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Twelve genera of aquatic angio-
sperms are completely adapted to
the marine environment, having a
well-developed  anchoring system
and the ability to function normally
and complete the generative cycle
when fully submerged in a saline
medium (den Hartog 1970). These
seagrasses, which are widespread
throughout the world, rank among
the most productive systems in the
ocean and constitute one of the
most  conspicuous and common
coastal ecosystem types. Eelgrass,
Zostera marina, one of these ('loy-
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‘The Impact of Man on Seagrass

Seagrasses must be considered in terms of their
interaction with the other sources of primary
production that support the estuarine trophic
structure before their significance can be fully

appreciated

ering seagrasses, supports charac-
teristic floral and faunal assem-
blages and forms consistent and
recognizable communities or eco-
systems—regardless of the particu-
lar geographic location or species
structure (Fig. 1).

Because of their shallow sublittoral
and to some extent intertidal exis-
tence, seagrass systems are subject
to stresses imposed by man’s ever-
growing use of the coastal zone.
Our continued multiplicity of de-
mands upon estuarine and coastal

environments as producers of food,

avenues of transportation, recep-
tacles of wastes, living space, and
sources of recreational or esthetic
pleasure makes it imperative that

we understand the functioning of

these near-shore ecosystems. This
knowledge is essential to enable

_proper evaluation of the respective

roles of the various ecological com-
ponents of the system, so that we
can manage this environment wise-
ly and derive the maximum bene-
fits from each of the components.

The true importance of seagrass
meadows to coastal marine ecosys-

‘tems is not fully understood and is

generally underestimated. The sci-
entific literature on seagrass sys-
tems is extensive, and this paper
makes no pretense of a complete re-
view. Rather, what is attempted
here is a brief and concise evalua-
tion, on the basis of existing infor-
mation, of the probable value of
seagrass communities to man’s
total ecosystem and the impact of
man’s varied activities upon sea-
grass communities, with special ref-
erence to Zostera marina communi-
ties. For comprehensive reviews of
seagrasses and research on these
systems see den Hartog (1970), Zie-

i

man (1970), McRoy (1973), and
Phillips (1974).

It is in the context of the total estu-
arine system that man’s impact
upon seagrass communities must be
evaluated. The ways that eelgrass
acts to affect the function of estua-
rine ecosystems may be summa-
rized according to the scheme es-
tablished by Wood, Odum, and
Zieman (1969) for seagrasses in
general:

1. Eelgrass has a high growth rate,
producing on the average aboul
300-600 g dry weight/m2/year, not
including root production.

2. The leaves support large num-
bers of epiphytic organisms, with a
total biomass perhaps approaching
that of the grass itself,

3. Although a few organisms may
feed directly on the eelgrass and
several may graze on the epiphytes,
the ‘major food chains are based on
eelgrass detritus and its resident
microbes.

4. The organic matter in the det-
ritus and in decaying roots initiates
sulfate reduction and maintains an
active sulfur eycle,

5. The roots bind the sediments to-
gether, and, with the protection af-
forded by the leaves, surface ero-
sion is reduced, thereby preserving
the microbial flora of the sediment
and the sediment-water interface.

6. The leaves retard currents and

Figure 1. Beds of the temperate sengrass
Zostera marina (eelgrass) in the' Newport
River estuary, Beaufort, N.C., stabilize the
sediment and provide protection and food for
4 vast variety. of invertebrates, fish, and
shore birds. (Photo by Herb Gordy, AEFC.)
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increase sedimentation of organic
and inorganic materials around the
plants.

7. Felgrass  absorbs phosphorus
both through the leaves and the
Toots; it may be that the phospho-
rus absorbed through the roots is
released through the leaves, there-
by returning phosphate from sedi-
ments to the water column (McRoy
and Barsdate 1970). Nitrogen also
is taken up by the roots and trans-
ferred to the leaves and into the
medium  (McRoy and Goering
1974).

