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by Robin Whaley

Seagrass meadows are highly productive and ecologically important underwater habitats.
Over the past thirty years the Tampa Bay area has been growing into a large industrial area.
Fish and shrimp - the basis of major industries - are beginning to disappear, as is much
of the plant life. Concern over the decline of the bay has begun to trigger more and more
studies of the hows and whys of this problem. These studies have shown seagrass disap-
pearance to be one of the major contributors to the decline of other plant and animal life
of the bay. It is important to prevent further decline and to try to restore the seagrass
meadows. This requires the continuing study of the causes of seagrass meadow decline
and disappearance, and of the changes necessary to improve the present conditions.

It was thought that plants need five
properties to successfully colonize the
seas: the ability to live in a saline
medium, the ability to function while
fully submerged, a well developed an-
choring system, the ability to complete
their reproductive cycle while fully
submerged, and the ability to compete
with other organisms in the marine

environment.

Only a small, closely related group of
monocotyledonous angiosperms - the

seagrasses - have evolved all these.

Worldwide there are 45 species, two
families, and 12 genera of seagrass. In
the Potamogentonaceae family there
are nine genera and 34 species. In the

Hydrocharitaceae family there are three

genera and 11 species. Eelgrass, Zostem
marina, is the most widely spread

species of the northern temperate seas.

Turtlegrass, ThaJassia testudinwn, is the
dominant species in the Caribbean Sea
and the Gulf of Mexico.

Seagrass meadows are highly pro-
ductive, faunally rich, ecologically im-
portant habitats in shallow coastal water

estuaries and salt marshes in tropical
and temperate zones. The complex
structure of the meadows represents
living space and protection from preda-

tion for large populations of inver-

tebrates and fish. Sea grass forms a

binding element, a community frame,

contributing to species diversity, and
therefore, directly or indirectly in-
fluences the surrounding communities,
especially in the shallow coastal waters.
Seagrass meadows influence hydro-
graphic conditions and sediments
profoundly in many areas. They are im-
portant as primary producers. Their
primary productivity is comparable to

the world's best agricultural crops, and

is accomplished without auxiliary

energy additions. One of the paradoxes
of seagrass meadows, however, is that
even though they form one of the most

productive plant communities known,
hardly anything eats them.

Before a more in-depth and special-
ized explanation can be given, some

basic definitions are needed. Production
is the weight of new organic matter

formed, the increase in biomass ob-

served over a period of time, plus any

losses during that period by respiration,

excretion, secretion, injury, grazing, and

death. Primary production is the quan-
tity of new organic matter created by

photosynthesis or the stored energy

which this material represents. Standing

crop is the weight of organic material

that can be sampled or harvested by

The five sea grass species occurring in Tampa Bay
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normal methods at anyone time from

a given area. It generally refers only to
the upper above-sediment portions of
the aquatic macrophytes. Biomass is
the weight of all living material in a unit
area at a given instant. In contrast to
standing crop, biomass includes the en-
tire plant with rooting structure.
The Seagrass Food Chain

The high productivity of seagrass
beds is channeled in three major direc-
tions: detritus food webs within the
grass beds, direct herbivory, and ex-
ported material that is consumed in
other systems either as macroplant
material or as detritus. In near-shore
environments, seagrass blades act as
baffles, slowing water movement and
increasing sedimentation of organic
and inorganic material in the beds.

A tangled network of roots and rhi-
zomesholds this sediment and creates

an organic and nutrient-rich environ-

ment within the fine sediments of the

beds which maintains an active environ-

ment for nutrient recycling. Seagrass is

relatively unimportant as a source of

food in spite of high productivity.

Studies seem to show that the ma-

jority of the daily production of sea.
grasses is made available to the detrital
system. The detritus created by the

seagrass is exploited by a complex

fauna of detritivores. Seagrass detritus

contains a considerable content of

pentosans (pentose sugar gums) and

therefore is not attractive as food for

many invertebrates. On the other hand,

many nutrients are liberated during the

process of complete mineralization,

though this is an inefficient energy
transfer, and microbial activity does
make the energy available to inverte-
brates and phytoplankton. The epi-
phytic algae on the leaves of seagrasses
have also been shown to fix nitrogen,
thus adding to the nutrient pool of the
region. Seagrasses have been shown to
pick 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 from the sedi-
ment. The environment created by the
high standing stock of leaves in most
grass beds provides a large surface area
for the attachment of a diverse sessile
flora and fauna. Various invertebrates,
feeding on seagrass detritus. actually
use the bacterial flora as food, while the

