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Introduction
Seagrasses are one of the most important organisms in
coastal marine systems. They are one of the main primary
producers and thus modulate the transport of carbon and nutrients
in these systems (Mateo et al, 2007; Romero et al 2007). This type
of submerged aquatic vegetation form wetland habitats of extreme
importance for myriads of vertebrate and invertebrate species
many of which are important components of commercial and sport
fisheries. Therefore, seagrass habitats form one of the important
biodiversity subcomponents of present day coral reef systems
(Greenway, 1995; in Hemminga and Duarte, 2000).
In general, four species of seagrasses are frequently present
in Puerto Rico, Thalassia testudinum, Cymodocea (Syringodium)
filiformis, Halodule wrightii and Halophila descipiens (Figure 1). Of
these, two are largely represented in areas adjacent to
EcoElectica’s pier, namely T. testudinum (turtle grass) and H.
descipiens (paddle grass), while other are found elsewhere in the
surrounding areas.
Worldwide decreases of seagrass cover have been reported
recently (Waycott et al 2009) due to various natural and human
related factors including increased nutrient and sediment inputs
from terrestrial systems, mechanical damage and global change.
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Only very limited data on the status of seagrasses in the Caribbean
area available and the only source cited by the above authors
suggests a positive trend for seagrass cover in Grand Cayman,
BWI. Unpublished data by Otero and Carrubba (2007) and Otero
2004 indicate significant impacts to seagrasses by boaters in
shallow waters, but overall those impacts account for a small
percent of total seagrass cover.
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Figure 1. Major seagrass species found in study area. A. Thalassia testudinum
(turtle grass); B. Halodule wrightii (shoal grass); C. Syringodim filiformis (Manatee
grass); Halophila descipiens (paddle grass).

Technical reports by Vicente and Associates (1999-2010)
and by Otero (2013) on the distribution of seagrasses adjacent to
EcoElectrica, LP in relation to Biological Monitoring Project Plans
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to comply with EPA’s CWA requisite, discuss various aspects of
the status of seagrasses, its relation to EcoElectrica’s pier,
productivity and mitigation results. Their results indicated a variety
of trends across the environmental gradient of the study area. The
overall distribution of seagrasses within transects was high and
uniform toward the coastal northern area while absent at the north
western transects. Low cover of seagrasses was observed in 2011
to the south of the pier. These results suggest a decreasing trend
in seagrass cover in transects farther away from the coast from the
coast in water deeper than 1m.
Mitigation efforts based on turtlegrass replanting to a
recipient site at Cayo Palomas were reported by Vicente and
Associates (2004). The success of the effort was ca. 50% of
survival over a 7 year period for an overall increase of >600% of
areal coverage, starting from approximately 12 ft2 of combined
seagrass cover. Although this result was promising, no effort was
conducted to evaluate if some of the cover increase could have
been due to lateral intrusion of rhizomes from extant seagrasses at
the recipient site. No follow-up have been given to this replants
since 2004, thus their survival up to date is not known.

“EcoElectrica’s NPDES permit PR 0025984 was developed
and submitted under the Federal NPDES Program (40 CFR 122).
On November 5, 2006 the USEPA declared a Finding of No
2012 BMPP

Otero, Large Scale Seagrass Component

Page 7 of 27

Significant Impact for EcoElectrica’s discharges and in 1997 the
USEPA issued NPDES Permit No.PR0025984 to EcoElectrica
LNG Terminal and Cogeneration Project. EcoElectrica completed
the construction of its LNG Terminal Pier through USACE-Permit
No. 199505825(IP-JR) between July 1998 and November 1999
and began commercial operations in March 2000. In 2006, the
USEPA re-issued NPDES Permit No.PR0025984 effective through
October 31, 2011” (Vicente and Associates, 2010).

A shift in sampling strategies occurred in 2011 by the
participation of the Department of Marine Sciences (University of
Puerto Rico, Mayaguez Campus) which successfully implemented
monitoring that specifically addressed a subset of activities as
described in the 2010 BMPP Monitoring proposal Approved by
USEPA Region 2 Office. Results from a Large and Small Scale
Seagrass Sampling was conducted during 2011 and presented to
USEPA at its New York Regional Headquarter Offices during
summer 2012. Overall the results supported the previous
conclusions of no significant changes in the dispersion and
productivity of seagrass beds, apart from those that occurred
during the pier construction phase pre- year 2000. During 2012,
sites, the intake and outflow areas. Furthermore, additional
sampling efforts were added to the 2012 LSSS to provide a bi-
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dimensional view of the sampling areas as well as the mitigation
site.

