Establishing an Inshore Marine Monitoring and Assessment Program (IMAP) in Florida.

A Proposal to the United States Environmental Protection Agency

Gil McRae and Robert H. McMichael

Florida Department of Environmental Protection

Florida Marine Research Institute

100 8th Avenue SE

St. Petersburg, FL  33701

6/25/98

Introduction

Florida’s inshore marine systems are a diverse and unique resource. Forming the transition zone between upland drainage basins and the deep sea, these areas are noted for their high biological productivity.  The  majority of commercially-valuable fish and shellfish species on both coasts are dependent on estuaries during some portion of their life.  Florida's estuaries are also heavily impacted by point and non-point pollutant loads from an ever-increasing coastal population.  From several perspectives; economic, social, demographic, and particularly ecological, Florida's inshore marine resources are one of the state's most valuable assets.

Florida's inshore resources range from major embayments and lagoons, to smaller estuaries at river mouths, to tidal marshes and mangrove forests which merge directly with the sea (Figure 1).  The Gulf coast consists of several well-defined estuaries in the northwest and southwest sections of the state, with a large intermediary coastal estuarine area in the big-bend region.  Estuaries on the Gulf coast are often located behind low-energy barrier islands or at the mouths of rivers and typically receive high freshwater inflow.  In contrast, relatively few rivers drain directly to Florida's Atlantic coast with the exception of the St. Marys and St. Johns Rivers in the northeast (Figure 1).  The Atlantic coast is characterized by high-energy shoreline bordered by long stretches of continuous barrier islands, which form high-salinity lagoons.  The Mosquito Lagoon/Banana River/Indian River Lagoon complex is a long, narrow system with only a few isolated connections to the ocean along its length.  The intracoastal waterway, sheltered by continuous barrier islands, forms the connection between the Indian River Lagoon and Biscayne Bay near Miami.  Florida Bay and the 10,000 Islands area is dominated by numerous mangrove islands.  Freshwater inflow to this area is via sheet flow from the Everglades and from many relatively small tributaries.

Florida's inshore marine systems have been the subject of countless academic, private and government-led research studies.  Volumes of data have been collected in the larger systems, particularly Tampa Bay, Florida Bay and the Indian River Lagoon.  However, there is at present no coordinating mechanism to report on the status of Florida's nearshore marine systems on a statewide basis.  This statement of work outlines an Inshore Marine Monitoring and Assessment Program (IMAP) which is designed to fill this information gap. 

Benefits of Improved Inshore Monitoring

An improved estuarine monitoring and assessment capability will enhance the quality and quantity of information provided to EPA for water quality reporting (i.e. 305(b) and related programs).  Current 305(b) reporting for estuarine resources in Florida is accomplished through a compilation of disparate data collected at different spatial and temporal  scales.  The ability of IMAP to provide annual area-based estimates of estuarine water quality with known levels of confidence will result in more accurate and timely information transfer to EPA as mandated by the Clean Water Act.

Two initiatives currently being developed at the state level will augment and enhance the results from marine inshore monitoring.  First, the marine inshore component is part of a larger initiative in Florida termed the Integrated Water Resource Monitoring Network (IWRMN).  IWRMN forms an umbrella under which marine, freshwater and groundwater monitoring are all conducted within a probabalistic sampling framework.  This commonality of design greatly facilitates the synthesis and comparison of environmental data, with a view toward linking upland freshwater rivers, lakes and groundwater resources to marine inshore waters.  Secondly, the Department of Environmental Protection's (DEP) Division of Water Facilities, in cooperation with DEP's Florida Marine Research Institute (FMRI) and EPA, is developing methodologies for biological assessment in estuaries.  A series of workshops is planned which will bring together technical experts in  corals, submerged aquatic vegetation, macrobenthos, phyto- and zooplankton, and fish to develop sampling techniques and analytical capabilities for implementing estuarine bioassessment.  There is great potential for collaborative work as the marine inshore monitoring and the estuarine bioassessment activities progress in the next few years.

Program Framework

The inshore marine monitoring and assessment program (IMAP) will be coordinated by staff of the Florida Department of Environmental Protection's Florida Marine Research Institute (FMRI), headquartered in St. Petersburg, FL.  FMRI operates field labs in Melbourne, Marathon, Charlotte Harbor, Tampa Bay, Cedar Key, and East Point (Apalachicola).  These field labs will be used as bases of operation for implementing IMAP statewide.  

