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The structure and productivity of the Thalassia testudinum community 
in Bon Accord Lagoon, Tobago

Rahanna A. Juman
Institute of Marine Affairs, Hilltop Lane, Chaguaramas, Trinidad and Tobago; Rjuman@ima.gov.tt

Abstract: The Thalassia testudinum dominated seagrass community in the Buccoo Reef/ Bon Accord Lagoon 
Marine Park, measures 0.5 km2 and is part of a contiguous coral reef, seagrass bed and mangrove swamp sys-
tem in southwest Tobago. T. testudinum coverage, productivity and percent turnover rates were measured from 
February 1998 to February 1999 at four sample locations, while total T. testudinum biomass was measured at 
two locations in the lagoon from 1992-2002. Productivity and turnover rates varied spatially and seasonally. 
They were higher in the back-reef area than in the mangrove-fringed lagoon, and were lowest at locations near 
to a sewage outfall. T. testudinum coverage ranged from 6.6% in the lagoon to 68.5% in the back-reef area while 
productivity ranged from 3.9 to 4.9 g dry wt m-2 d-1. Productivity and percentage turnover rates were higher in 
the dry season (January–June) than in the wet season (July–December). Productivity ranged from 3.0 in the wet 
season to 5.0 g dry wt m-2 d-1 in the dry season while percentage turnover rates ranged from 4.2% to 5.6%. Total 
Thalassia biomass and productivity in Bon Accord Lagoon were compared to six similar sites in the Caribbean 
that also participate in the Caribbean Coastal Marine Productivity Program (CARICOMP). This seagrass com-
munity is being negatively impacted by nutrient-enriched conditions. 

Key words: Thalassia testudinum, Bon Accord Lagoon, CARICOMP, productivity, biomass.

Seagrasses are an important marine 
resource (Hemminga and Duarte 2000, 
Nagelkerken et al. 2001) that continues to 
decline worldwide. While this decline has been 
caused by both natural and human-induced dis-
turbances, nutrient over-enrichment of coastal 
waters has been mostly cited as the main rea-
son (Orth and Moore 1983, Short and Wyllie-
Echeverria 1996). Nutrient loading is derived 
from the watersheds (Valiela et al. 1992, Short 
and Burdick 1996) as a result of increased 
human population in the coastal zone. Increase 
in dredge and fill, coastal construction, dam-
age associated with commercial exploitation of 
coastal resource and recreational boating, have 
also led to reduced seagrass cover (Short and 
Wyllie-Echeverria 1996).

Loss of seagrass beds impact on fisheries 
productivity (Walker 1989), as organic produc-
tion and nursery habitats are decreased. This is 
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especially important in the Caribbean, where 
fisheries are already stressed from over-fishing 
and mismanagement of the natural resources 
(Muehlstein and Beets 1989). Limited research 
has been conducted on seagrass communi-
ties around Trinidad and Tobago. Most of the 
information available has been on their loca-
tion with brief qualitative descriptions in some 
instances (Goreau 1967, Massiah 1976, Alkins 
and Kenny 1980, Anonymous 1990, 1992). In 
1997, Alleng and Juman (unpublished) reported 
the disappearance of five Thalassia dominated 
communities around the islands.

The seagrass community within, and adja-
cent to the Bon Accord Lagoon (BAL) is one 
of the largest in Trinidad and Tobago, and part 
of a mangrove-seagrass-coral reef continuum. 
While some baseline data for this system 
were provided by Alleng and Juman (unpub-
lished) and productivity and biomass data are 
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available for one sample site within the lagoon 
(Anonymous 1997), a detailed assessment is 
lacking. This study assesses seagrass structure 
and productivity in the lagoon. The data col-
lected are compared to existing monitoring 
datasets from CARICOMP. 

MATERIALS AND METHODS

Site description

The BAL and adjacent Buccoo Reef (BR) 
are located on the leeward coast of south 

Tobago between 11°08’ to 11°12’N and 60°40’ 
to 60°51’W (Fig. 1). BAL has a surface area 
of 1.2 km2 and forms the southern boundary of 
the BR marine park. This ecosystem complex 
covers an area of 7 km2, and drains a terres-
trial area of 7.7 km2 in a built-up part of south-
west Tobago. The seagrass community within 
and adjacent to BAL covers 0.5 km2. Turtle 
Grass, Thalassia testudinum Banks ex König 
is the dominant species in the lagoon, compris-
ing 80% of the community. Smaller areas of 
Halophila decipiens Ostenfeld and Halodule 
wrightii Ascherson are also found interspersed 
among the turtle grass. The dominant algal 

Fig. 1. Location of Bon Accord Lagoon/ Buccoo Reef, Southwest Tobago.
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species were from Acanthophora, Dictyota, 
Halimeda, Padina. Bryopsis, Codium and 
Caulerpa genera.

