which are
dominated by grasses, sedges, and emergent aquatic vegetation.
Freshwater marsh and wet prairie associations are limited by the
greater variations in elevations in the LSJRB than in the south and
central basins. Higher elevations increase the water runoff rate
and limit sheet-flow. The seasonal pattern of rainfall that
alternates high and low water levels in the floodplain also limits
potential habitat for freshwater marshes in the LSJRB.
Streambanks and shorelines of the St. Johns River and its
tributaries are populated by a variety of submerged and emergent
aquatic vegetation and associated fauna.

Where freshwater marshes occur, one or more of the following
genera may dominate: bulrush (Scirpus), cattail (Typha), cordgrass
(Spartina), maidencane (Panicum), flat sedge (Cyperus), spike rush
(Eleocharis), rush (Juncus), saw grass (Cladium), and common reed
(Phragmites); several other genera may occur. The wettest areas
of the marsh may also include water lily (Nymphea), pickerel
weed (Pontederia), arrowhead (Sagittaria), and many other
emergent aquatic genera (see Table 6.2). No additional literature
at present supports a more definitive description of the LSJRB
freshwater marshes.

Wet prairies are generally distinguished from freshwater marshes
by having less water and shorter vegetation. There are few
natural prairies in the LSJRB. The prairie habitat was formerly
maintained by periodic wildfires; at present it is maintained
largely by grazing cattle and periodic management (e.g., mowing,
spraying, fire) to remove the shrub and tree species that would
otherwise succeed the grasses.
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Table 6.2 Wetland and aquatic plants of the Lower St. Johns River Basin. An
asterisk (*) indicates a plant is exotic.

Southern naiad
Marine naiad
Widgeon grass
Florida elodea®
Brazilian elodea*
Eurasian watermilfoil*
Parrotfeather”
Broadleaf watermilfoil
Stonewort

Common bladderwort
Cabomba

Coontail

lllinois pondweed

Floating Water hyacinth* Eichornia crassipes'®*
Water lettuce Pistia stratiores'*
Common duckweed