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ABSTRACT OF THE THESIS
GROUNDWATER NUTRIENT AVAILABILITY CONTROLS ON NEARSHORE
BENTHIC COMMUNITY STRUCTURE IN BISCAYNE BAY. FLORIDA
by
Danielle Lara Mir-Gonzalez
Florida International University. 2007
Miami. Florida
Professor James W. Fourqurean. Major Professor
Most studies have focused on nutrient inputs from rivers, atmosphere, and non-

point runoff. One often overlooked source of nutrient loading is submarine groundwater
discharge. For this reason, a 207 site survey and four transects were established to
document spatial distribution of macrophytes, quantify potential groundwater discharge
and associated nutrient concentrations, estimate water column nutrient concentrations,
and relate nutrient availability to seagrass stoichiometry. A significant decline in
Thalassia testudinum and an associated increase in Halodule wrightii were significantly
correlated with decreased salinity and increased ammonium and total phosphorus
concentrations from surface and groundwater. Total phosphorus loading from
groundwater was estimated to be 2.55 metric tons y'l in the Black Point area, almost half
the phosphorus load to all of southern Biscayne Bay from the canals. These findings
indicate that nutrients in groundwater are important in determining seagrass community

structure and spatial distribution in the shallow waters of Biscayne Bay.
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I INTRODUCTION

Groundwater Nutrient Availability Controls on Nearshore Benthic Community Structure
in Biscayne Bay, Florida
Overview

Changes in the quality, quantity, and timing of freshwater runoff in nearshore
waters have been credited to human population growth in costal areas. Despite concerns
about effects caused by anthropogenic impacts on the structure and function of nearshore
benthic communities, there is a lack of general baseline data in these areas. Nearshore
benthic communities have often been ignored, although they are closest to potential
anthropogenic influences and most likely to show signs caused by disturbances. Nutrient
and light availability are considered two of the primary physical factors that limit
seagrass distribution (Dennison and Alberte 1985. Short 1987). Secondary factors such
as changes in salinity, temperature, currents and sediment accumulation within an area,
can also influence the composition of species within a community. Increased nutrient
enrichment can change water quality, eventually leading to eutrophication. When
eutrophic conditions occur, seagrasses and slow-growing macroalgae are replaced by
fast-growing macroalgae and phytoplankton with phytoplankton eventually dominating
through competition Figure 1.1 (Duarte 1995, Fourqurean and Rutten 2003).

Many studies have focused on anthropogenic nutrient inputs from the atmosphere,
rivers, and non-point runoff (e.g. storm water). One often-overlooked source of nutrient
loading is from groundwater upwelling or seepage. Along many coasts, submarine

groundwater discharge is close to shore (\Valiela et al. 1980). The effects of groundwater



on benthic vegetation are not well understood in shallow estuarine areas and can have a
great impact on overall water quality. It has been estimated that submarine groundwater
discharge contributes three to five times as much nitrogen to an estuary as does surface
water (Johannes 1980). Misinterpretations of ecological data relating to benthic zonation
and productivity can occur by neglecting to incorporate groundwater discharge. In some
areas, anthropogenic activities have increased groundwater nutrients and loading, which
may lead to problems in the nearshore environment (Lapointe et al. 1990). The
distribution of Thalassia testudinum and other benthic macrophytes have been linked to
groundwater discharge in Biscavne Bay (Rollout and Rolipinski 1967).

The focus of this investigation is southwestern Biscavne Bay, between Black
Point and Turkey Point (Figure 1.2) in Biscavne National Park. Chapter 1. the
"Introduction”, gives a basic overview community structure dynamics and the objective
of this project. Chapter 2, “Spatial variation of nearshore benthic macrophyte
communities in southwestern Biscavne Bay, Florida," is a descriptive study that maps
nearshore (<1 km) benthic macrophyte community distribution. This section documents
benthic macrophytes and explores the relationships of spatial variation and environmental
factors. Chapter 3. “Measuring the relationship between groundwater nutrient loads and
benthic macrophyte communities,” asks whether spatial distributions of macrophytes are
affected by groundwater nutrient availability. Transects were used to document and
explore relationships between benthic macrophyte community (species) distribution,
seagrass nutrient content, surface water and groundwater nutrient concentrations and
load. The findings of this two-part study are briefly summarized in chapter 4, the

“Summary”.



Importance and Theories Behind Community Structure

An ecological community is an assemblage of species that co-occur in space and
time. The relationship between pattern and process has long been the focus of plant
community studies (Watt 1947). Species diversity and abundance are key components of
the structure of an ecological community. Particular species can have strong effects on
ecosystem process by directly mediating energy and material fluxes or by changing
abiotic conditions of the environment, which in turn may regulate the rates of these
processes (Hooper and Vitousek 1997, Tilman et al. 1997). Hooper and Vitousek (1997)
asserted that functional characteristics of the component species are likely to be as
important as species diversity in maintaining critical ecosystem processes. Community
structure is an indicator, and presumably affected by the environmental factor of interest
(e.g. nutrient loadings), and may be the only feasible measurement in a particular
environment (Philippi et al. 1998).

Species diversity is important to community structure and has been shown to have
a positive correlation with productivity (Connell and Orias 1964). Through both
monitoring studies and experiments, species diversity patterns in a population have been
attributed to variation in the intensity of competition (Paine 1966). Disturbances are a
controlling mechanism in ecological systems; it has been suggested that the continuous
addition of nutrients may act as a perturbation to marine macrophytes, releasing nutrient
limitation and the competition for other resources (e.g. light). Some think that diversity
should be added along with species compaosition, disturbance, nutrient supply, and
climate as a major controller of population, ecosystem dynamics and structure (Tilman

1999).



Project Overview

Biscayne Bay is a shallow subtropical lagoonal estuary situated as a topographic
basin resting between the Atlantic Coastal Ridge and offshore reef and barrier island
system. The bay is located on the southeastern coast of Florida at about 25°45'N and
80° 15"W. The presence of two landfills (old and new) and the large agricultural centers
in southeast Miami pose a threat to groundwater and surface water quality. Several pre-
existing studies exist suggesting the landfills have already degraded water quality (Jones
1994, Meeder & Boyer 2001). Groundwater seepage and canal discharge are two major
sources that add new nutrients to the nearshore environment of western Biscayne Bay,
Florida. Groundwater nutrient loading can be especially important in karstic limestone
environments because of the high porosity of such systems. The effects of groundwater
on benthic macrophyte communities are not well understood in nearshore areas although
groundwater has a great potential to impact overall water quality. Biscayne Bay does not
have the same wealth of published background information on benthic community
structure as the nearby estuary, Florida Bay, making it difficult for coastal researchers to
focus their conservation efforts in the appropriate direction. Therefore, this study was
initiated to document and determine if groundwater nutrient loading contributes to the
variation found within the nearshore benthic macrophyte composition of southwestern

Biscayne Bay, Florida.



Figure 1.1. Relative species dominance along a gradient of nutrient availability.
This conceptual model relates the relationship between nutrient availability and the
relative dominance of different types of primary producers of south Florida (adapted from

Fourgurean and Rutten 2003).

Biscayne Bay Study Area

Figure 1.2. The Biscayne Bay study area located along the western shoreline of
Biscayne National Park. Nearshore study areas extended 1 km from the
shoreline.
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11. SPATIAL VARIATION OF NEARSHORE BENTHIC MAC ROPHYTE

COMMUNITIES IN SOUTHWESTERN BISCAYNE BAY, FLORIDA

Introduction

Seagrass communities (benthic macrophyte communities) are composed of
numerous types of primary producers, which include seagrasses (rooted angiosperms),
macroalgae (rhizophytic and/ or drift forms) and epiphytic algal species. Major changes
in water quality due to increased nutrient enrichment and the timing of freshwater flow
can affect the structure and function of benthic macrophyte communities. Nutrient
enrichment can lead to a progressive replacement of seagrasses and slow-growing
macroalgae by fast-growing macroalgae and phytoplankton with phytoplankton
eventually dominating (Figure 1.1). As the City of Miami continues to grow, seagrass
communities are most likely to exhibit signs of anthropogenic disturbance, especially

within the nearshore environment of Biscayne Bay.

Dynamics ofSouthwestern Biscayne Bay

Biscayne Bay is located adjacent to a large agricultural and urban center
undergoing major human population expansion. Anthropogenic impacts have lead to
increased nutrient loading via canal flow and groundwater discharge into the Bay. The
construction of a complex network of drainage canals and pumping stations to divert
freshwater flow from Lake Okeechobee and the Everglades for flood control, agricultural
and urban settings are the largest impact to the South Florida landscape. As a result.

Biscayne Bay no longer receives freshwater as diffusive sheet flow, but rather as. a point



source from canal discharges. The Surface Water Improvement and Management Plan
(SWIM) for Biscayne Bay separated the bay into three distinct regions: North, Central
and South (Alleman et al. 1995). South Bay (Figure 2.1), the focus of this study, receives
flows from two distinct interconnected drainage systems known as the South Dade
coastal drainage area and the conveyance system drainage area (Alleman et al. 1995 ).

Nearshore areas of South Bay are more affected by nutrient loadings than sites
offshore (Caccia and Boyer 2005). Black Point, located in the northern part of South
Bay, has high ammonium (NPLt+) concentrations along the shoreline (Meeder and Boyer
2001). The nearshore area of the Bay is the most degraded in terms of water quality with
high concentrations of nutrients (Caccia and Boyer 2005). There are four canals in
southwestern Biscayne Bay, which carries nutrient rich freshwater. Mowry Canal caries
water from the large agricultural basins; Black Creek and Princeton Canal are by Black
Point landfill and sewage treatment plant while Military Canal carries water from the
Homestead Military Base.

Both salinity fluctuations and nutrient loading from canals have been shown to
affect benthic community structure in the receiving waters (Meeder and Boyer 2001).
Much of the published literature dealing with nearshore seagrass communities in
southwestern Biscayne Bay dates from the 1960’s and 1970’s. Historical projects have
documented a thin band of Halodule wrightii dominance along the shore and high
abundance in the Black Point area, with Thalassia testudinum most abundant offshore
and near Turkey Point (Roessler et al. 1973, Thorhaug 1976). One investigation found T.
testudinum present north of Black Point but absent around Princeton Canal also known as

Moody Canal (Between Black Point and Fender Point) (Szmant 1987). A recent study



showed that Black Point had a high surface water ammonium (NHj+) concentrations
along the shoreline (Meeder and Boyer 2001). These high NHZ concentrations were
found with a lower abundance of T. testudinum. These findings are confounded with
salinity increases and fluctuations over time (Meeder and Boyer 2001). North of Black
Point (Cutler Canal), Kohout and Kolipinski (1967) observed a transition from H.
wrightii nearshore to T. testudinum offshore, and suggested the species pattern was due to
groundwater seepage close to shore. Therefore. Thalassia testudinum and other benthic
macrophyte distribution have been linked to groundwater discharges in Biscayne Bay
(Kohout and Kolipinski 1967, Meeder et al. 1997)

This investigation was initiated to provide a comprehensive, spatially relevant
description of nearshore benthic macrophytes and to attempt to explain possible
environmental controls of the structure affecting benthic communities in the southwestern

region of Biscayne Bay.

Methods
Study Location

This project sampled along the western shoreline of Biscayne Bay in Biscayne
National Park (Figure 2.1). between Black Point (location of a unconfined landfill) and
Turkey Point (area with a nuclear power plant). Currently, freshwater enters the Bay via
canals as point source. Canal waters have poor water quality in that they contain high
levels of urban and agricultural waste. These alterations have ultimately changed the
timing and delivery of when and how freshwater enters the bay (Alleman, et al, 1995).

The southern of the Bay is wider than most areas further north that has historically
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received less freshwater, since it is far from the watershed and the low relief. Parallel to
the coastline about 0.6 to | kilometer (km) inland is the L-31E Levee and Canal to
prevent saltwater encroachment and reduce impact from storm tides; this canal essentially

eliminated any remaining freshwater sheet flow to the Bay.

Nearshore Benthic Surveys

An intensive snapshot survey was conducted to document the distribution and
composition of current nearshore benthic communities of southwestern Biscayne Bay.
Within an 11.5 km stretch along the coast, benthic macrophyte community composition
was surveyed at 207 sites located within | km from shore. Before sites were chosen, the
relevant scales of spatial variation in community structure were determined by findings in
current literature and reports (Meeder et al. 1997, Byrne 1999). Site locations were
determined using a Random Tessellation Stratified (RTS) Design to ensure independence
of sample locations and even coverage within the chosen sampling area. These pre-
selected random coordinates were located in the field using a global positioning device

(GPS) following a method similar to that used in the Environmental Monitoring and

Assessment Program (EMAP). Two grids of hexagon cells with | site per 0.1 km2 were
overlain in order to get approximately 2 sites per 0.1 km? projected over the study area.
Of the original 249 sites projected over the study area, data were collected for 207 sites
(Figure 2.2) during the months of March, April and May 2002. The remaining 41 sites
were not surveyed due to location and/ or time constraints.

At each site, seagrass and non-epiphytic macroalgae species were assessed in situ

using a modified Braun-Blanquet quadrat method, which assigns a unitless score to
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represent percent cover (Table 2.1) (Braun-Blanquet 1972, Fourqurean et al. 2001). Taxa
were assigned a score between 0 and 5 recorded from ten 0.25 m2 quadrats haphazardly,
tossing quadrat with eyes closed, within 10 m of the GPS coordinate (Fourqurean et al.
2002). The average score for each taxon was computed for the 10 quadrats for each site
to yield a Braun-Blanquet density, abundance or frequency estimate. Estimates are as
follows: A score of 0 indicated that a species was absent; 0.1 indicated a solitary stem
covering less than 5% of the quadrat; 0.5 indicated few' stems covered less than 5% of the
quadrat: ! indicated numerous stems covering less than 5% of the quadrat; 2 indicated 5-
25% cover; 3 indicated 25-50% cover, 4 indicated 50-75% cover; and 5 indicated 75-
100% cover (Table 2.1). The Braun-Blanquet scores were used to calculate density
(Da), abundance (Aa), and frequency (Fa) for each taxon (a) at each site as shown on
Table 2.2,

Water depth was estimated in feet (ft.) at the boat. Substrate/ sediment type was
assessed qualitatively and included the categories of fine mud, sandy mud, muddy sand,
coarse sand, shell hash, rubble, and rock (Table 2.1). Sediment depth, ranging from zero
cm to >50 cm, was measured using a 75 cm long thin rod marked in 5 cm increments.
The rod was pushed perpendicularly into the sediment until it contacted solid rock or
reached a depth greater than 50 cm. Salinity, dissolved oxygen (DO) and temperature

were recorded at each site using a Hydrolab® Mini-sonde (Hach Environmental.

Colorado).
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Statistical Analysis

The spatial structure of the data was interactively explored using ArcView*
Spatial ?\nalyst with Nieuwland Kriging Interpolator 3.2 extension, which assumes that
distance or direction between sample points reflect spatial correlation that can explain
variation in the surface. Universal Kriging with linear drift algorithms were used for all
surface interpolations in this survey since it assumes that an overriding trend exists in the
data which can be modeled. The interpolative method of Kriging was used to produce
separate weighting parameters for each interpolation point and taking spatial covariance
in to effect to produce nearshore community distributions.

| analyzed variation in structure in the South Bay macrophyte community by
dividing the area into 4 north-south regions (Figure 2.3a) and 3 nearshore-offshore
regions (Figure 2.3b) to determine significant differences among study locations and
distance offshore. Locations for “study areas” were divided into four “groups” labeled
as Black Point (Bla) area (n = 38), Fender Point (Fen) area (n = 40), Mowry Canal (Mow)
area (n = 75) and Turkey Point (Tur) area (n =54). The assemblage of the locations
groups were determined by known canal and groundwater discharge estimates along with
the geologic setting of the area. The three “distance offshore groups” were created and
are described as nearshore (DI) zone (0 - 350 m, n= 70). central (D2) zone (350 - 700 m,
n= 72) and offshore (D3) zone (700- 1000 m. n= 65). Distance sections were based on
previous finding on community zonations and groundwater upwelling (Szmant 1987,
Meeder et al. 1997, Byrne 1999). Benthic and physical data of each group were reported
as box-and-whisker plots. A box-and-whisker plot shows the median, range, and data

distribution and is a convenient way of graphically showing the five-number summary'.
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The center horizontal line of the box is the median of the data, the top and bottom ofthe

box are the 25th and 75th percentiles (quartiles), and the ends of the whiskers are the 10th
and 90th percentiles. The dots (¢) above and below the whisker ends are the 5th and 95th
percentile values.

All response variables failed to meet the requirements of normality required by
normal parametric statistics (Kolmogorov-Smirnov and Shapiro-Wilk test for Normality,
all p<0.05). Therefore among “group” differences were assessed using the nonparametric
Wilcoxon Ranked Sign test (comparable to the t-test) and among group by the
nonparametric Kruskal-Wallis test (comparable to ANOVA) with significance of p <0.05.
Groups that were significantly different were then tested using Mann-Whitney U test, in
order to determine how the groups differed by comparing medians ofall paired cluster

groups among all physical site parameters and/ or taxa at a level of p<0.05 (2-tailed test).

Results
Nearshore Benthic Surveys

Seagrasses and green algae were the most abundant macrophyte components of
the nearshore benthic communities (Table 2.3). Seagrasses were present at all survey
sites with densities ranging between 5.0 and 0.1. Within the seagrass group, Ruppia
maritima was present at 7% ofthe sites, Thalassia testudinum (81%) and Halodule
wrightii (60%). Thalassia testudinum was absent from Black Point area except north of
the Goulds Canal while densest offshore about 400 m from Fender Point south. Halodule

wrightii, on the contrary, had the greatest density close to shore and at Black Point
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(Figure 2.4a). Ruppia maritime! was sparsely found from the central to north part of the
study area (Figure 2.4b).

Calcareous green algae were present at nearly 88% ofall survey sites with a
maximum density of 2.85 and a minimum density of 0.01 (Table 2.3). Calcareous green
algae were almost evenly distributed throughout the study area except in the Black Point
area (Figure 2.4c). The genera Penicillus and Acetabularia were among the taxa most
frequently encountered; they were present at over 68% and 55% of survey sites,
respectively. The genera Halimeda and Udotea were not as abundant (present at 17%
and 6% of sites, respectively), and found only in the southern region around Tur. Solitary
individuals of genera Ripocephalus were encountered at one survey site at Tur.

