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Abstract. Between 1992 and 2000, we sampled 504 randomly chosen locations in the Florida Keys,
Florida, USA, for the elemental content of green leaves of the seagrass Thalassia testudinum. Carbon
content ranged from 29.4-43.3% (dry weight), nitrogen content from 0.88-3.96%, and phosphorus con-
tent from 0.048-0.243%. N and P content of the samples were not correlated, suggesting that the rela-
tive availability of N and P varied across the sampling region. Spatial pattern in C:N indicated a de-
crease in N availability from inshore waters to the reef tract 10 km offshore; in contrast, the pattern in
C:P indicated an increase in P availability from inshore waters to the reef tract. The spatial pattern in
N:P was used to define a P-limited region of seagrass beds in Florida Bay and near shore, and an N-
limited region of seagrass beds offshore. The close juxtaposition of N—and P-limited regions allows the
possibility that N loading from the suburban Florida Keys could influence the offshore, N-limited sea-
grass beds without impacting the more nearshore, P-limited seagrass beds.

Introduction

Elemental stoichiometry and the spatial pattern in elemental content of primary
producers have been shown to be good integrators and indicators of ecological pro-
cesses. The familiar Redfield ratio (Redfield 1958), for example, can be used as an
indicator of the relative availability of essential plant nutrients for phytoplankton
communities. The same technique can be applied to more structurally complex pri-
mary producers as well: deviations from a taxon-specific “Redfield ratio” have been
used as proxies for relative nutrient availability for seagrasses and macroalgae (At-
kinson and Smith 1983; Duarte 1990). Moreover, spatial pattern in elemental sto-
ichiometry is caused by spatial variation in the environment of the primary produc-
ers. The spatial pattern in nutrient content can be used to generate hypotheses about
the nature of spatial variation of ecosystem processes. For example, a strong gra-
dient in the C:P of Thalassia testudinum leaves across Florida Bay was interpreted
to indicate a spatial pattern in the degree of phosphorus limitation in the ecosystem
(Fourqurean et al. 1992), an hypothesis later confirmed by experiments (Tomas et
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al. 1999). In Tomales Bay, strong gradients in the C:N of Zostera marina leaves
were interpreted to indicate both the N source and the importance of net denitrifi-
cation within the bay (Fourqurean et al. 1997).

Indicators of nutrient availability for primary producers are necessary because
of the difficulties of measuring nutrient availability directly. Water quality monitor-
ing programs provide important data on concentrations of important nutrients, but
rarely are the samples in such a program collected frequently enough to capture the
temporal variability in nutrient concentrations. Additionally, concentration mea-
sures are not sufficient measures of nutrient availability because cycling rates con-
trol the supply of limiting nutrients (Howarth 1988). Seagrasses make excellent in-
dicators of nutrient availability in marine ecosystems because they are fixed to the
substratum, they often grow in nutrient-limited, clear-water areas, and the nutrient
content of their leaves reflects relative availability (Atkinson and Smith 1983; Du-
arte 1990).

One of the world’s most extensive seagrass beds (ca. 14,000 km?) surrounds the
chain of islands known as the Florida Keys at the southern tip of the Florida Pen-
insula (Fourqurean et al. 2001, 2002). In the northern section of the Florida Keys,
seagrass beds extend from just inside the fringing barrier reef 10 km offshore to the
shallow intertidal zone of the islands. Seagrass beds also line the bottom of Florida
Bay to the north and west of the islands (Figure 1). Increasing human population
on the Florida Keys has raised concern about the potential for anthropogenic im-
pacts on these seagrass resources. It has been demonstrated that nutrient impacts
can alter the structure of seagrass beds in the region (Powell et al. 1989, 1991; To-
masko and Lapointe 1991; Fourqurean et al. 1995), and also that humans have al-
tered nutrient availability in both groundwater and nearshore marine waters in the
Florida Keys (Lapointe et al. 1990; Lapointe and Matzie 1996).

Because of work with macroalgae (Lapointe 1987) and seagrasses (Powell et al.
1989; Fourqurean et al. 1992) from Florida Bay, it has been generally assumed that
phosphorus is the limiting nutrient for primary production in the Florida Keys. This
is also the prediction made from the general model proposed by Short (1987) that
seagrasses in carbonate sediments, like those that surround the Florida Keys, should
be P- rather than N-limited. More recent work with tropical seagrass communities,
however, indicates that seagrasses from carbonate environments can be N-limited
if loading rates and organic matter diagenesis can supply more P than can be se-
questered on carbonate sediment particles (Erftemeijer and Middelburg 1993; Er-
ftemeijer 1994; Jensen et al. 1998).