percentage of transfer of energy - ten
percent - succeeds to higher tropic

levels in seagrass beds. Some conclu-

sions can be drawn from this about the

coastal seagrass ecosystems. Sea-

grasses have an extremely high produc-
tivity and rate of growth. The leaves
support large numbers of epiphytic
organisms, often with a biomass equal-
ing that of the seagrass leaves' standing
crop. Few organisms directly graze on
the sea grass leaves; there is some direct
grazing of the epiphytic material, but
the leaves generally die, slough off,
decay, and are consumed as detritus.
Much of this decaying material settles
in the sediment, and this, along with the
decaying root material, aids in the
maintenance of an active sulfur cycle.
The dense leaves slow the water current
near the sediment interface and pro-
mote sedimentation. The root and rhi-
zome systems bind the sediments and,

aided by the leaves, inhibit erosion. It is
implicit that continued high production
implies a high nutrient demand which
results from either rapid dynamic

cycling and efficient utilization of essen-
tial nutrients or well-developed nutrient
fixation or capture.

Only seven seagrass species are
found in Florida waters, and only five of
these are found in Tampa Bay: Thaiassia
testudinum (turtle grass), which is about
40% of the meadows; Syringodium {i-
lifonne (manatee grass), which is about
15%; Halodule wrightii (shoal grass),

which is about 35%; Ruppia maritima
(widgeon grass), which is about 10%;
and Halophila engelmannii (star grass),
which is found infrequently. Turtle grass,
the largest and most robust of south
Florida's seagrasses, has wide, flat
leaves with rounded tips. It has deeper
root structures than any of the other
seagrasses. Manatee grass has thin
cylindrical blades. Shoal grass, which
has thin, flat blades with forked tips, is
an early colonizer of disturbed areas
and usually grows in water too shallow
for other species. Widgeon grass, which
has thin, flat blades resembling shoal
grass but with rounded tips, is a fresh-
water species capable of withstanding
seawater.
Tampa Bay's Problems.

Tampa Bay is the largest open water
estuary in Florida, with 398 square
miles of surface area at high tide. It

has a drainage area of more than 2200

square miles. There are more than 270

species of resident and migrant fish.
Approximately 80 fish species are
found in at least one life stage within the

Tampa Bay estuary, with about 25 of

these species considered to be commer-

detritus is returned unchanged. The
shelter and food provided by the leaves
and their epiphytes are exploited by
many large motile organisms, most
notably echinoderms (e.g., starfishes,
sea urchins), gastropods (e.g., snails),
and fishes. The grazers of these beds are
mainly vertebrates. In tropical waters,
parrotfishes, surgeonfishes, green
turtles, and sirenia (e.g., manatees), are
the main consumers. In temperate
waters, it is waterfowl, and particularly
geese and ducks, but grazing is re-
stricted to the intertidal seagrass beds.
Sea urchins are the main invertebrates,

but they do not seem to be able to

digest the material efficiently. Generally

this seems to be because they do not

possess the enzymes necessary for

breaking down high-molecular carbo-

hydrates. Thus it appears that only a

small portion of the energy stored in

seagrass is transferred to the next

trophic levpl by grazing herbivores.

Adaptations to these problems have

evolved over time. For example, turtles

and dugongs are now known to rely on

symbiotic bacteria for digestion, and

turtle grass-eating fish have special

morphological adaptations which allow

them to grind their food to get access to

the digestible cell contents.

Through the food chain, both direct-

ly and indirectly, seagrass beds control

the populations of the species which

inhabit them and, to a certain extent,

they also control populations of other

species which do not inhabit them.

Therefore, the disappearance or dam-
age of seagrass beds from an area

would cause immediate repercussions

in adjacent communities as well as in

their own communities. An example of

this is the "wasting disease" of Zostera

in the northern Atlantic during the

1930s which killed massive amounts of

seagrass and caused the disappearance

of many organisms that inhabited the

beds. This also affected the Brant goose
and the Canadian goose, which depend
on eelgrass during migration, and, not
finding enough food, their populations
decreased significantly. Although the
connection is only indirect, many fish
species and invertebrates decreased or
disappeared as well. Many species with-
in mangrove, coral reef, and continen-
tal shelf communities are linked with
seagrass beds.