Purpose
The general purpose of this component of the 2012 BMPP
address biological indicators of submerged aquatic vegetation
(seagrass beds) and assess the emerging distribution patterns that
may be related to EcoElectrica’s intake and discharge areas as
well as shading effects of their pier. Specific goals were to:
1. Examine the distribution of seagrass species along transects
near the Outfall and Intake areas of EcoElectrica’s pier. This
goal will give continuity with previous studies that will provide
important data on the persistence of seagrasses adjacent to
EcoElectricás marine activities.
2. A set of 10m X 10m plots were established in Outfall, Intake,
and a Reference (Maria Langa) sites. Results from these
plots will provide a two dimensional view of seagrass growth
patterns within the study area which cannot be assessed
using transect approaches. For instance, this approach can
be used to reconstruct areal structure of seagrass beds and
the propagation of patches through time.
3. A 10mX10m plot was established to evaluate the evidence of
the long-term success of replanting efforts related to
2012 BMPP
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mitigation plans during the construction phase of
EcoElectrica’s pier facilities.

Methods
Study Sites
The study area is depicted in Figure 2. Six transects were
located diagonally to EcoElectrica’s pier in a north-south heading at
piers P7, P8, P25 and P26. Transects to the north were only
established close to the coast as no seagrasses were observed
during 2011 survey to the north of P 25-26. This observation was
visually confirmed during the present survey.
Three 10m x 10m plots (from now on referred as plots) were
examined at locations selected haphazardly between the above
transects (Figure 2). In addition, one plot was examined at Maria
Langa Key (close to a water quality data site) and at Cayo Palomas
(encompassing a seagrass replanting site from previous work by
Vicente and Associates).
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Figure 2. . Location of transects (upper panel) and 10mx10m plots (yellow
squares; lower panel).

The location of the Cayo Palomas plot had to be defined
during various visits to the field since the positions indicated in
previous reports were not accurate enough. Attempts to verify
locations by conversations with Dr. Vance Vicente were
unsuccessful. Mr. Pedro Collazo, a neighbor from Guayanilla that
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helped Dr. Vicente during their replanting work, was able to
indicate the approximate location of the replanting site. Various
markers were identified on site and indicated the specific location
of several of the planting units (Figure 3). The plot was located to
encompass those markers and evaluate present day seagrass
cover.

Figure 3 . Markers found at Cayo Palomas Replanting Site. Arrows show various
types of markers. A. A larger PVC marker covered with biofouling can be observed
closer to the camera while the arrow indicate the position of one of the markers
used to marked replant markers found within the10X10plot at this site. This
marker still shows its label.
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Fieldwork
Transects
The origin of each transect was marked previously by Vicente
and Associates and were located at the base of the above
mentioned piers. The distal ends were positioned using differential
global positioning system (DGPS) positions and temporary buoys
based on 2011 BMPP. A nylon submersible and retractable
measure tape was stretched between both points. A 0.09 m2
quadrat was positioned every 2.5 meters and digital photography
was used to record seagrass cover. The seagrass cover was
estimated as the percentage of 20 randomly selected points
intersecting seagrass leaves using CPCe 4.1 (Kohler and Gil,
2006) software.

10mX10m Plots
Divers used ½ inch PVC pipes to construct an underwater 10
mx10m guide marked each meter on four sides. The sides of the
plots were oriented in a N-S and E-W direction using a submersible
compass. One 4 feet deep ¾ inch PVC pipe was hammered into
the substrate at the SE and NW corner of the 10 m x10m guide
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before its disassembly for future reference. The positions of the
plots are given in Table 1).
Ten pictures were taken placing 0.25m2 reference quadrat at
1 m interval on a N-S direction using a stretched nylon retractable
measure. This was conducted from the east to the west side of the
plot. Seagrass cover was estimated as for the 50m transects.