Non-calcareous green algae were present at nearly 90% ofthe survey sites, with a
maximum density of4.1 and a minimum density of 0.05 (Table 2.3), with the highest
densities between 300-400 m from shore (Figure 2.4d). The genus Batophora was
present at nearly 85% (maximum density of 3.5) of the survey sites, while the genus
Cladophora was present at 21% of sites (maximum density of 2.5). Batophora was most
dominant nearshore of Mowry Canal and north of Fender Point with a small area offshore
of Turkey Point (Figure 2.4d). The genus Avrainvillea was found at one site. The genus
Chara was localized at Black Point with a small area south of Fender Point (Figure 2.4e),
while Anadyomene stellata was found in the southern region; each occurred at
approximately 17% of the sites.

Red algae were present at over 90% of the survey sites, with a maximum density
of 3.6 and a minimum density of 0.05 (Table 2.3). Red algal densities were highest

between Mowry Canal and Turkey Point, with some areas offshore in the northern
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section of the study area (Figure 2.4e). The genera Acanthophora and Polysiphonia
accounted for the majority of red algae encountered throughout the survey (74% and
67%. respectively).

Brown algae were only represented by the genus Sargassum and were present at
7% of the sites (Table 2.3). The maximum density of brown algae did not exceed 0.35 at
any site and was only found in the Turkey Point vicinity (Figure 2.4f). Sponges and
stony corals (Siderastrea radians) were mainly found near Turkey Point. Both sponges
and stony corals were found at 3% of the sites with a maximum density of 0.2 at offshore

sites (Table 2.3).

Spatial Distribution

Among the four study locations Halodule wightii and green algae increased
northward towards Black Point (Bla) while Thalassia testudinum and calcareous green
algae densities increased southward towards Turkey Point (Tur) (Figures 2.5 & 2.6).
Halodule wightii density was substantially highest for Bla (Z for Bla*Fen = -4.034.
p<0.001; Z for Bla*Mow = -4.797. p<0.001. Bla*Tur = -6.920. p<0.001) (Figure 2.7)
while T. testudinum densities were lowest (Z for Bla*Fen = -4.034, p<0.001; Z for
Bla*Mow = -4.797; Z for p<0.001; Bla*Tur = -6.920. p<0.001) (Figure 2.8). Mowry
Canal area had the highest density of T. testudinum. The presence ofR. maritima and
Chara sp. was significantly higher in Bla than the other zones (Z(RUppja) for Bla*Fen = -
1.964, p<0.05; Z(Ruppia) for Bla*Mow = -2.00. p<0.05; Z(RUppja) for Bla*Tur = -6.920, p<
0.001 ) (Figure 2.5); (Z(chara) for Bla*Fen = -4.360. p<0.001; Z(chara) for Bla*Mow = -

5.052. p<0.001; Z,chara) for Bla*Tur = -4.993, p< 0.001) (Figure 2.9). Chara sp. was
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found exclusively at Black Point. Fender and Turkey Point had the highest red algae
densities (Figure 2.6). Polysiphonia sp. had highest densities at Fender Point while
Acanthophora sp. was dominate at Turkey Point with a significance of p< 0.001 (Figure
2.10). Turkey Point was the only area with Halimeda sp.. Udotea sp. and Sargassium sp.
present.

Of the three “distance offshore groups", the furthest offshore group (D3) had a
significantly higher of Thalassia testudinum density along with increased water depth.
Halodule wrightii significantly decreased offshore (z for D1*D2 = -5.145, p<0.001; z for
DI*D3 = -6.888. p<0.001. D2*D3 = -2.553. p<0.05, while T. testudinum increased
offshore (z for D1*D2 = -2.498. p<0.05; z for D1*D3 = -4.849. p<0.001. D2*D3 = -
2.671. p<0.05) (Figure 2.11). The nearshore distance (DI) of 0 — 350 nt offshore had
significantly lower salinity values (Figure 2.12). This area also had the highest densities
of H. wrightii. R. maritima and Chara sp. and deepest sediment. The offshore distance
(D3= 750 - 1000 nt) green algae density (Batophora sp. dominated) was found to be
significantly lowest compared to the other distance groups (Z,Batophora) for D3*D1 = -
3.595. p<0.001; z(Batophora) for D3*D2 = -2.254. p<0.05) (Figure 2.13). Water depth
significantly increased offshore (Zfor D1*D2 = -4.589. p<0.001; z for D1*D3 = -6.593.
p<0.001; z for D2*D3= -1.987. p<0.05).

Overall greatest densities for T. testudinum and Acanthophora sp. along with
increased salinity, water depth and sandy type sediments were found offshore (D3. 750 m
to | km) where Batophora sp. was in low abundance. Brackish water tolerant species (//.

wrightii, R. maritima and Chara sp.) were significantly denser within 0-350 m offshore
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(nearshore DI) compared to the other distances. Sediment was the shallowest along with

significantly high Halimeda sp. abundances within the 350-750 m (D2) distance range.

Environmental variables such as salinity values and water depth were highest in
the southern half of the study area where sediments were sandy. Along with these
physical parameters, calcareous green totals (primarily Penicillus sp.), T. testudinum, and
Acanthophora sp. were most abundant. The northern section of the study area had an
increase in Batophora sp. and H. wrightii while sediment type was muddier in texture.

Dissolved oxygen (DO) was significantly elevated at Black Point (Figure 2.14).

Discussion
Benthic Mapping

A distinct spatial pattern among the benthic macrophyte communities was found
within the study area. The entire area examined is relatively small, approximately 11 km
from north to south and | km offshore. Marine species dominated at Turkey Point (Tur)
and offshore where salinities and water depth were greatest. The entire northern area,
Black Point, was dominated by brackish water tolerant species within the first 300 m
offshore. Three species of seagrass (Thalassia testudinum offshore and south, Halodule
wrightii inshore & Ruppia maritima north nearshore) were found throughout the study

region.
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Possible Sourcesfor Spatial Differences

Thalassia testudinum was dominant seagrass species found in southwestern
Biscayne Bay except at Black Point or along the coast. Historical reports have also found
an absence of T. testudinum at Black Point (Roessler et al. 1973. Thorhaug 1976. Szmant
1987. Meeder and Boyer 2001). Thalassia testudinum tends to grow in oligotrophic
waters that do not have salinity fluctuations (Fourqurean et al. 2003, Lirman and Cropper
2003). The Black Point area contained predominantly brackish water macrophyte
species (Chara sp. and Ruppia maritima) and had the lowest salinity values, indicating
that there is a freshwater source. Szmant (1987) noted there was stratification of water
column due to salinity in spite of the shallow depths (2 m) around the Black Point area.
During the mapping (this section) of this project only surface salinity values were
recorded, therefore, stratification in the water column could not be determined. Months
after mapping community structure, stratified salinities were observed during the
sampling efforts found in the next chapter (Chapter 3) since both bottom and surface
salinity were recorded. Freshwater entering the area with increased nitrogen (especially
ammonium) can have a negative affect on T. testudinum seedlings (Kahn and Durako
2006). A recent report documented high surface water ammonium that (NH/)
concentrations along the shoreline and corresponding lower abundance of T. testudinum
near Black Point (Meeder and Boyer 2001). The Szmant (1987) study did not find a
correlation between nutrient concentrations and freshwater seepage from the sediments,
but did find lower water column salinity, higher nutrient concentrations, and dark water

color (brown tannins) in the area between Black Creek (Black Point) and Princeton
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Canal. Ammonium and nitrate concentrations at Black Pont did decrease in the offshore
direction (Szmant 1987).

Canal water discharge (CD) and submarine groundwater discharge (SDG) can add
freshwater along with elevated nutrient concentrations into an estuary. Black Point and
Mowry Canal have the highest canal discharge for this study area (Alleman et al. 1995.

1 ietz 1999). Salinity fluctuations and nutrient loading from canals have been shown to
affect benthic community structure in the receiving waters (Meeder and Boyer 2001).
The lack of canal discharge at Turkey Point might explain why it was the only area to
have the marine genera such as Halimeda, Udotea, Ripocephalus, Avrainvillea,
Anadyomene, and Sargassium, along with the stony coral Siderastrea radians.

The importance of SGD and its influences on surface water salinities in the study
area is established (Kohout and Kolipinski 1967. Meeder et al. 1997. Byrne 1999).
Submarine groundwater discharge can pose a threat to an estuary by decreasing surface
salinity or change the timing ofthe salinity cycle. In addition. SGD often has a higher
nitrogen load than does that of surface water (Johannes 1980). Groundwater volume
discharge into Biscayne Bay is much less than canals, but the concentrations of nutrients
are greater (Byrne 1999). However, little is known about SGD and its effects in this area.
Meeder et al (1997) found that the groundwater NH4* concentrations at Black Point were
the highest in the bay and decreased by nearly 50% in both northward and southward
directions. Thalassia testudinum was also not abundant in areas receiving groundwater
discharge. Salinity significantly increases in the offshore direction. Its been reported that
along many coasts, submarine groundwater discharge is close to shore (Valiela et al.

1980) and decreases rapidly with distance from shore (Bokuniewicz and Pavlik 1990,
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Meeder et al. 1997. Byme 1999). Near Mowry Canal, the nearshore community
composition report suggested SGD decreased with distance from shore, and that the first
few hundred meters are dominated by Halodule wrightii then Penicillus sp. and
Batophora sp., with T. testudinum predominant at 800 m (Meeder et al. 1997). This
study had similar results and suggests that groundwater discharge may be causing the
lower salinities nearshore and at Black Point. Freshwater in these areas may be
significant due to a shallow water column that coincides in these areas.
Conclusions

The presence oftwo unconfined landfills at Black Point has created conditions of
high nutrient loading, a major concern for managers and researchers. Run-offand
groundwater nutrients may be significant in determining community structure type in the
coastal regions ofthe Bay. If submarine groundwater discharge is present, it may be
more important than canal discharge in structuring the benthic macrophyte communities
due to high concentrations of nutrients along with low salinities. This investigation's
goal was to provide observational data in order to describe nearshore benthic macrophyte
spatial distributions in southwestern Biscayne Bay. Additionally, an evaluation of the
SAV spatial variation related to nutrient availability and groundwater nutrient loads in the
nearshore environment of southwestern Biscayne Bay was conducted as a later part of
this investigation (Chapter 3). Benthic macrophyte communities nearshore could be
significantly influenced by canal discharge and / or groundwater upwelling. Studying the
relationships between macrophytes and groundwater may give us a better insight on the

processes involved, and better help managers.
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2 0 2 4 Kilometers

Figure 2.1. Location of study area in the southwestern portion of Biscayne Bay,
Florida.
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Figure 2.2. Survey site locations.

Table 2.1. Braun Blanquet scores for recording the abundance of benthic taxa and
substrate type.

Score

o oA W w NN

Braun Blanquet Scores

Substrate Type Score Taxa Percent Cover
Fine-Mud 0.0 Absent
Sandy-Mud 0.1 Solitary, <5%
Sandy-Mud Shell 0.5 Sparse, <5%
Muddy-Sand 1.0 Many, <5%
Muddy-Sand Shell 2.0 5% - 25%
Sand 3.0 25% - 50%
Course Sand 4.0 50% - 75%
Hallmeda Hash 5.0 75% - 100%
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Table 2.2.

Table 2.3.

Frequency, abundance and density calculations for each species from the
raw observations of benthic cover in each quadrat at each site.

Calculation of Braun Blanquet Scores
Calculation Formula Discription

where Fa and Aa are as described above, with a score

DenSIty D»= (F")(A’) that can range between 0 and 5,

where the sum of Sa is the Braun-Blanquet score,
between 0 and 5, for taxon a found within a quadrat

observed at a site and Na is the number of quadrats at a
site in which taxon a was present.

Abundance A,= (ZS./N.)

where Na as described above and n is the number of
Frequency Fa=N,/n quadrats observed at a site, and the score is between 0
and 1.

Benthic taxa used in the nearshore benthic community composition
survey. A summary oftaxa with the number and percentage of sites where
each taxon was present and the maximum and minimum Braun Blanquet
density scores for each taxa.

Presence at Sites Density Score

Taxa # ofsites % of sites Max Min
Seagrass 207 100.0 5.00 0.10
Thalassia testudinum 168 81.2 5.00 0.01
Halodule wrightii 125 60.4 4.90 0.05
Ruppia maritima 15 7.2 2.60 0.05
Calcareous Green Algae 182 87.9 2.85 0.01
Genus Halimeda 35 16.9 0.51 0.02
Genus Penicillus 141 68.1 2.80 0.01
Genus Ripocephalus 1 0.5 0.05 0.05
Udotea flabellum 13 6.3 0.67 0.01
Acetabularia crenulata 113 54.6 2.10 0.01
Green Algae 186 89.9 4.10 0.05
Batophora oerstedia 174 84.1 3.50 0.02
Anadyomene stellata 36 17.4 0.70 0.05
Genus Avrainvillea 1 0.5 0.05 0,05
Genus Chara 35 16.9 2.70 0.05
Genus Chaetomorpha 19 9.2 0.50 0.05
Genus Cladophora 44 21.3 2.50 0.05
Red Algae 192 92.8 3.60 0.05
Genus Laurencia 5 2.4 0.40 0.05
Genus Acanthophora 152 73.4 3.00 0.05
Genus Chondria 2 1.0 0.10 0.05
Genus Poiysiphonia 137 66.4 3.00 0.05
Brown Algae 14 6.8 0.35 0.01
Genus Sargassum 14 6.8 0.35 0.01
Stony Corals 6 2.9 0.20 0.01
Siderastrea radians 6 2.9 0.20 0.01
Sponges 6 2.9 0.10 0.10
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Figure 2.3a.  Locations of site groupings - the four study locations
(Groupings continued on Figure 2.3b).
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Station Groups
Distance Offshore

a Offshore 0 -350 m (D1)
Mowry - Offshore 350- 700 m(D2)
»  Offshore 700 - 1000 m (D3)
Florida

B Study Area

- *Turkey Point S

5 Kilometers

Figure 2.3b.  Locations of site groupings - the three distance locations
(Groupings continued from Figure 2.3a).

Figures 2.4 (a-l). Interpolated distributions of nearshore benthic survey taxa groups
(seagrasses total, Thalassia. Halodule. Ruppia, calcareous green algae,
Penicillus sp.. green algae. Batophora sp., Chara sp. red algae, and brown
algae), and physical parameters (water depth, sediment type, and sediment
depth) for the entire study area.
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Figure 2.4. Interpolated distributions of nearshore benthie taxa groups; a) Seagrass density, b) Thalassia testudinum density.
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c . . . <>
Figure 2.4. Interpolated distributions of nearshore benthie taxa groups; c) Halodule wrightii density, d) Ruppia maritima
density.
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(e) (o
Figure 2.4. Interpolateci distributions of nearshore benthic  a groups; €) calcareous green algae density, f) Penicillus sp.
density.
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(h)

Figure 2.4. Interpolated distributions of nearshore benthic taxa groups; g) total green algae density, h) Chara sp. density.
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@
Figure 2.4. Interpolateci distributions of nearshore benthic taxa groups; i) Batophora sp. density, j) Sargassum sp. density.
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Figure 2.4. Interpolated distributions of benthic taxa and physical parameters; k) total red algae density, 1) water depth (m).
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Sediment Sediment
Type Depth (cm)
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Figure 2.4. Interpolated distributions of nearshore physical parameters; m) sediment type, n) sediment depth (cm).
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Figure 2.5.

Figure 2.6.

Seagrass Mean Density
50

Braun Blanquet Score

Mean seagrass density among site location groups.

Macroalgae Mean Density

Study Region

Mean macroalgae groups density (Braun-Blanket score) for taxa that were
significantly different among site location groups.

Groups represented are calcareous green algae (CGT). green algae (GRT)
and red algae (RDT).
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Halodule Density
50

South Tur Mow Fen Bla

Figure 2.7. Box-and-whisker plot of Halodule wrightii among the study areas.

Thalassia Density

001 . ! —
SouV’ Tur Mow Fen Bla
Figure 2.8. Box-and-whisker plot of Thalassia testudinum among the study areas
Figure 2.9. Box-and-whisker plot of Chara sp. among the study areas.
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Polysphonia sp. Density Acanthophora sp. Density

Figure 2.10. Box-and-whisker plots of two red algae genera density (Polysiphonia sp.
and Acanthophora sp.) among study areas.

Thalassia Density

40
30

20

0o
0-350 350-700 700-1000 0-350 350-700 700-1000

Distance offshore (m) Distance Offshore (m)

Figure 2.11. Box-and-whisker plots of Thalassia testudinum and Halodule wrightii
among distances offshore.

Salinity

Distance Offshore (m)

Figure 2.12. Box-and-whisker plots of salinity among distances offshore.
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Braun-Blanquot Score

Figure 2.13.

Figure 2.14.

Green Algae Total Batophora sp. Density

Box-and-whisker of green algae total density (Batophora sp.,
Cheatomorpha sp., Cladophora sp.) and Batophora sp. density (dominate
species) among distances offshore.

Mean Water Depth and Dissolved Oxygen for Each Area

Tur Mow Fen Bla

Study Region

Mean water depth (m) and dissolved oxygen for each study area.
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1. MEASURING THE RELATIONSHIP BETWEEN GROUNDWATER

NUTRIENT LOADS AND BENTHIC MACROPHYTE COMMUNITIES

Introduction

The structure and function of seagrass communities are influenced by both
anthropogenic and natural environmental changes. As human populations continue to
grow and establish along coastal areas, it has contributed to changes found in the quality,
quantity and timing of freshwater runoffto estuarine environments. Light availability
and nutrients are considered two of the primary physical factors that limit seagrass
distribution (Dennison and Alberte 1985, Short 1987). Other environmental factors such
as salinity’, currents, temperature and sediment accumulation can influence community
structure within a seagrass community.

Species with a greater ability to compete for the limiting resource (e.g. nutrients)
at a given time can effect community composition based on resource models (Tilman
1982). Some species of macroalgae occur as blooms when waters are nutrient enriched.
Macroalgae typically have a broader range of ecological effects and last longer than
microalgal blooms, and they can displace seagrasses, corals, or brown algae (Valiela et
al. 1997). These blooms are usually unattached or filamentous green algal species. Light
attenuation generally increases, due the dominance of fast growing macroalgae and
phytoplankton (Figure 1.1) (Duarte 1995. Fourqurean and Rutten 2003).

Seagrass species have individualized nutrient and salinity tolerances that can
effect their distribution. Seagrass systems, especially Thalassia testudinum, in Florida

Bay tend to retain and recycle acquired nutrients efficiently allowing them to better in
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oligotrophic conditions (Fourqurean 1995). Powell et al. (1991), documented species
zonation in Florida Bay, where H. wrighlii and R. maritima was dominant close to
nutrient point sources, while T. testudinum became dominant with increasing distance
from the point source. Once the limitation of nutrients is eliminated. //. wrighlii is a
better competitor for light therefore, eventually out competes T. testudinum, unlike in
oligotrophic conditions when T. testudinum is more efficient at retaining nutrients
(Fourqurean et al. 1995).