BAL is on average 2 m deep and is 
a well-flushed, marine coastal lagoon with 
a reasonably high rate of tidal exchange 
between the lagoon and the adjacent coral 
reef (Juman 2004). The tide is mixed, mainly 
semidiurnal with a significant diurnal inequal-
ity. Because of its geographical setting, BAL 
is also subjected to wind-generated waves 
that cause re-suspension of bottom sediment. 
Tobago experiences a tropical climate with 
pronounced dry (January to April) and wet 
seasons (June to November) and a mean annu-
al ambient temperature of 25.7°C (Berridge 
1981). Southwest Tobago receives a mean 
total rainfall of 1415 mm yr-1, 84% of which 
occurs during the wet season, based on rain-
fall statistics for Crown Point from 1969-1978 
(Anonymous 1982).

Sampling methods

Aerial photographs (taken by Survair 
International Limited in 1994, at elevation 
1800 m.a.s.l., at scale 1:12 500; FS160, f/4.0) 
were used to map the extent of the seagrass 
ecosystem as well as geographical and man-
made features. This was then corroborated by 
ground truthing. The resultant maps were used 
to measure the extent of the ecosystem, and 
to select sampling sites. Four seagrass study 
locations, A-D (Fig. 2) were randomly selected. 
Sample locations A, B and D were within the 
mangrove-fringed lagoon while location C was 
in the back-reef area. Locations B and D were 
west of the Bon Accord sewage outfall.

Structure of seagrass/ macroalgae beds

The percentage cover by seagrasses 
and algae was determined using 50 x 50 cm 

Fig. 2. Seagrass community in the Bon Accord Lagoon/ Buccoo Reef complex, and selected sampling locations.
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(0.25 m2) quadrats placed at 10 m intervals 
along permanent 100 m transect lines. One tran-
sect line was randomly established at each of the 
four study locations, perpendicular to the shore 
(Fig. 2). Two replicate quadrats were measured 
at each sampling interval. Each quadrat was 
divided into 10 x 10 cm grids and percentage 
cover by seagrasses and algae was determined 
in each grid. Twenty quadrats were surveyed 
per transect line and estimation of coverage was 
calculated according to English et al. (1994). 
This estimation was done once within the sam-
pling year between May and June 1998.

Thalassia testudinum productivity

The productivity of the seagrasses in the 
lagoon was determined using a biomass accu-
mulation method adapted from Zieman (1974) 
and Anonymous (1994). At the four seagrass 
location, six 10 x 20 cm (0.2 m2) PVC quad-
rats were randomly deployed. All the seagrass 
shoots in each of the quadrats were marked 
at the sediment surface by punching holes in 
the middle of the leaf blade using hypodermic 
needles. The seagrass was allowed to grow for 
seven days, after which they were harvested 
and taken back to the laboratory for analysis.

In the laboratory, the leaves of the shoots 
were sorted into three groups: (1) new leaves 
(leaves that had emerged since the time of 
marking), (2) old growth (this was the length of 
the leaf from the point of marking down to the 
base where the leaf was harvested) and (3) old 
standing crop (this is the section above where 
the leaf was marked). Leaves were cleaned of 
epiphytes by soaking in 5% phosphoric acid 
and then dried to constant weight at 60°C. Total 
dry weight was measured and these weights 
were then used to calculate productivity (P) and 
turnover rate (T). 

          P (g dry wt m-2 d-1) = 
 

                 and T % =  

where D is number of days; 1= dry wt 
of new leaves; 2= dry wt of old growth and 

3= dry wt of old standing crop (Anonymous 
1994). The inverse of turnover rate is turnover 
time, which is the number of days required 
to replace the standing crop. Productivity and 
turnover rate were measured in March, June, 
September and December 1998. Analysis of 
variance (ANOVA) was used to examine spa-
tial and temporal differences.

