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ABSTRACT

The chemical composition of Thalassia leaves is described. Of the leaf-dry
matter, 40.6% consists of soluble nutrients: crude protein, lipids, soluble
carbohydrates and ash. Crude protein content was 17% (R = 15.8-18.1%).
Essential nutritive minerals were found in considerable quantities: calcium,
1.32% (R = 1.21-1.47%); phosphorus, .21% (R = .19-.23%); potassium,
3.0% (R = 2.47%-3.30%) and magnesium, 1.26% (R = 1.09%-1.38%). The
cell wall or neutral-detergent fiber fraction was 59.4% (R = 46.1-64.6%), of
which 19.1% consisted of hemicellulose. The lignin content varied from
22.9% (KMnO,) to 9.1% (H,S0,) depending on whether KMnO, or H,SO,4 was
used as an oxidizing agent. The importance of Thalassia leaves as a food
source for the seagrass community is described by five major food chains
hereby proposed: the large herbivore, the fish herbivore, the gastropod
herbivore, the urchin herbivore and the detrital food chains. The potential
value of Thalassia as a food source for domestic animals is evaluated on the
basis of comparison with forage crops.

INTRODUCTION

On a global basis, seagrasses (32, 46) constitute one of the most common
coastal ecosystem types. Turtle grass (Thalassia testudinum) is the
dominant seagrass in the upper sublittoral zone of the Caribbean (15).
One of the many important roles of Thalassia in the ecology of tropical
and subtropical shallow marine environments is that it forms extensive
meadows, which serve as mating, spawning, nursery, breeding and habitat
grounds for numerous species, including those of commercial value to
man, such as fishes, shrimps, lobsters, and molluscs (16, 20, 21, 23, 29, 34,
37, 40).

Several herbivores that use Thalassia leaves as a primary source of
food are in turn fished commercially: the green turtle (Chelonia mydas)
(22, 24), the manatee (Trichechus manatus) (40), fishes (40, 41), the
queen conch (Strombus gigas) (7, 39, 40), and the sea urchins (Trip-
neustes esculentus and Lytechinus variegatus) (1, 31) (table 1).
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TaBLE 1.—Some commercial seagrass herbivores with descriptions on their feeding habits

Amount of seagrasses in their gut

e & Number of
cientific name ommon name s:::ll;nzeex(lis _—— g;‘: iila;;;lin ’g Reference
Chelonia mydas Green turtle 6 100% Hirth (22)
(tortuga verde)
Trichechus manatus Manatee Partly Randall (40)
(manati)
Sparisoma radians Parrot fish 5 88% Randall (41)
(loro)
Hemiramphus brasiliensis Ballyhoo fish 39 Mainly 81% Burkholder and Burkholder
(balaju) (9); Randall (41)
Alutera schoepfi File fish 5 67% Randall (41)
(lija)
Archosargus rhomboidalis Sea Bream 23 44.6% Randall (40)
(pez chopa)
Acanthurus bahianus Surgeon fish (mé- 2 40%, 85% Randall (40)
dico)
Strombus gigas Queen conch 30 15% Randall (39)
(carrucho) 6 20%
5 10%
Tripneustes esculentus White urchin Present Moore and McPherson (33)
(erizo blanco)
Lytechinus variegatus Green urchin (erizo Primarily Kier and Grant (28) Prim (38)

verde)
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THALASSIA AS A FOOD SOURCE 109

Further, these herbivores are also eaten by natural predators in the
ecosystem, forming an array of food chains which, if simplified, could be
divided into the following five proposed categories (figs. 1-5): the large
herbivore food chain, the fish herbivore food chain, the gastropod herbi-
vore food chain, the urchin herbivore food chain, and the detrital food
chain. These five food chain types are based on personal observations
and communications, and on data published (6, 7, 9, 18, 21, 22, 24, 25, 26,
28, 30, 31, 32, 33, 34, 38, 39, 40, 41, 46).

The food chains could be ramified or diversified further, or divided into
sub-food webs or even developed into new ones because there are many
variations in the transfer of energy from the primary producers to upper

SHARKS
MAN
GREEN TURTLE MANATEE
CHELONIA TRICHECUS
THALASSIA

Fic. 1.—Large herbivore food chain.

trophic levels in marine ecological systems. Direct grazing on Thalassia
by herbivores is intense in the Caribbean (10, 36, 40, 51), while in
temperate and subtropical latitudes direct grazing on seagrasses appar-
ently is insignificant (6). In the latter, it has been postulated that the
primary energy in Thalassia enters the system via the detrital pathway
(54).

