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PREFACE

Seagrass beds have come to be known as
extremely productive and valuable coastal
wetland resources. They are critical
nursery areas for a number of fish,
shrimp, and crab species, and support the
adults of these and other species that
forage around seagrass beds, preying on
the rich and varied fauna that occur in
these habitats. Seagrass beds support
several endangered and threatened
species, including sea turtles and
manatees along the west coast of Florida,
the geographic area covered in this
profile.

For these reasons and others, seagrass
beds or meadows have been the topic of
several of the reports in this community
profile series. This report, covering
the seagrass community of the Florida
Gulf of Mexico coastline from south of
Tampa Bay to Pensacola, is the fifth
community profile to deal with submerged
aquatic vegetation beds; others in the
series have synthesized ecologic data on
seagrasses of south Florida, eelgrass
beds in the Pacific Northwest and along
the Atlantic coast, and kelp forests of
the central California coastline.

These
major

reports
effort

in total represent a
toward summarizing and

synthesizing what is known of the
ecologic structure, functioning, and
values of these marine and estuarine
communities. This profile in particular
builds on the author's earlier profile on
the seagrass meadows of south Florida.
As will become apparent to the reader,
while enough is known to describe the
gulf coast seagrass community, there has
been little study of the finer points of
the structure and function of seagrass
beds in this region. To shed light on
the ecology of Thalassia, Syringodium,
and Halodule meadows on Florida's gqulf
coast, one is forced to extrapolate a
good deal from information from studies
conducted on the south and southeast
Florida coasts and elsewhere. However,
in so doing the author has been able to
update his own earlier community profile.
Thus, The Ecology of the Seagrass Meadows
of the West Coast of Florida is not only
a synthesis of the topic, but also serves

as a state-of-the-art review of
subtropical seagrass ecology and a
companion volume to The Ecolo of the

Seagrasses of South Florida (Zieman
1982). As with most of the reports in
this series, the profile finally high-

lights how much is still Tleft to learn
about these wvaluable natural habitats.
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CHAPTER 1.

1.1 SEAGRASS ECOSYSTEMS

Seagrass meadows are recognized today as
one of the most important communities in
shallow coastal waters. Rapidly growing
seagrass leaves serve as the basis of a
productive grazing and detrital food web,
while the canopy structure formed by these
leaves offers shelter and protection from
predation for innumerable small organisms,
many of which are the juveniles of
important commercial species. The coastal
waters of Florida are especially rich in
seagrass resources. The two largest
seagrass meadows in Florida have received
1ittle human disturbance thus far. The
largest, in Florida Bay, is approximately
5,500 km?, and is protected from
large-scale human impact because it is
mostly within the boundaries of Everglades
National Park. The second largest bed is
just off the northwest coast of Florida,
between Tarpon Springs and St. Marks, and
js approximately 3,000 km? (Iverson and
Bittaker 1986). Other seagrass meadows,
especially those within urbanized
estuaries, have not fared as well. Lewis
et al. (1985a) found that in 1982, Tampa
Bay contained 5,750 ha of seagrass cover.
From old maps and aerial photographs they
estimated the historical coverage to be
nearly 31,000 ha, thus showing a reduction
to less than 20% of the historical
coverage.

The coastline of western Florida is a
major ecocline for the tropical seagrass
species. Although the distance is not
great, about 650 km from Florida Bay to
Apalachicola Bay, it represents a shift
from a region in the south where tropical

seagrasses reach their highest
development, to areas that are the
northern 1limits of distribution for

several of the species, notably Thalassia
and  Syringodium. While this report

INTRODUCTION

addresses the west and northwest coast of
Florida, the area of central interest for
this community profile is the region from
Tampa Bay to Apalachicola Bay (Figure 1).
This region contains the large offshore
beds of the Big Bend area, as well as
several representative estuarine systems.
It is Tlargely defined by the available
data base for the Florida west coast.

Compared with seagrass meadows in
southern Florida, communities of western
Florida and the northeastern Gulf of

Mexico have received little attention from
the research community; therefore, this
community profile will refer to data from
south Florida and the Caribbean when
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Figure 1. Location map of Florida.



comparable studies from western Florida do

not exist. Interestingly, the west coast
area was the Jlocation of the seminal
seagrass studies of Florida, in

particular, and the Southeast, in general.
This work culminated in the monograph on
the seagrasses of Florida by Ronald C.
Phillips published in 1960. Within the
past 10 years, research on these systems
has accelerated in the bays and estuaries
of north Florida and in central Florida;
however, less work has been done on the
large offshore bed between these two
regions. This extensive seagrass meadow
is unique among Florida's seagrass
resources since it is truly offshore, and
does not lie behind any form of protective
barrier.