Total Thalassia testudinum biomass 

Total T. testudinum biomass has been mea-
sured at locations A and B in BAL as part of 
the CARICOMP program. A polyvinylchloride 
(PVC) corer (diameter 20 cm and length 60-80 
cm) with a serrated edge was used to sample 
Thalassia biomass (Anonymous 1994). The 
corer was forced into the sediment to at least 
45-50 cm to obtain over 90% of Thalassia rhi-
zomes and roots. Four random cores were taken 
per sample location. Core samples were placed 
in individual buckets. Coarse sorting was done 
on a sieve with a mesh of about 2 mm. Samples 
were washed with seawater. Thalassia was 
then sorted into green leaves, non-green leaves 
and short shoots, live rhizomes, live roots, and 
dead belowground material. After sorting, epi-
phytes on the leaves were removed by soaking 
in 5% phosphoric acid. The sorted sample is 
then washed to remove salt and put onto pre-
weighed foil and dried to constant weight at 
60ºC. Total biomass is reported as g dry wt m-2. 
Thalassia biomass was measured at sample 
location A from 1992-2002 and at sample loca-
tion B from 1997-2002. This was compared to 
other seagrass location in southwest Tobago 
and northwestern Trinidad.

RESULTS

The mean percentage coverage by seagrass 
and algae at the four seagrass sampling loca-
tions was 29.9±29.1% and 6.0±2.4%, respec-
tively (Table 1). Eighty percent of the seagrass 
plant community was turtle grass. Sampling 
location C had the highest percent coverage 
of seagrasses (68.5%) and the lowest percent 
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coverage of algae (2.8%). The dominant algal 
genus at this location was Halimeda. Sampling 
locations B and D had the lowest percent 
coverage of seagrasses (6.6-8.3%) and the 
highest coverage of algae (7.9%). The domi-
nant algal species found at sites located in the 
lagoon were Acanthophera spicifera, Dictyota 
divarcata, Caulerpa mexicana, C. sertularoi-
des, Sargassum spp. and Padina spp.

T. testudinum productivity showed sea-
sonal variation (F= 6.4, p< 0.05) (Fig. 3). 
Productivity was highest in March and June 
at locations A, C and D, and was lowest in 
September at all locations. Highest values 
for both variables were recorded from March 
to June, the dry season to early wet season, 
with lowest values in the wet season, July to 
December. Productivity in BAL varied slightly 
between sampling locations (Fig. 3). Sample 
location C had the highest mean productiv-
ity [4.9 g dry wt m-2 d-1] for the four sample 
periods while B, which was adjacent to the 
mangrove swamp and west of the Bon Accord 
Sewage outfall (Fig. 2), had the lowest [3.9 g 
dry wt m-2 d-1].

The estimated mean annual productivity 
for the seagrass communities in the BAL in 
1998 was 4.2 g dry wt m-2 d-1. The actual area 
covered by seagrasses in the lagoon is 16.2 
ha (29.9% of 54.3 ha). Then total production 
for the beds is 682 kg dry wt d-1, and annual 
production is 249 t dry wt. The mean seagrass 
nutrient concentration measured in other stud-
ies (Klumpp et al. 1989, Duarte 1992, Agawin 
et al. 1996, Mateo and Romero 1997, Stapel et 
al. 1997) yielded 34% C, 2% N and 0.2% P, the 
corresponding total nutrient input for the sea-
grasses in and adjacent to BAL, is calculated at 
83.9 t C, 5.1 t N and 0.4 t P.

Percentage turnover rate showed a similar 
trend to productivity. It was highest in March 
and June (5.6%) for all sampling sites and 
lowest in September (3.7%), the midst of the 
wet season (Fig. 4). Location C had the high-
est turnover rate for all the sampling months. 
Yearly averaged percentage turnover rate for 
seagrasses in the lagoon measured 5% in 1998. 
If turnover rate is 5%, turnover time is 20 days, 
which indicates the production of an average of 
18 crops of leaves per year.

TABLE 1
Estimated percent coverage for seagrass and algae at four sampling locations in and adjacent 

to Bon Accord Lagoon, Tobago

 SITE A SITE B SITE C SITE D MEAN SD
% Seagrass 36 8.3 68.5 6.6 29.9 29.1
% Algae 5.5 7.6 2.8 7.9 5.95 2.36

Twenty 0.25 m2 quadrats were surveyed at each location.

Fig. 3. Thalassia testudinum productivity at four sampling 
locations. Bon Accord Lagoon, Tobago.

