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Introduction

Seagrass beds are common coastal zone features in the oceans of the
world, They form highly productive systems, in protected shallow
waters, with diverse assemblages of organisms. Seagrasses are the one
major community type held in common by both temperate and tropical
seas. Such identity provides the possibility that the organisms inhabiting
temperate and tropical seagrass beds have becn subjected to similar selec-
tive pressures and that our knowledge of one may be relatively easily ex-
tended in fact or by analogy to the other.

In nearshore environments, seagrass blades act as baffles slowing
water movement and increasing sedimentation of organic and inorganic
material in the beds (Wood er al., 1969; Zieman, 1972). A tangled net-
work of roots and rhizomes holds this sediment and creates an organic
and nutrient-rich environment within the fine sediments of the beds. This
resource is exploited by a complex fauna of detritivores. The high pro-
ductivity of seagrass beds is channeled in two major directions, i.e., to
the detritus food chain and to direct consumers. In addition there isa
considerable export of organic material to other systems. The quan-
titative details of these pathways are just beginning to be known, but the
seagrass beds are largely detrital systems. The environment created by
the high standing stock of leaves in most grass beds provides a large sur-
face area for the attachment of a diverse sessile flora and fauna while the
shelter and food provided by the leaves and their epiphytes are exploited
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by many large motile organisms, most notably echmoderms gastropods,
and fishes,

o Inthe tropics, seagrass beds are prominent features in the Indo-Pacific

7 ” and the Caribbean. With the possible exception of the Indo-Pacific
seagrass beds “of Madagascar ‘and the Seychelles (Kikuchi and Péres,
1973; Taylor and Lewis, 1970), tropical seagrass communities have been
most thoroughly studied in the Caribbean and adjacent waters, especially
Florld,a _While the studies of the two major regions are not equally ad-
vanced, a major difference between them is beginning to emerge. Carib-
bean seagrass beds are apparently unique for the number and variety of
organisms feeding exclusively or nearly exclusively on the grasses and
their epiphytes (Kikuchi and Pérés, 1973; Ogden, 1976). For this reason a
major portion of this chapter will be devoted to the role of macrocon-

sumers in Caribbean seagrass beds,

Caribbean Seagrass Beds

Caribbean seagrass beds are generally mixed associations of three
seagrass species. The dominant species is turtle grass, Thalassia
testudinum Konig (Phillips, 1960; den Hartog, 1970). Manatee grass
Syringodium filiforme Kutzing and shoal grass Halodule wrightii As-
cherson are commonly found in lower abundance in beds of Thalassia. A
fourth geaus, Halophila, including the species decipiens and baillonis, is
generally not present in mixed beds of the above species, but i~ found in
turbid shallow waters, or as deep as 50 m or more in dense beds in clear
water. A successional sequence is recognized, involving these three major
species of seagrasses, which runs from Halodule to Syringodium to
Thalassia (den Hartog, 1970). This sequence can often be seen from the
edge to the center of established seagrass beds or during the recovery
phase of damaged seagrass beds. It must also be noted that in the Ameri-
can tropics there is a pronounced latitudinal gradient in the development
of seagrass beds. This gradient is not completely vnderstood, but in-
volves seagrass community structure, extent and importance of ties to
surrounding communities, and number of direct consumers of sea-
grasses. Generally, the complexity of the seagrass community increases
from the subtropics to the tropics.

COMMUNITY STRUCTURE AND SPECIES COMPOSITION

The high productivity of the seagrasses sustains a complex association of
organisms, including a rich resident epifauna and infauna as well as more
mobile forms, both pelagic (e.g. fishes, turtles, and some shrimps) and
benthic (e.g. crabs, some shrimps, large gastropods), whose abundance
and activity may vary conspicuously on & daily or seasonal basis. Many
of the smaller resident benthic forms are microphagous feeders, taking
particulate organic material, living and dead, either suspended in the
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water or present as surface deposits (e.g. bivalve molluscs, gastropods,
ascidians, and such polychaetes as serpulids, sabellids, terebellids, and
pectinariids).

Species lists accompany most works dealing with seagrasses and their
associated animal populations. In Florida, invertebrate species lists have
been provided by several authors (Voss and Voss, 1955; Bloom ef al.,
1972; Dragovitch and Kelly, 1964). Hooks et al. (1976) provide a list of
epibenthic macroinvertebrates from both a polluted estuary and an un-
polluted estuary in northwestern Florida, while Santos and Simon (1974)
provide a systematic and trophic-type species list of the polychaetes of
Tampa Bay. Other lists include those of Rodriguez (1959) in Venezuela,
Orth (1971) in Bermuda, Heck (1977) in Panama, and Jackson (1973) in
Jamaica. The latter suggests  that the species listed comprise the great ma-
jority of infaunal and semi-infaunal bivalve species to be found in the
shallow water Thalassia communities of ‘the Caribbean.” Studies con-
cerned primarily with fishes have also yielded lists (Reid 1954; Sykes and
Finucane, 1966; Carr and Adams, 1973). Randall (1967) provided a large
species list of coral reef fishes some of which are closely associated with
nearby grass beds. Tabb and Manning (1961) and Tabb e al. (1962) pro-
vide an extensive list of species (both fishes and invertebrates) present in
northern Florida Bay, while Brook (1975) accumulated a large species list
of invertebrates and fishes present in the Thalassia beds of Card Sound,
Florida.

Diversity and abundance are basic parameters of community struc-
ture, and have been measured in a number of seagrass habitats. Brook
(1975) noted a seasonal trend in diversity of invertebrates in a subtropical
Thalassia bed. Diversity was highest in November followed by a low in
June while abundance demonstrated almost the reverse pattern. Heck
(1977) also noted seasonality of invertebrate abundance in Panama. Orth
(1971) found diversity of infauna higher in Thalassiz beds than in adja-
cent bare sand arcas. Jackson (1972) found diversity of a shallow water
Thalassia mollusc community to increase on an offshore transect and
assumed that this trend was due to increasing stability. Greater abun-
dance was reported inshore than offshore. Roessler and Zieman (1969)
and Thorhaug er al. (1973) report dlversxty ‘and abundance of algae,
seagrass and animals reduced in the region of heated effluent entering
Biscayne Bay. Hooks ef al. (1976) noted that diversity of a Thalassia
community did not significantly vary with pulp mill pollution but that
abundance was greatly reduced.

Foop Cuams AND ENE®GY FLOW

It is estimated that a large percentage of the Thalassia blade production
enters the detrital food chain (Wood ef al., 1969). There are essentially
two pathways leading to detritus. First, the leaf may remain on the plant
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until it falls off and is broken down over a period of months by bacteria
and fungi which have the capability of digesting the cellulose structure of
the leaf, Second, the leaf may be consumed by a large herbivore which
digests its epiphytes and cell contents, but is unable, through a lack of
cellulose-digesting enzymes, to break down the leaf structure. The frag-
mentation of the leaf in feeding and subsequent defecation, however, un-
doubtedly speeds the breakdown process by bacteria in the sediments.
Our knowledge of both of these pathways is minimal.