Seagrass ecosystems are among the
richest, most  productive, and most
important of all coastal systems. They
are also paradoxical in nature--
simultaneously simple and complex. They
are simple in that there are few species
of seagrasses, unique marine angiosperms
that live and carry out their life cycle
in seawater. Vast and extensive undersea
meadows  stretching for hundreds of
kilometers may be composed of only one to
perhaps four species. The ecosystems,
however, are complex because there are
hundreds to thousands of species of
associated flora and fauna that inhabit
the seagrass meadows and utilize the food,
substrate, and shelter provided by the
plants.

The pioneering work of Petersen (1918)
in the Baltic region provided the first
documentation of the value of seagrass
beds to shallow coastal ecosystems. These
studies demonstrated how the primary
production from these plants was channeled
through the detrital food web and
supported the rich commercial fisheries of
the region. Despite the thoroughness and
quality of Petersen's work, only in the
past two decades have the richness and
value of seagrass ecosystems begun to be
realized (Wood et al. 1969; McRoy and
McMillan 1977; Zieman and Wetzel 1980).
The first conceptualization of the
functions of seagrasses was provided by
Wood et al. (1969). The generalizations
have now been shown to be applicable to a
wide variety of systems and situations.
The following is an updated version

(Zieman 1982) of the earlier conceptual
framework.

1. High Production and Growth

The ability of seagrasses to exert a
major influence on the marine seascape
is due in large part to their
extremely rapid growth and high net
productivity. The leaves grow at
rates of typically 5 mm per day, but
growth rates of over 10 mm per day are
not uncommon under favorable
circumstances.

2. Food and Feeding Pathways

The photosynthetically fixed energy
from the seagrasses may follow two
general pathways: direct grazing of
organisms on the living plant material
or utilization of detritus from
decaying seagrass material, primarily
leaves. The export of seagrass
material, both living and detrital, to
a location some distance from the
seagrass bed allows for further
distribution of energy away from its
original source.

3. Shelter
Seagrass beds serve as a nursery
ground, that is, a place of both food
and shelter, for the juveniles of a
variety of finfish and shellfish of
commercial and sportfishing
importance.

4. Habitat Stabilization

Seagrasses stabilize the sediments
in two ways: the leaves sliow and
retard current flow to reduce water

velocity near the sediment-water
interface, which promotes
sedimentation of particles as well as
inhibiting resuspension of  both
organic and inorganic  material.
Secondly, roots and rhizomes form a
complex, interlocking matrix with

which to bind the sediment and retard
erosion.

5. Nutrient Effects

The production of detritus and the
promotion of sedimentation by the
leaves of seagrasses provide organic
matter for the sediments and maintain
an active environment for nutrient
recycling. Epiphytic algae on the
leaves of seagrasses have been shown




to fix nitrogen, thus adding to the

nutrient pool of the region. In
addition, seagrasses have been shown
to take up nutrients from the

sediments, transporting them through
the plant and releasing the nutrients

into the water column through the
leaves, thus acting as a nutrient
pump.

In addition to providing habitat and
shelter, the seagrass leaves are a major
food resource in coastal ecosystems,
functioning through three major pathways:
direct herbivory, detrital food webs, and
export to adjacent ecosystems. Direct
herbivory on green seagrass leaves 1is
confined to a small number of species and
is most prevalent in tropical and
subtropical regions, especially in the
vicinity of coral reefs. Since the time
of Petersen (1918), the detrital food web
has been considered the main trophic
pathway in seagrass meadows, and current
studies continue to support this concept,
although direct herbivory can be locally
important in some areas (Zieman et al.
1984a; Thayer et al. 1984). In addition
to the internal utilization of seagrasses

as a food source, many beds, especially
those dominated by Syringodium, export

large quantities of organic material to
other distant ecosystems.

In the subtropical waters of south
Florida, seagrass meadows often bridge
Jarge areas between the mangrove and coral
reef communities, while also serving as a
primary nursery and feeding ground
themselves (Zieman 1982). On the west
coast of Florida, they function in a
similar manner, as nurseries and feeding
grounds, but also serve as an interface
between the coastal salt marsh communities
and offshore habitats of the eastern Gulf
of Mexico.

