FINAL REPORT

Project Title: A Landscape-Scale Seagrass Model for Florida Bay

Investigators. Thomas M. Smith, Dept. Environmental Sciences, University of
Virginia, Charlottesville, Virginia, 22903
Joseph Zieman, Dept. Environmental Sciences, University of Virginia,
Charlottesville, Virginia, 22903
Karen McGlathery, Dept. Environmental Sciences, University of
Virginia, Charlottesville, Virginia, 22903



INTRODUCTION

Seagrass ecosystems are the dominant benthic habitat in Florida Bay, covering 96% of
the bay bottom prior to the seagrass dieoff (Zieman et al, 1989). Because of the
importance of seagrass communities to both the ecology and the economy of the South
Floridaregion (Zieman, 1982), there exists a need to have predictive capabilities to
evaluate management strategies as they affect seagrass communities and their ecological
function. To meet this need, theinitial goal for the Seagrass Modeling Program was
defined as the development of “models that describe the abundance and dynamics of
seagrasses, at selected locationsin FloridaBay.” The necessity of understanding how
this system responds to changes in physical and chemical parametersisincreased because
of planned changes in upstream water delivery as part of the Everglades Restoration. To
accomplish this objective, we undertook a project to develop alandscape-based approach
to simulate patterns of seagrass dynamics within the Florida Bay. The framework applies
ageneralized model of seagrass dynamics within aspatially explicit representation of the
physical and chemical characteristics of the Bay. The resulting landscape model provides
adynamic GIS (Geographic Information System) output that predicts the dynamics of

seagrass communities within specified test basins, and can be applied to the entire Florida

Bay.

SITE DESCRIPTION

Theregional site of this study is Florida Bay in Everglades National Park and the shallow
waters of the Florida Keys contained in the FKNMS (Florida Keys National Marine
Sanctuary). Throughout this region, seagrass beds are the most common benthic habitat

ranging in depth from subtidal to 10 m. (Zieman et al, 1989; Forqurean et al, 2001)



Florida Bay is avast mosaic of basins and banks, with over 40 identifiable basin
complexes. While thereis considerable variation in physical, chemical, and ecologic
factors across the bay, there are groups of bank-basin complexes that are representative of
large sections of the bay. Further there are several of these complexes that have been
studied since 1983, with intense data collection from 1989-90 to the present. For the
purposes of model development and testing, we focused our activities on several of these
basins: Rabbit Key, Rankin Lake, Barnes Key, Duck Key, and Garfield Bight. The

availability of datafor these sites will facilitate testing of the model.

PROJECT ACTIVITIESand RESULTS
The overall objective of this project wasto develop a spatially explicit framework for
applying a generalized model of seagrass dynamics to the Florida Bay. The model of seagrass
dynamics that was to be used for this project was the unit model of Thalassia testudinum
developed by Chris Madden and colleagues at Southern Florida Water Management District.
The Madden project was a parallel effort as part of the collaborative Florida Bay Seagrass
Modeling Project. Because the Madden model was under devel opment during the initial
stages of our project, one of the tasks during the first year of our project was to develop a
simplified seagrass carbon balance model that could be used to develop the landscape
model framework until such time that the unit model was completed by Madden and
colleagues. Therefore, the project had three main activities within which specific tasks
were undertaken.

1) Development of a GIS framework and database for Florida Bay.

2) Development and application of a simple seagrass carbon balance model to the

GIS framework.



3) Incorporation of the Madden et al. unit model of Thalassia into the GIS framework
to simulate the dynamics of seagrass within the test basins and the larger Florida Bay.
We will present each of these activities and associated tasks under separate headings, and
then examine the initial results from the landscape model as applied to a number of test

basins, aswell as some results frominitial Bay-wide simulations.

1) Gl Sand Database Development
A central component to the proposed project was the development of a GIS database for
the Florida Bay. This GIS has two functions: 1) to provide the input variables for the
model simulations, and 2) to function as the spatially explicit framework for simulating
the dynamics of seagrassin the basins and bay. The development of GIS data layers to
function as input variables to the seagrass model was dictated by the structure of the
Madden et a. unit model. The Madden et al. model (see Section 3 for description)
requires the following variables describing the physical and chemical characteristics of
the site:

1) water depth

2) water temperature (surface)

3) sdinity

4) PAR at water surface

5) porewater P (initial condition)

6) porewater N (initial condition)

7) sediment organic carbon (initial condition)

8) water column N

9) water colum N

10) porewater hydrogen sulfide (initial condition)

Values of porewater N, P, and sulfide, as well as sediment organic carbon for each site

served only asinitial conditions for the simulation. These variables are simulated



explicitly within the Madden et a. model. All other values are represented as either
constants (water depth) or mean monthly values.