Fig. 4. Percentage turnover rate for Thalassia testudi-
num at four seagrass sampling locations. Bon Accord 
Lagoon, Tobago.
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Total T. testudinum biomass at sample loca-
tion A, varied between 260±102 g m-2 in 1996 
to 541±15 g m-2 in 1999, while at location B it 
ranged between 208±79 g m-2 in 1998 and 426±26 
g m-2 in 1997 (Table 2). Average biomass during 
the period 1992-2002 was 378.5±83.8 g m-2 
(n=16). Total Thalassia biomass at these stations 
(A and B) were the lowest compared with other 
seagrass locations in northwest Trinidad and 
southwest Tobago (Table 3).

 

DISCUSSION

T. testudinum productivity and turnover 
rates in the BAL varied seasonally and spa-
tially. These parameters were higher during the 
dry season months (January to June) compared 
to the wet season months (July to December). 
Productivity ranged from 3.0 in the wet season 
to 5.0 g dry wt m-2 d-1 in the dry season, while 
percentage turnover rates ranged from 4.2 to 
5.6%. Seasonal differences in T. testudinum 
density, biomass, and primary production were 
also reported by Jones (1968), Zieman (1975), 
and Thorhaug and Roesler (1977) for Florida, 
and by van Tussenbroek (1995) for Puerto 
Morelos Lagoon, Mexico. They reported sum-
mer maximum and winter minimum values, 
which they related to temperature, salinity and 
length of day.

Variations in depth and day-length in this 
area were insignificant. Productivity and per-
centage turnover rate were higher when the 
water was less turbid. In the wet season there 
is increased run-off from the mangrove and 
adjoining land, resulting in increased sedi-
ment and nutrient loading. High nitrate and 
phosphate concentrations were recorded close 
to, and west of the Bon Accord sewage outfall 
(Juman 2004). High total suspended solids 
concentrations were also reported near to the 
Bon Accord sewage outfall and close to sam-
pling location B (Juman 2004). At this location, 
the bed was heterogeneous with large sandy 
patches; therefore bottom sediment would be 
more easily re-suspended especially during 
heavy wind conditions.

In Puerto Morelos, Mexico, Thalassia bio-
mass and productivity were highest at the 
station in the vicinity of mangrove discharge, 
and were lowest at the back-reef station (van 
Tussenbroek 1995). In BAL, the opposite trend 
is observed. The back-reef sampling location 
(C) had the highest percentage cover by sea-
grasses, mean areal productivity and percent-
age turnover rates while B, which was adjacent 
to the mangrove swamp and sewage outfall, 
had the lowest. Total T. testudinum biomass 
in BAL was low compared to other locations 

TABLE 2
Total Thalassia biomass±SD at seagrass locations A and 
B in the Bon Accord Lagoon, Tobago, from 1992-2002

Year Total Thalassia biomass (g dry wt m-2)
 Location A SD Location B SD

1992 408.6 90.5 NA 
1994 436.1 30.7 NA 
1995 504.1 16.8 NA 
1996 260.1 102.6 NA 
1997 357.5 123.7 425.7 25.6
1998 433.9 145.7 208.2 78.6
1999 540.9 14.7 407.2 148.3
2000 473.0 304 319.6 38.8
2001 532.6 267.2 257.6 30.0
2002 430.4 189.4 297.0 221.3
Mean 437.7  319.2 
SD 84.5  84.5 

NA = not available.

TABLE 3
Total Thalassia biomass±SD at different seagrass loca-

tions in southwest Tobago and northwest Trinidad

Location Biomass SD N
 (g dry wt m-2) 

Site A- Bon Accord Lagoon 438 84 10

Site B- Bon Accord Lagoon 319 84 6

North Sheerbird’s Point, 
Buccoo Bay 1866 552 7

La Guira Bay, Tobago 1531 675 8

Kilgwyn Bay, Tobago 964 246 8

William’s Bay, Trinidad 678 105 8

St Peter’s Bay, Trinidad 658 384 8
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in southwest Tobago and Northwest Trinidad 
(Table 3). T. testudinum biomass in BAL was 
more than 200% lower than other CARICOMP 
sites, though productivity was amongst the 
highest (Table 4).

