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Abstract: The Caribbean Coastal Marine Productivity Program (CARICOMP) was launched in 1993 to study
regional long-term interactions between land and sea, taking standardized measurements of productivity and
biomass of mangroves, coral reefs and seagrasses. Since 1999 continuous measurements of seagrass (7halassia
testudinum) parameters as well as environmental data have been recorded in Caribbean Panama. Replicate
stations were selected near the Smithsonian Tropical Research Institute in Bocas del Toro. Sediment cores and
quadrants were placed there to estimate biomass and productivity, respectively. Mean values for productiv-
ity, standing crop, turnover rate, total dry biomass, and Leaf Area Index were 1.74gDW/m?/d, 66.6gDW/m?,
2.62%/d, 1481 gDW/m?, and 4.65, respectively. Total dry biomass (shoots, rhizomes and roots) and LAI of T.
testudinum increased significantly during the study period. Mean values for total rainfall, Secchi disk depth,
sea surface temperature, and salinity were 3498mm, 8.24m, 28.79°C, and 32.26psu, respectively. Sea surface
temperature was the only environmental variable with a statistically significant change, increasing from 1999 to
2010. Correlation between sea surface temperature and 7. testudinum parameters (total biomass and LAI) were
both positive and significant. Human population has increased dramatically over the last ten years in Bocas
del Toro region, increasing pressure (deforestation, runoff, wastewater) over coastal ecosystems (seagrasses,
mangroves, coral reefs). Change in the abundance of 7. festudinum may be linked to ocean warming, as a con-
sequence to satisfy plant’s metabolic requirements, although other local factors need to be analyzed (reduced
grazing and increased eutrophication). A further warming of the ocean could have a negative effect on 7. testu-
dinum population, increasing respiratory demands and microbial metabolism.Rev. Biol. Trop. 61 (4): 1815-1826.
Epub 2013 December 01.
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Seagrass meadows are a key ecosystem
of the coastal zone, they are highly produc-
tive, fixing 15% of the carbon fixed by all
oceanic primary producers (Duarte & Chisca-
no, 1999). Play a fundamental role as nursery
and refuge for fish and other marine species
(Verweij, Nagelkerken, De Graaff, Peeters,
Bakker, & Van der Velde, 2006; Heck Hays
& Orth, 2003), enhance diversity (Casares
& Creed, 2008), are a source of food for

endangered species (Cuevas, Liceaga-Correa,
& Garduiio-Andrade, 2007), and serve as a
major sink for atmospheric carbon, captu-
ring up to 112Tg/y (Nellemann, Corcoran,
Duarte, Valdés, de Young, & Fonseca, 2009;
Duarte, Marba, Gacia, Fourqurean, Beggins,
& Barrén, 2010; Kennedy, Beggins, Duarte,
Fourqurean, Holmer, & Marba, 2010; Russell,
Connell, Uthicke, Muehllehner, Fabricius, &
Hall-Spencer, 2013). Seagrass meadows also
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form fundamental ecological connections with
other tropical coastal ecosystems, including
mangrove forests and coral reefs (Nagelkerken,
Roberts, Van der Velde, Dorenbosch, Van Riel,
& Cocheret de la Moriniere, 2002; Mumby,
Edwards, Arias-Gonzalez, Lindeman, Blac-
kwell, & Gall, 2004; Nagelkerken & Van der
Velde, 2004).

