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THE MODERN AND GEOLOGIC RECORD OF PRIMARY
PRODUCTION NUTRIENT LIMITATION IN THE
BIOLUMINESCENT BAYS OF VIEQUES, PUERTO RICO

ERIN ALGEO: Trinity University
Research Advisor: Benjamin Surpless

INTRODUCTION

The primary objective of this project was to in-
vestigate past and present carbon, nitrogen, and
phosphorus nutrient concentrations and "*C values
of modern biota and sedimentary organic matter
from two lagoonal habitats on the island of Vieques,
Puerto Rico. These habitats, the bays of Puerto

significantly higher in Puerto Mosquito (PM) rela-
tive to Puerto Ferro (PF), with concentrations of up
to 27,300 organisms per liter in PM, and only up to
425 organisms per liter in PF (Gasparish, 2007).
Though the present dinoflagellate concentrations are
higher in Puerto Mosquito (PM), the bay is smaller
than Puerto Ferro (PF) (PM = 784,000 m? PF =
929,000 m?) (Fig. 1). In addition, the ocean channel

Ferro and Puerto Mosqui-
to, support bioluminescent
dinoflagellates. Nutrient
status within a bay’s eco-
system can directly affect
the dinoflagellate popula-
tion (Phlips et. al, 2006).
Changes in the bays’ mod-
ern nutrient status affect
primary producers, suchas | o
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first, while past changes in
overall environment and
nutrient status are recorded
in sediments deposited within the bays. By studying
the past and present nutrient availability and the po-
tential sources of those nutrients, we learn how and
why future changes to the environment might affect
dinoflagellate populations.

Modfied from NOAA (1999).

ENVIRONMENTAL SETTING

The sharing and distribution of nutrients between
biota, including mangrove, seagrass, and dinoflagel-
lates, are affected by the physical attributes of the
bay. Those physical attributes, such as shape, size,
and bathymetry, control hydrodynamics and might
affect the dinoflagellate populations. The present
day maximum concentrations of dinoflagellate are

Figure 1. Sediment core locations, seagrass density distribution, and bathymetry of Puerto Mosquito (A) and Puerto Ferro (B).

of PM is narrower than PF (100 m vs. 300 m), which
potentially causes slightly higher average salinity
and pH values in PM relative to PF (PM: pH = 8.15,
salinity = 37.61%o; PF: pH = 8.00, salinity = 36.22).

Both bays are surrounded by mangrove forests,
which protect the bays from pollution and excess
sediment accretion and are sources for organic car-
bon and nutrients (Gonneea et al., 2004). The mar-
ginal areas of the bays have higher turbidity relative
to the center of the bays or the ocean channel (e.g.,
Nelson, 2006), suggesting a higher suspended sedi-
ment load near shore, which might impact seagrass
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density. Generally, the density of seagrass plants is
greatest near the shore, with plant density decreas-
ing with increasing distance from shore and with
increasing depth (Fig. 1). All seagrass samples were
taken at depths of less than two meters, because the
seagrass did not grow below that depth (Fig. 1), the
result of light limitation and/or substrate distur-
bance through bioturbation (Nelson, 2006).

METHODS

Sediment cores and seagrass and mangrove samples
were procured from locations across Puerto Mos-
quito and Puerto Ferro in order to examine spatial
variability of nutrient content (Fig. 1). The sedimen-
tological characteristics of each core were thorough-
ly described in the field, and seagrass and mangrove
samples were prepared using the method outlined in
Fourqurean and Zieman (1992). The core sediment
and biota were then analyzed for organic C, N, and
P concentrations by coulometry, flash combustion,
and spectrophotometry at Wesleyan University and
Trinity University. After the removal of carbon-

ate carbon, sediment organic matter from selected
depths was analyzed for C isotopes at Indiana Uni-
versity.

RESULTS

Nutrient and isotope data from both bioluminescent
bays reveal trends in the present and past nutrient
availability in the ecosystems. By studying C:N:P ra-
tios Thalassia testudinum, I assessed potential nutri-
ent limitations of primary producers in the Vieques
bays. The possible limiting nutrients are N and P,
because C is widely available in bay ecosystems (e.g.,
Fourqurean and Zieman, 1992). The changes in
sediment nutrient ratios and carbon isotopic com-
position reveal the sources of organic carbon though
time.

A C:N:P ratio (by weight) of between 445:32:1 and
601:20:1 for Thalassia testudinum represents the ra-
tio of a healthy organism growing without nutrient
limitation (Patriquin, 1972). The ratio of all seagrass
sampled in this study fall within that range. How-
ever, trends in relative N and P limitation suggest

spatial variation in seagrass density could be affected
by nutrient availability, as suggested by Fourqurean
and Zieman (2002).