Table 1. GPS positions of distal ends of transecs and mid point of
10mX10m plots.
Sampling Type

ID

Transect
Transect
Transect
Transect
Transect
Transect
Transect
Transect
Plot 10x10
Plot 10x10
Plot 10x10
Plot 10x10
Plot 10x10

P25S
P26S
P25N
P26N
P7N
P8N
P8S
P7S
P7-8N
Maria Langa
P7-8S
P25-26S
Palomas

2012 BMPP

Latitude
(dd.ddddd)
17.97283
17.97247
17.97297
17.97319
17.97622
17.97606
17.97569
17.97578
17.97610
17.96827
17.97575
17.97259
17.97666
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Longitude
(dd.ddddd)
-66.76109
-66.76117
-66.76214
-66.76192
-66.75931
-66.75944
-66.75847
-66.75836
-66.75901
-66.75718
-66.75845
-66.76133
-66.74836

Page 14 of 27

Results and Discussion
Transects
As in previous years, no seagrasses were observed by divers
below the pier and towards the north of P25 -26. Thus, the lack of
seagrasses under the pier structure have been consistent over
time. Figure 4 shows maximal seagrass cover at the P7-8
transects, averaging 75-83% in average, but reaching 100% at
times.
A trend of lower seagrass cover towards the pier was
observed at P8 north (r=0.46; P<0.05). The average seagrass
cover was lower at transects P7-8 south (16-41%). A drastic drop
in turtle grass was observed past half the P7 south transect
coincident with some dense patches of H. descipiens and H.
wrightii. The lowest seagrass cover (13-14%) were observed at
transects P25-26 south, where paddle grass was dominant.
Overall, the general distribution of seagrass cover in the same
transects followed a similar pattern (r=0.947; P<0.05) as the
previous year (Otero, 2012). Figure 5 shows a comparison of
seagrass cover at the same locations over the years. As expected
from natural populations of seagrasses, there have been changes
in the cover of seagrasses .
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Figure 4. Percent seagrass cover at different transects during 2012. Tha=
Thalassia testudinum; Halod= Halodule wrightii; Halop= Halophila
descipiens. Numbers represent average % total cover (±1SE). Pearson
correlation of % cover with distance from the pier was conducted and
found statistically significant at P8N. A week correlation was found at
P7N.

Unfortunately, detailed information is not available at present
about changes in cover and patchiness of seagrasses at these
sites as previous methodology did not allow for variability estimates
at each transect. The present methodology allows for evaluation of
variability within each transect and thus enables a quantitative
verification of changes among years. Thus, a qualitative evaluation
is attempted here to interpret historical data by assuming that the
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variability observed within each transect during the 2011 and 2012
samplings is representative of that from prior years.

During 2011 and 2012, the average seagrass cover was
consistently lower than previous years at most transects, with the
exception of transect P7S, where seagrass abundance seem to
have reached stability or a slight tendency to increase (Figure 5).

Figure 5. Average seagrass cover time series at the different transect sites.
No seagrasses were reported for transects at P25-26 north. Variability at each
transect is represented by vertical bars only for data collected during 2011 and 2012
and represents ±2SE.

Cover at P7N and P8N was in average lower than most of the
previous years. However, seagrass cover seems to be
2012 BMPP
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experiencing a rebound at these locations. Seagrasses at P7S and
P8S had cover similar to previous years (slightly lower at P8S than
during years previous to 2011). The present patchiness does not
allow for robust conclusions at this time and additional data should
be collected to enable verification of a new trend, if present. P25S
and P26S have reached minimum levels, similar to those observed
during 2001, after a 2009 maximum.
Further observations must be conducted to validate this
pattern as one of the species found at these sites (Halophila sp.) is
capable of fast, though ephemeral growth. The 2008 BMPP report
by Vicente and Associates (2010) verifies the importance of
temporal variation of Halophila, which in occasions had reached
2% (low) cover at the P25 south transect area. Thus, the
combination of the natural growth capacity of Halophila (high
extension rates and mortality; Duarte et al, 2007) with natural
variations of environmental conditions may explain the observed
pattern. In addition, evaluation on the abundance of other bottom
cover, such as fleshy algae cover, should be evaluated in the
future as these may occupy significant bottom cover as observed in
transects at times (Figure 6).
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Figure 6. Thalassia testudinum seagrass bed at P8N showing
fleshy algae (examples in yellow polygons) growing in
patches among shoots.