Dense populations of bacteria arc associated with Thalassia
(Burkholder er al., 1959). These bacteria form a major source of food for
detritus feeders living within the sediments (Fenchel, 1970). These in-
clude a great varicty of polychaetes, crustaceans, bivalves, and gastro-
pods (O'Gower and Wacasey, 1967; Orth, 1971; Brook, 1975). These
consumers strip the bacteria from leaf detritus and the fecal pellets are
subsequently reingested following recolonization by bacteria (Fenchel,

-1970). Some fishes, _ notably the mullet Mugil cephalus, are detritus

feeders (Odum l9i0) and several large mvertebrars such™as the gastro-
pod Strombus gigas, and the asteroid Oreaster reticulatus take detritus as
part of their food from the surface of seagrasses and sediments.

The seagrass leaf provides a large surface area for the attachment of a
variety of plants and animals. Chief among the plants are crustose cor-
alline algae such as Leproporolithon and Tenaria, and various filamen-
tous algae (chiefly reds—Rhodophyta) (Humm, 1964; Adey, personal
communication). The seagrass plant may provide something more than
just living space to these epiphytes as there is some evidence that sea-
grasses transport nutrients from the sediments through the plant and
release them into the surrounding water (McRoy and Barsdate, 1970).
These nutrients may enhance the growth of epiphytes. The animal epi-
bionts are sessile, particulate feeders such as forams, sponges, hydroids,

and anemones, or motile crustacea which are carnivores or herbivores

feeding on the leaf or on epiphytic plants.

The invertebrate epifauna of tropical seagrass beds may be divided in- .

to those which usc the beds as shelter and those which feed directly upon
seagrasses or their epiphytes. Sessile epifauna living within Thalassia
beds in the Caribbean includes the stony corals Manicina, Porites,
Siderastrea, and Cladocora, sponges, tunicates, and anemones. These
are largely particulate feeders. Motile invertebrate epifauna feeding upon
grasses and epiphytes consists of the echinoids, notably Tripneustes ven-
tricosus (Fig. 1) and Lytechinus variegatus, the large gastropod Strom-
bus gigas (Fig. 2) and the asteroid Oreaster reticulatus (Fig. 3). Nocturnal
migrations and foraging of the echinoid Diadema antillarum from reefs
to seagrass beds were found to be responsible for the formation of halos
around some Caribbean reefs (Ogden ef al., 1973) (Figs. 4 and 5). The
large irregular echinoid Meoma ventricosa feeds on sediment and can be

éfv l'i) .



bed. Oreaster feeds by everting its stomach on seagrass associated algae and
epiphytes. It also feeds on detritus on sandy surfaces.
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Fig. 4. The echinoid Diadema antillarum (test diameter approx. 6 cm) in a
Thalassia bed at the edge of a patch reef at night. Hundreds of thesc sea urchins
move from reefs into surrounding seagrass beds to feed at night. A characteristic
“‘halo"’ or grazed zone results from this feeding,
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abundant in thin seagrass beds. Other invertebrates such as a variety of
crabs, shrimps and gastropods are carnivores feeding on small members
of the Thalassia community. The large gastropod Cassis tuberosa (Fig. 6)
feeds on the echinoids of seagrass beds (Hughes and Hughes, 1971), par-
ticularly Tripneustes and Lytechinus. The bored and cleaned tests of

these echinoids are a common feature of seagrass veds.
The fishes and other vertebrates associated with Thalassia beds in the

Caribbean form a conspicuous.and highly mobile group. They move be-.

tween reef or mangrove habitats and grass beds often in a diel cycle.
Chief among the herbivores feeding directly on grasses and epiphytes are
the parrotfishes (Scaridae) (Fig. 7) and the surgeonfishes (Acanthuridae)
(Fig. 8). Many fishes, such as surgeonﬁshes, puffers and snappers, are
present in grass beds as juveniles taking both food and shelter from the
dense leaf caniopy. Scagrass beds also support a relatively rich fauna of

permanent residents mcludmg parrotflshes, razorﬁshes plpef" shes por-

gies, eels, and wrasses.” ~

There is a striking size distribution of fishes inhabiting seagrass beds.
Large predators such as barracudas, jacks, and mackerels may restrict
the size classes of fishes in seagrass beds to those small enough to hide in
grass blades and those too large to serve as prey. Fishes approximately
15-30 cm long are apparently restricted to areas of shelter by day and
may move into the beds at night when predation is less intense (Ogden
and Zieman, 1977). Some large fishes hunting in seagrass beds have
unusual feeding habits. Large rays, such as the southern stingray
(Dasyatis americana) (Fig. 9) and the spotted eagle ray (Aetobatis
narinari) are predators of the infauna of Thalassia beds, particularly
molluscs. In the course of feeding they often excavate large holes up to 1
m deep in sparsely grass-covered sediment with a combined flapping and
shoveling action of the pectoral fins,

Other more spectacular vertebrates_associated with Thalassia in the
Caribbean are the turtles, particularly the green turtle Chelonia mydas,
and the manatee Trichechus spp. While populatlons of ‘the’ grecn “turtle
are presently low in many areas of the Caribbean, green turtlés are still
regularly observed. The impact of turtle feeding on seagrasses has never
been fully evaluated, but the existence of well-documented and protected
colonies such as at Tortugero in Costa Rica and large captive mariculture
populations in the Cayman Islands and the Bahamas may provide areas

for observation and experimentation. Manatces were once common in 7Y -

the mainland areas bordering the Caribbean and a are now confined to a
few locauons, ‘notably Florida .and_Venezuela (Bcrtram and Bertram,
1968). They were probably never important seagrass consumers in the
smaller islands of the West Indies.

There have been few stitdies which have attempted to document quan-

titatively the fate of the blade production in Thalassia. Greenway (1976) '
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Fig. 9. The southern stingray Dasyatis americana (approx. 50 cm across) feeds
on molluscan infauna of Thalassia beds and sandy bottoms by excavating with
its nose and large pectoral fins. Large holes can result from such excavations,

working with Thalassia in Kingston Harbor, Jamaica, found a blade pro-
duction of 53.8 g/m?/wk, of which 24.0 g/ m?/wk was eaten by the sea
urchin Lytechinus variegatus, 0.06 &/m?/wk was eaten by the parrotfish
Sparisoma radians, and 29.7 g/m?/wk went to detritus. This preliminary
work undoubtedly overemphasizes the quantity of material entering the
grazing food chain for seagrass beds in general in the Caribbean. Urchip
densities in Greenway’s study area averaged 24/m*. Normally, urchins
are much less abundant in seagrass beds.

LINKS WITH SURROUNDING COMMUNITIES
The Msﬁcgmﬁmunity can_have close ties with surrounding com-

%munities such as coral reefs and mangroves. The importance of these ties

is particularly evident in the nutrient-poor waters of the tropics. Shallow
tropical waters are characterized by an abundance of herijpres', ‘many
of which dwell on reefs but exploit seagrass beds close to the reefs. The
resource limitations for organisms on reefs can be severe due to the close
couplings of symbiosis in the recycling of energy. The proximity of
seagrass beds provides a readily available source of food. In contrast to
the closed cycling characteristic of reefs, seagrass beds are more open
systems, with many organisms from surrounding communities spending
their juvenile stages there, feeding, or benefitting from exported organic
material.