These five elemental food chains show how the-chemical nutrients of
Thalassia contribute to the sustenance and survival of numerous orga-
nisms. It has been shown that these chemicals are transported to other
marine biotopes and serve as a source of nutrition (29, 35, 36, 40). These
food link diagrams also show how nutrients in Thalassia leaves, or toxic
chemicals and pollutants that are picked up by Thalassia, might be
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transferred to, or accumulated by upper trophic levels, including man.
Therefore, the chemical composition of Thalassia is of utmost signifi-
cance, as far as trophic studies are concerned.

MATERIALS AND METHODS

Thalassia blades were collected at three Thalassia beds in Guayanilla
Bay, Puerto Rico (fig. 6), October 1976. Blades were cut off at the base
with stainless steel scissors, at a depth of 1 m at each station. The leaves
were placed in polyethylene plastic bags and taken to the laboratory
where they were kept frozen for a period of approximately 1 week.

BARRACUDA
TIGER SHARK
JEWFISH
MAN

PARROT FISH SEA BREAM + 18 SPECIES
SPARISOMA ARCHOSARGUS OF FISHES

I THALASSIA

Fi1G6. 2.—Fish herbivore food chain.

Subsequently, the leaves were defrosted with tap water. Newly emerg-
ing blades, free of epiphytes, and the epiphyte-free lower section of the
adult blades were separated from the samples and laid over high absorb-
ent paper to remove excess water. The leaves were wrapped in absorbent
paper and dried in a precision Thelco Oven, Model 17,2 at 60° C to
constant dry weight, for approximately 48 hrs. Dried samples were ground

¥ Trade names in this publication are used only to provide specific information. Mention
of a trade name does not constitute a warranty of equipment or materials by the Agricultural
Experiment Station of the University of Puerto Rico, nor is this mention a statement of
preference over other equipment or materials.
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in a Wiley mill, passed through a 1 mm screen and placed in a desiccator.

The leaf material was analyzed for crude protein (CP), cell wall or
neutral-detergent fiber (NDF), lignocellulose or acid-detergent fiber
(ADF), lignin (L), cellulose (C), silica (Si), calcium (Ca), phosphorus (P),
magnesium (Mg) and potassium (K). Cell contents or neutral-detergent
solubles (NDS) were calculated as the difference between 100% and NDF,
and hemicellulose (H) as the difference between NDF and ADF. CP was
determined by the Kjeldahl method (% nitrogen X 6.25) (4). Ca and Mg
were analyzed according to Greweling (19). P and K were analyzed
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F16. 3.—Gastropod herbivore food chain.

EPIPHYTES

according to Riera (42). NDF, ADF, L, C and Si were determined by the
method of Goering and Van Soest (17).

The fibrous carbohydrate fractions of Thalassia leaves collected in
Puerto Rico have been determined in the past as crude fiber (CF) by
means of the proximate analysis scheme (9). Failure to separate the
carbohydrates into soluble and insoluble, digestible and indigestible frac-
tions is the main criticism against the use of the proximate analysis
scheme (3, 12, 27). Therefore, the more precise Goering and Van Soest
(17) techniques were used in this study. With detergents, this method
provides a technique in which the NDS fraction can be separated from
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the more fibrous fraction or NDF. The CP, soluble carbohydrates, lipids,
and ash are extracted in the NDS fraction while the cell wall components
(L, C, H, Si) are extracted in the NDF fraction.

RESULTS AND DISCUSSIONS

Tables 2 and 3 show the values obtained in this study for the chemical
components of Thalassia. Of the total leaf-dry matter, a mean of 59.4%

East side
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F16. 6.—Thalassia beds in Guayanilla Bay, Puerto Rico.

(R = 46.1-64.6%, n = 6), consisted of NDF. ADF fraction consisted of
40.4% (R = 38.8—41.8%, n = 6) and H 19.0%. The value for L in the ADF
fraction varied depending on whether potassium permanganate (KMnOy)
or sulfuric acid (H2SO,) is used as the oxidizing agent. The cell wall
components of Thalassia, when L is determined by the H,SO, method,
are generally similar to tropical forage grasses (table 2).