Worldwide, seagrass habitats have
decreased for more than three decades (Orth,
Carruthers, Dennison, Duarte, Fourqurean, &
Heck, 2006; Short, Polidoro, Livingstone, Car-
penter, Bandeira, & Bujang, 2011) and the
current habitat loss rate is estimated to be
110km?/y, this is a dramatic increase conside-
ring that between 1879 and 2006 the decrease
rate was estimated at 27km?/y (Waycott, Duar-
te, Carruthers, Orth, Dennison, & Olyarnik,
2009). This loss has been attributed mostly to
human development of the coastal zone, which
poses threats such as dredging, housing develo-
pment, and boat traffic (Short & Burdick, 1996,
Erftemeijer & Robin Lewis, 2006, Bjork, Short,
Mcleod, & Beer, 2008; Halpern, Walbridge,
Selkoe, Kappel, Micheli, & D’Agrosa, 2008).
Dominant seagrass species in the Caribbean
is turtlegrass Thalassia testudinum (Banks ex
Koénig) which covers and approximate area
of 2790km? (Green & Short, 2003), although
the most recent estimate (Wabnitz , Andréfou-
ét, Torres-Pulliza, Miiller-Karger, & Kramer,
2008) set the seagrass extension for the wider
Caribbean at almost 70 000km?. In Caribbean
Panama, human pressure on coastal ecosystems
continues to build through deforestation of vast
coastal areas for touristic, industrial, or urban
purposes (Guzman, 2003; Fulweiler, Rabalais,
& Heiskanen, 2012). Deforestation results in
increased runoff of sediments and nutrients
into the adjacent marine systems leading to a
reduction in light availability and an increase
in eutrophication (Burkholder, Tomasko, &
Touchette, 2007; Fulweiler et al., 2012).

Many economic and cultural activities in
coastal communities rely on marine resources
such as seagrass meadows, therefore, in recent
years our knowledge of the dynamics of sea-
grass resources in the Caribbean has improved

(Alcolado, Alleng, Bonair, Bone, Buchan, &
Bush, 2001; Creed, Phillips, & Tussenbroek,
2003; Harborne, Mumby, Micheli, Perry, Dahl-
gren, & Holmes, 2006; Wabnitz et al., 2008).
The need for long-term monitoring is crucial to
evaluate possible impacts of human and natural
disturbances. In 1993 the Caribbean Coastal
Marine Productivity Program (CARICOMP)
was launched to study regional long-term inte-
ractions between land and sea (Alcolado et al.,
2001, CARICOMP, 2001). As a result of this
project, information of turtlegrass meadows
from different regions of the Caribbean has
been published. It was found that nutrient enri-
chment is having a negative effect on 7. testu-
dinum, decreasing its coverage and biomass in
Bon Accord Lagoon, Tobago (Juman, 2005).
Fonseca, Nielsen, & Cortés (2007) reported a
decrease in both biomass and productivity as
a consequence of ocean warming in Cahuita
National Park, Costa Rica, from 1999 to 2005,
with nutrient loading from deforestation and
local pollution as potential additional threats to
T. testudinum population. Murdoch, Glasspool,
Outerbridge, Ward & Gray (2007) analyzed
data from 1962 to 2004 and found a widespread
decline in Bermuda meadows located at the rim
of the reef and in the lagoon, while inshore and
nearshore meadows remain relatively constant.
A similar result was published by Krupp, Cor-
tés, & Wolff (2009) for Cahuita National Park,
stating that although turtlegrass meadows are in
good health, it is probable that they are at their
maximum level of tolerance for environmen-
tal stress, based on the increasing abundance
of epiphytes and macroalgae. Recently, Van
Tussenbroek, Smith, Absten, Gerace, Alcolado
& Gayle (in press) found that for the Greater
Caribbean more than 60% of the CARICOMP
sites show consistent signs of degradation
through changes in the community structure,
associated to increased nutrient input or sedi-
mentation since the early 1990°s.

Data for Caribbean Panama has not been
published so far; since 1998, data on seagrass
temporal variability and environmental varia-
bles have been collected at the CARICOMP
site located in Bocas del Toro, Panama. This
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work represents the first report for the turt-
legrass population in this area. The goal of
our study was to analyze ten years of data of
T testudinum to evaluate the variability of:
above-ground biomass (shoots), below-ground
biomass (rhizomes and roots), standing crop,
Leaf Area Index (LAI), leaf productivity and
turnover rate. Possible correlations between
environmental variables (seawater temperature,
salinity, total rainfall, water column visibility)
and seagrass productivity and abundance para-
meters were determined.