Nitrogen (N) and phosphorus (P) are two major nutrients that limit species
composition within seagrass communities. Nitrogen is made available to the seagrass
and rhizophytic macroalgae by four major sources: (1) the water column (in low
concentrations); (2) organic matter decomposition in sediments; (3) fixation of nitrogen
within the plant rhizosphere; and (4) submarine groundwater discharge. Phosphorus
typically originates from three main sources: (1) regenerated P from organic or inorganic
material in the sediments; (2) low P concentrations present in the oligotrophic surface
water (Short et al. 1985); and (3) from contaminated groundwater discharge. Seagrass
communities characteristically exhibits high degree of nutrient conservation and
recycling of nutrients through the utilization of sediment nutrients (Short 1987).

Seagrass beds have generally been considered to be phosphorus (P)-limited in
carbonate environments (Smith 1984, Smith and Atkinson 1984, Short et al. 1985,
Howarth 1988. Short et al. 1990. Fourqurean et al. 1992b) and nitrogen (N)-limited in
sandy, terrigenous environments (Short 1987). Leafor total plant nitrogen: phosphorus
(N:P) molar ratios of 30:1 are the modified Redfield ratio for seagrasses which serve as a

useful tool in determining P or N-limitations (Atkinson and Smith 1983). Phosphorus
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limitation is typically demonstrated with N:P >30:1 and ratios <30:1 indicate N-
limitation. Redfield ratios are a proxy for relative nutrient (phosphorus or nitrogen)

availability to plants (Atkinson and Smith 1983. Fourqurean et al. 1992a).

Ecosystem ofBiscayne Bay, Florida

Biscayne Bay is located near 25°45‘N and 80°15'W on the southeastern coast of
Florida (Figure 3.1). The Surface Water Improvement and Management Plan (SWIM)
for Biscayne Bay separated the bay into three distinct regions: North. Central and South
Bay (Alleman et al. 1995). North Bay is the most highly urbanized ofthe three. The
construction of Haulover Cut. an intracoastal channel and the enlargement of
Government Cut have changed circulation patterns, resulting in increased salinity
(Alleman et al. 1995). The Central Bay’s western shore was originally composed ofa
mangrove fringe and extensive freshwater marshes. These freshwater marshes were
maintained by local rainfall and Everglades’ runoff from the transverse glades. The
glades were channeled and drained directly into Biscayne Bay after the turn ofthe
century, which resulted in saltwater intrusion. South Bay, the focus of this study, is
relatively undeveloped, although it receives drainage from canals, landfills, agriculture
and urban areas. Canals flow into the Bay by two distinct interconnected drainage
systems known as the South Dade coastal drainage and the conveyance system drainage
areas (Alleman et al. 1995).

In South Bay’s nearshore seagrass community, Thalassia testudinum is found
offshore, with Halodide wrightii dominating as a thin ban along the shore (Chapter 2).

Brackish water macroalgae (e.g. Chara sp.) and seagrass Ruppia maritima are found near
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potential freshwater discharge from canals and groundwater along the shoreline and near
Black Point (Chapter 2). The entire area is shallow and allows light to penetrate to the
substrate. Salinity fluctuations and nutrient loading from canals have been shown to
affect benthic community structure in the receiving waters (Meeder and Boyer 2001).
Thalassia testudinum has shown seasonal changes due to annual fluctuations of
temperature and salinity in Biscavne Bay (Zieman 1975). High ammonium (NH/)
concentration were found along the shoreline at Black Point, an area in the south region

of Biscavne Bay, (Meeder and Boyer 2001).

Factors that Potentially Effect Seagrass Communities

The reduction and infrequency of freshwater inputs by management modifications
in south Florida may influence seagrass mortality due to conditions in Florida Bay
oscillating between hypersaline and brackish (Robblee et al. 1991). Growth and
productivity of seagrass species may be reduced at sites influenced by freshwater
discharge (Montague. 1989). One study showed that Thalassia testudinum typically
decreases with lowered salinity and can be dominant in a nearshore environments only
when salinity values are not drastically lowered eventually allowing Halodide wrightii to
out compete T. testudinum (Lirman and Cropper 2003). Much ofthe work done on
seagrass tolerance to salinity ranges have been on mature plants. Kahn & Durako (2006)
suggests that the salinity tolerance for T. testudinum is not as broad as what has been
reported. They found recruitment of T. testudinum seedlings to be negatively effected

with increased freshwater especially if co-occurring with elevated ammonium (Kahn and
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Durako 2006). Another report shows that high NR»+ concentrations at Black Point are

related to a lower abundance of T. testudinum (Meeder and Boyer 2001).

Groundwater as a Source ofNew Nutrients in Biscayne Bay

Many studies have focused on anthropogenic nutrient inputs from rivers,
atmosphere, and non-point runoff (e.g. storm water). One often-overlooked source of
nutrients is from submarine groundwater discharge (SGD). Along many coasts,
submarine groundwater discharge is close to shore (Valiela et al. 1980). Groundwater
discharge and its effects on benthic vegetation are not well studied in estuarine areas,
with about 20-30 published studies done globally. It has been estimated that SGD
contributes three to five times as much nitrogen to an estuary as does surface water
(Johannes 1980), which has the potential to significantly impact water quality of shallow
estuaries. Misinterpretations of ecological data relating to benthic zonation and
productivity can occur by neglecting to incorporate SGD. Through the use of SI?N,
groundwater showed a relationship with nitrogen contributed from the costal watershed
and what was used by primary producers (McClelland and Valiela 1998). In some areas,
anthropogenic activities have increased groundwater nutrients and loading of these
nutrients, which may lead to problems in the nearshore environment (Lapointe et al.
1990). Submarine groundwater discharge is common wherever there is an aquifer with a
head above sea level connected to overlying surface waters through fissures or permeable
strata (Johannes 1980). Groundwater input has been shown to decrease rapidly with

distance from shore (e.g. Bokuniewicz and Pavlik 1990, Meeder et al. 1997, Byrne 1999).
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Groundwater transports nutrients from the watershed seaward, and the nutrients
from discharge may be far more significant than what has been realized (e.g. Johannes
1080. Bokuniewicz and Pavlik 1990. Valiela et al. 1990). Increases in anthropogenic
nutrients entering the groundwater eventually discharging in shallow estuaries may have
a great impact on benthic macrophyte communities. In Biscayne Bay, SGD decreases
rapidly in offshore to zero at about 400 meters (Meeder et al. 1997. Byrne 1999). Byrne
(1999) documented that the greatest discharge was at 185 meters offshore, which
decreased to zero at 400 m around Mowry Canal. Meeder et al. (1997) found
groundwater salinity was the lowest at 50 meters offshore and increased to marine levels
at their offshore stations. However. Kohout & Kolipinski (1967) calculated freshwater
discharges to the bay as far as 2 km offshore. Differences found by Kohout (1967) from
more recent studies could be caused by; 1) their methodology, method of calculating
discharge is no longer used by hydrologists, and/or, 2) conditions of the watershed have
decreased the hydraulic head.

Meeder et al. (1997) found that the groundwater NHT concentrations at Black
Point were the highest in Biscayne Bay and decreased by nearly 50% in both northward
and southward directions. Thalassia testudinum was absent in areas receiving
groundwater discharge (Kohout and Kolipinski 1967). Influences to seagrass
communities caused by groundwater sources typically decrease with distance from shore.
A report to Biscayne National Park showed that the nearshore community is dynamic,
with the first few hundred meters being dominated by Halodule wrightii then Penicillus
sp. and Batophora sp. further out, while at 800 meters the community was dominated by

Thalassia testudinum (Meeder et al. 1997). Studying the relationships between
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macrophytes and groundwater may give us a better insight on the ecological processes

involved and help managers within this system.

Objectives

The purpose this study is to determine if groundwater nutrient inputs are
correlated with nearshore benthic macrophyte communities in southwestern Biscayne
Bay. The combination of high nutrient availability (landfills, sewage treatment plants,
urban and agricultural runoff), elevated NH/ concentrations and decreased abundance of
T. testudinum at Black Point (north end of study area) makes this area interesting to
researchers. Studies in Biscayne Bay have shown that groundwater has the greatest effect
on nearshore benthic community dominance and provides a more constant flow of
nutrients than run-off (Meeder et al. 1997). Documenting the processes and their resulted
environmental impacts in southwestern Biscayne Bay is important for environmental
managers and regulators in order to restore historic conditions or reduce further
degradation. The following are the hypotheses tested:

HI:  Groundwater nutrient discharge contributes more to the spatial variability
in nearshore benthic species dominance in southern Biscayne Bay than
canal discharge.

H2:  Variation in nearshore benthic community structure, the shift from

Thalassia to Halodule, is significantly related to groundwater nutrient
concentrations.
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Methods
Location

This study took place along the western shoreline of Biscayne Bay between Black
Point and Turkey Point (Figure 3.1). T-31E Canal and storm protection levee runs
parallel to shore about 0.6- | kilometer (km) inland. Within this 11.5 km stretch, four
transects were established which extended from 50 meters (m) to 600 m offshore. The
first transect (Tur) was located approximately 800 m north of Turkey Point; Transect 2
(Mow) was 400 m north of Mowry Canal; Transect 3 (Fen) was 200 m south of Fender
Point; and Transect 4 (Bla) was 700 m south of Black Creek and Goulds Canal Channel
at Black Point. Turkey Point and Fender Point have little or no canal discharge in
contrast to Mowry and Black Point area which have very high discharge from Mowry,
Military, Black Creek and Goulds Canal (Figure 3.2). Transects Mow and Bla includes

both shallow and deep observation well for groundwater nutrient analysis.

Project Design

Transects were sampled bimonthly beginning in August 2002 and ending July
2003. Each transect contained five sites at distances of 50, 150. 300. 400. and 600 m
offshore, for a total of 20-sites in the study area. Sites were not placed less than 50 m
offshore as the vegetation may be exposed at low tides and are susceptible to high
sediment accumulation nearshore and rapid salinity changes. All transects where set up
after the synoptic benthic macrophyte habitat was assessed (see Chapter 2). Locations of
sites and distance offshore were based on previous research done in the southwest region

of Biscayne Bay. Communities in this area went from a dense Halodule wrightii
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community nearshore. H. wrightii mixed with algae to a 1 testudinum dominated system
offshore within | kilometer (Kohout and Kolipinski 1967. Roessleret al. 1973. Thorhaug
1976. Szniant 1987. Meeder et al. 1997. Chapter 2). Benthic community variation from
north to south and the absence T. lestudinum at Bla dates back to the 1970's (Roessler et
al. 1973, Thorhaug 1976. Szniant 1987. Meeder and Boyer 2001). Transects were placed
in areas of different conditions such as: High groundwater plus low canal discharge, high
groundwater plus high canal discharge, etc., based on known canal discharge rates and
the hydraulic head in the area in order to help factor out canal discharge.

Groundwater flow (discharge) and its associated nutrient concentrations were
investigated in a longitudinal and latitudinal direction to determine if there is a
correlation with the spatial variation of community assemblages. Seepage meters were
installed to measure discharge rates and nutrient concentrations of groundwater. Seepage
meters were installed at the first three sites (50. 150 & 300 m) of each transect (12 meters
total); restrictions set by Biscayne National Park prohibited placement of meters at every
site. Seepage meters were placed within 300 m of shore based on prev ious flow rates
found by Byrne (1999) and changes found within the nearshore community structure

(Meeder etal, 1997).

Benthic Community Structure and Physical Parameter Attributes

Data characterizing the community structure (species dominance) were recorded
for all benthic macrophyte type along with physical parameters (e.g. water depth,
sediment type and depth). At each site, seagrass species and non-epiphytic macroalgae

community composition were assessed in situ using a modified Braun Blanquet quadrat

48



method of all taxa. Five ofthe 0.25 m" quadrats were haphazardly placed while
swimming 15 m north and another 5 placed within 15 m south of the rebar that marked
the site. In each quadrat, taxa were assigned a unit-less score between 0 and 5 recorded
from a total often 0.25 m2 quadrats (Table 2.1) (Braun-Blanquet. 1972; (Fourqurean et
al. 2001. Fourqurean et al. 2002). The Braun Blanquet scores were used to calculate
density (Da), abundance (Aa). and frequency (Fa) for each taxon (a) at each site, as shown
on Table 2,2,

In addition to benthic composition data, sediment type was assessed qualitatively
and given a Braun Blanquet score, sediment depth (cm) was measured by probing to
bedrock in each of the ten quadrats, and water depth (ft.) was recorded as described in
Chapter 2. Surface water salinity (practical salinity scale), temperature (°C), and

dissolved oxygen (mg I'l) were also measured at each site by the using a Hvdrolab’ Mini

Sonde.

Seagrass Collection and Analysis

Leaf nutrient content and elemental ratios were analyzed for Thalassia
testudinum, Halodule wrightii and Ruppia maritima at each transect site to determine
relative nearshore nutrient availability for seagrasses. At each transect sampling site, 5-6
intact short shoots of T. testudinum and 25-40 intact short shoots of H. wrightii and R.
maritima were haphazardly collected within 10 m ofthe site. These short shoots were
stored in plastic bags, placed on ice, and transferred to the lab within 15 hours. Attached
green leaves were cut from the short shoots and cleaned of adhering epiphytes by gently

scraping with a razor, dried at 80°C, and ground to a fine powder by using a ceramic
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mortal and pestle (see Fourgurean and Zieman 2002). Morphological measurements of
all T. testudinum leaves (length and width) were recorded and dry weight was
determined. Carbon and nitrogen contents were determined with a NA 1500
Nitrogen/Carbon Analyzer (Carlo Erba Instruments™, Fisions 1500N), which combusted
the dry samples and detected the elements with a Thermo Conductivity Detector (TCD).
Seagrass TP followed a dry-oxidation, acid hydrolysis extraction followed by
colorimetric analysis of phosphate concentration measured on an Alpkem Rapid Flow
Analyzer (EPA Method 365.1). This TP method is a modification of the method
presented in (Solorzano and Sharp 1980) for particulate TP. Elemental content and ratios

were calculated on a dry weight and mole: mole basis, respectively.

Water Collection and Analysis

Surface water was collected bimonthly at all 20 sites, put on ice and transported to
the lab within 15 hrs of collection as a proxy to determine available nutrients. Unfiltered
water samples were analyzed for total phosphorus (TP), total nitrogen (TN), and total
organic carbon (TOC). Filtered samples (acetone-washed 60 ml bottles) were analyzed
for the inorganic nutrients; nitrate + nitrite (NOX'), nitrite (NO2"), and ammonium (NH/)
and soluble reactive phosphorus (SRP). A calibrated Hydrolab" Mini Sonde was used to
record salinity (practical salinity scale), dissolved oxygen (DO. mg I'l), and temperature
(°C) at all water quality sampling sites.

Water TP followed the standard method similar to what was used for seagrass
tissue samples. Water samples for TOC was measured by direct injection onto a hot

platinum catalyst in a Shimadzu TOC-5000 (GMI, Inc., Minnesota, and MN) after being
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purged with CO2 free air and acidified. Total Nitrogen was measured by the use ofan
ANTEK 7000N Nitrogen Analyzer (Antek. Houston. TX) that uses CEas a carrier gas
(Frankovich and Jones 1998). Filtered water samples were analyzed for inorganic
nutrients (NO2". NFL/, SRP. and NO/ on a four-channel auto analyzer. (Alpkem model

RFA 300) (SERC SOP. 2001). Concentrations of NO/ were calculated by subtracting

NO2' from NOX'.

Groundwater Collection and Analysis

Groundwater discharge and nutrient concentrations were measured at all 12
seepage meter sites. Seepage meters were designed for direct measurement of
groundwater discharge (Lee 1977). Seepage meters consisted of the top or bottom 15-20
cm of a 55-gallon steel drum. The drum ends were placed open-end down by into 10-15
cm of sediment (Cable et al. 1997). Hydraulic cement was poured around the outside
perimeter to seal it, to prevent surface water from entering the meter around it lower
margin when sediment depth was less than 15 cm (Byrne. 1999). The top ofthe meter
was placed at a slight angle and a vent installed at the high end. When not in use, a
screen was fitted snugly over the top to allow proper ventilation between samplings.
Large-sized Reynolds* Oven bags (7 1) were secured with rubber bands around the vent;
a small PVC pipe (10 cm length and 4 cm diameter) attached to PVC coupling on the
meter (Figure 3.3). The bags were pre-filled with ! liter of deionized water (DI H20) to
prevent a vacuum from developing (Belanger and Montgomery 1992. Cable et al.
1997b). Sampling time ranged between 2-3 hours depending on the site-specific flow

rate. In the field a 4 | nalgene graduated cylinder was used to directly measure
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groundwater discharge volumes before the sample was separated into nutrient samples.
Groundwater nutrient analysis used same methodology applied to surface water.
Inorganic and total nutrient concentrations for groundwater seepage was processed and
analyzed as described for surface water. The sample was diluted in the field with DI HiO
and final concentration values considered dilution.

Groundwater nutrient load (nutrient mass / area / time unit) is the product of
discharge (flow rate= volume/ area / time unit), and nutrient concentration (mass/
volume). Measured water volumes collected in the 7 ! bag over a known time and
seepage meter area (0.255 nt') produced a seepage discharge (flow rate) for that site,
reported as | m’2 day’l. Individual site loads were calculated by multiplying the nutrient
concentration (pM) by the discharge at that site (1 m'2 day'l) producing a load value of
pmol m'2 day’l. Groundwater loads were only calculated if flow rates were >5 ml m"
min'l because of increased seepage meter error at low flow rates (Cable et al. 1997b).

Nutrient loads for the entire study area were calculated on the bases of distance
from shore per meter. The nutrient load data was subdivided into three layers based
upon distance from shore; linear distance 0-100 m (100 m total) using seepage meter
(SM) 50 m. 100-225 m (125 m total) for SM 150 nt. and 225-350 m (125 m total) for SM
300 m. Load was expressed as (weight/ distance / time unit). An estimate for nutrient

loads (metric tons d’1) was calculated for the first 350 m area for the entire area.