The bathymetry database (USGS) for the Florida Bay provided the base resolution
for the description of the bay (see Figure 1). The spatial resolution of the dataset is 50m
on the horizontal, with depth intervals of 30 cm. All other variables were derived from
the SERC (Southeast Environmental Research Center) database from the water quality

monitoring network (see: http://serc.fiu.edu).

Using ArcView, GIS coverages were created for all variables other than the
bathymetry. These coverages (data layers) were overlain with one another to create a
final coverage that defined 722 unique polygons. This final coverage was then overlain
with the bathymetry dataset (see Figure 2). This GIS database was then used as a physical
description of the basins and Florida Bay for purposes of model simulation. Likewise,
outputs from the seagrass model (both biological and physical variables) were mapped
into this same spatial framework.

In addition to the SERC dataset, a number of field studies were undertaken as part
of the project to supply data on seagrass biomass (above and below ground), pore water
N and P, and sediment structure in the test basins. These efforts are outlined separately in
Appendix A.

2) Seagrass Carbon Balance M odel

To develop and test the landscape framework for simulating seagrass dynamicsin the
Florida Bay, a simple seagrass carbon balance model was developed. This framework
served as a prototype for the eventual merging of the unit-model being devel oped by
Chris Madden and colleagues at the Southern Florida Water Management District with

the GIS database devel oped for the bay by this research group.
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Figure 1. Map of water depth for Florida Bay based on the bathymetry USGS
database. The spatial resolution of the dataset is 50m on the horizontal, with depth
intervals of 30 cm (1 ft.).
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Figure 2. Schematic representation of approach used to simulate patterns of net
carbon uptake for the Florida Bay. Using ArcView, GIS coverages were created for
all variables other than the bathymetry. These data layers were overlain with one
another to create afinal coverage that defined 722 unique polygons describing the
physical environment of the bay. Thisfina coverage was then overlain with the
bathymetry dataset. The carbon balance model was then used to simulate the
dynamics of net carbon uptake at each location. The map presented above is the
average carbon uptake (g) per g dry weight per day.



We developed amodel of Thalassia using the programming language of C++ that
explicitly relates patterns of photosynthesis, respiration and carbon allocation to
environmental conditions that include light (PAR), salinity, temperature, and nutrient
availability (N and P). The model calculates light attenuation as a function of maximum
sunlight for a given summer day, turbidity, water column phosphorus and temperature. The
available light is further attenuated by epiphyte density. Maximum productivity in pmol of
carbon is then calculated as afunction of light reaching the seagrass leaves using a functional
relationship between photosynthesis and PAR devel oped by Fourqurean and Zieman (1991).
Productivity is adjusted down in accordance with the individual environmental factor that is
considered to be the most limiting using an approach similar to Fong and Harwell (1994).
The model operates on a 15-minute time-scale for each of the spatial €lements within the
GlS.

The Thalassia carbon balance model was used to predict the “potential
productivity” of each location (polygon) within the Bay using the monthly recordsin the
GI S database described above. The model output table (monthly values of “potential
productivity” for each polygon) where then exported into ArcView to generate monthly
productivity maps for the Bay (see Figure 2). The results of theseinitial analyses were

presented at the Florida Bay Science Conference in April 2001.

3) Incor poration of Madden et al. Unit Model into L andscape Framewor k

In August or 2002 we obtained a copy of the Thalassia unit-model developed by Madden
and colleagues as part of the collaborative Florida Bay Seagrass Modeling Project. The
domain of the model is a spatially averaged 1m?, single layer water column. Sediment

geochemical processes are averaged over the upper 15 cm. The time-step of the model is
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Figure 3. Relationship between water salinity and proportion of maximum
photosynthetic rate (carbon uptake) for Thalassia in the Madden et al. model.



3 hours. State variablesincluded in the model are: above-ground Thalassia biomass,
below-ground Thalassia biomass, leaf epiphyte assemblage, phytoplankton, water
column N and P, sediment pore water N and P, sediment organic material, pore water
hydrogen sulfide. The dynamics of these state variables are modeled as a series of
difference equations using the STELLA programming software.