MATERIALS AND METHODS

Study area: Turtlegrass (7. testudinum)
meadows at the CARICOMP site in Isla Colon
extend from the shore into the sea to a distance
of 150m. The CARICOMP monitoring site is
near the Smithsonian Tropical Research Insti-
tute (STRI) facilities on Isla Colon in the Bocas
del Toro Archipelago (9°21°0” N - 82°15°0”
W). The Archipelago lies along the Northwest
Caribbean coast of Panama and is formed by
numerous forested islands and two major semi-
enclosed basins: Bahia Almirante, the location
of the study site, and Laguna de Chiriqui. Rain-
fall in the area is quite abundant (annual mean
~3 000mm/y) and can reduce seawater salinity
to 20psu after heavy rainfall (Kaufmann &
Thompson, 2005). There are two dry seasons,
February-March and September-October; hig-
hest rainfalls occur in December with a lower
peak in July (Kaufmann & Thompson, 2005).

Bahia Almirante is a relatively small
lagoon (446km?) with coarse sand, carbo-
nate-dominated sediments (Carruthers, Bar-
nes, Jacome, & Fourqurean, 2005; D’Croz,
del Rosario & Gondola, 2005). The Bahia
is surrounded by highlands and has a limi-
ted watershed, but nutrient input from river
discharge maintains higher nutrient concen-
trations in the bay than that of the nearby
ocean (Carruthers et al., 2005, D’Croz et al.,
2005). Land clearing for agricultural and cattle
rearing purposes or timber commodities has

increased the amount of nutrient runoff into
Bahia Almirante and reduced water quality in
the last four decades with consequences for
reef-building corals (Guzman, 2003; Aron-
son, Maclntyre, Wapnicks, & O’Neill, 2004;
Cramer, Jackson, Angioletti, Leonard-Pingel,
& Guilderson, 2012). Currently, Bahia Almi-
rante can be classified as a mesotrophic lagoon
(~0.6pgChlorophyll/L, Carruthers et al., 2005)
according to the water quality levels reported
by Green & Webber (2003).

Circulation inside Bahia Almirante is limi-
ted because of its low tidal range (<0.5m) and
its reduced communication with the ocean;
only three narrow passages flanked by islands
or mainland (see Fig. 1, Guzman, Barnes,
Lovelock, & Feller, 2005). Seawater tempera-
ture inside Bahia Almirante fluctuates throug-
hout the year in relation to the amount of solar
radiation reaching the sea surface (Kaufmann
& Thompson, 2005). Main primary producers
in the shallow (<3m) and deeper (up to 15m)
parts of Bahia Almirante are the seagrass 7. tes-
tudinum and corals such as Agaricia tenuifolia
(Guzman & Guevara, 1998).

Seagrass data: Two research stations were
located in Bahia Almirante, 12 to 18m from
the shore and less than 60m apart from each
other (9°21°0” N - 82°15°0” W, see Fig. 1,
Guzman et al., 2005). For a detailed description
of the sampling methods refer to CARICOMP
(2001). A brief description of these methods is
provided below. Turtlegrass sampling began
in March 1999 and is ongoing (for this work
we included until January 2010). In order to
assess the local seasonal signature, sampling
interval was more intense during the first cam-
paigns, with four sampling events per year in
1999 (February, June, September, December)
and three in 2000 and 2001 (January, July,
October). Analysis of these data revealed that
the seasonal signal (spring, summer, autumn,
winter) was not significant, so the sampling
frequency for subsequent years was redu-
ced to two times per year, to capture annual
variability, maximum and minimum turtlegrass
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Fig. 1. Monthly rainfall and means of Secchi disk depth, seawater temperature and salinity. From April 1999 to May 2010
in Changuinola (33km Northwest of Bocas del Toro) (A) and in Isla Colon (B-D). Standard error bars for B-D. Significant

Spearman Rank Correlation Coefficients are shown.

productivity. This approximately corresponded
to January and July, respectively.