Van Soest and Wine (50) indicated that differences between the KMnO,



TABLE 2.—Fibrous carbohydrate fractions of the seagrass Thalassia testudinum as compared to 10 tropical forage grasses

Scientific name Common name NDF!* ADF L KMNO, H.S0, H e Si
% % % % % %

Thalassia testudinum Turtle grass 59.4 404 229 91 19.0 175 0
Panicum maximum Guinea 79.9 52.1 8.4 27.8 41.1 25
Cenchrus ciliaris Buffel 79.8 50.2 8.6 29.6 36.7 3.6
Hemarthria altissima Limpo 78.8 43.6 9.5 35.1 32.5 14
Brachiaria brizantha Signal 75.2 43.3 7.1 31.8 33.7 24
Brachiaria ruziziensis Congo 749 43.6 7.5 31.3 33.8 1.8
Digitaria valida Giant Pangola 74.1 45.1 7.4 29.0 34.7 2.9
Hyparrhenia rufa Jaragua 739 47.5 7.3 26.4 35.7 4.3
Digitaria decumbens Pangola 72.8 44.9 7.6 27.9 344 24
Pennisetum setosum Venezuelan Elephant 72.8 475 7.6 25.2 344 23
Digitaria swazilandensis African Crab 71.9 41.3 6.3 30.6 31.6 29

! The fiber contents for the terrestrial grasses are taken from Coward-Lord et al. (12).
2 NDF, neutral-detergent fiber; ADF, acid-detergent fiber; L (KMnOQ,), lignin by potassium permanganate method; L (H.SO,), lignin by
sulfuric acid method; H, hemicellulose; C, cellulose; Si, silica.
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or HoSO4 methods arise from the fate of cutin, which is largely retained
in the L by the H.SO, method and is excluded by the KMnO4 method.
The L residue from the H.SO4 method has a higher carbon content than
carefully prepared L and is undoubtedly degraded. As a result, there is
ample evidence to support a higher true L figure than that which is
obtained by the 72% sulfuric acid method. Polyphenolic and other unsat-
urated substances (tannins, pigments or proteins) that may not be com-
pletely removed in the ADF, will react with KMnO, and appear as L.
Van Soest and Robertson (49) determined that the accurate analyses for
L require pre-extraction with neutral detergent, yielding much reduced
crude L values. The comparative analysis with and without neutral
detergent extraction is a rough analysis for tannin content.

The NDS fraction of the total leaf dry matter, which includes CP,
lipids, soluble carbohydrates and ash, consisted of 40.6% in Thalassia.
Among these components, perhaps the CP has the greatest significance,
as it is converted at different trophic levels into the production of
herbivores and carnivores. In this study, 17% (R = 15.8—18.1%, n = 6) of
the total leaf dry matter in Thalassia testudinum consisted of CP (table
3). Other authors have determined the following percentages of CP in
dried Thalassia leaves: 9-14.1% (5), 13.1% (9), 17% (47), and 13.6-37.1%,
with an annual mean value of 25.7% (53).

On many occasions, Thalassia leaves have a higher or at least similar
CP content than important forage plants. The mean CP content in ten
tropical forage grasses harvested at different intervals ranged between
5.1 and 9.1% (13) (table 3). In a more recent study (27), 101 species of
tropical grasses were analyzed chemically and the CP content ranged
between 9.8 and 23.8%, but only four genera averaged over 17%. In a
study of edible leaves of the tropics, Ruberté and Martin (43) tabulated
the CP content of 25 plant species. Among the 25 species tested, the
highest CP content was found to be 8.2% in cassava leaves (Manihot sp.).
Among foodstuffs (53), 114 lines of corn contained between 9.8 and 16.3%
CP (14), 49 varieties of grain sorghum contained between 8.6 and 16.5%
(52), and wheat grain contained between 8.3 to 12.4% (11).

Essential nutritive minerals, such as Ca, P, K and Mg, are found in
considerable quantities in Thalassia leaves. These minerals are impor-
tant in the diet of most animals, since they play crucial roles in the
physiological processes for the maintenance, growth, reproduction, and
milk or beef production of animal species. They participate in electrolytic
balance, enzyme action, muscle irritability, as well as important structural
components of bones and exoskeletons in many marine organisms (2, 8,
45).