10X10 Plots
The distribution of seagrasses in the 10X10m plots is given in
Figure 7. Plots adjacent to EcoElectrica’s pier had and average
(±1SE) cover of 1.1 (0.3) to 80.7 (1.2) %. The plot at Maria Langa
contained the highest cover of all (87.4 (1.6) % with a 1.2:1 T.
testudinum to Syringodium filiformes proportion. The result of plot
7-8N agree well with those of corresponding transects while those
of plot P7-8S are closer to those of transect P7. Results of plot
P25-26S represent the lower end of transects P25 and 26.
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Figure 7. Seagrass cover at the 10mX10m plots. Arrows indicate the
approximate location of plots

However, these results represent a more robust view of the
seagrass status at the sites as it includes a two dimensional view
of the bottom features. Furthermore, the areal coverage of these
plots make them an important reference for future work which may
integrate remotely sensed data as its footprint is easily discernible
at a distance, in contrast to single transect approaches.
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Cayo Palomas plot was positioned to include a seagrass
replanting site, as mentioned earlier. The footprint of the plot is
about 13X larger than that of the actual extension of seagrass
growth reported by Vicente and Associates in earlier reports (see
methods for more detail). The average seagrass cover in this plot
was 39 (3.81) %. However, as shown in Fig 7, the overall
distribution is bimodal with high % cover towards the northern
portion of the plot while the southern portion contains very low
cover. This is due to the presence of a seagrass blowout at the
replanting site (based on the presence of markers used to index
planting units). These blowouts are common bottom features in
areas subjected to significant swell events and are part of the
dynamic nature of more exposed seagrass beds. An overlay of the
underwater photographs used to estimate seagrass cover at this
site on an aerial photograph help visualize the relationship of this
bottom feature and the present results (Figure 8).

According to Vicente and Associates the replanting activity at
this site was a success with a 47% survival rate since the initial day
of replanting and an increase of ca. 7 times their initial areal cover
up to April 2004. However, the present evidence indicates that
seagrasses planted at the identified site, suffered severe impacts
due to natural progression of blowouts at the mitigation site. As
suggested by Fonseca et al (1998), “planting among patches of
existing natural seagrass” should be avoided as this will not create
2012 BMPP
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any long-term increase in seagrass acreage especially when these
patches are in part due to frequent disturbances caused by wave
exposure.

Figure 8. Overlay of photomosaic from Cayo Palomas 10mX10m plot. Red arrows
indicate remnants of markers from previous replanting mitigation studies. North is
towards the tiop of the page. White squares represent 0.1m2 cuadrats used for
reference during field work. Red square indicates the position on the aerial
photograph from Google Earth showing the relationship of the plot with the
preexisting blowouts.
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Conclusions
The observations indicate the persistence of lack of seagrass
cover under Ecoelectrica’s pier. These findings are consistent with
those reported since 1999 by Vicente and Associates. Although
certain decreases in the distribution of seagrasses were observed
during the last two years, these changes are minor and well within
the natural fluctuations observed.

In contrast to 2011, the distribution of seagrasses along
transect P8N suggests a decrease closer to the pier. This finding is
consistent with the expected distribution of shade provided by the
pier during the morning hours due to its general orientation and
inclination and azimuth of the sun. However, this may be related to
an increase in patchiness closer to the pier which may be partially
linked to spatial composition of the substrate (coral rubble
distribution). Similarly, a slight decrease in seagrass cover at P7N
was observed towards the pier, but it was no statistically
significant. Future analysis should focus on this issue.

The examination of seagrass plots indicate a uniform
distribution of seagrasses north of P7and P8 suggesting a stable
seagrass community with no evidence of impacts. The quadrat
south of P7 and P8 indicate a generalized southern decrease in
seagrass cover supporting the view of no appreciable impact by
2012 BMPP
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EcoElectrica’s operation and a condition that may be classified as
“stressing” for the establishment of mature seagrass beds sensu
Twefik et al (2007). The presence of bare fine sediments,
increased depth and turbidity at this site suggests that seagrass
growth should be limited to ephemeral species such as Halodule,
but most probably, Halophila. The influence of turbidity plumes
entering from Tallaboa due to increased rain or suspension by
waves close to the coast may be important in defining seagrass
communities at this site.

The data derived from the plot at Cayo Palomas suggests
that the seagrass cover at this specific location may be increasing
based on comparisons with aerial photography. However, the
longterm benefits of the seagrass replanting activity are uncertain
based on the presence of markers used during the mitigation
activity in areas denuded from seagrass beds. Planting
seagrasses in areas subject to intermittent wave activity could have
affected the overall long-term success of the replanting effort due
to the persistence and propagation of seagrass blowouts
(Patriquin, 1977; Tewfik et al 2007).
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