Enhanced N:P in anthropogenic wastes and the supposition that P, not N, would
be the nutrient to increase primary production in the shallow waters of the Florida
Keys have until now partially placated the concerns of resource managers about
general cultural eutrophication of the nearshore environments of the Florida Keys,
since it has been shown that anthropogenic P injected into groundwater has limited
mobility (Corbett et al. 2000). But evidence is beginning to accumulate that P may
not be the limiting nutrient across all shallow benthic habitats in the Florida Keys.
N:P ratios in sediments decrease from the Keys offshore to the reef (Szmant and
Forrester 1996), likely as a result of pulsed intrusions of P-rich, recently upwelled
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Figure 1. Map of study area, showing the limit of distribution of the seagrass Thalassia testudinum in
south Florida (distribution information from Fourqurean et al. (2002). Sampling locations (n = 504) were
randomly chosen across the study area, and are indicated by symbols

subthermocline water from offshore of the barrier reef (Leichter et al. 1996). This
delivery of P from offshore may alleviate the P limitation of seagrasses offshore,
leading to N- or light-limited seagrasses. If this were the case, then it is possible
that N transported from naturally P-limited environments of Florida Bay and from
the N-enriched anthropogenic waste from the Florida Keys could have an impact
on benthic primary producers far offshore of the nearshore P-limited benthic com-
munities.

In order to assess the potential limiting nutrient for seagrass growth in the upper
Florida Keys, we sampled seagrass leaves from the most common seagrass, Thalas-
sia testudinum, from randomly selected locations from the barrier reef tract through
to Florida Bay. We hypothesized that nutrient stoichiometry would change predict-
ably across the study area, from low N:P, potentially N-limited seagrasses just be-
hind the barrier reef to very high N:P, potentially P-limited seagrasses adjacent to
the Florida Keys and in Florida Bay. Such a pattern would indicate differences in
the supply rates of nutrients across the ecosystem, and have important waste water
management implications for the region.
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Methods

The upper Florida Keys (Figure 1) are a nearly continuous chain of islands that
were formed as a barrier coral reef during a Pleistocene higher stand in sea level
(see Schomer and Drew (1982) for a review). The Keys separate Florida Bay, a
shallow, seagrass-dominated lagoonal estuary (see Fourqurean and Robblee (1999)
for a description) from a higher-energy shallow-water platform. Florida Bay is very
shallow (generally < 2 m deep) and the bottom of the bay is covered with fine-
grained carbonate sands and muds. About 10 km offshore from the Florida Keys, a
barrier coral reef delineates a change in the shelf slope. Maximum water depths
between the reef and the Florida Keys is 10 m. Inshore of the reef tract, unconsoli-
dated carbonate sediments overlay a limestone bedrock. Seagrass beds, dominated
by Thalassia testudinum, are the dominant benthic habitat type both in Florida Bay
(Zieman et al. 1989) and the backreef environment (Fourqurean et al. 2001).

Between 1992 and 2000, we sampled 504 randomly chosen locations for the el-
emental content of seagrass (Figure 1). Sampling was restricted to summer (May—
September) because the influence of nutrient availability on seagrass growth is most
evident during times when seagrass growth rates are potentially high enough to
outstrip nutrient supply rates (Thom and Albright 1990; Pedersen and Borum 1992;
Fourqurean et al. 1997); seagrass growth rates peak during summer months in south
Florida (Fourqurean et al. 2001). At each sampling site, 5 intact short shoots of
Thalassia testudinum were haphazardly collected from a 10 m? area. These short
shoots were returned to the lab, where all attached green leaves were cut from the
short shoots and cleaned of adhering epiphytes by gently scraping with a razor
blade. All leaves from a site were pooled and dried at 80 °C. Dried leaves were
ground to a fine powder using a ceramic mortar and pestle. Powdered samples were
analyzed in duplicate for carbon and nitrogen content using a CHN analyzer (Fisons
NA1500). Phosphorus content was determined by a dry-oxidation, acid hydrolysis
extraction followed by a colorimetric analysis of phosphate concentration of the
extract (Fourqurean et al. 1992). Elemental content was calculated on a dry weight
basis; elemental ratios were calculated on a mole:mole basis.