Core sampling: Thalassia testudinum bio-
mass samples were extracted with a PVC corer
(20cm diameter x 77cm deep). Each sample
was completely cleaned of sediment and the
following fractions were separated: leaves,
shoots, rhizomes, and roots. All the material
was dried for 48h (60°C) and weighed to
determine above-ground biomass (leaves and
shoots), below-ground biomass (rhizomes and
roots), and total biomass (the sum of both).
Four samples were taken at each station.

1818

Quadrant sampling: Productivity sam-
ples were measured with a PVC quadrant
(10x20cm). All turtlegrass shoots inside the
quadrant were perforated 2mm above the
sheath with a syringe needle to measure growth
(an average of 18 shoots per quadrant). Marked
leaves were left to grow for six to eight days,
after that all shoots were harvested for further
processing. Leaves were separated in three
categories according to growth status (new
leaves, growth on old leaves, and old leaves).
Growth (productivity), standing crop (leaf bio-
mass) and turnover rate (leaf percentage repla-
ced daily) were estimated using corresponding
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equations (CARICOMP, 2001). Six samples
were taken at each station. To estimate Leaf
Area Index (LAI) five uprooted shoots were
harvested from an area with similar shoot den-
sity adjacent to the sampled quadrants. Shoots
were rinsed, and all leaves were cut at the
level of the sheath; length and width of each
leaf was determined to determine leaf surface
area per shoot. The mean leaf area per shoot
was multiplied by the number of shoots per
quadrant to estimate leaf area of the turtlegrass.
The ratio of this leaf area to the quadrant area
(200cm?) returns the LAI, which is a descriptor
of the degree of leaf packing within the canopy
(Watson, 1947).

Environmental data: Seawater surface
temperature (SST), salinity and Secchi disk
depth (horizontal measurements) were recor-
ded above a seagrass meadow (average depth
2m) near the CARICOMP site (9°21°0”N-
82°15°0”W). A handheld YSI 85® was used for
the salinity measurements (0.5m depth), while
temperature data was recorded at the bottom
with a Hobo Water Temp Pro®. Salinity and
Secchi disk depth (water column visibility)
were recorded weekly from August 1999 to
May 2010. SST was measured hourly from
April 1999 to May 2010. Total rainfall was
measured on a monthly basis (from April 1999
to May 2010) and provided by the Changuinola
Banana Plantation, which lies 8km from the
shore and 20m above sea level. More details
about the characteristics of each of these envi-
ronmental data sets can be found in Kaufmann
& Thompson (2005).

Time-series processing and statistical
analyses were performed with SigmaPlot 10®.
Except for the rainfall data, monthly means
were calculated for each time series. Normality
and equal variance were tested using Kolmo-
gorov-Smirnoff and Levene Median statistics,
respectively. Standard error and the plotted
anomaly of each time series assisted in the
identification of periods of highest variability.
Non-parametric Spearman Rank Correlation
analyses were applied to: i) identify signifi-
cant inter-annual trends for each time series;

ii) determine significant correlations between
environmental data and seagrass data; and iii)
determine which environmental variables were
significantly correlated with each other.