In addition to these intricate ecolo-
gical functions, dried eelgrass
leaves have been used by man as
fuel, packing and upholstering ma-
terial, insulation, fodder, and fertil-
izer, but the manufacture and use
of eelgrass products have been local
and intermittent.

Temperate eelgrass
communities

Eelgrass occurs throughout the
Northern Hemisphere in temperate
marine coastal waters and is very
important to the trophic function
and overall productivity of the
coastal zone. On the Pacific coast
eelgrass communities are found
from Port Clarence, Alaska, to Agi-
opampo Lagoon, Mexico (Phillips
1972); on the Atlantic coast eel-
grass extends from Greenland to
Cape Fear, N.C. Zostera is abun.
dant along the English coastline,
the Danish coastline, the Spanish
coastline, along the northern Medi.-
terranean coast into the Black Sea,
in the Baltic and White Seas, and
along much of the coastlines of the
Yellow Sea and Sea of Japan. Den
Hartog (1970) and Phillips (1972)
have described the distribution of
this species outside North America,
and den Hartog noted that, al-
though eelgrass probably is the best
" known of the marine angiosperms,
there are only a small number of
thorough studies on its ecology.

Eelgrass tolerates for brief expo-
sures a wide range of salinities and
temperatures—from about 10-40
%o (parts per thousand) and
0-40°C. Conditions conducive for
growth and reproduction, however,
are probably restricted to 10-30 %o
and 10-20°C. The plant flowers
only when the temperature is above

9-15°C, and seed germination is
optimal at salinities of 4.5-9 %o
(Arasaki 1950: Phillips 1974). Ara-
saki, however, noted that a salinity
range of 23-31 Y%, is optimal for
vegetative growth of eelgrass in
Japan. All studies to date appear to
be merely descriptive rather than
experimental, and interactions of
temperature and salinity have not
been evaluated. Zieman (1970) has
suggested that there is a temper-
ature-salinity interaction for Thql-
assia testudinum, a tropical sea-
grass commonly called turtle grass
(see Fig. 2). His work has shown
that Thalassia is able to tolerate
low salinities at low environmental
temperatures but is unable to with-
stand low salinities when water
temperatures are high. This also
may be true for Zostera and other
seagrasses. The effect of photoper-
iod has not been determined in
conjunction with temperature and
salinity,

The depth distribution of seagrass-
es depends upon a complex of in-
terrelated ecological considerations:
depth, waves, currents, substrate,
turbidity, and light penetration,
Mean low water is a realistic effec-
tive upper limit for most seagrasses
regardless of other factors, but the
lower limit is probably established
by a combination of minimum light
intensity required for growth and
presence of suitable substrate:
Seagrasses may grow at 20-30 me-
ters depth in clear water but be re-
stricted to depths of less than one
meter wheré wave action continual-
ly stirs up the bottom, producing
high turbidity. Seagrasses can be
found on many substrates, from
coarse sand to almost liquid mud,
but the normal substrate s a8 mix-
ture of mud and sand in which a
reducing environment prevails be-
neath the oxidized sediment sur-
face, McRoy (1973) and Phillips
(1974) have indicated that much
more research is necessary on sub.
strates, since it appears that sea.
grasses condition the substrate and
become an integral part of it. Alter-
ation of the substrate may render it
unfit for continued colonization by
seagrasses.

Productivity of seagrass systems

has been widely measured, espe-.

cially that of Zosterq marina and
Thalassia testudinum communities,
Values for annual production of

Thalassia range’ from 200 gC
(grams of carbon) per m? to 3,000
gC/m2, and annual values for Zost-
era range from about 5-600 gC/m?
(Phillips 1974), Representative an-
nual production values for eelgrass
are 581 g dry weight/m? for Puget
Sound, Wash. (Phillips 1974), and
10-58 g dry weight/m? for Great
Pond, Mass. (Conover 1958). Re-
cent studies at Beaufort, N.C.
(near the southern edge of Zostera's
range on the Atlantic coast), indi-
cate mean annual production of
about 340 gC/m? or about 690 g
dry weight/m? (Dillon 1971). Asso-
ciated with the Zostera in these
grass beds are Halodule and Ecto-
carpus, which together contribute
an additional 300 gC/m2 annually
(Dillon 1971).