Statistical Analysis
All seagrass community composition, tissue nutrients, surface and groundwater

guality data were compared among and between transects and distance from shore to
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determine spatial variation along with measurements over time to establish temporal
variation. Presence and absence, density, relative abundance, and frequency of benthic
macrophyte community composition were determined. Summary statistics were
calculated for all parameters to characterize the four transect areas of the southwest
region of Biscayne Bay. Total nitrogen for both surface water and groundwater during
the first event were discarded due to abnormal results according the Laboratory Quality
Assurance Plan. Taxa density values were used when comparing benthic macrophytes to
other site variables. All site variables were plotted and/ or mapped over time and with
distance from shore. Box-and-whisker plots and nonparametric Kruskal-Wallis and
Mann-Whitney stats were used to determine significant effect of regions (transects) and
distance offshore between parameters. Nonparametric Spearman's Rho Correlations
were calculated to compare how mean taxa densities, seagrass tissue nutrients, surface
water variables and groundwater nutrient concentrations rank orders related. Statistical
tests were run using the Statistical Package for the Social Sciences (SPSS 11.1) and

Sigma Plot 2001.

Results
The Spatial Variation ofBenthic Macrophytes

Spatial distribution of benthic macrophytes that were documented at all transect
sites were representative of the survey conducted in Chapter 2. Data analysis documents
both spatial variation between transects and with distance from shore for plant
communities. Halodule wrightii had the greatest distribution at 90% of the stations

(Table 3.1), Thalassia testudinum and Chondria sp. were present at all transects except
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at Black Point (Bla), in contrast Ruppia maritima was not present at Turkey Point (Tur).
T. testudinum had greatest densities at Tur and offshore at Mowry Canal (Mow) and
Fender Point (Fen). Chara sp. was present in the northern region of the study area, along
the Fen and Bla transects. Anadyomene stellata and Udoteaflabellum were exclusively
found at Tur. while Halimeda incrassate was present at both Tur and Mow. Total
density cover of H. wrightii decreased southward with highest densities at Fen and Bla
(Figure 3.4). Chara sp. and R. maritima mean density and variability were highest at Bla
(Figure 3.5). Batophora sp. density was substantially highest for Bla (Z for Bla*Fen
p<0.05; Z for Bla*Mow = -4.537. p<0.001. Bla*Tur = -6.920. p<0.001) (Figure 3.6)
while Penicillus sp. densities were highest for Tur (Z for Tur*Mow = -5.507, p<0.001; Z
for Tur*Fen = -5.446; Z for p<0.001; Tur*Bla = -6.651. p<0.001) (Figure 3.7).

Spatial differences associated with distance from shore were observed with some
variability between transects. Penicillus sp. and T. testudinum mean densities were
highest offshore while, H. wrightii, Chara sp. and Batophora sp. means increased inshore
(Figure 3.8). Ruppia maritima mean was highest at 300-400 m offshore at Bla. The
overall spatial pattern found with distance offshore were not the same when transects
were examined individually. Turkey Point had highest mean T. testudinum and lowest
Batophora sp. densities at 50m and 600m offshore (Figure 3.9a). Thalassia testudinum
had the greatest abundance at 300 m offshore Mow, while H. wrightii and Batophora sp.
hit peaks at 50 m offshore (Figure 3.9b). Halodule wrightii density decreased when T.
testudinum increased offshore at Fen (Figure 3.9¢). At Black Point H. wrightii and
Batophora sp. dominated offshore at 600 m while R. maritima and Chara sp. had lowest

densities offshore (Figure 3.9d).
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Seagrass Nutrient Content

Ruppia maritima and T. testudinum were not present at all transect sampling sites,
therefore the leaftissue nutrient for these species have blanks in the data set. However,
more importantly mean and median percent carbon, nitrogen, and phosphorus content of
H. wrightii leaves (calculated as percent dry weight) were used for analyses. All three
species of seagrass mean leaf tissue nutrient concentrations are recorded by transect on
Table 3.2a & b. Mean C: N ratio for H. wrightii at Tur, Mow, Fen. and Bla were 20.0,
19.4. 19.6. and 19.0. respectively, and the mean the C: P ratios were 1458.3. 1506.7,
1623.2 and 1083.7. A northward increase in median % C and % P for H. wrightii can be
seen along until a sudden decrease of% P, C: P and N: P ratios. Black Point had
significantly higher H. wrightii % P (Z<-4.75. p<0.001) and lower C: P (Z<-3.939.
p<0.001) than the other locations (Figure 3.10a-b). Nitrogen: Phosphorus values from

Halodule wrightii increased offshore (Chi sq. 17.377. p<0.01) for all transects (Figure

3.11).

Water Quality’

Salinity decreased northward with lowest salinities found at Bla. Table 3.4a-b
summarizes water quality values for each transect collected during the six events. Mean
and median concentrations for TP. NFL/ and TOC were highest at Bla, which also had a
lower salinity value (Table 3.2b). Salinity means and median values decreased northward
and were significantly (Z< -3.1. p<0.01) higher at Tur and lower at Bla (Z<-3.9, p<0.001)
(Figure 3.12). The data shows a gradual salinity increase offshore at Fen & Bla, while

offshore Bla, TN was extremely high. Mowry Canal (Mow) had the highest mean and
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median value for surface water NO3'and SRP. while the Fen had elevated mean DO and
TN. A slight decrease of TOC offshore was found along all transects and a similar trend
was observed at Bla for TP. At 600 m offshore of Bla. there was elevated TN & NO3*.

Ammonium (NH4+) concentrations peaked at 150 m offshore at Mow. Fen. and Bla.

Relationships Between Benthic Macrophytes and Nutrient Availability.

Spearman's Rho Correlation was calculated for most taxa. surface water variables
and plant tissue nutrients, Table 3.3 lists all that were significant. Species density of T.
testudinum, Halimeda sp., and Penicillus sp. which all are characteristic of marine
environments, was positively correlated (p<0.01), while densities of the brackish
environment species H. wrightii, R. maritima, and Chara sp. were also correlated
(p<0.001). Density of the three representative taxa for the marine group were negatively
correlated to the three species of the brackish water group (p<0.05). Presence of
Batophora sp., a species that can tolerate brackish waters, was positively correlated to R.
maritima presence (p<0.05) and Chara sp. (p<0.001) occurrence, and negatively related
to T. testudinum presence (p<0.001). Lower salinities were significantly related to higher
NH4+, TP, and to the presence of brackish water taxa (p<0.01). Higher salinity waters
had a positive relation to marine species and higher H. wrightii C: P (p-value <0.05).
Therefore, salinity had a negative association with the presence of the brackish water
phosphorus taxa. TP and NH4+concentrations. while H. wrightii C: P ratios increased

along with salinity (p<0.05).
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Groundwater Nutrient Concentrations and Discharge

Groundwater salinity, discharge rate (1 m'2 d'l), nutrient concentration (pM), and
nutrient load (pmol m'2 dl) were obtained from seepage meters installed at the first three
sites of each transect. Table 3.4 lists the summary statistics for all groundwater variables.
Mean concentrations of NO2', were highest at Fen (Z=-2.7, p< 0.01). There was a
decrease in groundwater salinity northward with significant differences between Tur vs.
Bla (Z = -3.4; p<0.001) and Bla vs. Mow (Z= -2.4, p<0.05) (Figure 3.13), similar to
surface water patterns. Seepage flow rates were significantly lowest for Fen (Z <-1.9,
p<0.5) while Tur and Bla appeared to have approximately equal discharge (Figure 3.14).
Table 3.4 shows that NO2", TN and TOC groundwater concentrations increase as flow
rates decrease on average with each transect.

Mean groundwater discharge for all transects appear to be highest at the offshore
groundwater site (300 m). except that Mow was highest at 150 m offshore and had
overall maximum flow rates for the entire study area (Figure 3.15). Groundwater
discharge does not appear to be driven by season (Figure 3.16). Although Mow showed
elevated flow rates, concentrations for TOC and TN were low (Figure 3.17). Overall,

groundwater seepage nutrient concentrations were greater and more variable than those

found in surface water (Table 3.2 & 3.4).

Species Dominance in Relation to Groundwater Nutrients
Groundwater nutrient concentrations were compared to taxa and surface water
variables to see if groundwater contributed to the variation in species dominance in

benthic communities found in the study area. After calculating Spearman’s Rho
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Correlation of mean variables tor the 12-groundwater sites, some correlations were found
between groundwater variables and taxa (Table 3.5). As groundwater salinity increased,
so did densities for T. testudinum (p<0.01), Penicillus sp. (p<0.05) and Acanthophora sp.
(p<0.001), while there was a decreased density with R. maritima. and Chara sp.. and
Batophora sp.. similar to the findings from surface water. Both R. maritima and H.
wrightii had a positive correlation to groundwater TN. TP and TOC. while Penicillus sp.
(p< 0.05) was negatively correlated. Groundwater NH/ was positively correlated to H.
wrightii (p<0.05). and NO2' concentrations (p<0.05) to Chara sp. Elevated
concentrations of groundwater TP and TOC correlated to decreased T. testudinum density
(p<0.05 TOC. p<0.001 TP) and Penicillus sp. (p<0.05) but positively related to increased
H. wrightii (p<0.05). R. maritima (p<0.01) and Batophora sp. (p<0.05) (Table 3.5).

Mean site groundwater nutrient loads (pmols m'2 d'l) did not correlate to mean
plant density nor to H. wrightii elemental ratios. Acetahularia sp., a calcareous green
algae, was the only species to correlate with groundwater nutrient loads possibly due to
its significant relationship with groundwater discharge rates. Higher densities of
Acetahularia sp. were found with increased groundwater TN (p= 0.6. p<0.05) and TOC
(p= 0.57, p<0.05) loads. Sediment type significantly correlated to groundwater nutrient
loads. When the sediment type shifts from mud to coarse grains. TN (p= 0.92, p<0.001),
TP (p= 0.75. p<0.01), TOC (p= 0.82. p<0.001) loads increased. While TOC loads

negatively correlate to sediment depth (p= 0.65. p<0.05).
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Potential Nutrient Loading into the Bay via Groundwater

Transect loads were calculated by extrapolating between transects using segment
loads (zone 0-100m, 100-225m, and 225-350m) resulting in moles m™' d”'. Groundwater
nutrient load averages were calculated for each transect area (e.g. Turkey Point, etc.) out
to 350 m offshore Figure 3.18. Total phosphorus loads were highest for the Bla region
and Mow had the greatest DIN loads. Table 3.6 lists estimates total nutrient loading for

the entire study area with 414 metric tons yr' of TN and 3.44 metric tons yr'' of TP.

Discussion
Spatial Variation of Benthic Macrophytes

Turkey Point, the area furthest south, had a benthic community typical of marine
environments, while Black Point (north) had a community dominated by brackish water
tolerant species, as previously documented in Chapter 2. Thalassia testudinum was very
dense offshore along with Penicillus sp. where water column salinity values were high
(marine levels) along with lowered nutrient concentrations. Species that do well in
brackish water such as Ruppia and Chara sp. were most abundant in the nearshore and
offshore areas of Black Point while Thalassia was absent from the entire transect. Water
depth for the entire Black Point area was less than 1 m and brackish (salinity = 10-25
psu) out to about 700m. Halodule wrightii was the most common seagrass species found
in the region, with greatest densities at Black Point. Chara sp. had greatest densities at
300 to 400 m offshore suggesting that submarine groundwater discharge is most likely a

major source of freshwater offshore at Black Pont.
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Nutrient Availability and Effects on Benthic Macrophyte Communities

Overall, this study shows an increase in surface water NH4* and TP
concentrations with decreased salinity. These findings are similar to what was found by
Meeder and Boyer (2001), which documented high surface water NH4* around Black
Point with lowered salinity. Increased levels of NH4' have been reported to negatively
impact Thalassia testudinum seedling growth at lower salinities, while at optimum
salinity ranges (30-40 psu) had no growth effect caused by increased NH4+ in a
mesocosm experiment (Kahn and Durako 2006). This suggests that freshwater coming
from canal discharge and/ or submarine groundwater seepage may contain elevated NH4
concentrations causing difficult conditions for T. testudinum to colonize in the Black
Point area. Fourqurean et al (1995) suggested that Halodule wrightii can out compete
Thalassia testudinum, which eventually becomes dominant within the community when
nutrients are no longer limiting due it being a better competitor for light. Therefore the
tennins colored water and increased light attenuation caused by eutrophication around
Black Point could have made conditions favorable for H. wrightii to dominate the
community.

Phosphorus can enter the environment via canal and/ or groundwater discharge.
Black Point appears to have a great amount of phosphorus available due to high % P in
H. wrightii leaftissue. Percent P was significantly related to both elevated surface and
groundwater P concentrations. Elemental ratio of C:P at Black Point were lowest with
high tissue % P suggesting that phosphorus is readily available to plants in this area.
Though, it is difficult to discern between canal and submarine groundwater discharge as

the source of new phosphorus at Black Pont since surface water can be greatly impacted
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by groundwater when it is shallow (<1 m). Water column depth may play a major role in
determining the length of time or how groundwater nutrient concentrations change water
column concentrations eventually leading to affects on the benthic macrophytes
community structure. Regardless of how shallow the water column was at Black Point

(<.5 m), haloclines with higher bottom salinity were observed at tide change for halfthe

sampling events.

Other Contributing Environmental Factors

Light is a primary control for seagrass community structure. This study did not
measure light since all water column depths were <3 m, but water color and clarity
visually darkened northward towards Black Point. Turkey Point had greatest mean
salinity and lowest mean surface water NFL+ concentrations while the opposite was found
at Black Point. Freshwater entering the system appears to be coupled with increased
nutrient concentrations, especially NH/ and TP. In areas with increased nutrients, light
attenuation typically occurs, making it possible for species dominance to change due to

competition for the limiting resource (e.g. light) (Fourgurean et al., 1995).

Using Seepage Meters as a Proxyfor Groundwater Discharge

Seepage meters, like other field equipment, have a list of possible collection
errors as mentioned in methods. Areas found with low groundwater flow may have had
elevated salinity levels and/ or nutrient concentrations due to a slower recharge unlike the
fast discharge sites. Increased nutrient concentrations that were found in areas with low

groundwater flow rates, may be an artifact of the seepage meter, due to flow not being
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great enough to cycle at least | seepage meter volume per day (>1! | m2 d'l) (Cable et al.
1997b). One should use caution ifthere is water current and/ or wave action present (e.g.
Shinn et al. 2002). A quantitative evaluation under a controlled environment would help
eliminate concerns and make seepage meters more reliable (Shinn et al. 2003; Corbett
and Cable 2003). Groundwater seepage in Florida Bay had reverse flow at tide change
(Chanton et al. 2003), which was not taken into account in this study since the Mowry
Canal area showed no reverse flow (Meeder et al. 1997; Byrne 1999). Groundwater can
also have slower retention times (re-charge) due to sediment type, which is positively
correlated to flow (the finer mud makes it harder for flow to percolate) (Table 3.4).

Seepage meters were ideal for this project due to the size of the area and its
capability to collect large volumes of groundwater upwelling. Seepage meters have been
used in coastal environments numerous times primarily to calculate potential
groundwater seepage flow rates (Lee 1977, Giblin and Gaines 1990. Belanger and
Montgomery 1992, Cable et al. 1997a, Cable et al. 1997b. Byrne 1999. Rutkowski et al.
1999). Few studies used the same discharge (seepage) sample for nutrient analysis
(Giblin and Gaines 1990. Byrne 1999). but used porewater peepers instead to collect
groundwater nutrient samples (Giblin and Gaines 1990. Rutkowski et al. 1999). Byrne
(1999) found that the mean seepage meter nutrient concentrations were significantly
higher than those obtained from shallow wells (3.4 m deep) similar to findings of this
study.

Areas with low groundwater discharge were areas that had very fine sediments.
Fender Point, an area with the least amount of groundwater discharge and canal runoff

influence and had the greatest density of H. wrightii. Table 3.3 has correlation values
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calculated from the mean of all 20-sampling sites and shows H. wrightii, R. maritima and
Chara sp. correlated with muddier/ fine type sediments. Halodule had its greatest
densities at Fender Point, possibly due to the increased NCF' concentrations. For the
brackish water tolerant macrophytes, both H. wrightii and R. maritima densities
correlated with increases in groundwater TP and NH4+ while Chara sp. declined.

This work and other projects have documented numerous times that R. maritima
and H. wrightii do better in environments with changing salinity and higher nutrients than
does Thalassia (e.g. Powell et al., 1991). Halodule wrightii was positively correlated
with groundwater NH4+, TN, TP and TOC, but negatively associated with surface salinity
and R. maritima. Ruppia maritime was negatively correlated to both surface and
groundwater salinity and groundwater nutrient concentrations except for groundwater
NH4*. Halodule wrightii and R. maritima are able to overtake 1 testudinum when
nutrient concentrations increased with lowered salinity (Duarte, 1995, Fourqurean &
Rutten, 2003). The ability for Halodule wrightii to dominate may be due to the
elimination of its limiting recourse (nutrients) making it a better competitor as suggested
with the resource ratio theory (Fourqurean et al., 1995). In addition, Chara sp. is a
nutrient sink in shallow lakes and was primarily found at Fender and Black Point where
water is shallow. Charophytes are able to deliver oxygen to the sediment, potentially
enhancing nitrification/ denitrification (Kufel and Kufel 2002). This can then convert
NH4+ to NO3’ allowing for higher nitrogen availability for other plant species within the

community and/ or remove the excess nitrogen from the environment.
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Overview

The shoreline of Biscayne National Park, is an area that is relatively small (11
km?2), and the coastal area goes from a brackish to marine. Black Point consistently had
salinity below 25 psu, high canal discharge and high groundwater flow rates. These flow
rates did not show seasonality (e.g. greater flow rates during the wet season) which can
be caused by the local water management practices of south Florida. The L-31E levee
controls the hydrolic head, therefore affecting the timing and flow of submarine
groundwater discharge.

When individual sites were compared, more species correlated to surface water
NHA4+ than did groundwater NH4+ concentrations while TP for both surface and
groundwater correlated significantly to most of the taxa found. In respect to NH4+, it
appears that the null hypothesis was rejected; suggesting that canal discharge is more
significant in determining species dominance than groundwater. This hypothesis cannot
be fully discarded due to TP in both surface and groundwater being significant to most of
the taxa while Black Point (where Thalassia is absent) elemental ratios demonstrate that
the area has the greatest relative availability for phosphorus. It is difficult to determine if
TP concentrations from surface vs. groundwater is more significant.