The importance of export of leaf material from Thalassia beds prob-
ably varies widely depending upon season, wave action, and storm activi-
ty. Thalassia leaves have been found floating far at sea and at abyssal



Fig. 1. The echinoid Tripneustes ventricosus (test diameter approx. 10 ¢cm) in
typical inactive daytime position in a Thalassia bed. The grass blades are held
over the test by the tube feet, forming a cover. The a2nimals uncover and mcve
about at night feeding on Thalassia and epiphytes.

Fig. 2. A juvenile Strombus gigas (15 c¢m) in partially buried daytime position
in a seagrass bed. This large, conspicuous and commercially important
gastropod feeds upon the epiphytes of Thclassiaand upon detritus in sand.



deoth (Menzies er al., 1967; see also Chapter 11). They certainly provide
some level of cnergy input to distant communities. Thalassia leaves are
also cast ashore in windrows and form along with other species of
seagrasses and algae an organically rich substrate that can be exploited
by organisms inhabiting the beach strand, particularly amphipods,
isopods, and insects. Abbott et ai. (1974) found that the urchin
Echinometra lucunter captured scagrasses from the drift in significant
amounts, particularly during winter periods of high wind and heavy
wave action.

Carnivores exploiting seagrass beds long distances from reefs at night
include the grunts (Pomadasyidae), the snappers (Lutjanidae), and the
squirrelfishes (Holocentridae) (Starck and Davis, 1966; Starck, 1969).
Ogdenr and Ehrlich (1977) describe the nocturnal migrations of resting
schools of juvenile (< 15 cm) grunts consisting primarily of french grunts
Haemulon flavolineatum and white grunts H. plumieri. These species
form large heterotypic resting schools associated with particular coral
formations on a series of patch reefs within Tague Bay, St. Croix,
U.S.V.I. As dusk approaches, the grunt schools stream over the reef to
specific assembly points on the recf edge and then migrate into the sur-
rounding seagrass beds on pathways that remain constant for years (F ig.
10). The distances traveled may be 1 km or farther, The migrating grunt
schools break up and the fishes feed individually on seagrass-associated
invertebrates through the night, gathering and returning to the reef on
the sarne pathways at dawn. Grunt schools from a number of reefs may
partition the available seagrass feeding areas by the use of ritualized mi-
grations along specific pathways (Ogden and Zieman, 1977).

Randall (1963) constructed an artificial reef of 800 concrete blocks ina
seagrass bed in Lameshur Bay, St. John, U.S.V.IL. in 1960. Two years
later the fish population of the artificial reef contained 11 times the
biomass of the same surface area of natural fringing reef. This difference
in biomass was attributed to the proximity of seagrass beds to the ar-
tificial reef and the preponderance of night-active seagrass bed feeding
fishes in its fish populations. Observations in other areas (Randall, 1963;
Ogden and Zieman, 1977) indicate that reef fish biomass is clearly
enhanced by seagrass beds. Some investigators have speculated that the
defecation of these night feeding fishes on reefs by day may be a signifi-
cant input of organic matter to reefs. This assertion remains open to in-
vescigation (Ogden and Zieman, 1977).

Seagrasses have been noted to serve as nurse[y,g;ounq§_(§(‘ikuchi.

1974; Phillips, 1960). The seasonal fluxes in fishes and macroinverte-

brates have already been mentioned. Carr and Adams (1972, 1973) have %

‘studied the feeding juvenile fishes present in a grass bed in Florida while
Sykes and Finucane (1966) list fishes important in- Gulf of Mexico
ﬁsheriqs’p_ljesent_as_juveniles in seagrass beds. Kikuchi (1974) notes the

I
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Fig. 11. Energy flow in a Caribbean seagrass bed (after Brasier, 1975). A = algae; B = bacteria; F = fungi. This scheme would differ
in a subtropical seagrass bed by the elimination of fishes and turtles and by considerably less diversity in associated plants and
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Fig. 10. A mixed migrating group of juvenile french grunts (Haemulon
Slavolineatum) and white grunts (H. plumieri) (approx. 10 cm) in column forma-
tion at dusk heading from a reef daytime resting area into a Thalassia bed. These
nocturnal migrations extend for at least several hundred meters from the reef
and follow definite pathways. Grunts feed on nocturnally active epifauna and in-
fauna in seagrass beds.

seasonal presence of fishes_of commercial value in Zostera beds of
Japan,

Figure 11 presents a graphic summary of trophic relations and energy
flow within a Caribbean seagrass bed. Within the subtropics this scheme
would be modified chiefly by the elimination of direct consumers of
seagrasses (see Brasier, 1975).

Macroconsumers of Seagrass in the Caribbean
Caribbean seagrass beds are apparently unique for the numbers and

variety of direct consumers of blade. tissue. These. large_consumers in-
cluding sea urchins, conchs, fishes, and turtles are among the most con-
spicuous'Feiifé'é'éh"ti'tivés‘—o‘f "the local fauna and also include many com-
mercially important species. Their relationships with seagrass beds are
worthy of close attention.

THE GREEN TURTLE

The green turtle (Chelonia mydas) is the most abundant large vertebrate
consumer of seagrasses in the world. Populations of the green turtle have
been greatly reduced throughout its range, but there are a few areas such
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as Tortuguero on the Caribbean coast of Costa Rica where fairly large
" populations can still be found. Green turtles apparently have habitual
feeding areas. They have been known to return to particular grass flats
after capture and displacement over several miles (Carr and Caldwell,
1956). Impounded turtles show favored feeding areas resulting in patches
of heavily grazed grass while other areas are untouched (Bjorndal, per-
-sonal communication). The principal feeding ground for a large colony
of green turtles nesting at Tortuguero is located in luxuriant Thalassia
beds in the Miskito ard Sandy Bay Cays some miles off the coast of Ni-
caragua. Green turtles feed mainly by day, although some feeding is
one at night (Carr, 1952; Bjorndal, personal commusication).
Turtle grazing creates very conspicuous scars in grass beds. In the Port
Moresby region of New Guinea, turtles, and perhaps dugongs, leave the
only really visible signs of grazing in beds of Thalassia and Enhalus

(Johnstone, personal communication), Turtle grazing in the Caribbean is
evidenced by cutoff Thalassia stubble 2-4 cm long, some uprooted plants

and some floating leaf debris created when sections are bitten out of the
leaves (Carr, personal communication). This debris which rises to the
surface and floats away may be a significant percentage of the amount
grazed (Bjorndal, personal communication). Ogden and Robblee (un-
published) have observed circular areas about 2 m in diameter in dense
Thalassia with a stubble of square cut blades 2-4 cm long that are prob-
ably caused by turtle grazing. Apparently no one has attempted to
estimate the feeding intensity and impact of green turtles on seagrasses in
the Caribbean, although several such studies are in progress or in the
planning stage (Bjorndal, personal communication; Hirth, personal
communication),