Within the Madden et a. model, the growth (net carbon gain) of Thalassiais
modeled by constraining a maximum rate of photosynthesis by environmental constraints
imposed by PAR, temperature, salinity, nutrient availability (N and P) and pore water
hydrogen sulfide concentrations. The value of each constraint is defined as a continuous
function, with values ranging between 0 and 1.0 (see Figure 3 for example). These
constraints are then multiplied by the maximum rate of photosynthesis to determine the
actual rate of carbon uptake under the prevailing environmental conditions. The analysis
of how these environmental constraints vary seasonally and spatially within the bay isa
key component of this project.

To incorporate the unit-model within the linked simulation model-GI S framework
that we have developed for the Florida Bay, it was necessary to translate the STELLA
model into a conventional computer programming language. We used the data statements
and difference equations imbedded within the STELLA model, together with the
conceptual model represented in graphical form within the STELLA software to
reformulate the unit-model in the FORTRAN programming language. Once this task was
completed, the FORTRAN and STELLA versions of the unit model were used to
simulate a number of sites within the Bay for the purpose of comparing model output.
Once agreement between the two models was determined, the FORTRAN version of the

unit-model was linked with the GI S database of the Florida Bay.
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Figure 4. Maps of above-ground biomass (mg/m?) for Rabbit Key and Duck test
basins for the months of July and December using the Madden et al. model.
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Figure 5. (a) Seasonal changes in the average standing biomass at depths of 0.6 and
1.5 mfor Duck Basin. Seasonal dynamics of the nutrient (b) and temperature ()
constraints.
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Figure 6. (a) Seasonal changes in the average standing biomass at depths of 0.6 and
1.5 mfor Rabbit Key Basin. Seasonal dynamics of the nutrient (b) and temperature,
and salinity (c) constraints.



The Thalassia unit-model was initially used to simulate patterns of standing
biomass and net primary productivity for the Duck and Rabbit Key Basins using a spatia
resolution of 50 meters and a daily time-scale. Model simulations were conducted for a
one-year simulation period. The resulting product is a dynamic map of biomass and
productivity within the basins on adaily time-scale and at a 50-meter spatial resolution.
Model predictions were compared to standing biomass and productivity data from
previously published studies as well as data on patterns of productivity and standing
biomass collected from the test basins during our field campaigns over the past year (see
Appendix A).

Maps of predicted standing biomass during the months of July and December for
Duck and Rabbit Key Basins are presented in Figure 4. In addition, seasonal changesin
the average standing biomass at depths of 0.6 and 1.5 m for Duck and Rabbit Key Basins
are presented in Figures 5 and 6 respectively.

The patterns of season variation are in general agreement with reported values
(Zieman et al, 1999; Fourqurean et al, 2001). Seasonal changes in productivity and
standing biomass are largely a function of water temperature (see Figures 5¢c and 6¢).
These effects are both direct and indirect. Direct effects reflect the response of
photosynthesis and respiration to water temperatures. Indirect effects include the
influence of temperature on rates of decomposition and nutrient cycling within the model
framework. The influence of nutrient availability can be seen in Figures 5b and 5b.

Spatial variation in standing biomass within Rabbit Key Basinislikewisein
general agreement with observed patterns (Zieman, unpublished data). The dominant
factor influencing variation in productivity and standing biomass within abasin is water

depth. The direct influence of water depth is through the attenuation of ligh and the



subsequent influence on rates of photosynthesis. The differencesin the productivity and
standing biomass at depths of 0.6 and 1.5 m in Figures 6a and 7a are aresult of
differencesin the light environment at these depths. However, these differencesin
productivity interact with the nutrient cycle (N and P), resulting in differencesin the
seasonal patterns of standing biomass. The slower rates of growth at 1.5 m (as compared
to 0.6) reduce the demand for nutrients. Thisisreflected in the differences in the values
for nutrient constraint shown in Figures 6b and 7b. The result is that nutrient availableis
adequate to support productivity over alonger period of the year. This can be seen in the
higher standing biomass of seagrass at 1.5m both early and late in the growing season,
particularly in Rabbit Key basin.

In the two test basins that are shown, salinity functioned as a constraint on
productivity only in Duck (Figure 6c).