Results

There was substantial variation in the elemental content of leaves of Thalassia
testudinum from the 504 samples (Table 1). Carbon content was less variable than
nitrogen or phosphorus content. The Coefficient of Variation (CV = s.d./x) for C
was 6.7%, compared to 22.6% for N and 33.9% for P. The distributions of C and N
content were symmetrical about the mean, but the distribution of P content was
skewed to the right by infrequent samples with relatively high P content (Figure 2).
The N and P content of the samples were not correlated (Pearson’s r = -0.52, p =
0.241, n = 504; scatterplot not shown).
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Table 1. Summary statistics for elemental composition of Thalassia testudinum from 504 samples. El-
emental ratios were calculated on a mol:mol basis

Element Minimum Maximum Median Mean S.D.
Carbon (% of dry wt) 294 433 36.6 36.9 2.5
Nitrogen (% of dry weight) 0.88 3.96 1.76 1.82 0.40
Phosphorus (% of dry weight) 0.048 0.243 0.110 0.113 0.037
C:N 11.1 47.1 24.5 24.6 5.2
C:P 373.4 1901.3 874.0 937.4 311.5
N:P 15.4 107.1 34.8 40.2 17.8

The distributions of the C:N, C:P and N:P of the samples were all skewed to the
right by relatively infrequent samples with high nutrient ratios (Figure 3). Because
of the relative constancy of C content of the samples, C:N and C:P ratios were less
variable than the N:P ratio (CV of 21.2%, 35.6% and 51.1%, respectively). All three
ratios had substantial range, from 11.1 to 47.1 for C:N, from 373.4 to 1901.3 for
C:P, and from 15.4 to 107.1 for N:P (Table 1).

There was striking spatial pattern in the distribution of elemental ratios in
Thalassia testudinum leaves. The lowest C:N (< 20) was observed in central Florida
Bay, and the C:N generally increased from the Florida Keys seaward, with maxi-
mum C:N (> 30) observed at the seaward extent of the seagrass beds (Figure 4).
Conversely, C:P showed the opposite trend (Figure 4): C:P was maximum in east-
ern Florida Bay (> 1200), and generally decreased in an offshore direction, reach-
ing a minimum (< 600) near Cape Sable in western Florida Bay and at the furthest
offshore seagrass beds. N:P was maximum in the eastern half of Florida Bay, where
values > 80 were not uncommon (Figure 5). Within Florida Bay, N:P decreased
westward, to values < 30 along the western edge of our study area. On the Atlantic
Ocean side of the Florida Keys, there was a general pattern of decreasing N:P as
distance from shore increased. When all of the Atlantic Ocean side data were ana-
lyzed together, there was a significant linear decrease in N:P in an offshore direc-
tion, with a slope of —2.32 km~" (Figure 6). The strength of this general pattern
varied from east to west along the Florida Keys: in the east, the offshore decrease
was always observed.

This spatial variation in N:P of seagrass leaves can be interpreted as an indicator
of the spatial pattern in the relative availability of N:P for Thalassia testudinum.
Using 30 as the “Redfield” N:P for seagrass that indicates a balance between N and
P availability (Atkinson and Smith 1983), there were broad areas of both N- and
P-limited seagrass beds (Figure 7). All of Florida Bay except the western margin
had T. testudinum N:P consistent with P-limitation. Along the western margin of
Florida Bay, the N:P indicated N-limitation. In general, there was also a signal of
P-limitation in the near-shore along the Atlantic Ocean side of the Florida Keys. In
more offshore regions, however, the N:P was consistent with N-limited 7. festudi-
num. In the western half of the study area, there were regions of apparent P-limi-
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Figure 2. Frequency histograms of C, N and P content of 504 samples of Thalassia testudinum leaves
collected in the upper Florida Keys, FL, USA. The mean values for each element are indicated by solid

vertical lines

tation that extended offshore of the Florida Keys to the edge of the seagrass bed at
the barrier reef tract.
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Figure 4. Spatial pattern in the C:N (top) and C:P (bottom) of Thalassia testudinum leaves in south
Florida. C:N contour lines are separated by increments of 5, C:P countour lines are separated by incre-
ments of 200. The darkness of the shading increases with the ratio. Symbols indicate sampling locations
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Discussion