The most extensive information on the stomach contents of the green
turtle in the Caribbean has been collected by Mortimer (personal com-
munication) as part of her master’s thesis at the University of Florida. At
turtle slaughterhouses in Nicaragua, Mortimer collected 202 stomachs of
green turtles captured at Miskito and Sandy Bay Cays. The components
of each stomach were sorted into species categories, dried to a constant
weight, and the percentage contribution of each species to the total gut
contents was recorded. Thalassia contributed an average percentage of
87.3% (range 0%-99.9%) to the diets of the turtles examined. Only
Thalassia blades were consumed, rhizomes were not found. Thalassia oc-
curred in 99% of the stomachs. Syringodium occurred in 51% of the
stomachs and constituted an average of 2.6% (range 0%-99%) of the
diet. Both blades and rhizomes of Syringodium were consumed, the
rhizome material accounting for 8.6% of the total material present.
Halodule occurred in 26.7% of the stomachs and contributed an average
of less than 1% (range 0%-25%) to the diet. As with Syringodium, both
blades and rhizomes were consumed, with rhizomes accounting for less
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than 1% of the material. The remainder of the diet (9.4%) consisted of
over 30 species of benthic algae (mainly Chlorophyta), and invertebrates,
mainly sponges. Thus, the diet of the green turtle in the western Carib-
bean consists almost entirely of Thalassia blades. Surprisingly, Mortimer
found that epiphytes contributed almost nothing to the total biomass as
the blades were nearly free of epiphytic growth. In another study, Fer-
reira (1968) examined the stomach contents of 94 specimens from Brazil
and found a predominance of benthic algae with some Halodule wrightii
as a secondary food source.

The green turtle is not a true ruminant as it lacks the accessory
stomachs characteristic of this digestive system. However, the possibility
exists that the green turtle utilizes its caecum for a ruminant- -type of
digestion (Wood, personal commumcatlon) Bjorndal (personal commu-
nication) believes that cellulose is digested by turtles, based on the ap-
pearance of their feces, and her observations that the cellulose content of
the seagrass food was 40% higher than the feces. Perhaps questions con-
cerning the efficiency of utilization of seagrasses by turtles will be
answered as the several studies in progress are completed.

It is interesting to speculate on the intensity of pre-Columbian grazing
of Thalassia by green turtles. Certainly their populations were very high
in certain localities (Randall, 1965), but few athors have attempted to
discuss carrying capacity. Hirth (FAO, 1968) estimates that in the Gulf
of Aden, 1.7 m? of dense Posidonia leaves yields about 2.3 kg of plant
material. This is approximately equivalent to the gut contents of an adult
turtle. Adequate data on feeding rate and gut turnover rate are lacking.
Frazier (1971) discusses the feedmg ecology of Chelonia on Aldabra
Atoll in the Indian Ocean and gives some very preliminary figures for the
carrying capacity of seagrasses for green turtles. Based on about 12 km?
of dense (Cymodocea/Thalassia) seagrass meadows in the lagoon and
about 27 km* of reef platform and dense algae which are not all prime
turtle feeding habitat, Frazier estimates that the plants at Aldabra could
support a migrating population of 183,000 turtles or a resident popula-
tion of 30,000 turtles. It is emphasized that these are estimates based on
many assumptions.

Several authors (Wheeler, 1953; Frazier, 1971, for Aldabra; and Carr
and Ogren, 1960, for Ascension Island) suggest that the migratory habit
of turtles from breeding grounds to feeding grounds evolved because of
insufficient food on the breeding grounds to support the huge popula-
tions of turtles that occurred there, Clearly in certain areas of the world,
the structure of the seagrass ecosystem has undergone great changes with
the continuing extirpation of the green turtle. Perhaps marine sanc-
tuaries for the green turtle such as the one recently created at Tortuguero
in Costa Rica will allow us to understand fully the dynamics of the turtle-
seagrass relationship.
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Heraivorous FISHES

‘Marine plant production in the temperate and subtropical zones is chan-

neled almost exclusively through invertebrates, while tropical areas have

a high biomass of herbivorous fishes (Bakus, 1969). As far as is knownat |

\the present, seagrass feeding in fishes is confined almost exclusively o
the Caribbean (Randall, 1965, 1967; Kikuchi and Pérés, 1973; Ogden,
1976). The major studies that have been done on diets of Caribbean
fishes are by Randall (1967) and Carr and Adams (1973). Randall (1967)
indicates that over 30 species of Caribbean fishes have seagrasses as part

. of their_gut contents. Of these, parrotfishes (Scaridae) are particularly
important consumers, and one species, the bucktooth parrotfish (Spari-
soma radians) feeds nearly exclusively on seagrasses. Other fishes that
are important seagrass consumers are surgeonfishes (Acanthuridae) par-
ticularly Acanthurus bahianus and A. chirurgus, the porgies (Sparidae),
especially Archosargus rhombuidalis, and the halfbeaks (Hemiram-
phidae). Almost all of our information on fish-seagrass feeding relation-
ships comes from siomach content analyses. Food choice in relation to
available food, or seasonal use of seagrasses by fishes has not yet been
studied. Randall (1965) indicated that the movements of fishes, feeding
in part on seagrasses, from reefs into seagrass beds are responsible for
the formation of *‘halos’" around West Indian patch reefs (Fig. 5). The
distribution of sizes of fish bite marks on Thalassia blades gets smaller
and the overall frequency of bites becomes greater the farther one
samples from a reef in a seagrass bed (Ogden and Zieman, 1977).

Fishes in Caribbean seagrass beds tend to be generalist herbivores,
selecting plants in approximate relation to their abundance in the field.
Their diets often closely reflect the area which they inhabit (Ogden, 1976;
Ogden and Lobel, 1978). As a fauna, the fishes are apparently reacting to
the structure of the seagrass beds rather than the food sources available.
Adey et al. (1977) studied the fish fauna of elkhorn coral (Acropora
palmata) reefs of the Lesser Antilles and contrasted those with *‘fleshy
algal pavement’’ reefs of the same region which probably were formed
after planing off of Acropora following storms. The fleshy algal pave-
ments are dominated by dense growths of brown algae, especially Sargas-
sum. The fish fauna of the pavements is more typical of that of seagrass
beds than coral rezfs.

Caribbean herbivorous fishes do display some degree of selectivity in
feeding. Ogden (unpublished observation) observed several large rain-
bow parrotfish swimming over a grass bed area and descending at lei-
surely intervals to clip off one Penicillus, a siphonaceous green alga.
Other studies have shown that when offered a choice, Sparisoma chry-
sopterum, the redtail parrotfish, and S. radians will select seagrasses with
epiphytes (Lobel, Ogden, and Clavijo, unpublished). Studies such as that
of Randall (1967) combined with availability data are lacking.