As mentioned before, a relatively low

Even though seagrass meadows form one of the most
productive plant communities known, hardly anything eats
them.



ensure sufficient light penetration,
seagrass beds occur in depths generally
extending from the low intertidal zone

to about six feet. It has been calculated
that between 10% and 50% of the sun-
light striking the water surfaces must
penetrate to the leaves of sea grasses to
ensure sufficient photosynthesis for sur-
vival. Not only do these projects cause
the direct destruction of the seagrasses
at the construction site, but also many
acres of adjacent habitat. The impact of
dredging can be long-lasting since such
disturbance creates sediment condi-
tions unsuitable for seagrass recoloniza-
tion for a protracted period. There are
also secondary effects from turbidity
which may have serious consequences
by restricting nearby productivity,
choking filter feeders by excessive
suspended matter, and depleting oxy-
gen because of rapid utilization of

cially important. Tampa Bay is also one
of the fastest growing metropolitan

areas in Florida.
In the Tampa Bay area, studies have

been done that indicate a loss of
estuarine habitat acreage, including
sea grasses, since the post-World War II

era. Of the three major estuarine habitat

types - seagrass, mangrove, and salt
marsh - the net loss of seagrass in the

Tampa Bay region has been the most

extensive and catastrophic. One of the
first quantitative trend analyses done on
the estuarine wetland habitat of Tampa

Bay was by Lewis, et al., in 1985. They

prepared maps of estimated seagrass

coverage prior to man's impact on
Tampa Bay by examining maps dating
back to 1848. as well as by looking at
aerial photography of Tampa Bay taken
by the Soil Conservation Service be.
tween 1938 and 1942. Comparing the
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bottom was still insufficient for seagrass

growth.

These dredge and fill projects also
deepen the bay, thus causing the sea-
grasses to retreat into shallower waters.
According to a study done in 1984, the

mean depth of Tampa Bay has in-

creased more than 5% during the past
century with an increase of almost 30%

in Hillsborough Bay in upper Tampa

Bay. Most of this increase took place
before 1972 as a result of early channel
projects.

Pollution.
Development of Tampa Bay has also

brought about much pollution which
has contributed to the loss of its
seagrasses. Water quality has been
degraded in much of the bay because of
the current discharge of 190 billion
gallons per year of treated sewage and
industrial wastes, and historical dis-
charges of untreated or poorly treated
wastes (this figure does not include
stormwater discharges). Seagrass com-
munities are sensitive to additions of

nutrients from sewage outfalls or in-

dustrial wastes. Because seagrasses
have the ability to take up nutrients
through the leaves as well as the roots,
a moderate amount of enrichment may
actually enhance productivity, under
certain conditions where waters are well
mixed. Still, no matter how mixed the

waters may be, immediately around

sewage discharge, the area's water

quality would be so reduced that sea-
grasses cannot grow. Also, excessive
growth of microalgae and epiphysis on
the water column due to excess nu-
trients can significantly reduce light
reaching seagrass leaves. In 1973,
Taylor, et ai, found that phytoplankton
productivity increased in Hillsborough

Bay because of nutrient enrichment

from domestic sewage and phosphate

mining discharges. It has been hypoth-
esized that the blooms of macroalgae,
seaweeds which are common on the

bay, can compete with seagrasses for
available light by rapidly growing and
covering existing seagrasses, but the
significance of this is unstudied.
Phytoplankton blooms could contribute
to the problem of turbidity, which could
have an even greater effect on the sur.
rounding grasses. Physiological studies
reveal that seagrasses also suffer when
dissolved oxygen levels are persistent-
ly low, a situation encountered where
sewage additions cause increased
microbial respiration, though turtle
grass is one grass which can usually
completely recover, possibly due to its
ability to store oxygen better than other~

Studies indicate a loss of 81 % of the estuarine habitat

acreage in the Tampa Bay area since World War II.

results to 1981 photo- interpretations
of color aerial photographs, they esti-
mated an 81% decrease from 76,496

acres to 14,203 acres. Over the last
25-year period, seagrasses have de-
clined by 47.37%. This is the net result
of a dynamic interaction between both
natural and anthropogenic factors, not
a simple decline in habitat area over
time.

Tampa Bay and its tributaries are
number one on the list of eight. water
bodies in Florida which deserve prior-
ity consideration for restoration. This
designation was made by the Surface

Water Improvement and Management

program (SWIM) as authorized by the

Florida legislature. This is because not
only have the seagrass meadows in

Tampa Bay been declining, but aLso the

salt marshes and other estuarine com-

munities of the area have declined.
Many factors have contributed to these
declines, and all of them have some

association with the urbanization of
Tampa Bay. These factors include

dredge and fill activities, pollution,
excessive growth of microalgae and
macroalgae, and propeller damage.

Increased development along the
coastlines brings about construction
projects such as piers, docks, seawalls,
causeways, channel deepening, main-
tenance dredging, shell dredging, and
dredging for landfill construction for
residential and industrial development.
These projects cause the burial or ex-
cavation of shallow areas to depths
too great to support seagrasses. To

suspended organic matter. The dredged
sediments are unconsolidated and

readily suspended. in 1984, a study
calculated that the total surface area of
the bay had been reduced by 3.6% due
to the dredge and fill activities. One
study in estuaries near Tampa found no
recovery of either turtle grass or
manatee grass in areas where commer-
cial hydraulic clam dredges had severed
rhizomes or uprooted the plants,
although at one station recolonization
of shoal grass was observed. Between
1950 and 1968 an estimated 3,458
acres of the bay were filled during
projects involving the construction of
causeways and the creation of new

waterfront homesites.