There was a broad range in the N and P content of Thalassia testudinum leaves
from across our study area. Elemental content did not vary randomly; rather there
was a strong spatial pattern in the relative amounts of N and P in the samples. The
spatial pattern suggested two main trends. The first trend was a decrease in the
availability of P from the Gulf of Mexico eastward into Florida Bay, as has been
documented previously (Fourqurean et al. 1992; Frankovich and Fourqurean 1997).
The second pattern was an increase in relative P availability as distance from shore
increases on the Atlantic Ocean side of the Florida Keys. This second pattern is
consistent with the documented trend in sediment nutrient ratios (Szmant and For-
rester 1996). Our data adds to these previously established trends by documenting
that changes in ratios of sediment nutrients are reflected in primary producers, and
analysis of the seagrass leaf N:P data suggest that there is a qualitative shift from
P-limitation to N-limitation of the seagrasses in different regions of our study area.
This shift in the limiting nutrient to seagrasses occurs despite the similarity in the
mineralogy of the sediments in which the seagrasses are growing—we found evi-
dence for both P- and N-limited seagrass growth on carbonate sediments, contrary
to the predictions of Short (1987).

Data from this study expand the range of nutrient content reported for Thalassia
testudinum from south Florida. Previous investigations (Powell et al. 1989;
Fourqurean et al. 1992; Frankovich and Fourqurean 1997) have reported nutrient
ratios mostly consistent with P-limitation, with N:P generally greater than 30 ex-
cept in areas locally influenced by nutrient additions. For example, N:P of T. festudi-
num leaves decreased from a background value of ca. 60 to 29 adjacent to bird
rookery islands in the eastern part of Florida Bay (Fourqurean et al. 1992). Experi-
mental application of bird feces caused the N:P of T. testudinum leaves to decrease
from 48 to 28 in the central part of Florida Bay (Powell et al. 1989). Note that in
neither of these two cases were N:P ratios much lower than 30 recorded, suggest-
ing that nutrient addition in Florida Bay led to amelioration of P-limitation, but did
not produce much N-limitation. In the wider geographic scope of the data presented
in this paper, there were many samples with N:P less than 30, and 23 samples had
N:P < 25. Such low N:P values for 7. testudinum are rare across the geographic
range of this species. Patriquin (1972) reported a mean N:P of 32 for 9 samples
from Barbados, and Gallegos et al. (1993) reported N:P of 29 at two back reef sites
and 47 from a shallow lagoon in the Mexican Caribbean.

Factors other than changes in the supply rate of N and P can affect the nutrient
content of seagrasses. Nutrient limitation can only occur when seagrass growth rate
is potentially high enough to outstrip the nutrient supply rate (Thom and Albright
1990; Pedersen and Borum 1992), hence any factor that limits growth rate can also
influence the degree of nutrient limitation and therefore elemental content. For ex-
ample, variation in light availability can cause changes in C:N of seagrasses, so
areas of low light availability have low C:N (Abal et al. 1994; Grice et al. 1996).
However, environmental gradients other than relative nutrient availability were not
consistent with the spatial pattern in elemental ratios of Thalassia testudinum leaves
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(Figures 4 and 5). There are spatial patterns in water clarity and light availability in
the region; water clarity generally increases from onshore to offshore on the Atlan-
tic Ocean side of the Florida Keys (Boyer and Jones 2002), and benthic light avail-
ability is a function of water clarity and water depth. Water depth does not increase
on average from onshore to offshore on the ocean side of the Keys until the sea-
ward side of the reef tract, and all our samples were collected inside the reef tract.
In addition, while it is clear that light availability can affect C:N and C:P in a simi-
lar manner (Abal et al. 1994; Grice et al. 1996), the divergent patterns in C:N and
C:P (Figure 4) suggest factors other than light availability are responsible for the
observed spatial patterns.