Thus, on an areal basis, Thalassia
and Zostera beds are more produc-
tive than the world averages for
cultivated corn (412 gC/m?2) or rice
(497 gC/m?) or the U S. average for
hay fields (420 gC/m?) or tall-grass
prairie (446 gC/m?) (Odum 1959).
These seagrass production rates are
higher, on an areal basis, than phy-
toplankton production in upwelling
areas off Peru (Ryther 1969), one of
the most productive sea areas in
the world. Seagrass production is
supplemented in these communi-
ties, or in estuaries in general, by
the production of benthic microal-
gae, macroalgae, epiphytes, phyto-
plankton, and shore-based vegeta-
tion such as salt marsh,

Petersen (1918) recognized the im-
portance of eelgrass to ecosystem
function over half a century ago,
when he attempted to synthesize a
model of the trophic relations of the
Kattegat region of Denmark. His
calculations were made from avail-
able estimates of fisheries produc-
tivity, gut content analyses, data
on the occurrence of other orga-
nisms, and, where necessary, an as-
sumed 10% relationship between
standing crops of succeeding tro-
phic levels (see Fig. 3). The as-
sumed conversion efficiency was
not rigorously examined, nor were
the standing crops of all species ac-
tually measured, and, most impor-
tant, secondary production of the
lower trophic levels and primary
produgtivity of the plant compo-
nent (though discussed and recog-
nized as significant) were either not
measured or not employed in the
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tum; and tomtate (small striped figﬁ),-Ba-
thystoma aurolineatum. (Photo by rDo‘ugl“as_
Wolfe, AEFC.) 2

Figure 2. Tropical turtle grass, Thalassia
testudinum, in Puerto Rico offers shelter and
food for sea urchins, Diadema antillarum;
four-eye butterfly fish, Chaetodon capistra-

calculations. Nonetheless, Peter-
sen’s calculations suggested that
cod and plaice were dependent
upon the Zostera community for
food resources. Petersen’s model
was tested in the 1930s when there
was a sudden decrease in Zostera
abundance throughout much of its
geographic range. Although this
drastic decline did not result in as
great a decrease in bottom fishes in
the North Atlantic as would have
been predicted from Petersen’s cal-
culations, Milne and Milne (1951,
p. 53) stated that undoubtedly the
eelgrass catastrophe caused a major
decline in these fishes.

Since 1969, researchers at the At-
lantic Estuarine Fisheries Center
have been evaluating the trophic
dynamics of a newly established
eelgrass community near Beaufort,
N.C. Their data on standing crops,
summarized in Figure 4, have indi-
cated that the majority of the anj-
mals collected depend upon plant
and detrital material which is most

likely produced within the bed or at
least entrained within the bed
(Adams 1974; Thayer et al., in
press). Further, their data suggest
that for the macrofaunal communi-
ty (epifauna, infauna, and fish)
about 12% of the food energy con-
sumed by the organisms is utilized
for the production of their new tis-
sue; the remaining food energy con-
sumed is either excreted or lost
through metabolic processes.

Marshall (1970) noted that ap-
proximately two-thirds to three-
fourths of the Zostera decays into
the sediment annually and that on
southern New England shores Zost-
era, its epiphytes, and macroscopic
algae contribute 125 gC/m2/yr as
detritus. Thayer et al. (in press) in-
dicate that as much as 45% of the
plant production in eelgrass beds in
North Carolina estuaries -may be
carried to adjacent systems, thus
supplying  detrital material to
them. These eelgrass systems also
maintain larger populations of in-

vertebrates and fishes than the ad
jacent estuary.