The lowest C:N ratios are present in the back bays of
PM (C:N ratios = 11.74 - 14.15) and PF (C:N ratio
=18.61) (Table 1), indicating high nitrogen avail-
ability. The availability of nitrogen decreased with
increasing distance from shore, based on an increase
in C:N values. Although the data set from PF is
smaller, average C:N values were slightly higher in
PF relative to PM, suggesting that the bay has de-
creased nitrogen availability (Table 1).

The maximum C:P ratios, therefore lowest phos-

[Sample C:N C:p N:P
PM13 19.12 3349 17.52
PM 14 17.82 4538 2547
PM 15 17.31 5355 30.94
PM 16 26.99 402 15.21
PM 17 12.01 407 .8 33.96
PM 18 14.15 481.6 34.04
PM 19 11.74 347.1 29 .85
PM 21 18.98 4879 26.04
PMave. | 1727 | 43133 | 2663
PF 8 16.97 5012 29.54
PF 12 2025 3737 18.52
PF ave. 18.61 43745 24.03

Table 1. Nutrient ratios for Thalassia testudinum samples from
Puerto Mosquito and Puerto Ferro, Vieques, Puerto Rico.

phorus availability, were observed in the back part
of PM (PM - 15 and 18; C:P = 535.5 - 481.6) (Fig.

1; Table 1). The increased ratios were concentrated
in more protected areas of the bay and areas of
denser seagrass distribution. Another location with
low phosphorus availability was the ocean channel
of PM (C:P = 481.9). These ratios loosely suggest
phosphorus availability increases with distance from
shore.

The N:P ratios of PM indicate relative phosphorus
limitation near shore (PM - 15, PM - 17, PM - 18)
and relative nitrogen limitation farther from shore
(PM - 16) (Fig. 1; Table 1), supporting C:N and C:P
data. This spatial relationship could not be evaluat-
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ed in PE, where both samples are near shore (Fig. 1).
Although the N:P ratios from PM suggest relative P
limitation near shore and relative N limitation far-
ther from shore, greater sampling density is required
for validation.

Three cores from Puerto Mosquito were selected for
isotopic analysis based on the hydrologic conditions
of their location. PM - 14 is located in the back bay,
PM - 23 in the central bay, and PM - 21 in the ocean
channel. Changes in the total organic C and N (as-
sumed to be organic N), §°C, as well as C:N ratios
with core depth can be correlated with sedimentary
facies changes. The top sediment layer in PM cores
is an organic rich, mixed carbonate-siliciclastic mud,
though thickness varies with core location (Fig. 2).
Below the top organic rich layer is a sedimentary
layer dominated by molluscan shells and gravelly
shell hash (Fig. 2), possibly related to a transgressive
lag or a storm deposit in deeper water (e.g., Nelson,
2006). Below the gravelly shell hash is a gray or
green-blue terrigenous mud. In PM-23, the short-
est core, a gray terrigenous mud with low CaCO3
content (0.75 wt.%) was present at the base (Fig. 2).

The organic-rich mud in PM - 21 and PM - 23 had
relatively high N and organic C contents compared
to the gravelly shell hash below (Fig. 2). PM - 14
was an exception; the organic-rich exhibited lower
total N (0.06%) and organic C (1.6%) compared

to the gravelly shell hash. This disparity might be
related to a dilution effect caused by higher rates of
terrigenous sediment deposition at PM - 21 and PM
- 23, resulting in lower organic C concentrations
(pers. comm. Tim Ku). The gravelly shell hash layer
thickness is similar in all cores as are the total N
(0.1%) and organic C (1-2%) contents in this layer
(Fig. 2).

§*C values for the cores also are affected by changes
in sedimentation. §"C values for PM - 14 are ap-
proximately (-19) within the organic-rich mud (Fig.
2). Below this, the organic-rich mud grades into the
gravelly shell hash, §°C values decrease below (-20).
§°C values for PM - 14 steadily increase with depth
as the shell hash grades into terrigenous mud at ap-
proximately 50 cm. PM - 23 §"*C values are similar
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Figure 2. Down core analyses. Core depth (cm) vs. N, organic C,
C:N, and 8"C, with sedimentary facies shown for reference
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to PM - 14 near the top of the core (approximately
(-20)), and remain constant to 60 cm (Fig. 2). At 60
cm, the base of the shell hash, the values decrease to
(-25) and remain constant below that depth (Fig. 2).
8PC values (-12) in the organic-rich top layer of PM
— 21 are higher than PM - 14 or PM - 23 (Fig. 2) and
the values continue to increase in the shell hash. At
180 cm, 6"°C reaches approximately (-3); however,
§"*C values more than (- 5) might indicate error due
to carbonate carbon contamination (pers. comm.
Tim Ku). The terrigenous mud at the base of PM-21
exhibits §°C values below (-10) (Fig. 2).