1.2 THE SEAGRASSES OF THE WEST COAST OF
FLORIDA

Seagrasses compose the relatively small
group of monocots which have evolved the
ability to carry out their Tlife cycle

completely submerged in the marine
environment. Worldwide, they include 2
families divided into 12 genera and

approximately 45 species. The
Potamogetonaceae include 9 genera and 34
species and are represented on the west
coast of Florida by Syringodium filiforme
Kutz, whose common name is manatee grass,
and Halodule wrightii Ascherson, shoal
grass; the Hydrocharitaceae contains 3
genera with 11 species (Phillips 1978), of
which Thalassia testudinum Konig, {turtle
grass), and two species of Halophila, H.
engelmanni  Acherson and H. decipiens
Ostenfeld, are found in the waters of the
west coast of Florida. Ruppia maritima
Linneaus (widgeon or ditch grass) is a
euryhaline angiosperm found abundantly in
fresh waters and in the marine environment
grows primarily in lower salinity areas.

The small number of species occurring in
these waters, and their distinctive gross
morphologies (Figure 2) preclude the need
for a dichotomous key, although systematic

works such as den Hartog (1970) and
Tomlinson  (1980) are available for
comparison of seagrasses in other areas.

Phillips (1960a) still provides the best
treatment of local species.

The three dominant species of the open
coastal waters are Thalassia testudinum,
Syringodium filiforme, and Haledule

wrightii.

Thalassia is the largest and most robust
of the west Florida seagrasses, and the
densest growth in the vast grassbed of the
Big Bend area is dominated by a mixture of
this species and Syringodium (Iverson and
Bittaker 1986). While this species is not
abundant in the lower salinity waters of
Tampa Bay (Lewis et al. 1985a), it is the
dominant seagrass in the adjacent waters
of Boca Ciega Bay (Taylor and Saloman
1968; Bauersfeld et al. 1969), and in the
Tarpon Springs area (Phillips 1960a).

Among the local seagrasses, Syringodium
is distinctive in having cylindrical
leaves which are quite brittle and
buoyant, and thus are readily broken off
and exported from the immediate area by
winds and currents. This species is more
widely distributed in Tampa Bay than is
Thalassia (Phillips 1960a; Lewis et al.
1985a), and while it is codominant in the
Big Bend grassbed, its biomass s
generally lower than that of Thalassia in
the mixed stands of that area, although
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Figure 2. The seagrasses of the west Florida coast.

there are localized areas where it is
abundant.

Halodule, which has narrow leaves and a
shallow root system, is recognized as the
pioneer species in the successional
development of grassbeds in the gulf and
Caribbean. It 1is more tolerant of low
salinity than both Thalassia and
Syringodium, and thus occurs in areas of
Tampa Bay where those seagrasses cannot
survive (Phillips 1960a; Lewis et al.
1985a). As its common name, shoal grass,
indicates, it is often found in shallow
waters where it is subjected to repeated

exposure to the atmosphere. In the Big
Bend grassbed, this plant often forms both
the shallowest shoreward fringe of and the
deepest, outermost stands of seagrass, and
exhibits different morphologies in the two
zones  (Phillips 1960b; McMillan 1978;
R.L. Iverson, unpubl. data).

1.3 PHYSICAL ENVIRONMENT

The west coast of Florida has a mild
maritime climate varying from temperate in
the north to semitropical 1in the
southernmost regions. For much of the



year the southern portion of Florida is

dominated by the southeasterly trade
winds, while the airflow in the northern
and central portion is from the west,

under the influence of the westerlies and
accompanying cyclones (counterclockwise
circulation about a center of low
pressure) in the winter, and the western
margin of the Bermuda-Azores anticyclone
(clockwise circulation about a center of
high pressure) in summer.

The resulting differences in temperature
patterns are evident in Figure 3, which

shows the average monthly water
temperatures at several locations from
Pensacola to Key West (McNulty et al.
1972). The Cedar Key station is 1in the

center of the region under consideration

here. Both the average and maximum summer
temperatures vary 1ittle among the
stations, with highs around 33 °C. Most

obvious are the lower winter temperatures
and greater seasonal range at the northern
stations. Key West has a monthly Tlow
average of 22 °C and a range of 14-26 °C
during January, while Cedar Key has a

Key West St. Petersburg
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January average temperature of 13.5 °C

with a range of 4-22 °C.

Earle (1969) found a similar pattern
with inshore gulf temperatures of 13-15 °C
in the north and 22.6-22.9 °C in the
Florida Keys. However, north of Cedar
Key, extreme winter lows of 0-5 °C have
been  recorded. The average winter
temperatures in the northern gulf in
winter are similar to the summer high
temperatures in New England, and Earle
(1969) noted that many winter species in
the northern gqulf are the same as the
summer species in New England waters.