Of special importance is the recog-
nition that, although the eelgrass
community represents a distinct
faunal assemblage, it is still only
part of the overall estuarine system.
and the primary production of phy-
toplankton, benthic macroalgae
and epiphytes, and shore-based
plants supplements the eelgrass to
support not only the fauna of eel-
grass communities but the faunal
assemblages in other estuarine ha-
bitats as well (Fig. 5). Williams
(1973) has estimated that in the
shallow estuarine system near
Beaufort eelgrass (though occupy-
ing only 17% of the estuarine area)
supplies 64% of the combined total
production of phytoplankton,
smooth cordgrass (Spartina alterni-
flora), and eelgrass in this estuarine
system; phytoplankton and cord-
grass supply 28% and 8% of the
total, respectively (see Fig. 7).
Ferguson and Murdoch (in press)
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estimated that benthic microalgae
account for about 6 gC/m?/yr, or
only 3% of the total, with the per-
cent contribution to the total of
other sources being only slightly re-
duced. We have no information on
organic production by macroalgae
‘and the availability of dissolved or-
ganic material .

The detrital material which is ex-
ported from the grass beds prob-
ably is significant to the trophic
function of estuarine complexes.
Further, fishery organisms from
this estuarine system utilize most
of the primary productivity, based
on best available estimates of tro-
phic structure and efficiency (R. B.
Williams, unpubl.). By far the pre-
dominant trophic pathway in this
estuarine system is eelgrass (plus
algae and Spartina) + detritus (in-

cluding its associated microbial
community) » herbivores — carni-
vores.

Environmental
influences

Despite the extensive studies on
seagrass productivity and on the
temporal and spatial variability in
hiological composition of seagrass
communities, little is known of the
general  principles of ecosystem
function and the factors controlling
the “ecological success’ of the com-
munity. As a result, subtle changes
which may be caused by human ac-
tivities generally pass unnoticed or
are ascribed to “*natural variation,”

directly
to fish
1 indirectly
ee’grass to fish
(24,000,000 tons)

Figure 3. In 1918 C. J. G. Petersen estimat-
ed the relationship among standing crops of
organisms supported by the eelgrass system
in Denmark. Herbivores used directly as

and only gross changes, such as
total destruction of a bed, are de-
scribed in the literature. Even then,
direct causal relationships are not
always established.

The species diversity of the com-
munity, together with temporal
and spatial variation of biomass,
render the seagrass community it-
self difficult to describe. When this
dynamic community is considered
as an integral part of the larger,
complex estuarine ecosystem to
which it belongs, it is not easy to
design and carry out sampling pro-
grams adequate to define the ef-
fects of man’s activities. Until re-
cently, the need for such elaborate
ecological research was not recog-
nized.

Of the several human activities
which affect, or can be inferred to
affect, success of seagrass com-
munities in estuarine and coastal
ecosystems, only a few have so far
been documented as actually being
deleterious. In general, dredging
and other disturbances of the bot.
tom sediments or sedimentation
rates can destroy several seagrass
species. Additions of toxic materi-
als have been shown to affect ani-
mal components of seagrass com-
munities but not the seagrass itself;
thermal wastes have been shown to
affect’ both the animal components
and, in the case of Thalassia, the
grass itself. Commercial fishing on
seagrass bottoms, like dredging,
can disrupt the growth of the

plants. Although commercial har-
vesting of seagrasses is obviously an
important influence, discussions of
harvesting generally are concerned
with production and profits, not
with effects on the resource. All the
potentially deleterious effects di-
rectly result from uncontrolied de-
velopment in the coastal zone to
satisfy the increasing needs of ah
expanding human population with
an internally perpetuating value
system originally developed under
radically different ecological and
technological constraints.