0.16 4 SPM
0.12
1 PM-21
% © PM-23 b
0.8 - Seagrass
Mangroves o PM-14
0.4
0 T T T T T
-30 -20 -10
5"°C

Figure 3. N/Cvs.d13Cwith data from the tops of cores PM-14,
PM-21,and PM-23. The ranges in values for potential sources of
organic material are indicated by grey ovals (SPM, seagrass,and
mangrove). These values are from a study performed ina similar
lagoonal ecosystem by Gonneea and others (2004). Figure
modified from Gonneea and others (2004).

DISCUSSION

The nutrient availability in the lagoonal systems of
Vieques helps explain the relatively high concentra-
tions of bioluminescent dinoflagellates. The present-
day nutrient contents of Thalassia testudinum in this
study exhibit average C:N and C:P ratios near the
minimum observed in a larger study performed in
Florida Bay (Fourqurean and Zieman, 2002) (Table
2), suggesting higher relative availability of both
nitrogen and phosphorus. The waters of the biolu-
minescent bays of Vieques are more isolated from
the open ocean than Florida Bay, so hydrodynamics
might influence the observed difference. Also, ter-
restrial sources are the main suppliers of phosphorus

Ratio Site Min Max Mean
Florida Bay 11.1 47.1 24.6
E Pt. Mosquito | 117 | 260 | 173
Pt. Ferro 17.0 20.3 18.6
o Florida Bay 3734 | 19013 | 9374
) Pt. Mosquito | 3349 535.5 4313
Pt. Ferro 373.7 501.2 4375
a Florida Bay 154 107.1 402
7 Pt. Mosquito | 15.21 344 26.6
Pt. Ferro 18.6 29.5 240

Table 2. Comparison of C:N, C:P, and N:P nutrient ratios. Data
from Fourqurean and Zieman (2002) and this study.

and nitrogen for marine ecosystems (e.g., Fourqure-
an and Zieman, 2002), so increased interaction with
the land could be another factor that influences the
differences in ratios, since all samples in this study
were taken less than 200 meters from shore.

Within the bays, the spatial distribution of nitrogen
content appears similar to the distribution in Florida
Bay. Fourgurean and Zieman (2002) observed
decreased nitrogen availability with increasing
distance from shore, similar to observations made in
this study, permitting the hypothesis that C:N ratios
are scale invariant. While light availability is known
to decrease both C:P and C:N ratios (Abal et al.
1994; Grice et al. 1996), the shallow depths of both
bays and less turbid water near the deepest portions
of the bays (Nelson, 2006) suggest that light avail-
ability is not a factor. In addition, the average C:N
ratio in Puerto Ferro suggests that Puerto Mosquito
has greater nitrogen availability, perhaps due to the
smaller size of Puerto Mosquito and its lesser inter-
action with the open ocean.

Areas of decreased P availability are concentrated

in protected areas of Puerto Mosquito and areas of
denser seagrass distribution. Another location of
low phosphorus availability was the ocean channel.
Thus phosphorus availability appears to increase
with distance from shore; opposite of what is expect-
ed, assuming that terrestrial sources provide most
phosphorus. However, Fourqurean and Zieman
(2002) suggest offshore sources of P are as important
as terrestrial sources. Although difficult to evaluate
in PM or PE phosphorus limitation in Florida Bay
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was correlated with smaller grain size, due to the
increased surface area allowing increased P-sorption
(Fourqurean and Zieman, 2002).

Gonneea and others (2004) studied the sources of
organic matter by comparing C:N and §"°C values
from sediment analyses to values from three po-
tential sources of organic C (suspended particulate
matter, seagrass, and mangrove) (Fig. 3). Assuming
the values of end members in the study performed
by Gonneea and others (2004) are similar to the
values for the bays of Vieques, sediment values
from both PM-14 and PM-23 suggest that seagrass
is most recent source of organic material, while in
the past, mangrove was the dominant source (Figs.
2 and 3). Nutrient and isotopic values from PM-21
indicate a constant seagrass source through time.

The organic matter source shifts in both PM-14 and
PM-23 (Figs. 1 and 2), indicate a possible sea level
transgression. Sediment with mangrove as a source
is must be located near shore while a seagrass source
could be located farther from shore, in deeper water.
The sediment history, sedimentation rate based on
219Pb data (pers. comm. T. Ku), as well as the most
likely organic matter source indicate a sea level
transgression about 1800 - 2300 years ago. Based
on sedimentation data (the organic-rich layer), the
conditions that have supported the dinoflagellate
population are a recent phenomena, beginning 300
- 1900 years ago (pers. comm. T. Ku). Therefore,
while the present-day habitats of Puerto Mosquito
and Puerto Ferro show great ability to support dino-
flagellate populations, past changes in the bays’ en-
vironment appear to be natural. So while protection
of the habitat from future development is important,
this does not ensure long-term success of the species
in the bays of Vieques .
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