Precipitation generally increases
northward and westward along the Florida
coast from a low of 100 cm annually at Key
West to 163 cm at Pensacola (Table 1).
However, in the region from Tampa to
Apalachicola the precipitation is
relatively uniform with a minimum annually
of 118 cm at Cedar Key to a maximum of 140
cm at Apalachicola with about half of the

annual amount falling between June and
September. The average annual and monthly
Cedar Key Pensacola
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Figure 3. Temperatures at four locations in coastal Florida (from McNulty et al 1972).
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Table 1.
(from Jordan 1973).

Precipitation statistics for coastal stations on the eastern Guif of Mexico

Precipitation,

Precipitation, Precipitation,

Mean Annual June-Sept. Dec.-March
(inches) (%) (%)

Mobile 65.5 41.4 34.9

Pensacola 63.4 43.3 30.0

Apalachicola 56.2 52.5 25.8

Tallahassee 56.9 47.5 28.5

Cedar Key 46.6 55.9 23.8

Tampa 51.6 60.2 20.6

Fort Meyers 53.3 63.6 14.3

Everglades 54.7 62.5 12.4

Key West 40.0 48.0 17.4
rates show the general patterns, but the force of storm waves. In 1985, two
extreme months and years are highly hurricanes, "Kate" and "Elena" passed
variable and can have severe effects on directly through the area causing

the local biota. For Cedar Key, annual
rainfall has varied between 68-208 cm,
while monthly values at Apalachicola have
varied from a low of 0.03 cm to a high of
57 cm.

In the shallow waters of the estuaries
and the inshore gulf, water temperature
and salinity are locally affected by both
seasonal and isolated storms. The most
severe storms are tropical hurricanes with
their high winds, heavy rainfall, and
often devastating storm surges.
Hurricanes occur most frequently in the
late summer months when the oceanic
surface temperatures are at their highest,
but can occur in any month. The
probability of encountering hurricane
force winds in any one year varies greatly
along the Florida coast, being 1 in 8 at
Key West and Pensacota, 1 in 17 at
Apalachicola and St. Marks, and 1 in 25 at
Tampa-St. Petersburg (Bradley 1972). In
addition to the immediate local effects of

these storms, water quality is affected
following their passage by greatly
increased runoff from rivers and streams,
accompanied by increased turbidity and
biochemical oxygen demand.

In most 1locations, seagrass beds are
relatively protected from the surges of

large storms. However, in the Big Bend of
Florida these beds are subject to the full

localized disruption and bottom scouring.
Qualitative observations of stations
sampled before and after the hurricanes
suggested complete recovery of the denser

inshore beds of Thalassia, Syringodium,
and Halodule and the sparse offshore
Halophila beds in the vicinity of Tarpon
Springs  (Continental Shelf Associates
1986). In the vicinity of Cedar Key,
where Hurricane "Elena" stalled for about
48 hours, seagrasses appeared to Dbe

recovering, but at a slower rate than the
other site.

Tidal ranges are low to moderate along
most of the Florida west coast. From
Florida Bay northward to St. Joseph Bay
the tides are predominately semi-diurnal
(McNulty et al. 1972), shifting to diurnal
west of this point. Throughout the entire
area, the mean diurnal range is 0.5-1.1 m.
Daily ranges at Tampa Bay are 0.6-0.8 m.
Just north of Tampa Bay, the range
increases to 1.1 m until Apalachee Bay
where it begins to decrease slightly and
reaches 0.4-0.7 m at Apalachicola Bay.

Offshore circulation is dominated by two
large counter-rotating gyres. The
northern one 1is influenced by coastal
estuarine waters, while the southern one
is influenced by waters from Florida Bay.
In addition, there are periodic incursions
of the Tloop current with waters from the



tropical Caribbean and the Yucutan Channel
(Chew 1955; Austin 1970).

1.4 GEOLOGIC ENVIRONMENT

The present Florida peninsula 1is the
emergent portion of the Floridan Plateau,
consisting of Tlayers of limestone and
unconsolidated sediments over a base of
sandstone and volcanic rocks (Puri and
Vernon 1959; NcNulty et al. 1972). The
limestone and ancient sediments are at
least 1,000 m in thickness over the entire
region. The rivers that enter the gulf
east of Apalachicola Bay drain the coastal
plain, carrying small amounts of sediments

that are primarily carbonates and
anhydrites (McNulty et al. 1972). From
Apalachicola Bay westward, the rivers

drain areas of the piedmont plateau and
the Appalachian highlands, and carry

primarily clastic sediments. Table 2
gives the characteristics of sediments for
several locations on the west Florida
coast.