In addition to simulations for these two test basins, a NE to SW transect across the
bay was simulated to represent the dominant physical gradients of water depth, nutrient
availability and salinity. The transect consisted of thirteen sites along the NE-SW axis
(Figure 7). The predicted pattern of average above ground biomass along the transect is
presented in Figure 8a. The values of the nutrient constraint on productivity within the
model are also presented for the transect (Figure 8b).

In general, predicted annual above ground productivity increases from NE to SW
in the bay. Thisresult isin agreement with published reports of standing crop and
productivity in the bay ( Zieman et a, 1989; Hall et a, 1999). Nutrient availability in the
model imposes the least constraint on productivity in the NE region of the bay, where
standing biomass is lowest. The inverse relationship between the nutrient constraint on

productivity and standing biomass of seagrassis more easily seenin Figure 9.This result



Figure7. Location of the 13 SERC sites used for the NE-SW transect through the
FloridaBay. There are atotal of 28 sitesin the database. The thirteen sites used for the
analysisarecircled.
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Figure 8. Patterns of (a) average annual above-ground biomass, and (b)
nutrient limitation for thirteen sitesin the Florida Bay that represent a
transect from NE to SW (see Figure 7). Nutrient limitation is the constraint
of nutrient availability (N and P) on primary productivity from the Madden
et al. model. Values range from 0 to 1.0, and express the proportion of
maximum photosynthetic rate.



does not imply that nutrient availability is greater in the NE region of the bay. Rather, the
inverse relationship is aresult of the lower salinity in the NE portion of the bay that were
included in the analyses. When the relationship between the salinity and nutrient
constraints for the sites along the transect is plotted, there is aclear inverse relationship
between these two constraints on productivity (Figure 10). In those sites where salinity
values impose no constraint on seagrass growth, nutrient availability isthe maor
constraint on productivity. Conversely, in the areas of the NE bay where high salinity
constrains productivity, nutrient availability is not amajor limitation. This model exercise
shows clearly the need to examine the interactions between salinity and other
environmental factors within the bay in evaluating the impacts of changing

environmental conditions within the bay, particularly salinity.

To explore this relationship further, we simulated the response of athird test
basin, Garfield (lat 25.15, lon —80.81), located in the north central part of the bay
adjacent to the Everglades National Park, to adecrease in salinity. At this site, salinity
functions as a constraint on seagrass productivity during the period of late fall, early
winter (Figure 11), as salinity valuesfall below those defined as optimal for Thalassia
growth. To simulate a scenario of increased freshwater input to this region of the bay, we
decreased salinity values by half the long-term average for the site. Under these
conditions, salinity replaced nutrient availability as the dominant constraint, reducing

seasonal patterns of productivity and standing biomass at the site.

CONCLUSIONS and PROPOSED FUTURE ACTIVITIES
Theinitial development of alandscape based framework for modeling seagrass dynamics

in the Florida Bay is now complete. The framework allows for the spatially explicit
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simulation of seagrass dynamics within the Florida Bay, and the ability to evaluate
management scenarios that both directly and indirectly influence the environmental
conditions across the bay. We have presented a number of model applications aimed at
exploring patterns of seagrass dynamics within basins and across the bay. The model
provides a valuable tool to examine the nature of constraints on productivity and standing
biomass within the bay, both spatial and temporal, and how those patterns change in
response to changes in the environmental conditions within the bay.

The major limitation in the application of the model framework to the Florida Bay
at thistime isthe availability of data, both for defining the physical characteristics of the
various basins, and for validating model predictions. At thistime, the SERC water quality
dataset is the most extensive and complete data available. However, this dataset consists
of only 28 sitesthat are relevant to this project (see Figure 7). To provide a bay-wide
coverage for the variables needed for the model simulations, it was necessary to
interpolate the site data using standard algorithms within ArcView. Although this
approach was adequate for the initial model development and testing, a more extensive
procedure of interpolation needs to be devel oped that incorporates the basin structure and
hydrology. In addition, data on productivity and standing biomass (both above and below
ground) must be collected for various sites across the Bay so that model predictions can
be compared to actual spatial and seasonal trends across the bay.

One feature of the Bay environment that was not included in the initial model
development and analyses is sediment structure (both type and depth). Although a
sediment structure database exists for the bay, to be useful for this exercise, additional
sediment data must be collected in a systematic fashion relating to the sediment

classification that currently exists. These data would include sediment depth, organic
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carbon content and porewater nutrients. Some of these data were collected for the test
basins as part of our project (see Appendix A), but a more comprehensive sampling effort
IS necessary.