In another study in 1968, undisturbed
areas of Boca Ciega Bay, where luxu-

riant grass grew in sediments averaging

94 % sand and shell, were compared

with the bottom of dredge canals, where

unvegetated sediments averaged 92%
silt and clay. The number of species and
plants found in the canals was com-

pared to earlier studies on the species
in the undisturbed areas of the bay, and
it was discovered that only 20% of the
nearly 700 species of the bay were pre-
sent in the canals. Most of those were
fish that are highly motile and thus not
restricted to the canals during extreme
conditions. Light transmission values
were highest in the open bay away from
landfills, lowest near the filled areas, and
increased somewhat in the quiescent
waters of the canals. However, because
of the depth of the canals, light at the



Between 1950 and 1968, an estimated 3,458 acres of the
bay were filled during projects for causeways and water-

front homesites.

recolonize an area in a short time.
Turtle grass recolonization is much
slower; it usually takes two to five years
to recolonize. Fuss and Kelly in 1969
found that at least ten months are re-
quired for a turtle grass rhizome to
develop a new apex. They found that

these short shoots seem to be sensitive

to environmental conditions. In another
study they found that after 13 months,
40% of transplants back into a central

area had initiated new rhizome growth,

while only 15% to 18% of the plants

showed new growth initiation when

transplanted to disturbed sediments.

Another study reported success with
regeneration from seedlings, but unfor-
tunately seeding of turtle grass in quan-
tity is a sporadic event in south Florida.

In conclusion, the decline of sea-
grasses in the Tampa Bay region is
probably the result of a complex in-
teraction of numerous anthropogenic
impacts. The loss of seagrasses has
been attributed to a reduction of light
penetration to the bottom caused by an
increase in substances in the water col-
umn in recent years. These substances
can include suspended sediment, de-
tritus tannins, and phytoplankton, and
have been caused by dredge and fill
activities, and point and nonpoint

Page 10, The Palmetto, Spring 1990

seagrasses.
Water quality has improved in recent

years, however. The City of St. Peters-
burg eliminated its domestic waste-
water discharge through the use of a
reclaimed water system and deep well

injection. Tampa brought a new ad-

vanced wastewater treatment plant on

line. These two measures were taken

mainly due to a law put into effect that
said that by 1987 all wastewater dis-
charged into the waters must have been
treated.

Other sources of pollution also con-
tribute to the reduction in water clarity.
In the Tampa Bay and North Tampa Bay
areas, other sources of pollution include
the use of herbicides to control aquatic
weed growth, industrial waste including
thermal discharges from power plants,

and nonpoint source pollution. Non-
point source pollution is when rainwater
carries tars and oils from roadways or
fertilizers from home lawns into the

waters. There are 188 municipal and

industrial point source discharges
entering the bay. In the Anclote an-
chorage, thermal and chemical dis-

charges (anti- fouling detergents) from
the power plant were major pollution

contributors.

Prop damage.

Though dredge and fill activities and
pollution are the major factors contrib-
uting to the decline in seagrasses in
Tampa Bay, propeller and trawl damage
has also contributed. In healthy grass
beds that cover large areas, such
damage can be healed rather quickly
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Turtlegrass beds destroyed by propellers usually take two

to five years to recolonize.

and probably is of minor concern. In an
area like Tampa Bay where so much of
the seagrass cover is gone and many

of the existing beds are apparently
stressed, such damage may be dev-
astating. Recreational and commercial
fishing vessels seeking fish, shrimp, and
crabs in the grass beds have produced
extensive areas of propeller damage.
Aerial surveys of the bay have revealed
some concentrated areas of propeller
damage around Mullet Key and Cock-

roach Bay. Although the scarred areas

rapidly fill in with sediment from the

surrounding beds, the sediment is
slightly coarser and has a lower pH and

eH. Recolonization by shoal grass is not

frequently a problem. Shoal grass has

a surficial root and rhizome system that

spreads rapidly. It grows from remain-

ing fragments or from seed, and can

discharges of surface water, sewage, and
industrial waste. Once this stress has
been put on the seagrass meadows,
damage by recreational and commer-
cial vessels cannot easily be repaired.
All the factors affecting the decline have
stemmed directly or indirectly from

the growth and industrialization of the
Tampa Bay area.

Robin Whaley will graduate from St.
Petersburg Senior High School this
spring, and will enter the College of
William and Mary in Virginia in
September: This article is from a thesis
she wrote for the Program for
Academically Talented, authorized by the
International Baccalaureate Office,
Geneva, Switzerland.
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