The coastline of west Florida has been
divided and classified (Figure 4)
according to several different criteria
and schemes, including coastal beach and
interface characteristics (Price 1954;
Tanner 1960; McNulty et al. 1972), faunal
community affinities (Lyons and Coliard

1974), and underlying substrates and
outcrops  (Brooks 1973). The coastal
divisions resulting from these differing

schemes are very highly correlated, and
the divisions used in this paper are a
combination of the above schemes.

The coastline west of Lighthouse Point,
near Apalachicola Bay, 1is the northern
gulf barrier coastline, with attached sand

Table 2. Sediment characteristics of the west Florida coast (from Folger 1972).

Carbonate
Location Organic content content Texture
Florida Bay Average = 2.1% west Up to 90% Median size east = 0.025mm
(Quartz 3.5% east, west = 0.028mm
up to 30%) W= 70% silt, 30% sand
Whitewater Up to 65%
Bay (quartz 5%-10%)

1% on shelf
1%-4% in lagoon

Gullivan Bay
(very open)

10%-40% typicaily
Locally to 60%-80%

Non CaCO5 = fine to very
fine sand

Quartz 4%-8% near
islands
maximum = 24%

Port Charlotte 0.1%-1.0%

Harbor maximum = 3.1%
Tampa Bay
Apalachicola 0.5%-2.0%
Bay
St. Joseph 0.5%-4.5%
Bay

Pensacola Bay --

0.5%-40%

10%-40%

10%-80%

1.3%-5%

Very fine to fine sand
Variable, typically
sand sized

Variable, very coarse
sand to clay

Variable, very coarse
sand and gravel to clay

Coarse sand to silt
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Figure 4. Coastal geology of the Florida west coast (from McNulty et al. 1972).

beaches alternating with barrier islands.
A similar attached beach-barrier island
interface exists from Anclote Key
southward along the western edge of the
central and Tlower Florida peninsula.
Along both the northern gulf and the
central and lower peninsula, the barrier

beaches and spits enclose the major
estuaries and lagoons. However, the Big
Bend, the upper coastline of the
peninsula, is unique for the region in
that it 1is an extensive area with no
offshore barrier, where rivers, creeks,
and marshes grade directly into the
eastern Gulf of Mexico. A number of

physical, geological, and hydrological
features interact to produce this effect.
The rivers of the Big Bend are notable in

that they carry little suspended clastic
material to form beaches or barrier
islands (Ross 1973) such as those found to
the south or to the west.

0f equal or greater importance is that
the region between St. Marks and Tarpon
Springs is one of the few examples
world-wide of a zero-energy coastline
(Murali 1982). This is defined as a coast
where '"the average breaker heights are
3-4 cm or less, and there 1is no signi-
ficant littoral transport of sand" (Murali
1982). The major factors that contribute
to this phenomenon include the wide,
gently sloping shelf; the divergence of
approaching wave trains into the large,
expanding coastal concavity; the location



of the coast in a generally upwind direc-
tion; a small supply of new sediment; and
the wave dampening effects of old sub-
merged beaches and the submerged seagrass
meadows (Murali  1982). Although the
presence of submerged seagrass meadows
interfacing directly with salt marshes
has been considered to be a contributing
factor to the zero-energy coast, it is
more likely that their presence in this
area is in fact the result of existing low
energy conditions, as seagrass beds are
rare on open oceanic, unprotected coasts.
Once established, the seagrass beds could
enhance the effects of those primary
factors responsible for reduced energy
conditions.

1.5 SUCCESSION AND ECOSYSTEM DEVELOPMENT

Throughout their range, few plants
participate in the successional sequence
leading to seagrasses because there are so
few marine plants that can colonize soft
sediments. In general, this sequence
consists only of the seagrasses and the
rhizophytic green algae. Seagrasses are

vital to the coastal ecosystem because
they are the only plants capable of
providing the basis for a mature,
productive ecosystem in these regions.
Few other systems are so dominated and

controlled by a single species as a climax
Thalassia or Zostera meadow.

Odum (1974) classified Thalassia beds as

"natural tropical ecosystems with high
diversity."  Compared to other natural
systems, tropical seagrass beds are

regions of very high diversity, but this
can be misleading. These comparisons were
made at a time when high diversity was
equated with high biological stability.
The prevailing concept was that the
multitude of different organisms, with
their widely differing requirements and
interactions, functioned as a highly
intricate web structure that lessened the
importance of each link to the maintenance

of the total system. There was much
natural redundance built into such
systems. The problem is that at climax

there is one species for which there is no
redundancy - the seagrass. If  the
seagrass disappears, the entire associated
community disappears along with it; there

is no other organism that can sustain and
support the system.