RESULTS

Productivity and biomass of 7. festudi-
num: Growth (1999-2010) in Bocas del Toro
had a mean value of 1.74gDW/m?/d, ranging
from 1.07 to 5.80gDW/m?/d (Fig. 2A). Pro-
ductivity did not show a statistically significant
(p>0.05) trend with time; however, productivi-
ty values were above 6.0gDW/m?/d only after
2003 (Fig. 2A). The decadal mean for standing
crop (leaf biomass) was 66.60gDW/m?. No
significant (p>0.05) trend in standing crop
was detected over the sampling period (Fig.
2B); minimum (55.54gDW/m?) and maximum
(94.04gDW/m?) values corresponded to July
2004 and February 2007, respectively. Tur-
nover rate mean (1999-2010) for the leaves
of Thalassia testudinum was 2.62%/d (range,
1.58-6.06%/d), with frequent peaks throughout
the time series (Fig. 2C). Although no signifi-
cant (p>0.05) trend was observed, before 2002
leaf percentage replaced daily were below
4.0%/d; in contrast, turnover rate frequently
exceeded 7.0%/d after 2002. Total biomass
(leaves, shoots, rhizomes and roots) deca-
dal mean was 1481gDW/m?, ranging from
916gDW/m? (June 1999) to 2129gDW/m?
(January 2008). Total biomass showed a signi-
ficant increase with time at the Bocas del Toro
site (Spearman Correlation Coefficient=0.76,
p=0.000, df=25) (Fig. 2D). At the beginning
of the time series, maximum total biomass
values were 1793gDW/m? (March 1999) and
1802gDW/m? (June 2000), whereas at the
end of the time series maximum values were
over 40% higher, 2 521gDW/m? (June 2006)
and 2 561gDW/m? (January 2009). The deca-
dal mean of LAI was 4.65 (range, 3-7), with
values over 19 after 2002 (Fig. 2E). Leaf Area
Index showed a significant increase with time
(p=0.0139, r=0.47, df=25), however, lower
than the correlation observed for total biomass
(Fig. 2D).
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Environmental variables: With the excep-
tion of seawater surface temperature (SST),
none of the environmental variables measured
between 1999 and 2010 exhibited a significant
(p>0.05) correlation with time (Fig. 1). SST
demonstrated a significant increase (p=0.000,
df=89 318) over time, with a low Spearman
Rank Correlation coefficient (r=0.09).

Mean total rainfall was 3498mm
(1999-2010), highest wvalues occurred in

November-December, while the lowest occu-
rred in September-October (Fig. 3A). Mean
Secchi depth was 8.24m, with maximum and
minimum visibility in March (10m) and August
(6m), respectively (Fig. 3B). Decadal mean
for SST was 28.79°C, maximum values occu-
rred from July through September and mini-
mum values occurred from November through
January (Fig. 3C). Salinity decadal mean value
was 32.26psu, with three episodes of extremely
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low salinity (<25psu) that coincided with perio-
ds of intense rainfall (May 2002, December
2004, and December 2008) (Fig. 1A, D).

Time-series correlations: Total rainfall
was negatively correlated with SST (p=0.0043,
r=-0.25, df=128) and both variables were sig-
nificantly correlated with salinity (rainfall:
p=0.000, r=-0.47, df=125, SST: p=0.0056,
r=0.25, df=125, respectively, Table 1).
Moreover, water column visibility was positi-
vely correlated with SST (p=0.0199, r=0.21,
df=126) and salinity (p=0.000, r=0.53, df=127)
but negatively correlated with total rainfall

(p=0.000, r=-0.50, df=126). Total rainfall and
salinity did not show significant correlations
with any of the 7. testudinum parameters. Stan-
ding crop and growth were positively correla-
ted with SST (standing crop: p=0.0065, r=0.51,
df=25, growth: p=0.0459, r=0.39, df=25, res-
pectively), whereas water column visibility
was negatively correlated with LAI (p=0.0173,
r=-0.47, df=23).

DISCUSSION

The environmental and biological data
reported herein are a contribution to the long
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Fig. 3. Monthly mean (dotted line) and minimum/maximum values for (A) total rainfall, (B) Secchi disk depth, (C) seawater
temperature, and (D) salinity (1999-2010). Horizontal dashed line is the correspondent decadal mean.