SEA URCHINS

Of the invertebrate consumers of seagrasses, the regular or radial urchins
have received the most attention in the Caribbean and elsewhere. Law-
rence (1975) has done an exhaustive review of sea urchin-plant feeding
relationships of the world. As with the fishes, seagrass feeding among sea
urchins appears to be primarily a Caribbean phenomenon. However, sea
urchins have been shown to feed on Zostera in the North Pacific and
upon Indo-Pacific seagrasses. Most studies have been done in the Carib-
bean where five common species of regular urchins (Eucidaris tribu-
loides, Diadema antillarum, Echinometra lucunter, Lytechinus variega-
tus, and Tripneustes ventricosus) are known to feed on seagrasses
(McPherson, 1965, 1968; Randall er al., 1964; Kier and Grant, 1965;
Moore and McPherson, 1965; Prim, 1973; Abbott er al., 1974; Ogden et
al,, 1973; Stevenson and Ufret, 1966; Moore ef al., 1963a,b; Greenway,
1976; and many others). Of these, perhaps the most detailed analyses of
stomach contents in relation to available food in D. antillarum, E.
lucunter and T. ventricosus have been done at the West Indies Lab on St.
Croix (Ogden ef al., 1973; Abbott ef al., 1974; Odgen and Abbott, un-
published). Each of these three common urchins was found generally to
take food in approximate proportion to its abundance in the area where
it was found. However, detailed analysis of gut contents and availability
of plants in the field indicates some choice on the part of Diadema and
Echinometra (Abbott et al., 1974; Ogden et al., 1973b; Abbott, personal
communication). Some plant species are preferred, some are taken at
random and others are avoided. Where present in seagrass beds, 7, ven-
tricosus feeds on seagrasses and epiphytes exclusively, as does D. an-
tillarum. Echinometra lucunter is not found in grass beds, but captures
over 60% of its food as drift plants, a significant proportion of which are
seagrasses. Diadema antillarum and T. ventricosus are night active
animals and move readily between reef and seagrass beds.

Urchin populations have a high reproductive potential, and popula-
tion explosions of urchins have sometimes been observed. It is tempting
10 link such explosions with human-induced disturbances such as pollu-
tion or elimination of predators, but there are no data to support such
speculation. Camp et al. (1973) observed population explosions of the
urchin Lytechinus variegatus along the Gulf Coast of Florida in seagrass
beds. Urchin densities between August 1971 and October 1971 averaged
a maximum of 636/m? and a large area of seagrass bed was damaged. In
some cases the basal meristems and short shoots were so damaged that
recovery of the bed was doubtful, .

ASSIMILATION AND FEEDING RATE
In spite of the abundance of information that has accumulated in recent
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years on seagrass consumers, the question still remains as to the extent to
which consumers actually utilize seagrasses. Most recent studies (sum-
marized by Lawrence, 1975) indicate that most seagrass consumers have
no enzymes to digest structural carbohydrates and that, with the excep-
tion of turtles and possibly manatees, they do not have a gut flora
capable of such digestion. Thus, most macroconsumers of seagrasses
have two energy sources: cell contents of the seagrasses and of the
epiphytes. Seagrasses can support a rich flora of epiphytes (Humm,
1964) and some common animals in seagrass beds such as the queen

onch, Strombus gigas (Randall, 1965) and juvenile surgeonfishes (Clavi-
jo, 1974) may subsist exclusively upon epiphytes. Most other consumers,
however, ingest the whole blade.

One possible means of tracing the energy sources of consumers is to
take advantage of the fact that different plants, including the seagrasses,
incorporate the stable carbon isotopes C'* and C'? in different but consis-
tent ratios from the environment. Thus, groups of plants end up with
characteristic C'*/C'? ratios, and their consumers end up with similar
ratios (Parker, personal communication). A survey of potential carbon
sources for consumers, followed by mass spectrometric analysis of the
tissue of the consumers themselves may allow the tracing of food sources
between seagrasses vs. epiphytes. McConnaughey (personal communica-
tion) reports some success using this method to trace invertebrate con-
sumers of Zostera in Alaska.

The feeding rates of macroconsumers of seagrasses are quite high.
Moore and McPherson (1965) showed anywhere from 3-6 g wet wt/ani-
mal/day was ingested by Lytechinus variegatus and Tripneustes ven-
tricosus. Parrotfishes feed continually during the day and may void their
gut contents many times during a feeding period (Bardach, 1961; Ogden,
in press). The quantity of food taken in may allow them to function at a
low efficiency. Lawrence (1975) summarized this work for the echinoids.
Moore and McPherson (1965) showed absorptive efficiency (a.e. = dry
wt food eaten — dry wt feces x 100/dry wt food caten) to be 50-55% for
both L. variegatus and T. ventricosus. Lowe (1974) indicated an absorp-
tive efficiency (a.e.) of 19 = 7% for L. variegatus feeding on Thalassia
(a.e. = fraction organic matter in food — fraction organic matter in feces
x 100/(1-fraction organic matter in feces) (fraction matter in food)).
Gross assimilation efficiencies (g.a.c.) of organic matter for 7. ven-
tricosus and L. variegatus feeding on Thalassia were calculated as 3.8%
and 3.0%, respectively (g.a.e. = growth as dry org. matter X 100/dry wt
ingested food) (Moore er al., 1963a,b). Calculated in another way, gross
assimilation efficiency for L. variegatus on Thalassia was 16% for
animals of diameter of 23 mm and 5% for animals with test diameters of
65 mm (g.a.e. = growth in dry wt/m?/30 days x 100 ingested food (dry
wt/m?/30 days) ) (Moore ef al., 1963a).
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General Aspects of Herbivory in the Caribbean

Herbivores may influence benthic plant communities in subtle ways. In-
vestigations in the temperate zone (Paine and Vadas, 1969; Vadas, 1968)
indicated that herbivore grazing of benthic algae may control structure
of the algal community in a manner similar to predator control of species
diversity among prey populations (this has been called the ‘‘keystone
species’’ concept: Sce Paine, 1966, 1969). Sammarco et al, (1974) com-
pared algal community structure on a patch reef (PR-2), cleared of its
major plant consumer Diadema antillarum, with a series of control reefs
heavily grazed by the urchin. Their data show that consumer removal
leads to marked shifts in dominance and equitability in the algal com-
munity. The ungrazed patch reef (PR-2) became dominated by one spe-
cies, the phacophyte Padina sanctae-crucis. The authors concluded as
have others (Birkeland, personal communication; Sammarco, 1975) that
Diadema can influence the structure of benthic communities. Studies
such as this have not been done in seagrass beds.

Ogden (unpublished) continued study of PR-2 following removal of
Diadema antillarum. An increase in the population density of fishes was
noted on PR-2. These were both plant consumers (especially parrot-
fishes, Scaridae) and invertebrate feeders (particularly wrasses,
Labridae). The former are increasing presumably in response to in-
creased plant food supply while the latter feed on an abundance of in-
vertebrates hiding in the plant cover. Within the past year, 3 years after
cleaning, PR-2 has had a great increase in population of 7. ventricosus.
Preliminary studies indicate that its feeding method differs from D. an-
tillarum as it scrapes the substrate to a much lesser degree than Diadema;
an analogy between cows and sheep is tempting. Further studies may il-
luminate relationships between these important macroconsumers, and
their possible competitive interrelationships with grazing fishes (Ogden
and Lobel, 1978).