The initial colonizers are typically
rhizophytic macroalgae, of which various
species of Halimeda and Penicillus are the
most common, although species of Caulerpa,
Udotea, Rhipocephalus, and Avrainvilia
occur also. These algae have some
sediment binding capability, but their
ability to stabilize the sediments is
minimal and their major function in the
early successional stage seems to be the
contribution of sedimentary particles as
they die and decompose.

Halodule
species of

the local pioneer

colonizes readily
either from seed or rapid vegetative
branching. The carpet 1laid by Halodule
further stabilizes the sediment surface;
the numerous Tleaves forming a better
buffer to protect the integrity of the
sediment surface than the algal
communities. In some sequences
Syringodium will appear next, intermixed
with  Halodule at one edge of its
distribution and Thalassia at the other.
However, it is the least constant member
of this sequence and is frequently absent.
In areas with consistent disturbance and
sediments low in organic content,
Syringodium may become the most abundant
species. It s commonly found 1lining
natural channels with high velocity waters
and higher turbidity than Thalassia can
tolerate.

wrightii,
seagrasses,

As successional development proceeds,
Thalassia will begin to colonize the
region. Its strong straplike leaves and
massive rhizome and root system
efficiently trap and retain particles,
increasing the organic matter of the

sediment. The sediment height rises until
the rate of deposition and erosion of
sediment particles is in balance. This is
a function of the intensity of wave
action, current  velocity, and  leaf
density.

In shallow-water successional sequences
leading to Thalassia, the early stages are
often characterized by low sediment
organic matter and open nutrient supply;
that is, the community relies on nutrients
brought in from adjacent areas by water
movement as opposed to in situ




regeneration. With the progression from
rhizophytic algae to Thalassia, there is a
progressive increase in the below ground
biomass of the community as well as the
portion exposed in the water column. With
the progressive increase in leaf area of
the plants, the sediment trapping and

particie retention increases. This
material adds organic matter to further
fuel the sedimentary microbial cycles.

In summary, as species succession ocCcurs
in these shallow marine systems, important
structural changes occur. The most
obvious change with community development
is the increase in leaf area, which

provides an increase in surface area for
the colonization of epiphytic algae and
fauna, with the surface area of the climax
community being many times that of either
the pioneer seagrass, Halodule, or the
initial algal colonizers. In addition to
providing a substrate, the increasing leaf
area also increases the leaf baffling and
sediment trapping effects. Thus, as the
canopy component increases, so does the
material in the sediment. Thalassia, the
climax species, has the highest leaf area,
the highest total biomass, and by far the
greatest amount of material in the
sediments of any of the successional
stages.
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CHAPTER 2. AUTECOLOGY OF FLORIDA GULF COAST SEAGRASSES

2.1 PLANT MORPHOLOGY AND GROWTH

Seagrasses worldwide show a remakable
similarity in their structure and growth
(den Hartog 1970; Zieman and Wetzel 1980).
For the seagrasses of the northwest coast
of Florida, we shall focus primarily on
the growth and morphology of Thalassia,
considering this as representative of the
local species.

Detailed descriptions of the anatomy and
morphology of Thalassia were presented by
Tomlinson and Vargo 966) and Tomlinson
(1969a, 1969b, 1972). Flat, straplike
leaves with rounded tips emerge from erect
short shoots which branch laterally from
horizontal rhizomes at regular intervals.
In this species rhizomes occur from 1 to
25 cm below the sediment surface, but are
typically found in the depth range of
3-10 cm.  (The rhizomes of Halodule and
Halophila are near the surface and often
exposed. While the rhizomes  of
Syringodium are generally found at an
intermediate depth, in strong currents,
they may be exposed, even extending up

into the water column.) Roots of
Thalassia emerge from the rhizomes and the
short shoots. Much smaller 1in cross

section than rhizomes, the roots vary in
length according to sediment composition
and depth.

On a Thalassia short shoot, new leaves
grow on alternating sides of a central
meristem that 1is enclosed by old 1leaf
sheaths. New growth on leaves is produced
by the basal meristem, thus the base of a
leaf is the freshest, youngest portion.
Short shoots of this species typically
have two to five leaves at a time.