Since the completion of this project, work has continued to recode the unit model
into C++ so that it can be directly incorporated into the ArcView framework. In addition,
an effort is underway that will place the landscape model into an interactive, graphic

format that will allow for the easy analysis of management scenarios.
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PRESENTATIONS and PAPERS RELATED toPROJECT

2001

Bricker and Zieman — Florida Bay Science Conference, Key Largo, FL - A preliminary
investigation of below-ground productivity in Thalassia testudinum.

Bricker and Zieman — Estuarine Research Federation Conference, St. Petersburg Beach,
FL — Estimation of below-ground processes in the seagrass Thalassia testudinum: Plant
productivity and architectural structure.

Wolfe - Florida Bay Science Conference — Modeling potential productivity of Thalassia
testudinum in Florida Bay using spatial demographics and GIS.

Wolfe - Estuarine Research Federation Conference — Modeling potential productivity of

the in Florida Bay using spatial demographics and GIS.

2003

Bricker and Zieman — Florida Bay Science Conference, Palm Island, FL - A
preliminary investigation of below-ground productivity in Thalassia testudinum.

Bricker and Zieman— Estuarine Research Federation Conference, Seattle, WA —The
use of above-ground structure and productivity to improve estimation of below-ground
productivity in the seagrass Thalassia testudinum.

Bricker — publication of Master’s thesis by the University of Virginia— An investigation
of Thalassia testudinum below-ground structure and productivity.

Wolfe - Florida Bay Science Conference —Modeling potential productivity of ttin

Florida Bay using spatial demographics and GIS.
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2004

Bricker — publication in preparations — Improving methods to estimate rhizome
productivity in the seagrass Thalassia testudinum.

Bricker — publication in preparations — A study of the structural characteristics and
patterns of productivity for Thalassia testudinum roots.

Wolfe — publication of Master’ s thesis by the University of Virginia— Vertical variation
in photosynthetic attributes along leaves of the seagrass Thalassia testudinum:
implication to ecological simulation modeling.

Wolfe — publication in preparations — Optical water quality in Florida Bay
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APPENDIX A

Data Collection Activities Related to Modeling Proj ect

Y ear Task Research Staff Methodology Summary
2000 Collect cores at One graduate Student, | Geographic locations were
various sites three undergraduate determined by the model
throughout students. Dr. Zieman development plan. Specific
Florida Bay provided in-kind sampling sites were selected
support for this project | haphazardly.
in the form of 10-20
per week from his
graduate students.

2000 Analyze cores One graduate student Cores were sectioned at 5 cm
and three intervals and plant tissue
undergraduate students type identified.

2001 Repeat of the

2000 field season
as per core
collection and
analysis
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2001 Synoptic survey One graduate student Geographic locations were
of sediment depth | and one undergraduate. | determined by the model
at multiple site Dr. Zieman dso development plan. Specific
around Florida provided in-kind sampling sites were selected
Bay support similar to 2000 | haphazardly. Sediment
field work depths were determined
through the use of a metal
rod which was inserted into
the sediment until hard-
bottom was reached
2001 A study of the The data from this project
below-ground was used in model
structure and development. Refer to
productivity of Bricker (2003) for
the seagrass methodological details.
Thalassia
testudinum.
2001 A study of water The data from this project

optical quality

was used in model
development. Refer to Wolfe
(2004) for methodological

details.
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2002 A study of The data from this project
elemental was used in model
constituents development. Refer to
present in the Bricker (2003) for
seagrass methodological details.
Thalassia
testudinum

2003 Determination of | One graduate student, | Geographic locations were
pore water one undergraduate determined by the model
chemistry — student. Dr. Zieman development plan. Specific

extraction of

samples

provided in-kind
support for this

sampling effort.

sampling sites were selected
haphazardly. Sampling
consisted of the insertion of
ahollow metal probe with
micro pores at thetip (refer
to McGlathery and Berg
1999). Pore water was
extracted at multiple
sediment depths. Samples
were frozen for future

analysis
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2003

Determination of
pore water
chemistry —
anaysis of

samples

One graduate student,
one undergraduate

student.

Samples collected from
various locations around
Florida Bay were analyzed
in alaboratory at the
University of Virginia.
Determination of the
presence and magnitude of
various chemical elements or
compounds followed

established assays.
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