Recent work on interactions between terrestrial herbivores and plants
has shown that plants can b: defended from herbivore attack by a variety
of chemical compounds including alkaloids, terpenes, and phenolic com-
pounds, among others. The herbivores, in turn, can develop mechanisms
to detoxify these compounds, 1endering plants palatable (Breedlove and
Ehrlich, 1968; Feeny, 1975; Frankel, 1959; Frecland and Janzen, 1974;
Whittaker and Feeny, 1971). These systems have been said to be *“‘co-
evolved’’ and the selective “‘races’’ involved have been thought to be a
major factor in maintaining organic diversity (Ehrlich and Raven, 1965).

So far, few investigators have applicd this view of plant-herbivore in-
teractions to the marine environment. Studies of some invertebrates such
as sea cucumbers (Bakus and Green, 1974) have shown a high incidence
of toxicity, and this has been related to defense from predation. The
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diversity of both plants and herbivores in tropical waters makes this an
ideal place to look for such interactions. Preliminary screening has been
done with selected species of algae and seagrasses showing that at least
some of the plants identified by preference indices or preference testing
have toxic or unpalatable compounds present in their tissues (McMillan,
unpublished). These plants, at least in some cases, correspond with those
avoided in the field or in herbivore preference tests (Ogden, 1976, and
unpublished).

Conclusions

The seagrass beds of the Caribbean, dominated by turtle grass Thalassia
testudinum Konig, are highly productive, conspicuous features of the
coastal zone. This productivity is largely channeled to detritus where a
complex fauna in and on the sediments exploits the resource. A relatively
small amount of this productivity goes to macroconsumers which include
many large, common and commercially important species. Direct con-
sumption of seagrasses is apparently primarily a Caribbean phenome-
non. Thalassia is exploited by herbivores both for the blade tissue and
the epiphyte flora. The relative importance of each in the nutrition of
macroconsumers is not known. A third minor pathway for Thalassia is
export to beach communities and the deep sea.

Of the macroconsumers, fish, echinoids and gastropods are the most '
important. These herbivores all exploit various portions of the seagrass
community, but relatively few are exclusive grass bed dwellers. Their
movements, particularly from reef areas to seagrass beds form a con-
spicuous link between two important communities. Most of the her-
bivores of grass beds appear to be generalist feeders, but certain species
of plants appear to be avoided. These provide some preliminary indica-
tions that herbivore-plant relationships in shallow tropical waters may
have coevolved in a similar manner to herbivores and plants in the ter-
restrial environment. As herbivores channela considerable portion of the
energy of the plant world as well as structure the plant community, their
activities in turn will affec’ the organization of higher trophic levels.

Research is needed to understand the quantitative details of the energy
pathways in seagrass beds. New techniques involving C'*/C'? isotope
ratios in plants and consumers may help in these efforts. The role of
macroconsumers both in structuring the plant community and the higher
trophic levels should be worked out. Even in the tropics, seagrasses are
seasonal plants and all future studies need to be long term to look at
quantitative changes throughout the year. The close association of the
three major tropical communities, coral reefs, mangroves and seagrass
beds can be seen in a few spectacular examples of animal migrations. The
more subtle links will further illuminate the close dependency of these
and their central role in the tropical coastal zone.



Faunal Relationships in Caribbean Sédgrai‘,i‘ Beds' 193

ACKNOWLEDGMENTS

I thank the Scagrass Ecosystem Study (S.E.S) group, particularly C,
Peter McRoy and Ronald Phillips, for including me in their planning ses-
sions and introducing me to the seagrasses. I thank K. Bjorndal and
J. Mortimer, both graduate students at the University of Florida, for
their excellent assistance with green turtle literature and for use of their
unpublished data. A. Carr, H. F. Hirth, 1. M. Johnstone, and J. Wood
also contributed valuable comments and observations on the green tur-
tle. Numerous students at the West Indies Laboratory have contributed
to the development of some of the ideas in this chapter, especially
M. Robblee. I have profited greatly from a strong professional and per-
sonal association with D. P. Abbott and 1. A. Abbott. Many of my
idcas were framed through discussions with J. C. Zieman. B. E. Brown
provided many constructive comments on the manuscript, This paper is
Contribution Number 32 of the West Indies Laboratory, Fairleigh Dick-
inson University, St. Croix, U.S. Virgin Islands. The review is based, in
part, on rescarch supported by the National Science Foundation under
Grant No. OCE 76-01304. Any opinions, findings, and conclusions or
recommendations ‘expressed in this publication are those of the author
and do not necessarily reflect the views of the National Science Founda-
tion or the International Decade of Ocean Exploration.

REFERENCES

Abbott, D. P., Ogden, J. C,, and Abbott, 1. A. (1974). Studies on the activity
pattern, behavior and food of the echinoid Echinometra lucunter (Lin-
naeus) on beachrock and algal reefs at St. Croix, U.S, Virgin Is., West.In-
dies Lab. Spec. Publ. 4:111 pp. g

Adey, W., Adey, P., Burke, R., and Kaufman, L. (1977). Comparative study of
the reefs of the Lesser Antilles. Atoll Res. Bull. 218:40 pp.

Bakus, G. J. (1969). Energetics and feeding in shallow marine waters. Intern.
Rev. Gen. Exp. Zool. 4:275-360. Academic Press, New York,

Bakus, G. J., and Green, G. (1974). Toxicity in sponges and holothurians: A
geographic pattern. Science 185:951-953.

Bardach, J. E. (1961). Transport of calcareous {ragments by reef fishes. Science
133:98-99,

Bertram, G. C. L., and Bertram, C. K. R. (1968). Bionomics of dugongs and
manatees. Nature 218:423-426.

Bloom, S. A., Simon, J. L., and Hunter, J. D. (1972). Animal-sediment rela-
tions and community analysis of a Florida estuary. Mar. Biol, 13:43-56.

Brasier, M. D. (1975). An outline history of seagrass communities. Paleontology
18:681-702.

Breedlove, D. E., and Ehrlich, P. R. (1968). Coevolution: patterns of legume
predation by a Lycaenid butterfly. Science 162:671-672.

Brook, 1. M. (1975). Some aspects of the trophic relationships among the higher
consumers in a seagrass community (Thalussia testudinum Kbnig) in Card



: lb4 : " Faunal Relationships in Caribbean Seagrass Beds -
Sound, Florida. Ph.D. dissertation, University of Miami. Miami, Fla. 133

. pp.

Burkholder, P, R., Burkholder, L. M., and Rivero, J. A, (1959). Some chemical
constituents of turtle grass, Thalassia testudinum. Bull. Torrey Bot. Club,
86:88-93.

Camp, D. K., Cobb, S. P., and van Breedveld, J. F. (1973). Overgrazing of
seagrasses by regular urchin, Lyfechinus variegatus. BioScience 23:37-38.

Carr, A. (1952). Handbook of Turtles. Comstock, New York. 542 pp.

Carr, A., and Caldwell, D. (1956). The ecology and migrations of sea turtles I,
Results of field work in Florida 1955. Am. Mus, Nov. 1973.