©DOOO) Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 61 (4): 1815-1826, December 2013

1821



TABLE 1
Spearman Rank Correlation coefficients for environmental variables (1999-2010)

Seawater temperature
(-0.25, 0.004, 130)
(0.25, 0.006, 127)
(0.21, 0.020, 128)

Total rainfall
Salinity
Water column visibility

Total rainfall Salinity

(-0.47, 0.000, 127) -
(-0.50, 0.000, 128) (0.53, 0.000, 129)

*Numbers in parenthesis = (1, p, n).

time-series that has been published as part of
the CARICOMP project (Juman, 2005; Mur-
doch et al., 2007; Cortés, Fonseca, Nivia-Ruiz,
Nielsen-Muiioz, Samper-Villarreal, & Salas,
2010; Rodriguez-Martinez, Ruiz-Renteria, B.
Van Tussenbroek, Barba-Santos, Escalante-
Mancera, & Jordan-Garza, 2010; Rodriguez-
Ramirez, Garzon-Ferreira, Batista-Morales,
Gil, Gomez-Lopez, & Goémez-Campo, 2010).
Over the Wider Caribbean region, there are
reports of a long-term decline of coastal ecosys-
tems (coral reefs, seagrass meadows, and man-
grove forests) due to natural but mostly due
to anthropogenic stressors, climate change,
runoff, over-fishing, pollution, and poor land-
use practices being the most important (Guz-
man, 2003; Linton & Fisher, 2004; Ogden,
2010; Cramer et al., 2012). Human population
of Bocas del Toro has increased dramatically
over the last ten years (Trombulak, 2006),
leading to destruction of several hectares of
mangrove forests and the lack of a sustainable
urban plan for wastewater disposal (Trombu-
lak, 2006).

There was an increase in total biomass and
Leaf Area Index of T festudinum from 1999
to 2010 in Bocas del Toro which could be a
result of seawater temperature increase in the
last decade. Positive correlation between SST
with productivity (p=0.046, r=0.39, df=25)
and standing crop (p=0.007, r=0.51, df=25)
also support this hypothesis. Leaf Area Index
increase is possibly a result of the increa-
se in total biomass, to satisfy the metabolic
requirements for plant growth (Enriquez &
Pantoja-Reyes, 2005). Lee, Park & Kim (2007)
report that optimum temperature for growth
and photosynthesis for 7. festudinum is 29°C,

almost the average temperature recorded in
our time series (28.79°C). Therefore, a further
warming of the ocean could have a negative
effect on turtlegrass meadows. Higher tempe-
ratures will increase their respiratory demands
as well as microbial metabolism (Short &
Neckles, 1999; Duarte, 2002), this will favor
the occurrence of anoxic conditions in the
sediment (Borum, Pedersen, Greve, Franko-
vich, Zieman, & Fourqurean, 2005). Also algal
communities that already form part of the
seagrass community might be benefited from
this temperature increase, their overgrowth will
limit the amount of light reaching the leaves
(Short & Neckles, 1999; Holmer, Wirachwong,
& Thomsen, 2011).