Elevated NEE+ and TP concentrations for both surface and groundwater were
predominate at Black Point. The seagrass community structure was different at Black
Point, in respect to species dominance, than other areas examined along the shoreline of
Biscayne National Park. The increased concentrations of nutrients and timing of
freshwater is influenced by two landfills and human development along the coast. A TP

load of 2.55 metric tons yr'l was estimated for the entire Black Point, which is nearly half
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of what was calculated for canal discharge for the entire southern portion of Biscayne
Bay (Caccia and Boyer, in press). Therefore, groundwater loading may still be a
contributing factor in determining benthic macrophyte community structure in Biscayne
Bay, although individual site nutrient loads did not relate to benthic community structure
Groundwater should still be considered by managers and National Park Service when

determining total maximum daily loads (TMDL's) and/ or other models for the Bay.
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Biscayne Bay Study Area

Black Point

4 Kilometers

Figure 3.1. Location of study area in the southwestern portion of Biscayne Bay,
Florida
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Figure 3.2. Location of transects that represent the Turkey Point, Mowry Canal,
Fender Point and Back Point Vicinities.

(@) (b)

Figure 3.3. Example of a seepage meter; (a) actual meter in field and (b) schematic
figure of seepage meter.
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Table 3.1.

of sites (20) during the six events where each taxon was present.

Presence/ absence data for each study area and the maximum and

minimum Braun-Blanquet density found for each transect are listed.
Asterisks indicate taxa presence within a transect.

Presence/ Absence & Density of Taxa During the Six Sampling Events

Taxa

Seagrass

Thalassia testudinum
Halodule wrightii
Ruppia maritima

Calcareous Green Algae

Halimeda incrassata
Penicillus capitatus
Udotea flabellum
Acetabularia crenulata
Green Algae
Anadyomene stellata
Genus Batophora
Genus Chara

Genus Chaetomorpha
Genus Cladophora
Red Algae

Genus Laurencia
Genus Acanthophora
Genus Polysiphonia
Genus Chondria

Brown Algae
Genus Sargassum

Figure 3.4.

# Obsvd

108
71
98
39
67
13
43

2
60
106
7

106
38
14
22
94
32
36
73
23
10

9

%
1000
65.7
90.7
36.1
620
120
398
1.9
556
98.1
6.5
98.1
352
13.0
204
87.0
296
33.3
67.6
21.3
9.3
8.3

Tur Mow Fen Bla max

Turitej' Pt

min
50 15
5.0 15
1.0 00
00 00
19 00
05 00
16 01
0.1 0.0
12 00
35 01
02 00
32 00
0.0 0.0
12 0.0
15 0.0
47 04
3.1 0.0
45 0.0
06 0.0
12 0.0
0.7 0.0
0.7 0.0

Mowry Canal Fender Pt

max
4.5
a4
3.2
0.7
05
0.3
0.3
0.0
0.6
2.1
00
2.0
0.0
0.3
0.4
3.0
1.6
1.2
2.4
1.0
0.0
0.0

Halodule wrightii density among transects

South Tur

Mow
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Fen

Bla

Density
min max
26 50
11 39
02 35
00 20
00 12
00 00
00 13
00 00
00 02
00 40
00 0.0
00 24
00 25
00 02
0.0 04
0.0 31
00 02
00 08
0.0 27
00 09
00 01
00 01

min
1.2
00
0.1
00
00
00
00
00
0.0
0.6
0.0
0.6
0.0
0.0
0.0
00
00
00
0.0
00
0.0
00

Box-and-whisker plot of Halodule wrightii showing 10 percentile.

Summary of taxa distributions, including the total number and percentage

Black Pt
max min
47 11
(o]0} 00
3.5 00
3.7 00
0.7 0.0
00 (o]0}
00 00
00 00
08 00
4.7 1.0
00 00
39 09
3.7 0.0
0.7 00
1.5 00
29 0.0
00 00
0.1 00
29 0.0
00 (o]0}
00 (0]6]
00 00



Ruppia maritima density among transects Chara sp. density among transects

Figure 3.5. Box-and-whisker plot of Ruppia maritima and Chara sp. among study
regions.

Batophora sp. density among transects

mean
median

g3
1 (@]
South Tur Mow Fen Bla
Figure 3.6. Box-and-whisker plot of Batophora sp. among study regions.
Penicillus sp. density among transects
Figure 3.7. Box-and-whisker plot of Penicillus sp. among study regions.
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Figure 3.8.

(@

©

Figure 3.9.

Species with Distance offshore

Mean macrophyte densities with distance offshore for entire area.
Data points are site means (n=6)

(b)

Taxa as a function to distance offshore near Mowry Canal

()

Taxa as a function of distance offshore near Black Point

Macrophyte site means of sampling events, with distance offshore; (a)
Turkey Point, (b) Mowry Canal, (c) Fender Point and (d) Black Point.

Data points are site means (n=6) and error bars are SD (standard deviation)

70



Table 3.2a. Summary statistics of transect surface water and seagrass tissue nutrient
data for Turkey Point and Mowry Canal area. (Summary continued in

Table 3.3b)
Transect Summary of Nutrients
Turkey Point (Tur) Mowry Canal (Mow)
Max Mm Median Mean SD n Max Min Median Mean SD n
Salinity 35.31 14 58 27 61 26 81 6 64 30 3392 8 03 16 80 19 77 8 48 30
Temp (cC) 30 83 19 94 27 85 26 86 3.18 30 3153 21 76 27 74 27 28 265 30
_ DO (mg r2) 7.51 21 492 488 136 28 8 79 278 5 89 5 60 176 30
Q NO3(pM) 42 28 003 1.35 11.91 15 54 30 72 61 036 25 11 26 27 2374 29
g NO?2 (pM) 1.52 002 0.21 045 048 30 184 006 065 073 058 30
® NH4 (pM) 8 88 052 1.90 2.75 228 29 3655 074 410 6 96 8 89 30
g TN (pM) 97 38 28 86 46 80 49 63 2021 25 9541 26 96 67 22 64 86 2291 25
(?) TP (pM) 0.55 015 026 029 011 30 0 69 o1 024 029 0 16 30
SRP (pM) 0.31 0.01 011 0.13 009 29 046 0 04 013 016 012 29
TOC (pM) 627 21 261 92 36883 38234 9309 30 990 42 196 50 307 38 387 80 197 91 30
Tt %C 39.90 31.22 3354 34 45 226 30 3863 32 88 3536 3563 169 30
Tt %N 2.82 1.76 2.19 2.17 024 30 251 195 2 30 229 014 30
Tt %P 0.11 0.05 006 0.07 002 30 0.12 005 006 007 002 30
- Tt C.N 22.62 14 46 18 51 18 68 1.72 30 2070 16 40 18 22 18 19 098 30
S TtCP 2003 38 847 96 139992 1402 50 31583 30 185657 75028 147698 145572 26916 30
c TENP 91 98 49 53 76 28 74 73 1344 30 103 10 45 01 82 11 79 77 1292 30
8 Hw %C 41.05 18 23 36 42 3570 473 18 4093 36 18 37 56 38 02 127 30
c Hw %N 2.60 1.06 2.14 211 034 18 271 1.91 231 229 019 30
2 Hw %P 0.08 004 007 006 001 18 009 005 006 007 001 30
E Hw C:N 2251 17.41 19 94 19 90 137 18 2254 17.10 19 20 19 42 126 30
=z Hw C P 2194 34 1189.33 1394 24 145828 23545 18 205260 107442 149512 150667 242 11 30
A Hw N P 104 05 59 30 7277 73 36 10.70 18 103 30 52 48 76 08 77 76 1247 30
g Rm %C
s Rm %N
n RmM %P
Rm C:N
Rm CP
Rm N:P
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Table 3.2b.

Salinity
Temp (=C)
DO (mg!”)

NO3(pM)
NO2 (pM)
NH4 (pM)

TN (pM)

TP (pM)
SRP(pM)
TOC (pM)

Tt %C

Surface Water

Tt %N
Tt %P
TtCN
Tt CP
TtNP
Hw %C
Hw %N
Hw %P
Hw C:N
Hw C P
Hw N:P
RmM %C
Rm %N

Seagrass Nutrient Content

Rm %P
Rm C:N

Rm CP
Rm N P

(@

Halodule % phosphorus among transects

Figure 3.10.

Summary statistics of water and seagrass tissue nutrient data for Fender
and Black Point area (Summary continued from Table 3.3a).

Transect Summary of Nutrients (Continued)
Fender Point (Fen)

Max
31.01
33.08
11 98
69 34
5.14
81 86
112.72
071
041
711 08
40 20
267
008
19.46
2146 68
11241
40 46
248
007
23 07
2048 44
101 60
41 27
2.88
0.18
23 58
1642 81
76 10

Min
7.35
23 26
307
000
0.03
052

32 38
0.10
0 06
332 17
31.49
207
005
15 82
986 38
58 40
33 89
198
005
17.31
1228 22
62 26
18 09

1.17
0 06
14 83

405 37
22.48

Median
16 42
29 69
6 20
7.91
0 86
3.72
55 72
0 26
011

489 63
3578
2.31
0 06
18 12

1548 64
88 26
37 38
2.27
0 06
19 50

1618 15
79 88
38.11
234
011
19.12

956 30
53 81

Mean
18 24
29 24
6 85
22.72
1.23
10 77

60 89
030
0.14
500 33
35091
235
0 06
17 90
1561.19
86 84
37.71
226
006
19.56
1623 23
83 09
37.07

231
0.11
18 96
978 69
51.13

SD

6 52
290
237
2531
140
18 98

23 47
014
009
110 50
264
021
001
104
300 51
13 84
1.95
0.15
001
1.36
220 78
10 90
4 86

0 42

003

247
318 35
13.08

30
30

25
30
30
30
25
30
29
30
20
20
20
20
20
20
29
29
29
29
29
29
19
19
20
19
19
19

(b)

Max
23 96
31 74
991
94 93
338
187 70
157 09
1 00
031
1119 17

41 11
289
014
26 39

1630 27
82 34

41 65
3.17

0.18
26 87

1727.77
75.27

Mm
379
2379
365
003
002
044
2372
014
0 04
351 25

18 52
126
0 06
16 01
425 11
24 80
18 14

115

0 06

14 04
313 15
20 13

Black Pont (Bla)

Median
8 47
30 09
6 01
6 20
059
776
43 49
030
0 12

674 83

38 61
231
009
18 24
1049 71
57 92

38 79
213
010
1921
871 99
52 45

Mean
10 07
29 12
6 18
13 80
065
15 86
49 89
038
0 14
679 63

37 16
231
009
18 98

1083 69

57 66
35 67
213

010
19 86

933 64
47 88

SD
538
265
172
19 51
068
34 73
26 72
022
0 06

192 03

528
0 40
002
238
288 28
14 06

8 05
053

003
369

381 43
15 51

29
29
22
30
30
29
25
30
30
30

29
29
29
29
28
28
24
24
22
24
21
21

Box-and-whisker plot of Halodule wightii; (a) % P and (b) C: P among
regions.
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Figure 3.11.

Surface water salinity among transects

SoiJ,h Tur Mow Fen Bla North

Figure 3.12.  Box-and-whisker plot of surface water salinity among regions.
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Table 3.3.

(* p<0.05, ** p<0.01 and *e= p<0,001).

Substrate Type
Substrate Depth
Thalassia Density
Halodule Density
Ruppia Density
Halimeda Density
Penicillus Density
Udotea Density
Acetabularia Density
Batophora Density
Chara Density
Surface Salinity
Nitrate
Nitrite
Ammonium
Total Nitrogen
Total Phosphorus
Halodule C:N

Halodule C P

Sg

0.012
0.141

0.013
0.027
0.253
0.079
0.018
0.000
0.525
0.027
0.185
0.695
0.209
0.094
0.563
0.160
0.403

0.344

>
02 E

co

-0.552

0.258

0.262

0.570

0.907

0.746

0.327

0.006
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0.427

0.757
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0.446
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0.929

0.293

0.163

Seée
§
P,
0.341

0.265

0.008
0.000
0.009
0.001
0.424
0.807
0.000
0.000
0.000
0.297
0.627
0.004
0.995
0.000
0.140

0.033

[
X Q

-0.543
0.263

-0.578

0.000
0.002
0.000
0.028
0.022
0.352
0.004
0.000
0.375
0.012
0.001
0.072
0.009
0.219

0949

.S
XQ
-0.494
0.135
-0.836

0.785

0.006
0.000
0.185
0.137
0.012
0.000
0.000
0.251
0.508
0.002
0984
0.000
0.094

0.146

£
<G
Ec
gQ
0.268
0.028
0.565
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0.000
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0.244
0.012
0.001
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0.012
0.005
0.059
0.097
0.346

0.692
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s

fQ

0.402
-0.077

0.669
-0.861
-0.791

0.746

0.072
0.064
0. 158
0.000
0.000
0.852
0076
0.002
0.370
0.001
0.318

0.351

u§ o

XQ
0.522
-0.231
0.189
-0.491
-0.309
0.428

0.411

0.018
0.543
0.224
0.103
0.543
0.296
0.028
0 152
0.582
0.286

0.376
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Table 3.4.

Groundwater

Groundwater

Salinity
Surface Salinity
Bottom Salinity
Rate (1 m-2 d-1)

NO3(pM)
NO2 (pM)
NH, (pM)

TN (pM)

TP (pM)
SRP(pM)
TOC (pM)
NO3(load)*
NO2 (load)*
NH4 (load)*
TN (load)*
TP (load)*
SRP (load)*
TOC (load)*

Summary statistics of groundwater nutrient concentrations and loads for
the four study areas.

Transect Summary of Groundwater Nutrients

Max Min
38 67 6 83
35.27 14 58
35.50 19 97
154 0 80
116.85 0.31
1.88 003

411 94 7.83
727 38 76 82
1.48 0.18
1.33 0.15
8832 86 811 66
2931.2 47
61.9 2.3
25696 7 1112
11961.7 3646 9

56.4 1.7
81.5 3.4

125794 4 40555 4

*load = gmol m"2 d'l

Salinity
Surface Salinity
Bottom Salinity
Rate (I m-2 d-1)

NO3(pM)
NO2 (pM)
NH4 (pM)

TN (pM)

TP (pM)

SRP (pM)
TOC (pM)
NOj (load)*
NO2 (load)*
NH4 (load)*
TN (load)*
TP (load)*
SRP (load)*
TOC (load)*

Turkey Point (Tur)

Median Mean
27.32 24 28
27 90 26 88
27 89 27 83
200 38.7
8 06 2525
0 49 0 64
52 32 83 30
270 55 294 30
0.33 0 53
0.37 0 50
2920 56 3470 07
2205 671 0
7.6 156
11336 3614 4
6059 5 6364 9
9.2 16.7
66 17.5
71962 8 73646 4

SD
11 25
7.18
6.17
41 6
32 10
0.58
98 74
182 19
0.39
0.33

2323 19
865 5

17.3
6655 1
2519 3
16 4
21.7

26065 0

17
18
18
17
17
17
17
15
17

17
17

17
17
17
15
17
17
17

Max Min
34 10 8 61
32 38 8 38
33 16 8 38
2535 93
61 97 0 00
139 0 06

1089 09 792
347 69 63 34

363 0 18

2.53 0 13
14006 25 446 70
11644 8 0.7

128 3 1.9
64403 1 177 0
219007 29333

137 4 5.1
122 6 30

202702 7 15751 9

Transect Summary of Groundwater Nutrients (Continued)

Max Min
31.72 0 02
30.25 7.35
30 24 778
57.3 7.9
121 64 3.84
2.70 01
822.16 14 83
858 00 126 07
4.75 0.31
4 19 0.27

10703 33 0.00
3951.2 44.9

96.6 11

7265.6 2225
10024.6 3020 6
40.9 2.8
36.2 3.0
125053 1 37630 3

*load = (imol m'd’!

Fender Point (Fen)

Median Mean
15 44 16 37
16 43 18 27
16 43 18.44
11.1 14.5
24 58 3223
121 1.24

23258 305.98

52969 536.44
080 1.26
0.50 0.82

6137 50 6044 62
217.,3 5790

151 19 4
8648 31559
65558 63182

102 139

53 9.1
66663 3 (19444

SD
10 65
7.62
7.46
13.2
32.46
0.91

282 74
205.77
134

1.05
3362 59

1049 5
25.3
2614 4
1947 3
112
91
24820.2

75

13
13
13
13
13
13
13
12
13

13
13

13
13
13
12
13
13
12

Max Min
30 89 4 05
22.77 2 00
2279 242
125 2 8.8
318 02 1.91
17.00 0.03

466 28 4 79
789 36 91 12

50 62 0 19

29 57 0 12
10706 94 1253 28
39805 2 42 0

25.2 23

5347 4 206 7

166300 34191
6336 3 3.0
3700.7 23
207108 9

Mowry Canal (Mow)

Median Mean
26 33 21 48
26 48 23 00
27 39 24 65
92 6 94 6
7 92 20 06
0 25 041
66 80 198 08
159 34 176 30
043 094
0 28 0 63

1062 50 2172 62
705 3 1755 6
218 309

7990 2 12485 8

8898 1 10332 3
48 6 51 4
298 378

75269 5 95394 3

Black Point (Bla)

Median Mean
872 11 78
8 99 11.19
14 53 12 92
294 40 9
18 20 39 14
0.78 318
26 86 92 52
282 82 345 41
0 58 4 60
0 29 268
3447 50 4542 40
364 9 3595 2
134 124
9450 1635 3
7809.7 9233 4
19.2 5037
94 2957

54833 3 128052 3 1141450

SD
9 69
8 67
8 25
79 1
21 90
040
290 05
104 96
105
069
3376 22
3027 9
348
16510 2
5183 3
383
35.2
51491 6

sD
8 30
6 16
6 16
362
84 58
5.52
142 38
248 50
13 84
8 09
3446 49
10905 8
84
1716 2
4337 3
1752 5
1023 1
58903 1

15
15
15
15
15
15
15
12
15
15
15
15
15
15
12
15
15
15

13
13
13
13
13
18
11
10
13
13
13
13
12

10
13
13
13
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Figure 3.13. Box-and-whisker plot of groundwater salinity among study regions.

Figure 3.14. Box-and-whisker plot of groundwater flow rates among study regions.

Mean Groundwater Flow Rate with Distance Offshore

Distance Offshore (m)

Figure 3.15. Mean groundwater flow rates (1 m’2 d'l) with distance (m) offshore.