Studies of seagrass growth  and
morphology have revealed patterns of
temporal and spatial variation. Grassbeds

1

in areas of relatively low productivity in
Biscayne Bay, Florida, averaged 3.3 leaves
per short shoot, while in the more
productive meadows of the Florida Keys,
plants averaged 3.7 leaves per short shoot
(Zieman 1975a). The width of Tleaves
increased with age of the short shoot,
reaching maximum width five to seven
shoots back from the growing rhizome tip
(Figure 5). Leaf width can also reflect
morphogeographic variation: in Florida,
Durako and Moffler (1981) identified the
effects of a latitudinal stress gradient
in leaves of Thalassia seedlings, with the
greatest widths occurring in the Keys and
the narrowest leaves found in northern
Florida. In another study, leaf widths
did not reflect a latitudinal or stress
gradient, but showed sexual differences:
female short shoots tended to have
narrower leaves than male shoots (Durako
and Moffier 1985a). Transplant
experiments found that narrow-leaved
plants of Thalassia, Syringodium, and
Halodule from the north coast of the Guilf
of Mexico continued to produce narrow
leaves, and broader-leaved plants from the
southern gulf and Caribbean likewise
continued to produce wider leaves, even
when moved to different habitats (McMillan
1978).

Thalassia leaves in Biscayne Bay grew an
average of 2.5 mm/day in length, but
growth rates as high as 1 cm/day were
measured over periods of 15-20 days
(Zieman 1975a). Leaf growth rate in
Thalassia usually decreases exponentially
with (Patriquin 1973; Zieman

leaf age
1975a). In contrast, leaf elongation in
at a relatively

Syringodium proceeded
steady rate throughout the growth phase
(Fry 1983). The first few leaves produced
on a new Thalassia short shoot are reduced
in size and are tapered; the regular
straplike leaves are produced at a rate of
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Figure 5. General morphology of a Thalassia plant.

one-new-leaf-per-short-shoot every 14-16
days. The rate of 1leaf production in
Biscayne Bay was dependent on temperature,

with low growth occurring in the cooler
winter months (Zieman 1975a). Less
seasonal variation was found in the

tropical Caribbean waters of Barbados and
Jamaica by Patriquin (1973) and Greenway
(1974) respectively. Durako and Moffler
(1981) found a gradient of root and leaf
growth in Thalassia seedlings, from high
rates in the Florida Keys to Tlow growth
rates in north Florida waters.

In Tampa Bay, Durako and Moffler (1985c)
found pronounced seasonal patterns in
maximum leaf Tengths of Thalassia. There
was a slight decrease 1n the middle of
summer, coincident with high temperatures
and floral production, but maximum lengths
were much less in the cold winter months,
reflecting both leaf die-off and depressed
growth rates due to exposure to low
temperatures. A pattern of spatial

12

variation was evident, with shorter leaves
occurring in the middle of the grassbed
where the water was shallower.

2.2 REPRODUCTION

Vegetative
accounts for
high biomass
sexual
providing
successful
the species.
in the

reproduction in seagrasses
their capacity to produce
and areal cover; however,
reproduction is important in
the genetic plasticity for
adaptation and competition in

Studies of flower production
seagrasses considered here have
focused primarily on Thalassia. This
plant is sexually dimorphic, producing
separate male and female flowers. Grey
and Moffler (1978) found that short shoots

occurring on a common rhizome segment
produced flowers of the same sex,
suggesting that  Thalassia is also

dioecious, that is, has separate male and
female plants.



Flower production in Florida populations
of Thalassia occurs from April to August
or September, peaking in June (Orpurt and
Boral 1964; Grey and Moffler 1978) (Figure
6). While Phillips (1960a) found no
flowering north of Tarpon Springs, more
recent studies have revealed flowering in
the grassbeds of the Florida panhandle
(Marmelstein et al. 1968; Phillips et al.
1981). The percent of short shoots in a
grassbed bearing reproductive structures
varies greatly: less than 1% of plants
from north Florida beds reproduced
sexually, while reproductive densities in
plants from south and central Florida
ranged from 1% to 15% (Phillips 1960a;

Orpurt and Boral 1964; Zieman 1975). More
recently Moffler et al. (1981) found
reproductive densities of 44% in Tampa

Bay. A later study in Tampa Bay recorded
reproductive densities of 11.4%, 20.7%,
and 10.0% for 1981, 1982, and 1983,
respectively, and found that increased
numbers of male flowers accounted for the
higher reproductive density of 1982
(Durako and Moffler 1985b). Spatial
density  distributions  showed higher

numbers of female plants occurred on the

fringes of the bed where short shoots are
generally younger, while more male plants
were found in the center on presumably
older short shoots. This pattern could
reflect an age-related sexual expression
in the plants, although environmental
factors and clonal differences also can
influence leaf width (Durako and Moffler
1985b). (Thalassia seed production in
Tampa Bay was apparently low compared with
south Florida and probably could not
provide an adequate supply for restoration
projects (Lewis and Phillips 1981).