The hypothesis that seagrasses found in carbonate environments should be P-
limited (Short 1987), and hence have a high N:P, is based upon the geochemistry
of phosphate uptake onto carbonate particles (de Kanel and Morse 1978) and the
high rates of nitrogen fixation measured in tropical, carbonate seagrass beds (e.g.
Capone et al. (1979)). As pointed out by Erftemeijer (1994), however, the real de-
terminer of which element limits seagrass production is a function of a more com-
plicated budget of gains and losses of N and P. Respiration and other oxidative pro-
cesses in the rhizosphere of seagrasses in carbonate environments create hydrogen
ions that will cause the dissolution of carbonate mineral phases (Ku et al. 1999),
thereby releasing sorbed phosphate into the porewater and making it available to
seagrasses (Jensen et al. 1998). Were these releases greater than the rate of phos-
phate uptake onto carbonate particles, P supply could be quite high. Organic matter
content of the sediments, potentially an indicator of respiration rate, is very high (>
20% of dry weight) in the center of Florida Bay (J. W. Fourqurean, unpublished
data), but the N:P data do not indicate a maximum in P availability in the center of
the bay. Further, the sorption of phosphate onto carbonates is a surface-area phe-
nomenon, so that smaller particles with a higher surface area to volume ratio, should
sorb more P than larger particles. Relatively high P availability in tropical seagrass
beds occurring in coarse sands has been ascribed to this grain-size effect (Erfte-
meijer and Middelburg 1993; Erftemeijer 1994). Differences in grain size across
our study area are partly coincident with the pattern of N:P of T. testudinum leaves
(Figure 5). Florida Bay, where the N:P of 7. testudinum was largely indicative of P
limitation, is underlain by very fine sediments (Bosence 1989). On the ocean side
of the Florida Keys, coarser carbonate sediments are found in the back-reef sea-
grass beds, where fines (< 62 w) make up less that 5 % of the sediment (Enos and
Perkins 1977). But, fines make up the largest fraction (> 50%) of the sediment
mid-way between the Florida Keys and the reef tract, where water depth is maxi-
mum; the fine fraction decreases shoreward. If grain size were the only determinant
of P availability, then N:P should exhibit a maximum midway between the Keys
and the reef, instead of the decreasing reefward pattern we observed (Figure 5).

The most likely explanation of the spatial pattern in N:P is a spatial pattern in
loading rates across our study area. The low N:P of seagrass leaves from samples
from the western margin of Florida Bay and the back reef areas suggest that the
major sources of P for primary producers in our study are the Gulf of Mexico for
Florida Bay and the Atlantic Ocean for the ocean side of the Florida Keys. Surface
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Figure 5. Spatial pattern in the N:P of Thalassia testudinum leaves in south Florida. Contour lines are
separated by increments of 10 in N:P, the darkness of the shading increases with N:P. Symbols indicate
sampling locations

waters of the Gulf of Mexico receive N and P from river runoff; analysis of spatial
pattern (Fourqurean et al. 1993; Boyer et al. 1997) and nutrient budgets (Rudnick
et al. 1999) of Florida Bay confirm the importance of the Gulf as a P source for
Florida Bay. On the Atlantic side of the Keys, upwelling of nutrient rich water has
been shown to be a source of nutrients for the reef tract (Leichter et al. 1996); we
propose that P in this upwelled water is transported across the 10 km distance be-
tween the reef and the Keys by tidal action. This transport would lead to a decrease
in P loading from this upwelled water from the reef to the Keys as the tidal bore is
attenuated and P is taken up by primary producers and carbonate sediments. Such a
pattern in P loading is evident in the accumulation of N and P in the sediments of
the back-reef environment (Szmant and Forrester 1996); and this gradient is appar-
ently great enough to cause a shift in the limiting nutrient for seagrass growth from
N near the reef to P close to shore (Figure 6).

The onshore-offshore pattern in relative availability in N and P is quite strong in
the eastern half of out study area, but breaks down in the western half (Figures 4
and 5). We propose that this breakdown is caused by the influence of water from
the Gulf of Mexico that flows between the wide separations between the Keys in
the western part of our study area. Owing to a tidal asymmetry, there is a net trans-
port of water from the Gulf of Mexico to the Atlantic through these major passes
(Smith 1994); this transport moves water, suspended particles and dissolved con-
stituents in a region called the “Sluiceway” (Schomer and Drew 1982). It has long
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Figure 6. The relationship between the distance offshore and the N:P of leaves of Thalassia testudinum
collected from the Atlantic Ocean side of the Florida Keys. The solid line represents the statistically
significant regression (n = 405)

been reported that flow of water through passes in the Middle Florida Keys has a
depressing effect on coral growth (Ginsburg and Shinn 1964; Hudson et al. 1976;
Marszalek et al. 1977). Arguing from sedimentary petrology evidence, it has been
suggested that elevated nutrients from Florida Bay and the Gulf of Mexico are re-
sponsible for this deleterious effect (Lidz and Hallock 2000). It is likely that the
extension of the region of P limitation from of seagrass growth the Keys to the
Reef in this area (Figure 7) is also a consequence of water transport from the Gulf
of Mexico.