76



Turkey Point Groundwater Flow Rate with Time

—+—Aug-02 -»—0ct-02 -.A-Dec 2002 Mar-03 Apr/ May-03 -4—Jul-03

(@)

(b) -¢—Aug-02 Oct-02 & Dec 2002 -*-Mar-03  *-Apr/ May-03 -«-Jul-03

Fender Point Groundwater Flow Rate with Time

Distance m) - wet se«or,
(c.) e-Ag 0ct-02 A Dec2002 -x-Mar-03 -*—Apr/ May-03 -#—Jul-03

Black Point Groundwater Flow Rate with Time

(d) —e—Aug-02 Oct-02 —a— Dec 2002 —h—Mar-03 Apr/ May-03 -»-Jul-03

Figure 3.16.  Groundwater discharge rates in time for each transect (a-Tur. b-Mow, ¢
Fen. and d- Bla).
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Mean Groundwater Total Nrtrogen Concentrate with Drstance Offshore Mean Groundwater TOC Concentrate wrth Drstance Offshore

Distance Offshore (m) Distance Offshore (m)

Figure 3.17.  Groundwater total nitrogen and total organic carbon concentrations (pM)
with distance (m) offshore.
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Table 3.5. Spearman’s Correlation Matrix with correlation coefficients (above shaded diagonal) and p-values for mean
substrate type, plant density, surface water quality and groundwater variables. Bold face above p<0.05. Based on

groundwater sites only (n=12).
(* p<0.05, ** p<0.01 and **& p<0.001). Rate (1 m2 d")

Q £ &

£ § L b 4 b b b b8
o fr 9 ge « & J F3 ¢ 2L by P8 E B, o5 gn

s sc < 9 g:h: 38 ££ g £4 |§ g, 8o 8 Sy a3 <

o £Q £0 £Q $0 ° JQ )? ® @ o) SIS S oSo
Substrate Type 0.145 -0.368 0258 -0.129 0.167 0.738 0261 0372 0.180 0;1’(31 0119 0102 0718 -0.758 -0417 -0564 -0354 -0.669
Thalassia Density 0.654 -0.549 -0.840 0.619 0.633 -0064 -0.956 -0.891 0733 0.894 -0.908 0.796 0303 -0303 -0197 -0430 -0.674 -0.577
Halodule Density 0.240 0.064 0776 -0661 -0.832 -0.344 0438 0448 -0610 -0650 0601 -0.364 -0476 0053 0.608 0.622 0.851 0.622
Ruppia Density 0.418 0.001 0.003 -0.600 -0.725 -0.095 0.832 0755 -0.573 -0.848 0.819 -0.631 -0544 0.163 0457 0.587 0.712 0.769
Halimeda Density 0690 0.032 0.019 0.039 0.863 0.060 -0.423 -0529 0739 0725 -0.762 0569 0.037 0.009 -0.477 -0.321 -0.432 -0.330
Penicillus Density 0.605 0.027 0.001 0.008 0.000 0361 -0477 -0.640 0857 0.803 -0.732 0632 0329 -0177 -0.582 -0591 -0.592 -0.582
Acetabularia Density ~ 0.006 0844 0274 0.770 0.853 0.249 -0.004 -0.258 0.317 0.060 -0105 0172 0.593 -0.661 -0558 -0470 -0088 -0533
Batophora Density 0412 0.000 0155 0001 0171 0.117 0.991 0901 -0.589 -0.806 0.851 -0.767 0431 0419 0179 0431 0584 0.658
Chara Density 0.234 0.000 0.44 0005 0.077 0.025 0.417 0.000 -0.782 -0.885 0.885 -0.877 -0.470 0.604 0.280 0523 0479 0.713
Acanthophora Density ~0.575 0.007 0.035 0.050 0.006 0.000 0.316 0.044 0.003 0.842 -0.774 0849 0.168 -0348 -0.232 -0.392 -0.550 -0.424
Surface Salinity 0617 0.000 0.022 0.00 0.08 0002 0.854 0.002 0.000 0.001 -0.909 0.846 0343 -0238 -0231 -0462 -0.620 -0.594
Surface NH4' (pM) 0712 0.000 0039 0001 0.004 0.007 0745 0.000 0.00 0.003 0.000 0.825 -0378 0287 0336 0434 0574 0601
Groundwater Salinity ~ 0.753 0.002 0.245 0.028 0053 0.027 0593 0.004 0.000 0.00 0001 0.001 0.182 -0.371 0000 -0196 -0340 -0.434
Groundwater Rate 0.009 0339 0118 0068 0910 0297 0.042 0162 0123 0603 0276 0226 0572 0585 -0545 -0.790 -0385 -0.888
Groundwater NO2 (pM) 0.004 0.338 0871 0.612 0977 0582 0.019 0175 0.038 0267 0456 0365 0235 0.046 0340 0550 0072 0.644
Groundwater NH/ (pM) 0.178 0539 0.036 0135 0.117 0.047 0059 0579 0378 0469 0471 0286 1000 0067 0280 0741 0326 0.678
Groundwater TN (pM) 0056 0163 0.031 0.045 0309 0043 0123 0162 0081 0207 0131 0.159 0542 0.002 0064 0.006 0553 0.881
Groundwater TP (pM) 0258 0.016 0.000 0.009 0161 0.043 0786 0046 0116 0064 0032 0050 0280 0216 0824 0301 0062 0508

Groundwater TOC (pM) 0.017 0.049 0.031 0.003 0294 0.047 0074 0.020 0.009 0169 0.042 0.039 0159 0.000 0.024 0.015 0.000 0092
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Figure 3.18.  Groundwater loads (tons yr'l) with for each region.

Bla = red, Fen =green, Mow = blue and Tur = purple.

Table 3.6. Groundwater nutrient load for the entire study area in tons yr'l within the
first 350 m offshore.

Nutrient Load (tons yr'l)

Entire Study area

Nitrate 18.5
Nitrite 0.4
Ammonium 98.1
TN 414.2
TIN 115
SRP 0.80
TP 3.40
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V. SUMMARY

The relationships between benthic macrophyte communities and the effects of
surface water and groundwater nutrient concentrations are of interest largely because of
increased degradation of estuarine areas. Frequencies of natural and human-influenced
disturbances of seagrasses around the world have been examined to find that most are
affected by human related pollution within coastal waters (Short and WYyllie-Echeverria
1996a). Effects of groundwater on benthic vegetation are not well understood or
documented since this diffusive input is difficult to quantify. The presence oftwo
landfills and a large agricultural area in South Miami-Dade pose a definite threat to
groundwater quality. Therefore, the finding in this study will aid coastal researchers,
managers and regulation agencies in Biscayne Bay along with the current water
management activities related to Everglades Restoration.

Chapter 2, documented the distribution of macrophytes in southwestern Biscayne
Bay obtained by a 207 site survey. Marine species dominated at Turkey Point and
offshore where salinities and water depth were greatest. The entire northern area. Black
Point, was dominated by brackish water tolerant species within the first 300 m offshore.
Thalassia testudinum was found offshore and south. Halodule wrightii dominated along
shore and Ruppia maritima was predominant nearshore at the Black Pont. The spatial
differences of benthic macrophytes northward from Turkey Point to Black Point, may be
caused by the increase of poor quality canal discharge (CD) and/ or submarine
groundwater discharge (SGD). Groundwater discharge into estuarine areas has received
increased attention over the last few years, and now it is recognized as a potential

pathway for nutrient transport.
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Chapter 3, explored potential causes for spatial variation found in the nearshore
seagrass communities. Marine species correlated with high salinity and lowered
nutrients while the opposite was found for brackish water tolerant species. A significant
decline in Thalassia testudinum and concomitant increase in Halodule wrightii was
significantly correlated with decreased salinity and increased ammonium and total
phosphorus concentrations from the water column and groundwater seepage. Seagrass
tissue C: P values correlated with salinity indicating higher phosphorus availability in the
brackish water around Black Point.

Overall, nutrient enriched freshwater appears to influence the seagrass community
structure at Black Point and along the shore towards Turkey Point. Black Point should
be an area of concern, due to increased total phosphorus and ammonium concentrations
found in both water column and groundwater seepage along with the absence of
Thalassia. Seasonality did not determine the amount of groundwater flow into the area.
but it is the managing practices used in south Florida from the hydraulic head maintained
by the L31E levee. Individual site groundwater nutrient loads were not significantly
correlated with benthic species, therefore rejecting the null hypothesis. Black Point being
an area that is very shallow, has the potential to be more influenced by any amount of
groundwater nutrient loading. An estimate of groundwater TP load for the entire Black
Point region (< 350 m offshore) was extrapolated estimating that there is 2.55 metric tons
y"' groundwater TP. This amount of phosphorus is half the canal nutrient load for the
entire southern Biscayne Bay. The total phosphorus load for the entire Black Point area
is the highest estimate compared to all other load values (Figure 3.17). These findings

indicate that nutrients in groundwater are important in determining seagrass community
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structure and spatial distribution in the shallow waters of Biscayne Bay. and that

groundwater loads should be included in the development of nutrient budgets.
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APPENDICES

Appendix 1. Summary statistics for surface and groundwater nutrient concentrations.
groundwater nutrient loads and elemental ratios of seagrass tissue for each
station (n = 20) over time (6 events). Load (umol m*?d ")

Transect 1. Turkey Point Area (Continued)
400 m offshore 6(H) m offshore
n max min mean median std n max min mean median std
Salinity 6 3531 16 62 26 64 28 29 6 64 6 35 26 16 83 26 75 27 61 6 05
o Temp (°C) 6 308 2038 2716 2786 359 6 2930 2074 2700 2801 321
% DO (mg | ™) 6 697 313 555 589 129 6 6 12 351 538 585 102
= NCMpM) 6 4182 006 12 34 135 1S40 ¢ 3778 029 14 01 12 15 14 42
@ NO; (uM) 6 148 002 0 47 030 0 54 6 1 49 005 049 031 052
£ NHjpM) 5 5.52 0.52 242 190 195 6 606 080 2 58 | 49 213
7 DIN (pM) 5 488l 128 1750 329 2067 6 4532 | 58 17 08 14 19 16 81
TP(pM) 6 0.55 018 0.30 0.27 0 14 6 055 020 028 024 013
SRP(pM) 5 031 010 019 0.16 008 6 031 002 014 014 011!
GW sal
NOj(pM)
NO; (pM)
NH4 (pM)
= DIN(pM)
T TP(pM)
z SRP(pM)
S RATE(L/msqd) °
2 NO, (load) .
o NO; (load) .
NH4 (load)
DIN (load) *
TP (load) ¢
SRP (load) ¢
77 %C 6 36 83 3246 34 47 34 47 163 6 36.63 32 56 34 22 33.95 144
77 °oN 6 2.35 188 212 213 021 6 220 1.76 199 1 95 017
77 °oP 6 007 005 006 005 001 6 006 005 005 006 000
77 C:N 6 20.72 17 14 1907 19 15 14| 6 22 62 18 41 20.17 19 93 167
1= 77 CP 6 1799 1229 1622 1687 208 6 2003 1518 1641 1580 184
% 77 NP 6 9198 7166 848 8568 7.01 6 8857 75 94 81.37 79 72 562
S TTm %C
€ 7Tm %N *
2 7Im °0P .
; 7Im C N . .
8 e - -
— . .
g Rn.i %C )
%) Rni %N .
Rni ®oP * ¢
Rni CN *
Rni C P
Rni N P

* Load is (pmo! m sq d)

89



Salinity
Temp (°C)
DO (mg 1'2)
NQ,(pM)
NOj (pM)
NH4 (pM)
DIN (pM)

TP (pM)
SRP (pM)

GW sal
NO3(pM)
NO2 (pM)
NHJIpM)
DIN (pM)

TP(pM)
SRP(pM)

RATE (L/ m sq d)

NO, (load)
NQOj (load)
NH¢ (load)
DIN (load)

TP (load)
SRP (load)

7/ %C
77 %N
77 %P
77 CN
77 CP
77 NP
Hw %C
Hw %N
Hw %P
Hw C N
7»w C P
Zw N P
Zm %C
Km %N
72m %P
72m C N
7m C P
2m N P

Transect 1:Turkey Point Area
5« m offshore

o o O S
*mmmmmmmmmmommammmmmmmmmmommmmmmm

*

max
35 26
29.37
6 19
29 90
1.52
4 96
36 39
050
019
37.63
71.9
19
185 2
193.5
148
063
27.75
1996 5
151
2770.2
3736 4
17 80
6 56
38 50
282
010
20 49
1448
90 59
38 54
2.40
007
2251
1635
79 64

mm
18 17
19 94
211
003
0.05
1.38
1.60
018
002
6.83
0.3
01
257
45.6
021
024
8 04
47

mean
26.71
26 44
441
954
046
251
12.50
029
01l
24 40
232
0.6
916
1154
062
036
17 36
535 |
7.2
1467 4
2009 7
8 97
501
33 68
227
008
17 50
1 190
68 67
36.52
207
007
2070
1440
69 77

*

median
26 45
27.39
452
068
0 17
21
3.07
0.27
010
29.78
127
0.4
83 |
122.6
0 58
029
17 48
106 !
75
1405 9
1867 0
713
509
32.55
2.28
007
17 40
1243
70 61
36 46
2 06
007
20 80
1408
68 56

std
678
3.37
148
14 25
058
140
15.92
0.11
007
13.25
27.9
07
62 |
57 4
046
0 16
8 06
801 7
47
880 0
1254 2
519
125
265
033
002
211
204
13 69
1 66
021
001
1.33

6 60

I T e e e e T R R B R G R S B S B RS RS, BN B R e B B I S S B A e

150 in offshore

min
14 84
20 38
2.73
019
0 06
084
148
022
001
8 32
01!
0!
114
20.1
0 18
017
978
78 8
23
1112
197 |
174
583
32.21
208
007
16 57
848
49 53
34 19
1 86
005
1748
1238
59 40

90

mean
26 89
26.83
428
1128
0.44
2.99
14 70
0.33
01l
21 76
383
0.6
525
01 4
059
032
13 95
695 |
100
635 0
1340 0
667
607
34 12
224
009
17 79
1039
58 56
36 01
217
007
19 49
1417
72 77

median
27 80
2761
447
067
017
2.24
2.99
027
0 10
19 54
200
0.5
51 6
95 2
036
037
13 89
3777
71
669.3
1310 |
496
6 07
33 26
226
009
17 89
954
52 55
36 12
2 14
007
19 26
1368
72 44

std
803
345
0 90
17 24
052
295
20 32
013
007
12.30
44 7
0.6
325
433
0 49
0 13
354
810 2
84
412 7
918 5
585
033
244
0 13
002
081
189
1127
176
026
001
139

CERT NS T RS T, BT, B« N o < i o> B« ) R =2 N OC R o R R o) B e I @) S o I OX Se I < e I NI« I« < I« I« I B B B B

300 m offshore

min
14 58
20 45
2.52
008
0 04
053
1 59
015
001
14 18
13
0.0
78
109
0 18
015
27 64
708
38
275

mean
27 03
26 89
4 61
12.39
039
319
15 97
026
012
26.25
10 |
0.6
109 !
1198
0 50
035
80 54
786 7
286
8244
9060
32 86
27 70
3576
222
006
18 85
1520
80 19
37 83
229
0 Of»
19 38
1583
81 19

median
28 18
27.82
447
138
024
17
4 41
0.27
0 10
27 42
71
0.5
51 3
726
0 30
0 16
72 39
306 6
254
4656
6223
34 17
24 40
35 06
220
006
19 04
1526
80 86
37 16
227
007
19 42
1475
75 55

std
8 04
346
183
18 46
040
3.20
2115
009
008
9 86
128
06
156 0
156 9
037
034
46 87
1091 |
23.7
10034
10218
17 79
17 00
298
025
001
131
263
9 10
211
021
001
133
352
13 18



Surface Water

Groundwater

Seagrass Nutrient Content

Transect 2:Mowry Canal Area
50 m offshore

Salinity
Temp (°C)
DO (mg 1?)
NO.,(pM)
NO2 (pM)
NH4(pM)
DIN(pM)

TP(pM)
SRP(pM)

GW sal
NCMpM)
NO2(pM)
NHJIpM)
DIN(pM)

TP(pM)
SRP(pM)

RATE (L/ m sq d)
NO, (load)
NO? (load)
NIk (load)
DIN (load)

TP (load)

SRP(load)
7) %C
n %N
77 %P
77 C:N
77 CP
7 N:P

7w %C

Hw %N

Hw %P

7w C:N

Hw CP

T7im' N:P

Rm %C

Rm %N

Rm %P

Rm C:N *

Rm C P

Rm N P *

DC S-S - N N SN S S S~ N s ST S S R B < - NN S < R S BN BN S~ < RS B = B = S R < S N I ]

-

« Loud is (pmo!ms d)

max
32.38
29.33
7.67
7261
1.84
8.99
79.59
0.69
0.15
34 10
86.9
31
1089.1
1090.7
948
3.67
22.36
981.2
7.6
10115.3
101305
56.07
37.56
38 38
251
0.12
18 20
1521
8645
39 39
2.47
009
21.71
1682
86 95

min
8.03
21.76
2.78
0.62
0.10
1.24
2.30
0.18
0.04
0.02
11
0.2
7.9
52.1
2.45
117
1.85
10.3
0.9
177.0
681.6
10.59
2.69
34.81
2.30
0.06
16.42
750
45 01
3698
2.02
0.06
18 64
1074
52.48

mean
18.18
26.57
4.99
26.55
0.82
4.69
32.06
0.34
0.10
17.58
40.0
11
418.7
457.6
4.30
2.08
9.38
3096
4.8
34940
3852.1
30.07
21.11
36.47
2.42
009
17.57
1096
62.29
37.70
2.18
0.07
20.26
1359
67.07

median
14.25
27.11
5.17
19.95
0.66
5.02
28.13
0.28
0.09
20.61
45.2
0.4
365.0
378.1
3.65
1.56
7.32
155.7
5.3
1537.8
1664.6
21.20
1962
36 39
247
008
17 69
1110
62 60
37.38
2.14
007
20.49
1328
66 60

sld
10.18
261
1.87
2894
0.75
2.84
31.12
0.20
0.04
14.19
30.3
1.3
4455
422.4
2.62
1.03
7.97
364 |
2.3
4276 2
4018 4
19.71
15 04
1.55
0.10
0.02
060
285
1575
0.90
0.16
0.02
110
292
14 11

*D DD DD DD DD IO D DO ADI DD DO TD WO DD D S

-

150 in offshore

max
32.17
29.79
7.56
58.51
1.49
32.49
91 94
0.51
0.12
29.47
54.6
0.9
167.0
167.1
0.79
0.26
253.51
11644.8
69 4
31862 9
31886 0
137.36
65.16
38 63
2.45
007
19 30
1759
91.10
38 96
2.47
007
20 88
1934