Nutrient loading within the BAL may 
have enhanced the proliferation of faster grow-
ing phytoplankton, epiphytic and macro-algae 
that compete with seagrasses for light and 
space. Competition with algae leads to dimin-
ished growth and stature; increased shoot 
mortality and decline in shoot density and 
total habitat area of seagrasses (Taylor et al. 
1995, Kenworthy and Fonseca 1996, Short 
and Burdick 1996). In nutrient enriched areas 
where seagrass meadows have been mapped 
over time, the spatial configuration of the 
meadow usually becomes more fragmented, 
with large distances between patches compared 
to initial conditions (Costa 1988, Batiuk et al. 

1992). This was observed at locations (B and 
D) within BAL, in the vicinity of the sewage 
effluent drain. Colonization of the Thalassia 
community by Halodule wrightii has been 
reported as a consequence of long-term enrich-
ment (Reyes and Merino 1991, Lapointe et al. 
1994) and this was also observed in the BAL.

CONCLUSION

T. testudinum dominated seagrass com-
munity within BAL, is diminishing. This is 
reflected in the low percent cover by seagrasses 
measured at sampling locations within the 
lagoon (B and D), and low T. testudinum bio-
mass when compared to other sites in Trinidad 
and Tobago and the Wider Caribbean. The sea-
grass bed in the lagoon is becoming patchy and 
there is a higher macro-algae cover.

TABLE 4
Comparison of mean Thalassia testudinum biomass and productivity±SD at different sites in the Caribbean. 

Data provided by the CARICOMP Network.

Country Seagrass area (km2) Total biomass Productivity % Turnover rate
  (g m-2)  (g m-2 d-1) 

San Salvador, Bahamas NA 1543±1301 1.2±0.8 3.7±1.1
  n=14 n=7 n=7

Puerto Morelos, Mexico NA 1219±275 1.3±0.5 2.7±0.4
  n=28 n=24 n=24

Discovery Bay, Jamaica 0.000005 1353±403 6.1 ± 6.0 4.2±1.6
  n=15 n=11 n=11

La Parguera, Puerto Rico 9.96 1073±359 4.1±2.5 5.5±1.4
  n=9 n=10 n=10

Twin Cay, Belize NA 3783±568 2.7±0.7 2.6±0.5
  n=20 n=22 n=22

Bon Accord Lagoon, Tobago 0.5 398±114 4.4±2.8 5.7±1.5
  n=15 n=9 n=19

Morrocoy, Venezuela NA 936±445 3.5±2.6 3.1±1.2
  n=11 n=11 n=11

NA= not available
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RESUMEN

La comunidad de pastos marinos de Buccoo Reef/ 
Parque Nacional Bon Accord Lagoon, dominado por 
Thalassia testudinum, mide 0.5 km2 y es parte de un com-
plejo de arrecifes, lechos de pastos marinos y manglares en 
el suroeste de Tobago. La cobertura, productividad y tasa 
de recambio de T. testudinum fueron medidas de febrero 
1998 a febrero 1999 en cuatro localidades, mientras que 
la biomasa total de T. testudinum fue medida en dos loca-
lidades en la laguna, entre 1992-2002. La productividad y 
la tasa de recambio variaron espacialmente y estacional-
mente. Fueron mayores en la parte trasera del arrecife que 
en el manglar y la laguna del arrecife marginal, y fueron 
menores en localidades cerca de un emisario de aguas 
negras. La cobertura de T. testudinum tuvo un ámbito de 
6.6% en la laguna a 68.5% en la parte trasera del arrecife, 
mientras que la productividad tuvo un ámbito de 3.9 a 4.9 g 
peso seco m-2 d-1. La productividad y las tasas de recambio 
fueron mayores en la época seca (enero a junio) que en la 
época lluviosa (julio-diciembre). La productividad tuvo 
un ámbito entre 3.0 en la época húmeda y 5.0 g peso seco 
m-2 d-1 en la época seca, mientras que las tasas de recambio 
variaron entre 4.2 y 5.6%. La biomasa total de Thalassia y 
la productividad en Bon Accord Lagoon fueron compara-
das con seis sitios similares en el Caribe que también par-
ticipan en el Programa de Productividad Marino-Costera 
del Caribe (CARICOMP). La comunidad de pastos de Bon 
Accord Lagoon está siendo afectada  negativamente por 
enriquecimiento de nutrimentos.

Palabras clave: Thalassia testudinum, Laguna Bon 
Accord, CARICOMP, productividad, biomasa.
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