All seagrass beds appear to overlie
anaerobic sediments, Thus dredg-
ing not only increases suspended
material and accelerates sediment
deposition but also causes changes
in the redox potential of the sedi.
ment. Under these conditions eel-
grass density may be reduced con-
siderably. It is not known whether
the reduction is caused by direct
smothering of the grass, by de-
crease in available light due to in.
creased turbidity, by a change in
the redox potential of the surface
sediment by rapid addition of oxi-
dized materials, or by toxins re-

leased from the suspended sedi-
ments,

Odum (1963) studied the ecological
effects of dredging on Thalassia and
Diplanthera (Halodule) beds. Dur-
ing dredging, light penetration was
much reduced and the productivity
and chlorophyll content of the
grasses diminished. During the fol-

—— halibut, flounder,
herbivores and plaice (5,000)
(200,000)
' larger predatory crustaceans,
gastropods, etc. (50,000)
plankton (70,000)
herbivores starfish (25,000) s=3» cod (8,000)
(800,000)

small fish (10,000)

herring, etc. (7,000)

ducks, brant, geese, etc. (5,000,000)

food for larger forms are small herbivorous
animals eaten directly by.the food fish such
as halibut, flounder. and plaice; those used
indirectly are consumed by crustaceans,

small fish, etc., which in turn are utilized
by tood fish such as cod. Tons are nonme-
tric. (Data from Petersen 1918 and Milne
and Milne 1951y
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lowing growing season, in areas not
smothered by silt, however, plant
production and chlorophyll content
were greater than during the pre-
dredging and dredging periods. The
enhanced growth was attributed to
redistribution of dredge spoil and,
thus, possible increased availability
of mineral nutrients,

Wood (1959) found that after re-
moval of Zostera the bottom sedi-
ment became oxidized, and recov-
ery of eelgrass was impaired. Odum
(1963) noted that Thalassia was
killed when buried beneath 30 cm
of dredge spoil in Redfish Bay,
Texas. Small Zostera areas cleared
by hand, however, recovered com-
pletely within one season (Marshall
and Lukas 1970). Briggs and
O’Connor (1971) found that areas
of Long Island Soupd which had
been used for deposition of dredge
spoils lacked vegetation, especially
eelgrass, though it was abundant at
nearby sites where the bottom was
undisturbed,

Clearing agricultural lands and
channeling streams, thereby in-
creasing the rate of erosion and
thus causing high inputs of sedi-
ment into estuaries and coastal
areas, might have effects on eel-
grass similar to those noted for
dredging. Stream diversion, on the
other hand, would decrease input of
freshwater and suspended sedi-
ments, with the probable net effect
of increasing water clarity and pro-
moting upstream penetration of sa-
line waters. This might enhance the
establishment of eelgrass over a
wider area but, in other instances,
might decrease the distribution of
other species. For example, mana-
tee grass, Syringodium filiforme, is
found in Anclote Anchorage, Flori-
da, only in areas where there are
significant amounts of freshwater
runoff.

The potential deleterious effect of
freshwater diversion lies not only in
decreased salinities but also in the
accompanying diversion of mineral
nutrients—nitrogen and phospho-
rus—usually introduced into estu-
aries in the freshwater runoff. Simi.-
larly, stream channelization pro-
motes runoff and thereby decreases
retention of detritus and valuable
mineral nutrients, both in the agri-
cultural lands of the coastal zone
and in the recipient estuaries.

The Impact of Man on Seagrass Systems

The addition of waste materials to
estuarine ecosystems usually im-
pinges more directly upon the ani-
mal components than upon the pri-
mary producers. The effects of pes-
ticides and chlorinated hydrocar-
bons (Risebrough 1971), heavy
metals (Merlini 1971), and petrole-
um derivatives (Radcliffe and Mur-
phy 1969) have been well docu-
mented for many types of marine
organisms, but their direct effects
on eelgrass or other seagrasses are
generally unknown. Studies by Par-
ker (1962, 1966) have shown that
sediments and Thalassia constitute
the prime reservoirs for isotopes
added to the system and that there
can be a rapid flux between these
two system constituents, Likewise,
dissolved copper is removed from
the overlying water by either the
sediment or Zostera (Barsdate, Ne-
bert, and McRoy, in press).