Phillips (1960a) found flowering Ruppia
abundant in Tampa Bay; however, he did not
observe seedling germination. Flower and
fruit production in Ruppia of this area
peak in May and disappear in June (Lewis

et al. 1985a). Phillips (1960a) did not
find reproductive Halodule, Syringodium,
or Halophila in Tampa Bay; however,

several reproductive specimens of Halodule

were later found in nearby waters (Lewis

et al. 1985a). Although reproductive
plants are rare in Syringodium, female
plants have been collected in the bay

(Lewis et al. 1985a). Zimmerman and

Figure 6.

Flowers of Thalassia (left) and Syringodium (right) (photo by M. J. Durako.)



Livingston (1976b) found a number of
flowering Syringodium plants in their
Apalachee Bay samples in May, 1972. These
authors also found numerous flowering
plants of Ruppia in May and June.

In laboratory studies, cultures of
Thalassia, Syringodium, Halodule, and
Halophila engelmannii  flowered under
continuous light, suggesting that

flowering was independent of day length.
The temperature range for flowering in
these plants was 22-26 °C (McMillan 1982).
Lewis et al. (1985a) also found that
flower production in Thalassia was
probably controliled by factors other than
photoperiod.

2.3 PLANT CONSTITUENTS

Because of their high productivity and
wide distribution, seagrasses are
recognized as a potentially important food
source in shallow coastal marine systems.
The fact that this abundant food source is
subjected to relatively 1low Tlevels of
direct grazing on the 1living plant
material has prompted studies of the
chemical constituents and relative food
value of seagrasses. Various authors have
performed such constituent analyses for
the seagrasses considered here
(Burkholder et al. 1959; Bauersfeld et al.
1969; Walsh and Grow 1972; Lowe and
Lawrence 1976; Bjorndal 1980; Dawes and
Lawrence 1980; Vicente et al. 1980; Dawes
and Lawrence 1983). A summary of these
results is given in Table 3. Dawes and
Lawrence (1980) noted that the differences
in sample preparation and chemical
analyses employed make direct comparison
of the data difficult, and subsequently

proposed a procedure to standardize
analyses so that future data will be
comparable, making it possible to

determine the effect of seasonal and other
environmental changes on the chemical
content of the plants.

The relative amount of protein in the
plant tissues has been used as a measure
of the potential food value of tropical
seagrasses. Comparative studies have
shown that turtle grass leaves are roughly
equal in percent protein to phytoplankton
and Bermuda grass (Burkholder et al. 1959)
and 2 to 3 times higher than 10 species of
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tropical forage grass (Vicente et al.
1980).

Walsh and Grow (1972) found that
Thalassia protein content compared

favorably with reported values for grain
crops: corn contained from 9.8% to 16%
protein, sorghum 8.6% to 16.5%, and wheat
8.3% to 12%. Various studies of the
protein content of Thalassia leaves have
yielded results ranging from a low of 3%
of dry weight for unwashed epiphytized
leaves {Dawes et al. 1979) to a maximum of

29.7% for leaves rinsed with -distilled
water (Walsh and Grow 1972). The Tlow
value for unwashed 1leaves reflects the

inclusion of sea water salts, and possibly
sediment particles which settle on leaves,
into the total dry weight. Values more
typically range between 10% and 15% of dry
weight.

Dawes and Lawrence (1983) and Durako and
Moffler (1985c) have reported spatial and
temporal variations of protein content.
In Tampa Bay values for Thalassia and
Syringodium varied from 8% to 22% and from
8% to 13%, respectively, with maximum
values occurring in the summer (Table 4).
Thalassia leaves collected in July 1979
from Tampa Bay, Key West, and Glovers
Reef, Belize, showed a significant
increase in protein content from Tampa to
Belize, even though the sites were similar
in depth, salinity, and temperature (Dawes
and Lawrence 1983). If such a latitudinal
trend holds, Thalassia from the Big Bend
area, for which constituent analyses have
not been performed, could have even lower
protein content, and thus lower food
value. Such a decrease in nutritional
value might be reflected in the results of
Kitting et al. (1984), who found that
several seagrass 'detritivores" in the
northern gulf actually derived most of
their nutrition from epiphytes.

The new growth of the basal portions of
Teaves of Thalassia are higher in protein
and lower in 1norganic content (Cawes and
Lawrence 1980). The green 