Carr, A., and Ogren, L. (1960). The ecology and migrations of sea turtles 4, The
green turtles in the Caribbean Sca. Bull. Am. Mus. Nat. Hist, 121:1-48.

Carr, W. E. S., and Adams, C. A. (1972). Food habits of juvenile marine
fishes: Evidence of the cleaning habit in the leatherjacket, Oligoplites sarus
and the spottail pinfish, Dyplodus holbrooki. Nat. Mar. Fish, Ser., Fish.
Bull. 70(4):1111-1120.

Carr, W. E. S., and Adams, C. A. (1973). Food habits of juvenile marine fishes
occupying seagrass beds in the estuarine zone near Crystal River, Florida.
Trans. Amer. Fish. Soc. 102:511-540,

Clavijo, 1. E. (1974). A contribution on feeding habits of three species of acan-
thurids (Pices) from the West Indies. Unpublished M.S. thesis, Florida
Atlantic University. Boca Raton, Fla.

den Hartog, C. (1970). The Seagrasses of the World. North-Holland Pub.,
Amsterdam. 275 pp.

Dragovich, A., and Kelly, J. A. (1964). Ecological observations of macroinver-
tebrates in Tampa Bay, Florida 1961-62. Bull. Mar. Sci. 14:74-102.

Ehrlich, P. R., and Raven, P. H. (1965). Butterflies and plants: a study in
coevolution. Evclution 18:586-608.

F.A.O. (1968). Report to the Governments of the People’s Republic of Southern
Yemen, and the Seychelles 1slands on the green turtle resource of South
Arabia, and the status of the green turtle in the Seychelles Islands. Rep.
FAO—UNDP (TA), (2467). 59 pp.

Feeny, P. (1975). Biochemical coevolution between plants and their insect her-
bivores. In Coevolution of Animals and Plants, L. E. Gilbert and P, H,
Raven (Eds.). University Texas Press, Austin. pp. 3-19,

Fenchel, T. (1970). Studies on the decomposition of organic detritus derived
from the turtle grass Thalassia testudinum, Limnol. Oceanogr. 15(1):
14-20, .

Ferreira, M. M, (1968). Sobre a alimentacao da aruna Chelonia mydas, ao longo
da costa de estado de Ceara. Arg. Est. Biol. Mar. Univ. Fed. Caera 8(1):
83-86.

Fraenkel, H. (1959). The raison d’etre of secondary plant substances, Science
129:1466-1470,

Frazier, J. (1971). Observations on sea turtles at Aldabra Atoll. Phil, Trans.
Roy. Soc. Lond. B 260:373-410.

Freeland, W, J., and Janzen, D. H. (1974). Strategies in herbivory by mammals:
the role of plant secondary compounds. Am. Naturalist 108:269-289.
Greenway, M. (1976). The grazing of Thalassia testudinum (KOmg) in Kingston

Harbor, Jamaica. Aquatic Botany 2(2):117-139,



FaunleeIationships in Caribbean SeagrassBeds* - .. 195"

Heck, K. L. Jr. (1977). Comparative species richness, composition, and abun-
dance of invertebrates in Caribbean seagrass (Thalassia testudinum)
meadows (Panama). Mar. Biol. 41:335-348,.

Hooks, T. A., Heck, K. L., and Livingston, R, J. (1976). An inshore marine in-
vertebrate community: structure and hzlitat associations in the North-
eastern Gulf of Mexico. Bull. Mar. Sci, 26(1):99-107.

Hughes, R. N., and Hughes, H. P. 1. (1972). A study of the gastropod Cassis
tuberosa (L.) preying upon sea urchins. J. Exp. Mar. Biol. Ecol. 7:
305-314.

Humm, H. J. (1964). Epiphytes of the sea grass, Thalassia testudinum, in
Florida. Bull. Mar. Sci. Gulf and Carib. 14:306-341.

Jackson, J. B. C. (1972). The ecology of the molluscs of Thalassia communities
Jamaica West Indies. I1. Molluscan population variability along an en-
vironmental gradient. Mar. Biol, 14:304-337.

Jackson, J. B. C. (1973). The ecology of molluscs of Thalassia communities.
Jamaica, West Indies. I. Distribution, environmental physiology and
ecology of common shallow water species. Bull. Mar. Sci, 23(2):313-347.

Kier, P. M., and Grant, R. E. (1965). Echinoid distribution and habits, Key
Largo Coral Recf Preserve, Florida. Smithsonian Misc. Coll. 149(6):68

Pp.

Kikuchi, T. (1974). Japanese contributions on consumer ecology in eelgrass
(Zostera marina L.) beds, with special reference to trophic relationships
and resource: in inshore fisheries. Aquacuiture 4(2):145-160.

Kikuchi, T., and Pérés, J. M. (1973). Review paper for the consumer ecology
working group. Intl. Seagrass Workshop, Leiden (Oct. 1973). 27 pp.
Lawrence, J. M. (1975). On the relationships between marine plants and sea ur-
chins (Echinodermata: Echincden). In Marine Biology Annual Reviews 13,

H. Barnes (Ed.). Geo. Allen & Urwin, London. pp. 213-286.

Lowe, E. F. (1974). Absorption efficiencies, feeding rates and food preferences
of Lytechinus variegatus (Echinodermata: Echinoidea) for various marine
plants. Master's thesis, University of South Florida. Tampa, Fla.

McPherson, B. F. (1965). Contributions to the biology of the sea urchin
Tripneustes ventricosus. Bull. Mar. Sci. 15:228-244,

Mct herson, B. F. (1968). Contributions to the biology of the sea urchin
Eucidaris tribiloides (Lamarck). Bull. Mar. Sci. 18:400-443,

McRoy, C. P., and Barsdate, R. J. (1970). Phosphate absorption in eelgrass.
Limnol, Oceanogr. 15(1):6-13.

Menzies, R. J., Zaneveld, J. S., and Platt, R. M. (1967). Transported turtle
grass as a source of organic enrichment of abyssal sediments off »'orth
Carolina, Deep-Sea Res. 14:111-112.

Moore, H. B., Jutare, T., Bauer, J. C., and Jones, J. A. (1963a). The biology
of Lytechinus variegatus. Bull. Mar. Sci, Gulf Carib. 13:23-25.

‘Moore, H. B., Jutare, T., Jones, J. A., McPherson, B. F., and Roper, C. F. E.
(1963b). A contribution to the biology of Tripneustes esculentus. Bull,
Mar, Sci. Gulf Carib. 13:267-281. .

Moore, H. B., and McPherson, B. F. (1965). A contribution to the study of the
productivity of the urchins Tripneustes esculentus and Lytechinus
variegatus. Bull. Mar. Sci. Gulf Carib. 15(4):856-871,

Odum, W. E. (1970). Utilization of the direct grazing and detritus foed chains



196 Faunal Relationships in Caribbean Seagrass Beds

~ by the striped mullet Mugil cephalus. In Marine Food Chains, J. H. Steele
(Ed.). University of California Press. pp. 222-240. '

Ogden, J. C. (1976). Some aspects of herbivore-plant relationships on Carib-
bean recfs and seagrass beds. Aquatic Bot, 2:103-116,

Ogden, J. C. (1977). Estimates of carbonate sediment production by some com-
mon fish and echinoid grazers in reef areas of the Caribbean, In Reefs and
Related Carbonates—Ecology and Sedimentology, A.A.P.G. Special
Paper 4, S. Frost and M. Weiss (Eds.).