98 54
‘

91

min
8.38
22.00
3.18
0.42
0.06
0.74
1.26
0.11
0.06
9.35
4.5
0.1
13.3
63.1
0.20
0.14
30.66
402.2
1.9
407.2
2084 7
11.05
443
33.32
21
005
16 40
1266
73.78
37.45
2.09
005
1841
1341
71 16

mean
19.79
27.02
5.22
20.95
0.61
9 13
30.69
0.28
0.09
19 72
26.8
0.3
74.0
96.6
0 46
020
149 52
3763.2
36.9
11952.7
15125.5
67 59
28 63
36.15
2.34
006
18 08
1500
82 75
37 94
231
006
19 24
1569
81 60

median
17 05
27.37
569
14 47
0.54
5.34
20.59
0.26
0.11
19 51
18.0
0.2
58 4
879
0.37
016
154.61
1675.5
33.7
97066
12230 |
69 41
29 76
35.84
2.35
006
18 19
1547
82.11
3764
233
006
18 94
1524
80 36

std
948
2.65
1.72
23.67
0.58
11.76
34.87
0.16
0.03
9.70
247
0,3
53.7
40.8
0.24
006
8761
4713.2
28 1
10697.9
11377 4
48.72
23.33
2 06
012
001
113
195
6.89
063
013
001
090
204
997

DD DD D DD DD DD DU D DD DD DD DD DD DD DD OO S

max
3211
29.55
6.97
65 25
1.60
782
69 82
0,52
0.22
31.13
62.0
14
568.8
575.5
0.88
108
130 77
32830
1283
64403 |
65163 |
83 10
122 63
3701
2 50
007
20.70
1857
103 10
40 75
249
008
22.54
1878
102 27

3(H) m offshore

min
9.67
22.07
2.95
0.76
Qoil
1 64
251
0.13
0 06
861
0.1
0.1
9.3
57.7
0 18
0.13
20.57
13.6
3.2
2170
1667 7
5.09
302
33.14
207
005
16 99
1411
79 70
36 35
191
005
18 36
1281
66 04
‘

mean
19.97
27.21
5.39
2227
0.72
4.40
27.39
029
0.13
19 27
18.2
0.5
1776
1963
0145
0.50
79.22
1055 8
376
16642 5
17736 0
38 89
50 10
35 42
227
006
1827
1592
87 19
38 05
228
006
19 57
1584
81 31

median
16.95
27.65
588
13.71
0.66
3.95
18.57
0.27
0 12
17.72
7.8
0.3
1227
139 8
036
028
93.70
7140
223
6621 3
8691 0
36 34
25 58
35 67
227
0 06
18 12
1557
84 05
37 56
229
006
19 15
1601
7910

std
8.73
2.74
1.58
24.00
0.61
2.20
24 98
0.14
0.08
10.71
23.0
0,5
205.2
194.7
0.29
044
46 47
1202.6
45.9
24214 2
24027.1
3248
50 20
1 54
017
001
132
176
842
162
020
001
151
211
12 65



Surface Water

Groundwater

Seagrass Nutrient Content

Transect 2:
n max min
Salinity 6 3251 1036
Temp (°C) 6 3070 2251
Di» (mg 1*) 6 879 3.22
NO,(pM) 5 6064 1.48
NO, (pM) 6 1.38 0.13
NH, (pM) 6  36.55 231
DIN(pM) 5 7477 393
TP(pM) 6 0.49 oil
SRP(pM) 5 017 006
GW sal ° ‘ ‘
NO,(pM) : : !
NO, (pM) ¢ ) ’
NH, (pM) ‘ ’ ’
DIN (pM) . * :
TP(pM) : ’
SRP(pM) ° ‘
RATE (L/ m sq d) :
NO; (load) ”
NO: (load) * « ¢
NH, (load) ° : *
DIN (load) « : :
TP (load) « * *
SRP (load) ¥ :
Tt %C 6 3781 33.26
Tt %N 6 2.29 211
Tt %P 6 0.07 0.05
Tt C:N 6 19.37 16 94
Tt CP 6 1794 1224
TtNP 6 9666  72.26
Hw %C 6 4093  36.34
Hw %N 6 2.71 211
Hw %P 6 0.08 0.06
Hw C N 6 2044 1761
Zw C P 6 1684 1214
Hu N:P 6 9566 6865
Rm %C ° ° ”
Rm %N « 4
Rm %P ° ° ¢
Rm C:N ¥ .
Rm C:P « ° .
Rm NP » .

¢ Load is (irnol m sq d)

Mowry Canal Area

400 m offshore

mean
19.33
2775
648
34.89
072
923
4605
027
012

34 95
2.20
0 06
18 51
1560
84 09
38 34
2.40
0.07
18 70
1449
77.61

median
1635
28 13
6 82
37.13
069
349
54 02
026
0.14

3423
221
0 06
18 66
1588
83 88
38 29
2.39
0.07
18 62
1476
74.90

92

std
860
281
203
22.35
048
13 44
28 33
014
004

1.70
008
001
0.83
226
9.85

171
0.20
0.01

1.08

160
9.40

2O O oo o0 oo S

(< N < R e S I e e = o =)

(Continued)
600 m offshore

max
3392
31 53
751
72 42
173
27 55
7721
060
021

37 20
231
007
1972
1704
87 95
39 90
264
0.07
21.56
2053
103 30

min
1034
22 07
320
036
0 14
099
150
01
008

32 88
195
005
17 15
1377
75 05
36 18
201
005
17.10
1287
65 91

mean
21 57
27 86
595
28 14
079
735
36 28
027
014

35.17

006
18 53
1531
82 55
38 09
231
006
1933
1573
81 19

median
2078
28 13
6 85
27 98
070
382
3333
024
0 14

std
8 12
317
175
25 53
0 65
1000
29 53
018
005

163
0 14
001
091
139
546
153
022
001
146
309
13 07



Surface Water

Groundwater

Seagrass Nutrient Content

min
7.35
23.45
3.07
0.14
0.05
0.76
1.00
0.19
008
0.02
3.8
0.1
27.6
31.9
0.31
0.32
31
44.9
1
3225
3725
2.84
3.05

35 26
2.10
006
1878
1228
62 26
35 66
1.89
007

1511
575

Transect 3:
n max
Salinity 6 29.37
Temp (°C) 6 32.94
DO (mg 1)) 5 9.93
NO,(pM) 6  69.34
NO2(pM) 6 5.14
NH4(pM) 6  37.67
DIN(pM) 6 11215
TP(pM) 6 0.48
SRP(pM) 5 0.15
GW sal 6 3473
NO,(pM) 6 1216
NO2(pM) 6 3.8
NH4(pM) 6 5720
DIN(pM) 6 5922
TP(pM) 6 348
SRP(pM) 5 155
RATE(L/msqd) 6 57.3
NO, (load) 6 3951 2
NO? (load) 6 966
NH (load) 6 31024
DIN (load) 6 62446
TP (load) 6 2821
SRP(load) 5 18 28
77 %C ‘ +
77 %N « '
77 %P * '
77CN . .
7CP * .
77 NP . .
1w %C 6 4036
77w %N 6 236
Hw %P 6 007
«»a C:N 6 21 42
Hw CP 6 1702
Hw N:P 6 7988
RmM %C 5 3943
«/,, %N 5 2.78
Rm %P 5 0.18
Rm C N 5 2207
Rm C P 5 1376
Rm N P 5 64 09

* L(tad is (firnol msq d)

30 34

Fender Point Area

50 m offshore

mean
16.87
29.17
5.85
23.94
1.32
9.18
34.45
0.33
oil
19.26
447
16
2164
262.7
1.20
066
16.2
919.2
23.7
1647.0
2589.9
11.20
702

37 80
220
007
2001
1479
73.76
37.79
2.35
0 12
18 99
932

48 15

median
15 35
29.63
5.38
8.75
0.81
465
15.75
0.32
0.09
20.17
287
12
138 7
2111
065
0.47
8.7
2450
8.7
1950.0
2083 9
6 16
475

.
*

*

¢+
¢+

3801
2.19
006
19 65
1518
77 56
38 63
24

012

19 02
818

4304

234
009
001
1.10
201
743
1 85
032
005
251
371
14 59

GO U DO DD DWW W WWW DD DD DDWD DD OO IO DO O S

max
29.89
32.94
10.13
65.06
4,52
81 86
151.43
0.41
0.18
28,35
40.7
24
632.3
641.3
4.75
4.19
150
610.7
353
7265 6
74866
40.93
36 16
40 06
243
006
1946
1938
10091
40 46
244
007
2307
1857
101 41
41.27
2.85
0 12
23.58
1643
76 10

150 m offshore

93

min
841
23.48
3.81
0.00
0.03
0.66
0.96
0.15
0.07
544
3.9
0.3
148
35.2
0.37
027
84
533
3.8
2225
4820
3.14
000
3376
207
005
1903
1354
71 16
3467
198
005
1790
1321
67 79
37 94
2.00
006
16 92
908
38 52

mean
17.31
29 15
669
24.46
1.30
1665
42 41
0.28
0.11
15.63
178
15
372.6
3919
1.42
161
115
213.2
16.7
38730
4102.9
1491
746
37 59
2.28
006
19 23
1665
86 53
37 56
220
0 06
2001
1598
80 18
39 45
225
009
20 78
1142
55 20

median
1607
29 56
683
13 03
0.94
5.05
20.38
0.25
0.10
14.77
130
18
464 |
488 7
079
037
18
155.5
17 1
41579
4327 8
9.79
203
38 96
234
006
19 20
1703
87 51
36 94
22
0 06
19 96
1586
79 14
39 42
21
010
2121
1044
54 56

std
7.30
3.10
2.28
28.88
1.66
3204
57.87
0.09
004
9.39
146
0.9
291 5
2856
1.67
224
2.7
211.2
11.2
3165 7
30706
14 06
14 22
337
019
001
022
294
14 90
229
018
001
190
216
11 51
139
035
002
243
302
13 57

G o gD DD DD DD DD R DD DD DD N DD DO O S

max
30 25
33.08
11 98
65 55
4.03
42.09
11 67
0.43
017
31.72
549 5
10.2
47702
53299
989
439
164
749 5
198
6506 7
7270 1
19 12
599
3793
267
008
1890
1736
92 10
3879
248
007
211
1939
99 77
40 92
287
016
1974
1146
59 65

3(H) m offshore

min
11.13
23 68
4 56
022
004
0.52
0.97
0.15
006
3.28
70
02
288
371
038
032
208
15
85.5
110 1
135
376
31 49
210
005
1651
986
58 40
3389
198
005
17 31
1398
7345
34 02
201
008
1490
607
37 12

mean
1804
29.24
7.12
23.85
1.20
9.62
34.67
0.30
0.10
1779
106.1
26
1005 4
1114.2
297
162
64
2756
89
2906 5
3191 0
Il 10
472
3524
2.35
007
1755
1425
80 77
3721
227
006
1922
1642
85 52
3775
251
o
17 76
922
51 56

median
1601
29.84
6.15
12 43
089
421
18 78
0.29
0.09
18 47
180
13
176 |
201 |
181
088
48
132 1
7.2
20799
2424 8
11 86
4 57
35 19
2.28
0 06
17 07
1452
85 10
37 56
230
006
19 16
1605
83 87
3768
257
on
1861
1001
53 78

std
6 80
3.10
2.87
28.11
145
1605
42.90
Oil
0.04
11.44
2175
3.7
1867 2
2086 4
3.50
189
54
3155
70
2992 0
32210
607
105
251
023
001
105
290
1290
189
019
001
133
232
11 19
267
033
003
2 06
214
850



Surface Water

Groundwater

Seagrass Nutrient Content

Salinity
Temp«)
DO (mg 12)
NOj(pM)
NO; (pM)
NH, (pM)
DIN(pM)

TP(pM)
SRP(gM)

GW sal
NOj(pM)
NO.(pM)
NH4(hM)
DIN(pM)
TP(pM)
SRP(pM)

RATE (L/ m sq d)
NO, (load)
NO? (load)
NH4 (load)
DIN (load)
TP (load)
SRP (load)

Tl %C

77 %N

Ti %P

TI C:N

Ti CP

Li N:P

II»m %c

7w %N

Hw %P
ll«s C:N

tfw C:P

Hw N:P

Rm %C

Rm %N

Rm %P

Rm C:N

Rm CP

Rm N:P

* Load is (pmol msqd)

Transect 3:

Do oo O S

«

[N RS T IS RS I S S S RS RS S RS B RS ]

5

3897
2 64
0.07
18.24
1802
99.23
39.14
244
0.07
20.16
2048
101.60
3868
2.88
0.12
21.69
1523
70.23

min

13 46
23 60
4.46
041

0.07
0.98
161

Oil

007

32.09
2.19
0.05
15.82
1302
72 88
34 50
204
005
17 65
1364
75.75
18.09
117
0.06
14.83
405

22 48

Fender Point Area
400 m offshore

mean
1899
2944
7.63
1748
1.00
1 12
29.60
034
0.13

35.02
2.37
006
17.33
1469

84 73

36 96
231
006
18.72
1661

88 61

33.29
215
0.10
1831
920

49 63

median
1665
2995
705
7.14
082
370
12 22
0.32
01

34 25
2.19
0.07
17.34
1366
86.36
36 84
2.37
005
18 01
1618
8555
36.55
217
0.10
1804
883

53.85

94

std
647
312
267
1944
084
2002
3663
021
0.07

2.57
0.24
001
0.98
209
10.54
1.70
0.17
001
1.16
255
11.01
8.57
064
0.02
2.50
403
17.55

DS B N R B - N - N - S - R - W - N =)

(Continued)
600 m offshore

max
3101
31 80
940
68 38
408
31 48
103 93
064
025

min
14 45
23.26
4 53
036
004
078
118
0.10
006

33 18
208
005
16 89
1166
69 04
37 06
2.13
005
18.55
1472
7551

mean
2001
79 7?
699
23 90
131
727
3248
027
012

36 47
236
0 06
18 08
1723
94 82
38 88
230
006
1972
1741
88 31

median
16 79
29 90
620
17 19
087
273
21 60
023
007

36 78
2.37
005
18 15
1739
94 78
39 26
232
006
1934
1820
88 81

std
643
310
216
26 94
142
11 92
38 82
020
01

263
020
001
078
348
1609
148
011
001
1.19
189
842



Surface Water

Groundwater

Seagrass Nutrient Content

Transect 4:
n max min
Salinity 6 18.99 4.43
Temp (°C) 6 3154 2405
DO (mg 1?2) 5 6.23 3.65
NO,(pM) 6 17.66 0.01
NO2(pM) 6 0.84 0.03
Nil, (pM) 6 3145 056
DIN(pM) 6 3883 0.70
TP(pM) 6 1.00 0.16
SRP(pM) 6 0.26 0.06
GW sal 6 2574 4.05
NO,(pM) 6 101.9 45
NO2(pM) 6 12 0.2
NH4(pM) 6 2051 44
DIN(pM) 6 2455 18.1
TP(pM) 6 2.07 0.43
SRP(pM) 6 1.20 0.12
RATE (L/ msqd) 6 294 35
NO, (load) 6 4427 678
NO; (load) 6 234 2.6
NH (load) 6 53474 255
DIN (load) 6 55032  104.1
TP (load) 6 3002 454
SRP(load) 6 17 44 2.35
77 %C ' « ‘
77 %N ¢ : ‘
77 %P . ' *
77 C:N « ' '
77 CP * * '
77 NP * * ¢
17w %C 6 411 1852
Hw %N 6 2.89 1.26
TTm %P 6 0.14 008
Hw C:N 6 2639 16.60
7w C P 6 1207 425
7m N P 6 5866  24.80
Rm %C 6  41.65 18.27
Rm %N 6 263 115
RmM %P 4 0.12 009
Rm C:N 6 2437 15.23
Rm C P 4 1041 399
Rm N P 4 5529 2619

l.oad is (pmot m sq d)

Black Point Area

50 in offshore

mean
10.87
28.92
5.28
5.90
0.42
1041
16.73
0.47
0.14
12.39
29.0
0.7
100.9
130.6
1.08
0.60
14.6
240.2
114
1680.1
1931 7
14 84
6.48

35 40
208
Qil

20.16
893

45.26
33.23
1.96
0.10
19.55
747

41 09

median
9.01
30.06
6.09
5.45
0.40
7.84
13.77
0.44
0.12
8.76
15.7
0.8
90.8
125.7
0.89
0.47
14.3
2449
9.9
638,5
1033.7
12.66
3.85

«

+

+

+
38 04
2.16
0.11
1941
980
51.66
3992
2.10
0.10
18 90
774
41 45

std
5.85
2.90
1.24
642
0.38
11.51
15.89
0.29
0.07
9.52
371
04
860
95.1
0.58
0.46
9.5
166.5
9.8
2075.8
20074
11.10
5.65

«

15 86
11 59
058
001
31
329
15.82

-W O GO WO U OO OO DO 00000 S

-

-

N IR I S I T S R~ NS B~ )

40.56
2.78
0.12
22.50
1277
61 98
41 28
254
0.15
26 87
1118
60 49

150 in offshore

95

min
3.79
24.08
4.34
0.02
007
0.77
0.86
0.14
0.05
1.87
4.8
0.2
13.8
44 4
0.30
0.29
3.2
42.0
1.0
1607
560.4
2.99
191

mean
9.79
29.09
638
905
0.47
41 99
51.51
0.41
0.14
9.55
43.7
0.8
175.8
225.1
115
0.35
78
251.6
5.8
12403
1507.3
8.16
3.20

+

38 36
2.36
0.10
19 22
1050
56 39
30 88
172
Qil
2074
721
36 74

median
8.28
30,02
5.99
5.58
034
8.41
21.23
037
013
7.87
249
0.6
77
176.8
1.06
0.38
6.9
268 7
33
3977
741.9
5.99
3.33

std
5.63
2.77
1.60
10.01
0.47
73.22
81.24
021
0.06
7.52
45.4
0.7
190.3
162 8
0.61
0.05
4.3
1729
5.6
1660 0
1504 5
5.46
1.24

+

002
2.53
176
468
1l 52
052
002
471
376
1761

*FOO O U UTUTOO OO U OO O OO R O S

1< I = I - I - - B - S = B B - R )

max
22.77
31.55
9.42
22.17
1.24
27.05
41.36
0.72
0.31
30.89
3180
0.7
26.9
56.8
5062
29.57
1252
39806 9
25.2
1201.6
35790
6336 28
3700 69
3997
263
Qil
21 17
1613
76 21
40 75
270
012
25 38
1728
75 27

300 m offshore

min
4.65
23.92
4.72
0.39
0.03
0.68
0.83
0.21
0.04
494
1.9
0.1
4.8
136
0.19
020
386
86 |