There are potential management implications of the spatial pattern in nutrient
limitation. The P-limited nature of the benthos in most of Florida Bay and near-
shore on the ocean side of the Keys illustrates the need to control P loading to the
nearshore environment. P loading would be expected to cause eutrophication of
these P-limited seagrass communities. Eutrophication of seagrass communities in
south Florida follows a predictable pattern (Powell et al. 1989; Tomasko and
Lapointe 1991; Duarte 1995; Fourqurean et al. 1995): first, an increase in the bio-
mass of the dominant seagrass species (Thalassia testudinum), followed by in-
creased epiphytization, then by a replacement of 7. festudinum by faster growing
macrophytes, and eventually a loss of benthic macrophytes because of competition
from microalgae. Experimental evidence has shown that the spatial scale of
eutrophication of seagrass communities in south Florida is generally limited to ca.
100 m from the point source at present (Powell et al. 1991; Fourqurean et al. 1995)
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Figure 7. Zones of N—and P-limited seagrass communities in south Florida. The N:P contour of 30
(Figure 5) was used to delineate N-limited (N:P < 30) from P-limited (N:P > 30) regions

as a result of the very rapid nutrient uptake and assimilation rates of oligotrophic
nature of the shallow water marine ecosystem. While previous studies have docu-
mented eutrophication-induced changes in seagrass beds very close to developed
shorelines in the Florida Keys (e.g. Tomasko and Lapointe (1991)), effects of cul-
tural eutrophication on seagrass beds more than 100 m from the shoreline have not
been demonstrated. The ability of the benthic community to remove nutrients from
the water is finite, however, and when these communities become sufficiently
eutrophic the effects of eutrophication will surely increase in spatial scale.

The data presented in this paper do not allow for determination of whether re-
gional-scale eutrophication is indeed occurring, because we have not analyzed time
series of nutrient contents at fixed locations. The data presented in this paper were
collected over an 8 year span, but there was no regional pattern to the timing of our
sampling during this span. Hence, our observed spatial pattern was not an artifact
of temporal change. There are reasons to suspect that there has been change in nu-
trient availability in the region. Human populations in south Florida have contin-
ued to grow, and recent changes in the importance of benthic versus pelagic pri-
mary production in Florida Bay (Fourqurean and Robblee 1999) are consistent with
an increase in nutrient availability in Florida Bay. However, it is important to note
that the spatial pattern in N and P content of seagrasses in Florida Bay was iden-
tical in 1994, following the dieoff of seagrasses, to the pattern observed in the late
1980’s, prior to this event (Frankovich and Fourqurean 1997). But, such change
analyses based on interpolated fields of broadly spaced data are made difficult by
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small scale heterogeneity in nutrient availability. We are currently analyzing data
collected routinely from fixed stations to determine whether there have been
changes in nutrient content of Thalassia testudinum over time; these analyses will
be presented elsewhere.

Most anthropogenic nutrients generated in the Florida Keys are disposed of in
on-site sewage disposal systems (OSDS), which release these nutrients into the
shallow groundwater. This shallow groundwater is pumped through the keys via
tidal action, and pollutants disposed of in these OSDS can migrate rapidly to the
marine surface waters (Lapointe et al. 1990; Paul et al. 1997; Dillon et al. 1999).
The carbonate formations that underlie the Florida Keys are efficient at retaining
phosphorus (Corbett et al. 2000), so anthropogenic nutrient inputs to the coastal
zone are enriched with N compared to P. In the P-limited nearshore environments,
the effects of N addition would be much reduced. But, cross-shelf transport of N
towards the reef tract has the potential of causing eutrophication in the N-limited
regions of our study area. These N-limited regions are generally removed by sev-
eral kilometers from the possible source of anthropogenic nutrients. It is feasible,
then, that uncontrolled anthropogenic N input to the system could cause changes to
the benthic plant communities in areas several kilometers removed from the load-
ing site, while having no effect near the loading site. Cross shelf transport of nu-
trients from the Keys to the reef has as yet not been adequately studied to allow for
a definitive judgement about the magnitude of Keys-based N loading to the off-
shore shallow benthic communities (but see Szmant and Forrester (1996); Boyer
and Jones (2002)). A recent evaluation of the patterns in seagrass species compo-
sition and growth rate did not find evidence of degradation of offshore seagrass
beds in south Florida (Fourqurean et al. 2001), but the potential exists for these
offshore seagrass communities to be influenced by N loading from the Florida Keys.
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