Ogden, J. C., Brown, R, and Salesky, N. (1973a). Grazing by the echinoid
Diadema antillarum Philippi: Formation of halos around West Indian
Patch reefs. Science 182:715-7117.

Ogden, J. C., Abbott, D. P., and Abbott, I. A. (1973b). Studies on the activity
and food of tiic echinoid Diadema antillarum Philippi on a West Indian
Patch reef. West Indies Lab. Spec. Pub. 2:96 pp.

Ogden, J. C., and Zieman, J. C. (1977). Ecological aspects of coral reef-
seagrass bed contacts in the Caribbean. Proc. Int. Coral Reef Symp. 3.
Miami.

Ogden, J. C., and Ehrlich, P. R. (1977). The behavior of heterotypic resting
schools of juvenile grunts (Pomadasyidae). Mar. Biol. 42:273-280.

Ogden, J. C., and Lobel, P. S. (1978). The role of herbivorous fishes and ur-
chins in coral reef communities. Env. Biol. Fish. pp. 49-63.

O'Gower, A. K., and Wacascy, J. W. (1967). Animal communities associated
with Thalassia, Diplanthera ar.d sand beds in Biscayne Bay 1. Analysis of
communities in relation to water movemenis, Bull. Mar. Sci. 17:175-210.

Orth, R. J. (1971). The effect of turtle grass, Thalassia testudinum, on the ben-
thic infauna community structure in Bermuda. Bermuda Biological Station
Spec. Pub. 9:18-38.

Paine, R. T. (1966). Food web complexity and species diversity. Am. Naturalist
100:65-15.

Paine, R. T. (1969). Pisaster-Tegula interaction: Prey patches, predator food
preference and intertidal community structure, Ecology 50:950-962.
Paine, R. T., and Vadas, R. L. (1969). The effects of grazing by sca urchins,
Strongylocentrotus spp., on benthic algal populations. Limnol, Oceanogr.

14:710-719.

Phillips, R. C. (1960). Observations on the ecology and distribution of the
Florida seagrasses. Prof. Pap. Ser., Fla. Bd. Conserv. 2:1-72,

Prim, P. P. (1973). Utilization of marine plants and their constituents by enteric
bacteria of echinoids (Echinodermiata). Master’s thesis, University of
South Florida at Tampa. 42 pp.

Randall, J. E. (1963). An analysis of the fish populations of artificial and
natural reefs in the Virgin Islands. Carib. J. Sci. 3(1):1-16.

Randall, J. E. (1965). Grazing effects on scagrasses by herbivorous reef fishes in
the West Indies. Ecology 46:255-260.

Randall, J. E. (1967). Food habits of reef fishes of the West Indies. Stud. Trop.
Oceanogr. No. 5:665-847.

. Randall, J. E., Schroeder, R. E., and Stark, W. A, (1964). Notes on the biology

of the echinoid Diadema antillarum. Carib. J. Sci. 4:421-433,



Faunal Relationships in Caribbean Seagrass Beds °l97 ‘

Reid, G. K. (1954). An ecological study of the Gulf of Mexico fishes in the
vicinity of Cedar Key, Florida. Bull. Mar. Sci. 18(1):1-94. '

Rodriguez, G. (1959). The marine communities of Margarita Island, Venezuela.
Bull, Mar. Sci. 9(3):237-280.

Roessler, M. A., and Zieman, J. C. (1969). The effects of thermal additions on
the biota of southern Biscayne Bay, Florida. Proc, Gulf Carib. Fish. Inst.,
22nd Ann, Sess., pp. 136-145.

Sammarco, P. W., Levinton, J. S., and Ogden, J. C. (1974). Grazing and con-
trol of coral reef community structure by Diadema antillarum Philippi
(Echinodermata: Echinoidea): a preliminary study. J. Mar. Res. 32;
47-53,

Sammarco, P. W. (1975). Grazing by Diadema antillarum Philippi (Echinoder-
mata: Echinoidea): density-dependcat effects on coral and algal communi-
ty structure, Assoc. Is. Mar. Labs. Carib. 11th meeting (abstract).

Santos, S.L., and Simon, J.L. (1974). Distribution and abundance of
polychaetous annelids in a south Florida estuary. Bull. Mar. Sci. 24(3):
669-689.

Starck, W. A. 1. (1969). The biology of the gray snapper (Lutjanus griseus, Lin-
naeus) in the Florida Keys. Stud. Trop. Oceanogr.

Starck, W. A. I1., and Davis, W. P. {1966). Night habits of fishes of Alligator
Reef, Florida, Ichthyolc ~ica 38(4):313-356.

Stevenson, R. A., and Ufret, S. L. (1966). Iron, manganese and nickel in
skeletons and food of the sea urchins. Tripneustes esculentus and
Echinometra lucunter. Limnol. Oceanogr, 11(1):11-11,

Sykes, J. E., and Finucane, J. H. (1966). Occurrence in Tampa Bay, Florida of
immature species dominant in Gulf of Mexico commercial fisheries. U.S.
Fish Wildl. Ser. Fish Bull. 65:369-379.

Tabb, D. C., and Manning, R. B. (1961). A checklist of the flora and fauna of
northern Florida Bay and adjacent brackish water of the Florida
mainland, collected during the period July 1957 through September 1960.
Bull. Mar. Sci. 11(4):552-649. -

Tabb, D. C., Dubrow, D. C., and Manning, R. B. (1952). The ecology of nor-
thern Florida Bay and adjacent estuaries. Fla. St. Bd. Conservation,
Technical Ser. 39:81.

Taylor, J. D., and Lewis, M. S. (1970). The flora, fauna and sediments of the
marine grass beds of Mahé, Seychelles, J, Nat. Hist. 4:199-220.

Thorhaug, A., Segar, D., and Roessler, M. A. (1973). Impact of a power plant
on a subtropical estuarine environment. Marine Poll. Bull. 4(11).

Vadas, R. L. (1968). The ecology of Agarum and the kelp bed community,
Ph.D. dissertation, University of Washington. Seattle, Wash.

Voss, G. L., and Voss, N. (1955). An ecological survey of Soldier Key, Biscayne
Bay, Florida. Bull. Mar. Sci. 5:203-229.

Wheeler, J. (1953). Memorandum on the green turtles (May 12, 1948). Appendix
S, pp. 143-145. In Report on the Mauritius-Seychelles Fisheries Survey,
1948-1949, Wheeler and Ommaney (Eds.). Colonial Fisheries Research
Publications 1(3):1-145.

Whittaker, R. H., and Feeny, P. P. (1971). Alleochemics: chemical interactions
between species, Science 171:757-110.