18 78
131
006
16 79
544
3243
36 20
177
006
15 82
805
32 50

mean
10.40
28.97
6.67
10 86
0.50
1065
20.20
0.36
0.15
12.02
659
0.3
15.9
316
874
5.19
70.1
7506 4
127
829.5
1888 5
1072.50
632.33
+
+
35 53
221
009
18 69
1112
58 56
3873
223
0 10
20 87
1087
52 16

median
8.64
29 76
6.26
1341
038
941
19.30
0.28
0.12
8.52
175
0.2
15.0
34.6
038
0.29
55.8
1121.3
12
9450
1335 6
20 24
22.79
‘
3902
2.30
009
18 28
1109
58 90
38 79
213
ol
21 76
889
50 83

std
6.41
2.73
1.98
9.85
0.51
10 88
20.17
0.19
0.09
948
1241
0.2
9.2
17.3
20.52
11 94
346
15853 9
85
3575
12870
2578 72
1503.21
826
047
001
184
36/)
1504
1 62
038
003
403
383
14 10



Surface Water

Groundwater

Seagrass Nutrient Content

min
5.13
23.79
4.87
071
0.03
044
1.18
0.15
004

37.08
2.08
0.06
1643

863

52.32

37.15
2.05
0.07
1404

564

Transect 4;
n max
Salinity 5 10 83
Temp (°C) 5 31 09
DO (mg I'l) 4 991
NO,(pM) 6  33.10
NOT(uM) 6 1.22
NHj(pM) 6 15.52
DIN(tiM) 6 4521
TP(gM) 6 0.62
SRP(pM) 6 0.20
GW sal * )
NO.,(pM) . ¥
NO? (pM) ‘
NH4(hM) ° ‘
DIN(gM) ° ‘
TP(pM) :
SRP(pM) ‘
RATE (L/ msqd) ° ‘
NO, (load) ° °
NO; (load) . ¥
NH¢ (load) « ‘
DIN (load) ‘
TP (load) ° ‘
SRP(load) ° ‘
Tt %C ° :
N %N ° °
Tt %P . ¢
7 C:N * .
Tt CP * .
7TNP * .
H«' %C 6 40.35
Hw %N 6 282
Hw %P 6 0.12
77w C:N 6  20.80
Hw C:P 6 1630
7Im N:P 6  79.25
5 4043
5 3.17
Rm oloP 5 0.18
Rm C:N 5 23.00
Rm CP 5 1427
Rm N P 5  62.04

* Load is (pmo! m sq d)

2931

Black Point Area

400 m offshore

mean
822
2891
647
11 04
058
667
18 30
034
012

3868
251
0.09
18 15
1112
60.95
3875
2.50
0.12
18 59
956
51.03

median
847
2962
554
5.59
0 56
5.77
11 64
025
0.12

38 50
264
0.10
1731
1054
54 88
38 39
2.41
0.11
19.23
872
53.83

std
2 10
294
232
13 13
039
644
1899
022
005

131
029
0.02
205

281
11.28
131
0.44
0.04
3.53
353
12.83

96

[ S B B R R N -

SRR CRY ORI RTINS IS R T I

(C ontinued)

max
23 96
31 33
895
94 93
338
20 69
108 64
077
019

3866
2.56
010
19 99
1531
82 34
3935
281

0.12

22.19
1608
72 48

600 m offshore

min
500
23 88
417
092
002
077
171
0 14
006

36 81
226
006
1691
1027
51 39
36 90
2.07
006

1535
824

53.67

mean
10 74
29 68
627
3394
125
832
49 21
034
013

3795
239
008
1860
1278

68.76

38 12
244
009
18 77
1216

6307

median
8 65
30 74
597
2705
112
483
5062
023
013

38 61
231
008
18 59
1271
71.56
38 12
2.44
009
18 77
1216
63 07

std
683
288
200
34 24
116
829
39 10
024
005

094
015
001
131
245
12 34
173
0.52
004
484
555
13 30



Individual site groundwater flow rate over time.
3 = Dec. 02;

1 = Aug 02 2 = Oct. 02
6 = Julo3

Appendix 2.
4 = Mar 03 5 = Apr/May 03

Flow Rates for Each Transect Area Bimonthly
Mowry Canal Flow Rates

Turkey Point Flow Rates
250

Time (Events)
Black Point Flow Rates

Fender Point Flow Rates

m BP-50
m BP-150
= BP-300

Time (Events)

Appendix 3. Groundwater nutrient loads for each study area (tons yr ’)

Nutrient Load (tons yr-1) for ea. Study Area
Bla

Tur Mow Fen

Nitrate 3.82 10.10 2.67 2.64

Nitrite 0.08 0.20 0.09 0.05

Ammonium 15.61 66.49 15.56 5.82
TN 107.79 184.02 27.13 111.09

TIN 19.51 76.79 18.33 6.85

TP 0.18 0.61 0.14 2.55
SRP 0.19 0.48 0.09 0.11

* Groundwater nutrient loads for the entire study area (11.5 km )
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Appendix 4. Relation between mean groundwater rates vs. sediment type for all
groundwater stations.

Mean Groundwater Rate vs. Substrate Type

Flow rate (| m-2d'y

* Sediment type is positively related to groundwater flow rates (p - 0.718. p<0.01).

98
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Appendix 5. Raw data charts of groundwater concentrations overtime.

Turkey Point (TP)

Groundwater: Ammonia Groundwater: Total Inorganic Nitrogen

1 2 J 4 5 *

Time (Events) Time (Events)

Groundwater: Soluble Reactive Phoshorus

Time (Events) Time (Events)
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Groundwater: Nitrate

2 3 4 5

Time (Events)

Groundwater: Ammonium

2 3 4 5

Time (Events)

Groundwater: Total Phosphorus

Time (Events)

Mowry Canal (MC)

—e-MC-50
Time (Events)
Groundwater: Total Inorganic Nitrogen
MC-sO
MC 150
1000 —-rmrmrmrmrme oo e . MC 500
900 -
6
Groundwater: Soluble Reactive Phospho ->>-moso
—e—MC-50

Time (Events)
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Black Point (BP)

Groundwater: Nitrate Groundwater: Nitrite
01— -
-—

1 2 3 4 5 4

Time (Events) Time (Events)

Groundwater: Ammonium Groundwater: Total Inorganic Nitrogen
2 3 4 5 6
Time (Events) Time (Events)

Groundwater: Total Phosphorus

2 3 4 5 6

Time (Events) Time (Events)
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Groundwater: Nitrate

Time (Events)

Groundwater: Ammonium

Time (Events)

Time (Events)

Fender Point (FP)

102

Groundwater: Nitrite

Time (Events)

Groundwater: Total Inorganic Nitrogen

Time (Events)

Groundwater: Soluble Reactive Phosphorus

Time (Events)



Appendix 6. Nonparametric Mann Whitney Results for taxa density and abundance, surface water and groundwater nutrient

concentrations and groundwater nutrient loads between transects that are significant.

Thalassia Density
Halodule Density
Ruppia Density
Halimeda Density
Penicillus Density
Acetabularia Density
Batophora Density
Anadyomene

Chara Density
Cladophora Density
Laurencia Density
Acanthophora Density
Polysiphonia Density
Chondria Density

Sargassum Density

Tur vs Mow
4 Sig
-1 008 0.313
-4 646 0.000
-1.484 0.138
-3.180 0.001
-5.507 0.000
-1.442 0 149
-1 218 0.223
-2 702 0.007
0 000 1.000
-2 265 0.024
-1.380 0.168
-2.919 0.004
-2.359 0.018
-1 578 0.115
-2 701 0.007

Tur vs Fen

Z Sig
-4 805 0.000
-5 528 0.000
-4 534 0.000
-4.037 0.000
-5 446 0.000
-4 672 0.000
-1.104 0.270
-2 944 0.003
-4 711 0.000
-3.333 0.001
-4 013 0.000
-4 712 0.000
-4 214 0.000
-0.524 0 600
-2.002 0.045

Tur vs Bla
z Sig
-6 650 0.000
-5 269 0.000
-5.516 0.000
-3.788 0.000
-6 651 0.000
-1 780 0.075
-3.071 0.002
-2 752 0.006
5516 0.000
-2.213 0.027
-4.366 0.000
-4 596 0.000
-2 207 0.027
-3 182 0.001
-2 752 0.006
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Mow vs Fen

z Sig
-5.042 0.000
-3.052 0.002
-3.786 0.000
-1.095 0.273
1813 0.070
-3 652 0.000
-2 606 0.009
0 000 1 000
-4 561 0.000
-1.125 0 261
-3 914 0.000
-3.320 0.001
41771 0.077
1 193 0233
-1 303 0 193

Mow vs Bla

4 Sig
-6 576 0.000
-3 384 0.001
-4 860 0.000
41 020 0 308
-3 746 0.000
-0 645 0519
-4 537 0.000
0 000 1 000
-5 350 0.000
-0 030 0976
-4 362 0.000
-3 652 0.000
0 000 1 000
-2 102 0.036
0 000 1 000

Fen vs Bla
z Sig
-4 810 0.000
-0 740 0 459
-2 137 0.033
0 000 1 000
-2 159 0.031
-2 516 0.012
-3 389 0.001
0 000 1 000
-2 457 0.014
41071 0 284
-1 642 0 101
-0 399 0 690
-1 950 0.051
-3 200 0.001
-1 328 0 184



Segrass Abundance

Calcareous Green Abundance

Green Abundance
Red Abundance
Brown Abundance
Thalassia Abundance
Halodule Abundance
Ruppia Abundance
Halimeda Abundance
Penicillus Abundance
Acetabularia Abundance
Batophora Abundance
Anadyomene Abundance
Chara Abandance
Cladophora Abundance
Laurencia Abundance
Acanthophora Abundance
Polysiphonia Abundance
Chondria Abundance

Sargassum Abundance

Tur vs Mow

z
-2.713
-5.055
-2.665
-2.703
-2.917
-1.136
-2.729
-1.484
-3.157
-3 889
-1.131
-1.777
-2.702

0.000

-2.131

-0.709
-2.710
-1.770
-1.397
-2.701

Sig.

0.007
0.000
0.008
0.007
0.004
0.256
0.006
0.138
0.002
0.000
0.258
0.076
0.007
1.000
0.033
0 478
0.007
0.077
0.162
0.007

Tur vs Fen
4 Sig.
-0.216 0829
-5.837 0.000
-0.576 0.565
-3.558 0.000
-2.201 0.022
-3.875 0.000
-4 853 0.000
-4.711 0.000
-4.038 0.000
-5.737 0.000
-4.616 0.000
-0.104 0.917
-2.944 0.003
-4.887 0.000
-3.186 0.001
-4.003 0.000
-4.539 0.000
-3.870 0.000
-0.543 0 587
-2 002 0.045

Tur vs Bla
4 Sig
-1.798 0072
-5.245 0.000
-4 520 0.000
-4.312 0.000
-2.971 0.003
-6.650 0.000
-4 637 0.000
-5.516 0.000
-3.789 0.000
-6 650 0.000
1981 0.048
-2.527 0.011
-2.752 0.006
5515 0.000
-2 038 0.042
-4 366 0.000
-4 596 0.000
-1 840 0 066
-3 182 0.001
-2.752 0.006
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Mow vs Fen

Z
-2.325
-3.314
-3 086
-0.195
-1.303
-4.535
-2.612
-3.935
-1.095
-2.318
-3.684
-2.342
0.000
-4.733
-1.078
-3.872
-3.150
-1.703
-1.204
-1 303

Sig.
0.020
0.001
0.002
0 846
0.193
0.000
0.009
0.000
0.273
0.020
0.000
0.019
1.000
0.000
0 281
0.000
0.002
0 089
0229
0 193

Mow vs Bla
z Sig
-4.233 0.000
-1.536 0.124
-5.635 0.000
-2.005 0.045
0 000 1.000
-6.576 0.000
-2 884 0.004
-4 767 0.000
-1.020 0 308
-3.747 0.000
-0.912 0 362
-4 562 0.000
0.000 1.000
-5 349 0.000
-0 030 0976
-4.362 0.000
-3 652 0.000
-0 048 0 962
-2.102 0.036
0 000 1 000

Fen vs Bla

z Sig
-1.339 0.180
-1.909 0.056
-3 838 0.000
2229 0.026
-1.328 0.184
-4.811 0.000
-1.208 0.227
-1.321 0 187
0 000 1.000
-1.913 0 056
-2.540 0.011
-3.387 0.001
0 000 1.000
-2.184 0.029
-1 040 0298
-1 642 0 101
-0 796 0 426
-1.510 0 131
-3 200 0.001
-1 328 0 184



Thalassia C:N
Thalassia C:P
Thalassia N:P
Halodule C:N

Halodule C:P

Halodule N:P

Thalassia % C
Thalassia % N
Halodule % C
Halodule % N
Halodule % P

Surface Salinity

Bottom Salinity

Surface Temperature
Bottom Temperature
Surface Dissolved Oxygen
Bottom Dissolved Oxygen
Nitrate

Nitrite

Ammonium

Total Nitrogen

Total Organic Carbon

Tur vs Mow

z Sig.
-1.227 0.220
-0.665 0.506
-1.405 0.160
-1.406 0.160
-1.278 0.201
-1.469 0.142
-2.632 0.008
-2.514 0.012
-2.854 0.004
-2.162 0.031
-0.149 0.881

Tur vs Mow

z Sig.
-3.134 0.002
-3.112 0.002
-0 466 0.641
-0 569 0.569

-1.286 0.198
-1.833 0.067
-2.911 0.004
-2 093 0.036
-3.146 0.002
-1.937 0.053
-1 685 0 092

Tur vs Fen

z Sig
-1.753 0.080
-1.604 0.109
-2.673 0.008
-0.919 0.358
-2.736 0.006
-3.020 0.003
-2.040 0.041
-2.417 0.016
-1.904 0.057
-1.730 0.084
-1.448 0.148

Tur vs Fen

4 Sig.
-4.155 0.000
-4.849 0.000
-3.763 0.000
-3 038 0.002
-2 536 0.011
-3.279 0.001
-1.895 0.058
-2.388 0.017
-1.539 0.124
-1 892 0058
-4.036 0.000

Tur vs Bla

z Sig
-2.178 0.029
-4.416 0.000
-3.939 0.000
-2.815 0.005
-2.329 0.020
-4.752 0.000

Tur vs Bla

Z Sig.
-5.655 0.000
-6.338 0.000
-3.556 0.000
-3.290 0.001
-1.889 0059
-4 047 0.000
-0 562 0.574
0813 0.416
-2.216 0.027
-0.103 0.918
-5 648 0.000
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Mow vs Fen

4 Sig.
-0.812 0.417
-0 990 0.322
-1.663 0.096
-0.485 0.628
-1.804 0.071
-1.744 0.081
-0 248 0.804
-0.614 0.539
-0.720 0471
-0.812 0417
-1.967 0.049

Mow vs Fen

4 Sig.
-0 540 0589
-1 774 0076
-3.511 0.000
-3.312 0.001
-1 640 0.101
-1.251 0.211
-0.918 0 359
-0 392 0 695
-0.732 0 464
-0.399 0 690
-3.755 0.000

Mow vs Bla
z Sig.
-1.790 0.073
-5 241 0.000
-4 846 0.000
-0.767 0 443
-0.967 0.333
-5.348 0.000
Mow vs Bla
4 Sig
-4 215 0.000
-4 382 0.000
-3.321 0.001
-3 275 0.001
-0 658 0511
-2.565 0.010
2471 0.013
-1 286 0 198
-0 500 0617
-1 878 0 060
-4 879 0.000

Fen vs Bla

z Sig.
-1.943 0.052
-5.698 0.000
-5 698 0.000
-1.025 0.305
-1 542 0.123
-5.901 0.000

Fen vs Bla

Z Sig
-4 154 0.000
-3.912 0.000
-0 341 0733
-0 569 0570
-0 991 0.321
-0 842 0 400
-1.039 0 299

-1 849 0 065
-0 697 0485
-1 656 0 098
-3 652 0.000



Groundwater Salinity
Groundwater Nitrite

Groundwater Ammonium
Groundwater Total Nitrogen
Groundwater Tot. Inorganic Nitrogen
Groundwater Tot. Organic Nitrogen
Groundwater Total Phosphorus
Groundwater Total Organic Carbon
Groundwater Rate (1 m'2 d'1)
Ammonium Load

Total Inorganic Nitrogen Load
Total Organic Nitrogen Load

Total Phosphorus Load

Soluble Ractive Phosphorus Load

Tur vs Mow

V4

-1.518
-0.206
-0.966
-0.854

-1.153

-0.416

-1.472
-1.455
-1.155
-1.584
-2.145
-0.349
-2.904

-1.805

Sig.
0.129
0.837
0.334
0.393
0.249
0.678
0.141
0.146
0.248
0.113
0.032
0.727
0.004
0.071

Tur vs Fen
Z Sig.
-1.881 0.060
-2.737 0.006
-2.310 0.021
-3.132 0.002
-2.574 0.010
-1.842 0.066
-2.753 0.006
-3.101 0.002
-3.532 0.000
-0.660 0.509
-0.363 0.717
-0.438 0.662
-0.231 0.817
-1.492 0.136

Tur vs Bla
z Sig.
-3.416 0.001
-0.047 0.962
-0.345 0.730
-1.803 0.071
-0.288 0.773
-1.657 0.098
-2.057 0.040
-1.455 0.146
-1.007 0.314
-1.009 0.313
-0.792 0.428
2171 0.030
-0.363 0.717
-0.617 0.537

106

Mow vs Fen

z
-0.301
-2.737
-1.208
-3.290
-1.173
-1.893
-0.997
-2.499
-3.164
-1.708
-2.183
-0.194

-3.259
-2.357

Sig.

0.764
0.006
0.227
0.001
0.241
0.058
0.319
0.012
0.002
0.088
0.029
0.846
0.001
0.018

Mow vs Bla

Z Sig.
-2.246 0.025
-0.459 0.646
-1.168 0.243
-1.962 0.050
-1.357 0.175
-1.747 0.081
-0.301 0.764
-1.962 0.050
-1.772 0.076
-2.450 0.014
-3.105 0.002
-1.945 0.052
-2.468 0.014
-2.051 0.040

Fen vs Bla

z
-1.804
-2.769
-2.519
-1.202
-2.277
-0.146
-0.918
-1.123
-1.946
-1 587
-1.484
-2.323

-0.949
-0 184

Sig.
0.071
0.006
0.012
0.229
0.023
0.884
0.359
0.261
0.052
0.112
0.138
0.020
0.343
0854
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