Other environmental
disturbances

Spillage of crude oil from ship traf-
fic in the English Channel was im-
plicated as the cause of widespread
reduction of eelgrass in England in
the early 1930s (Duncan 1933), but
a direct causal relationship was not
established. On the south coast of
Puerto Rico, however, oil spillage
was shown to produce lasting dam-
age to the tropical seagrass Thal-
assia (Diaz-Piferrer 1962). The role
of seagrasses or their detritus in ac-
cumulating pesticides, PCBs, heavy
metals, or petroleum derivatives
and transferring these pollutants to
other, more sensitive trophic levels
has not been investigated, and ljt-
erature showing other direct effects
on seagrasses could not be found.
Since eelgrass is capable of anaero-
bic respiration (McRoy 1966), di-
rect effects of municipal organic
wastes, other than those ¢f sludge
deposition, may be negligible ini-
tially. However, the length of time
the plant can tolerate anoxic condi-
tions is not known, especially under
the decreased light penetration that
may accompany discharges of sew-
age.

Since most seagrasses undergo nor-
mal seasonal fluctuations in pro-
duction and abundance which are
in part related to water tempera-
tures, thermal pollution can have a
critical effect. Numerous investiga-
tors (see Zieman 1970) have found
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that Thalassia production shows a
strong temperature dependency be-
tween 23-29°C and declines rapidly
above 30° and below 20°. Data col-
lected by Setchell (1929) from Mt
Desert Isle, Maine, suggest that
5-17° is the normal temperdture
range for Zostera and that above
20° it undergoes heat rigor. Dillon’s
studies (1971), however, indicate
that near its southern boundary
(Beaufort, N.C.) the upper temper-
ature limit for Zostera is more
nearly 30° and that temperatures
above this are lethal to the plant.
Thayer et al. (in press) have indj-
cated that Zostera in the Newport
River estuary near Beaufort hegan
to die off when the temperature
reached approximately 28° in Ay.
gust. Thus, there are upper and
lower tolerance limits beyond which
Seagrasses may be destroyed, and
their thermal limits may differ be-
tween north temperate and south
temperate regions.

Discharges of heated water, thdugh
not documented for Zostera, are
known to destroy tropical seagrass
beds. At Turkey Point, in Biscayne
Bay, Fla., Thalassia disappeared
seasonally from the immediate vj-
cinity of the thermal plume at the
mouth of the discharge canal of the
power station (Zieman 1970); there
was also a loss of invertebrate
fauna associated with the beds. Ko-
lehmainen, Martin, and Schroeder
(in press) have recorded decreased
biomass of Thalassia in the area of
the thermal plume issuing from a
fossil-fuel power-generating plant in
Quayanilla Bay, Puerto Rico, hut
were unable to determine whether
this decrease resulted from elevated
temperatures or increased scouring.
Phillips (1974) *warns that heated
water released into eelgrass habi-
tats could disrupt the reproductive
cycle of Zostera, presumably inter-
fering with the normal tempera-
ture-dependent periodicity of flow-
ering and germination.

Effects of ionizing radiation are un-
known, since background radiation
levels have not been increased sjy-
nificantly in the environment, ex-
cept perhaps at the Pacific Proving
Grounds, where the effects of ele-
vated radiation were accompanied
and overshadowed by the effects of
blast and massive sedimentation.
As mentioned earlier, Parker (1962,
1966) has indicated that Thalassia
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Figure 4. Left: Relation among standing
crops and detritus in a 20,000 square meter
eelgrass bed in the Newport River estuary,

takes up radionuclides, but sea-
grasses accumulate radioisotopes
only to low levels (Polikarpov
1966), and the major role of sea-
grasses would be in conveying ra-
dioisotopes to other organisms in
the community. Again, the efficien-
cies of these food-chain transfers
simply are not yet known,