These scenarios are exacerbated given
the presence of eutrophic conditions. Eutro-
phication as a consequence of coastal runoff
constitutes a potential threat to turtlegrass
productivity (Van Tussenbroek, Vonk, Stapel,
Erftemeijer, Middelburg, & Zieman, 2000).
Fourqurean, Powell, Kenworthy, & Zieman
(1995) found that fertilization of turtlegrass
meadows had a positive effect on the plants,
with increased biomass even two years after
fertilization. However, in the presence of other
seagrass species (e.g., Halodule wrightii) stan-
ding crop of T. testudinum drastically dropped.
Eutrophication also promotes abnormal phyto-
plankton blooms and macroalgae overgrowth
which cannot be offset by fish-grazing (Gacia,
Littler, & Littler, 1999). Nutrient enrichment
can also displace 7. festudinum by other sea-
grass species (Tomasko & Lapointe, 1991;
Bachelet, Montaudouin, Auby, & Labourg,
2000; Van Tussenbroek et al., 2006; Van Tus-
senbroek, 2011).
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The increase in biomass recorded during
the last decade and the associated temperature
increase are evidence of the progressive chan-
ges occurring in the Caribbean, particularly in
Bocas del Toro. The Caribbean is experiencing
eutrophication of coastal waters due to human
activities since before the 1960’s (Lewis, 1984;
Wear, Sullivan, Moore, & Millie, 1999; Gard-
ner, Coéte, Gill, Grant, & Watkinson, 2003;
Pandolfi, Bradbury, Sala, Hughes, Bjorndal,
& Cooke, 2003; Van Tussenbroek et al., 2006;
Ogden, 2010; Rodriguez-Martinez et al., 2010,
Cramer et al., 2012). Land clearing activi-
ties, overfishing, global warming, and an ine-
ffective management of coastal resources are
the current most important anthropogenic and
natural stressors (Guzman, 2003, Rodriguez-
Martinez et al. 2010, Cramer et al., 2012). It
is imperative to continue efforts focused on
mapping aereal extent of meadows (Wabnitz et
al., 2008), its population dynamics (extension
of vegetative genets and dispersal of sexual
propagules), public awareness of the economic
importance of healthy ecosystems (Nagelker-
ken et al., 2002; Tibbets, 2006) to foster inte-
grative national management and conservation
plans for the upcoming environmental changes.
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RESUMEN

El Programa de Productividad Costera Marina del
Caribe (CARICOMP) fue iniciado en 1993 para estudiar
interacciones regionales a largo plazo entre la tierra y el
mar, tomando mediciones estandarizadas de productivi-
dad y biomasa de manglares, arrecifes de coral y pastos
marinos. Desde 1999 mediciones continuas de parametros
de pasto marino (7halassia testudinum) asi como datos
ambientales han sido registrados para el Caribe de Panama.

Réplicas de estaciones fueron seleccionadas cerca del
Instituto Smithsonian de Investigaciones Tropicales en
Bocas del Toro. Nucleos de sedimento y cuadrantes fueron
colocados para estimar biomasa y productividad, respec-
tivamente. Valores promedio de productividad, biomasa
foliar, tasa de recambio, biomasa total seca e Indice de
Area Foliar fueron 1.74gDW/m%d, 66.6gDW/m?2, 2.62%/d,
1481 gDW/mz, y 4.65, respectivamente. La biomasa total
seca (haces, rizomas y raices) e indice de Area Foliar de
T. testudinum incrementaron significativamente durante
el periodo de estudio. Valores promedio de Iluvia total,
profundidad de disco de Secchi, temperatura superficial
del mar y salinidad fueron 3 498mm, 8.24m, 28.79°C, y
32.26psu, respectivamente. La temperatura superficial del
mar fue la unica variable ambiental con un incremento esta-
disticamente significativo, de 1999 a 2010. La correlacion
entre la temperatura superficial del mar y los parametros de
T testudinum (biomasa total y LAI) fueron tanto positivos
como significativos. La poblacion humana ha crecido dra-
maticamente durante los tltimos diez aflos en la region de
Bocas del Toro, incrementando la presion (deforestacion,
escorrentia, aguas negras) sobre los ecosistemas costeros
(pastos marinos, manglares, arrecifes coralinos). Cambios
en la abundancia de T testudinum pueden estar ligados
al calentamiento oceanico, como una consecuencia para
satisfacer los requerimientos metabdlicos de la planta, aun-
que es necesario analizar otros factores locales (reduccion
del pastoreo e incremento en la eutrofizacion). Un mayor
calentamiento del océano puede tener efectos negativos en
la poblacion de 7. testudinum, incrementando las demandas
respiratorias y el metabolismo microbiano.

Palabras clave: Caribe, Panama, CARICOMP, series tem-
porales, productividad, Thalassia testudinum.
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