The mean percentage composition of these minerals in Thalassia
leaves (table 3) are the following: Ca, 1.32% (R = 1.21-1.47%, n = 6); P,



TABLE 5.—Mineral composition and crude protein contents of Thalassia testudinum as compared to 10 tropical forage grasses

Scientific name Common name Ca' P K Mg CP*
% % % % %

Thalassia testudinum Turtle grass 1.32 21 3.00 1.26 17.2
Panicum maximum Guinea 29 .15 2.43 .36 5.1
Cenchrus ciliaris Buffel .16 13 2.96 .23 6.6
Hemarthria altissima Limpo .15 13 1.85 20 6.3
Brachiaria brizantha Signal 20 .18 2.38 24 6.8
Brachiaria ruziziensis Congo 23 20 2.54 .30 5.6
Digitaria valida Giant Pangola .18 14 2.50 32 7.5
Hyparrhenia rufa Jaragua .33 A7 1.94 .28 6.6
Digitaria decumbens Pangola 25 A8 1.66 23 72
Pennisetum setosum Venezuelan Elephant 20 17 3.03 .30 7.7
Digitaria swazilandensis African Crab 22 19 2.57 27 9.1

! The mineral contents for the terrestrial grasses are taken from Arroyo-Aguili and Coward-Lord (2).

2The protein content for the terrestrial grasses are taken from Coward-Lord et al. (13).
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21% (R = .19-23%, n = 6); K, 3.0% (R = 2.47-3.30%, n = 6); and Mg,
1.26% (R = 1.09-1.38%, n = 6). Schroeder (44) found similar values for
Mg content (1.1% =+ .1, n = 4) and higher values for Ca content (2.7% =+
1.7, n =4) in Thalassia leaves collected on the west coast of Puerto Rico.
Walsh and Grow (53) found a Mg concentration peak between 1.20-1.25%
and a K maximum around 2.45% in Thalassia leaves. These mineral
contents in Thalassia leaves are comparatively higher than those ob-
tained in tropical forage grasses (2) (table 3) and are much higher than
15 species of edible leaves tabulated in the report of Ruberté and Martin
(43).

The chemical components of Thalassia leaves, therefore, provide the
seagrass community with a nutrient-rich food supply which supports
upper trophic levels in this ecosystem type. Thalassia leaves can also
enrich other marine biotopes by physical or biological export. Biological
transport of Thalassia matter to coral reefs, for example, occurs by the
migration of several fish and urchins that feed on Thalassia and then
migrate to coral reefs for shelter. Fecal material of these herbivores
deposited on the reefs may constitute a significant nutrient and energy
import to the coral reef community (29, 35, 36, 40).

At the present time, the utilization of seagrasses as food by animals,
particularly those of economic importance to man, is negligible. Although
Thalassia testudinum and Ruppia maritima have been used successfully
in preliminary experiments as fertilizers for tomatoes (48) and as feed
supplement for sheep (5), studies have not continued along these lines.
Thalassia beds are considered among the most productive biological
systems in the world. However, only a small fraction of the production of
seagrasses and their associated algae are being utilized directly by man.
For obtaining increased benefits in seagrass production, there is a need
for the preservation of Thalassia beds; for the restoration of Thalassia
beds and its transplantation into bare, marine substrates; for the resto-
ration of queen conch (Strombus gigas) and green turtle (Chelonia
mydas) populations; and for the consideration of seagrasses in the feeding
of domestic animals.

RESUMEN

Se describe la composiciéon quimica de las hojas de Thalassia. Del
total de materia seca, 40.6% consiste de proteinas, lipidos, hidratos de
carbono solubles y ceniza. El contenido en proteina bruta consiste de
17% (R = 15.8-18.1%). Los minerales nutritivos esenciales se encon-
traron en cantidades considerables: calcio, 1.32% (R = 1.21-1.47%);
fésforo, .21% (R = .19-.23%); potasio, 3.0% (R = 2.47-3.30%) y
magnesio, 1.26% (R = 1.09-1.38%). Los componentes de la membrana
celular fueron 59.4% (R = 46.1-64.6%), del cual 19.1% consiste de
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hemicelulosa. El valor porcentual de lignina varia, dependiendo de si
KMnO, 6 H,SO, se usa como agente oxidante: 22.9% (KMnQO,) 6 9.1%
(H2S0,). Se postulan en este trabajo cinco cadenas alimenticias basicas
para describir la importancia de las hojas de Thalassia en la produccion
de organismos marinos: cadena alimenticia de herbivoros grandes, cad-
ena alimenticia de peces herbivoros, cadena alimenticia de gasterépodos
herbivoros y la cadena alimentica detritica. Se evalud el valor potencial
de Thalassia como fuente de alimento para animales domésticos.
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