The activities of commercial fisher-
men using bottom trawls in the
bays, sounds, and estuaries fre-
quently conflict with the success of
eelgrass and, consequently, of bay
scallops. In North Carolina, where
bay scallops generally occur in con-
junction with eelgrass, scallops are
usually harvested by bar dredges'
(25 kg maximum dredge weight)'
and hand rakes. Both methods up-
root the grass, but dredging does so
over large areas. Not only is the
grass uprooted but the bottom sedi-
ments are stirred up, promoting ox-
idation of the sediments so that re-
colonization of Zostera—and bay
scallops—probably is  impeded
(Thayer and Stuart 1974). On the
Pacific coast, eelgrass renders oys-
ter harvest difficult in many areas
and may promote sedimentation to
the extent that oysters cannot sur-
vive. In areas where oysters are of
commercial interest, therefore, eel-
grass is considered a pest that must
be controlled (Thomas and Duffy
1968).

Esthetics are difficult to relate to
other human activities or to the
value of the seagrass community,
Water-oriented recreation, with the
exception of recreational fishing,
however, is relatively incompatible
with seagrass. Swimming beaches

0.04 g/m*

1.33 g/m?

Beaufort, N.C. Right: Standing crops of ani-
mals in the ‘eelgrass bed. Plants and de-
tritus are in dry weights; animals in ash-free

are made less attractive by the
presence of a high-tide drift row of
decaying grass, and water-skiing or
swimming is unpleasant 'over the
soft, muddy sedimentary bottoms
characteristic of seagrass beds. The
notion still prevails that the grass
will pull people under. Fishermen,
however, are cognizant of the im-
portance of these grass beds for
crustaceans, molluscs, and fishes.
Numerous investigators have shown
that seagrass beds generally have a
denser faunal community than ad-
jacent unvegetated bottoms. To
those who view “naturalness” as an
ideal state, seagrass meadows have
a distinct esthetic value—attested
to by birdwatchers and photogra-
phers—but this appreciation is cur-
rently enjoyed by only a small mi-
nority,

Consequences of seagrass
destruction

The ecological consequences of
seagrass destruction have been ex-
tensively documented during and
since the sudden and drastic de-
cline of eelgrass stocks on both
sides of the Atlantic Ocean during
the 1930s. Along most areas of the
U.S. coast 99-100% of the standing
stocks of eelgrass were destroyed in
one year (Moffitt and Cottam
1941). This disturbance was char-
acterized as ‘“‘wasting disease”
(Renn 1936), but its direct cause is
still subject to question. The de-
cline of fauna dependent upon Zos-
tera was widespread, from small
epifauna and infauna to fishes and
waterfowl (Phillips 1974). These or-
ganisms are dependent on Zostera
for food (detritus and its associated

macroinvertebrates

omnivorous fishes —%"

.- \ detrital-feeding
«.. \macroinvertebrates

. macroinvertebrates
‘:67 8/m? _

dry weight. (Data from Thayer et al., in
press.)

microbes, epiphytes, or epifauna),
sediment stabilization, and protec-
tion afforded by the grass blades
themselves. Perhaps the best docu-
mentation is in the literature on
the sequence of events near Woods
Hole, Mass. (Allee 1923; Dexter
1950). As the eelgrass declined,
most of the animal species charac-
teristic of the community disap-
peared. Many years later, when eel-
grass became reestablished in limit-
ed areas, the entire community
reappeared, but only in those areas
where eelgrass was found.

Man'’s destruction of grass beds has
often had similar effects. Flemer et
al. (1967) noted a 71% reduction in
average number of organisms in a
Chesapeake Bay spoil area after
dredging ceased. The area was soon
repopulated by Solen viridis (green
razor-shell clams), but thereafter
population changes were erratic
and total benthic biomass declined.
Briggs and O’Connor (1971) noted
that the diversity and density of
species of fish generally decrease
when vegetated areas are covered
by dredge spoil. They further
pointed out that some species may
be entirely eliminated as a result of
destruction of natural vegetation
that provides both food and cover. |

Taylor and Saloman (1968) esti-
mated that the destruction of 1,100
tonnes (metric tons) of seagrass,
primarily Thalassia, by burial and
removal during dredging of Boca
Ciega Bay, Fla., resulted in the im-
mediate loss of approximately 1,800
tonnes of infauna. They also estj-
mated that at least 73 tonnes of
fishery products and 1,100 tonnes of
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Figure 5. Left: Relation among standing
crops (in terms of carbon) of organisms in the
400 square kilometer estuarine system

macroinvertebrate infauna were
lost annually as a result of the
dredging. This estimated loss of
fishery production was based on
standing crops of fishes collected in
Texas grass beds, fish production
estimates for Gulf coast estuaries,
and the assumption that these
values were representative for fishes
utilizing grass beds in Boca Ciega
Bay; macroinvertebrate production
estimates were based on biomass
data for the bay and an assumed
invertebrate-production-to-biomass
ratio of four.

Thus, the basic direct value of
seagrass to its community is well
established: and the potential value

to top carnivores in the estuarine:

ecosystem can be estimated. These
estimates must be put in a broader
context, however, to enable proper
evaluation of the real benefits of
seagrasses to the estuarine ecosys-
tem. We must consider the propor-
tionate role of seagrasses in the en-
.ergetic scheme of all estuarine and
‘coastal productivity, upon which
most of the fishery organisms used
'by man depend during some stage
of their development. '

In the area of Beaufort, productivi-
ty of eelgrass, phytoplankton, and
cordgrass  (Spartina alterniflora)
has been evaluated; preliminary es-
timates of standing crop on a sea-
sonal basis are available for benthic
macroinvertebrates, zooplankton,
-and fish; and annual commercial
yields of fish and shellfish are avail-
-able (see Fig. 5).

Apreliminary synthesis of the troph-
fc structure (R. B. Williams, un-

The Impact of Man on Seagrass Systems

14 gC/m?2/yr

hytoplankton
.1 gC/m2

near Beaufort, N.C. (Data from R. B.
Williams, unpubl.) Right: Organic production
(in terms of carbon) by the major plants in

publ.) suggests that a mean ecolog-
ical efficiency of about 20% is re-
quired from the calculated sources
of primary production to the annu-
al production of fishery spécies in
the Beaufort estuarine system
—that is, an average of 20% of the
material consumed at each trophic
level is converted to tissue by the
consumer organism., Respiration
may account for about 75% of the
assimilated energy for herbivores
and detrital-feeding invertebrates
(Teal 1962) and about 90% for fish-
es (Mann 1965; Adams 1974). Since
assimilation may range from
20-60% of consumption for inverte-
brates (Miller and Mann 1973) and
is about 80% for fishes (Mann
1965), most of the primary produc-
tion is ultimately channeled into
organisms used by man. While it is
difficult to evaluate the utilization
of different sources of primary pro-
duction separately, the combined
sources appear related directly to
the fishery output of this estuarine
system,

The relative contributions of sea-
grass would obviously vary between
systems and species of seagrass, but
the magnitude of Williams's esti-
mate (64% of total productivity)
suggests the importance of eelgrass
to the total estuarine ecosystem.
Synergism further amplifies the
role of Zostera: loss of the seagrass
results in increased turbidity which
decreases the productivity not only
of remaining Zostera but also of
phytoplankton and benthic algae.
On the other hand, redistribution
of bottom sediments mav enhance
productivity by increasing avail-
ability of mineral nutrients. The

8mooth cordgrass .uge-
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the estuarine system. (Data from Williams
1973.)

relative effects pf these processes
cannot now be quantified, but they
should be considered carefully in
developing priorities for man's ulti-
mate use of the coastal zone, ’
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