FMRI has the expertise, experience, and facilities to conduct thorough assessments of the status of inshore resources.  This includes extensive field collection, specimen identification, and ecological systems analysis training and experience.  Long-term monitoring programs have been established for inshore fishes in which standardized sampling protocols are used within a probabalistic sampling design.  Programs in-place at FMRI currently operate boats designed to sample shallow estuarine areas, and a large percentage of the gear necessary for conducting physical, chemical and biological sampling is already available.  In addition, research efforts currently underway at FMRI provide valuable guidance in the use of submerged aquatic vegetation, benthos, harmful algal blooms, aquatic health, and estuarine fishes in an ecological indicator context.  FMRI also is fortunate to have on staff nationally-recognized experts in taxonomy of both invertebrates and fish of the southeastern United States and the Gulf of Mexico, especially the unique species inhabiting Florida's waters.  A major reference collection of fish and invertebrates is curated at FMRI.

FMRI also has one of the best remote sensing and GIS groups in the country.  Their skills are applied to a wide variety of problems concerning Florida's marine and estuarine systems.  All data collected under FMRI monitoring programs are spatially referenced to ensure their suitability for future analyses.

Resource Definition and Classification

Although it is planned that IMAP will eventually incorporate monitoring related to all coastal resources within state waters, the initial strategy focuses on estuaries.  IMAP will base its estuarine sampling population on estuaries delineated as part of the EPA's EMAP-Estuaries work in the Louisianian, West Indian, and Carolinian Provinces.  This geographic coverage includes 477 named estuaries obtained from USGS 1:100,000-scale Digital maps (Digital Line Graphs or DLGs).  EMAP used the DLGs in conjunction with NOAA navigational charts to define and delineate estuaries.  A total of 477 estuaries were identified in Florida, ranging in size from 0.04 km2 to 3,097 km2 (Florida Bay).  An example of the estuaries delineated by EMAP for the Tampa Bay area is presented in Figure 2.  

In order to distribute sampling throughout the state, the five DEP Water Management Districts (WMDs) will be used to regionalize inshore monitoring efforts.  This regionalization forms part of an overall spatial framework (see next section).  The use of WMDs as regions is consistent with other  monitoring strategies within IWRMN.  In addition, the use of WMD as regions will reduce large-scale sampling variability (i.e. Atlantic vs. Gulf coasts).

Head-of-tide will be used to define the upstream extent of estuarine resources.  Since the freshwater component of IWRMN is using head-of-tide as their downstream boundary, this will ensure that no areas are not included in the integrated design. The seaward boundaries of estuaries were defined by EMAP to coincide with natural physical boundaries (e.g. , barrier islands).  These seaward boundaries will be evaluated and modified, if necessary, to ensure safe vessel operation at all stations.

Spatial Framework

One of the issues that must be dealt with in conceptualizing an inshore monitoring initiative is the development of an appropriate spatial framework.  Establishing a spatial framework for monitoring enhances the ability of a program to deal with physical, chemical and biological variability at multiple scales.  In addition, the spatial structure creates an organizational system which facilitates the communication of results to managers.

Establishing a spatial framework for estuarine monitoring is more difficult than in the freshwater case because there are few consistent physical boundaries linked to the biology.  NOAA has developed a nationwide coastal assessment framework based on hydrologic units (i.e. HUCs) to provide a nationally-consistent mechanism around which environmental information related to coastal areas can be gathered. These spatial units typically represent estuaries and their  watersheds, but also can be coastal watersheds that are not considered to be estuaries.  Estuarine Drainage Areas (EDAs) are that component of an estuary's watershed that empties directly into the estuary and is affected by tides.  EDAs may be composed of a portion of a single hydrologic unit, or several complete hydrologic units and portions of several adjacent hydrologic units.  Coastal Drainage Areas (CDAs) are defined as that portion of a watershed that 1) is not part of any EDA; 2) drains directly into an ocean or an estuary; and 3) is composed only of the downstream-most hydrologic unit in which the head-of-tide is found.

The NOAA EDA/CDA framework was used as a basis to establish sampling units for marine inshore monitoring throughout Florida (Figure 3; http://seaserver.nos.noaa.gov/ projects/caf/caf.html).  In most cases, these sampling units are combinations of coastal HUCs. Due to the lack of large rivers on the east coast, determination of the sampling units for the St. Johns WMD using HUC-based EDA/CDAs was problematical.  The four sampling units in the St. Johns were established based on the natural boundaries of the major estuaries, rather than on EDA/CDAs. The HUC-based definition of sampling units facilitates integrated monitoring and reporting with the freshwater and groundwater components of IWMRN, since their monitoring is also HUC-based.  

Thus, a two-tiered, hierarchical spatial framework is established, consisting of sampling units within Water Management Districts.  Each year, one sampling unit in each of the five regions will be chosen for sampling.  The schedule of activity within sampling units will be chosen to correspond as closely as possible with the freshwater and groundwater component of IWRMN.  This will result in synoptic sampling of all types of water resources, from headwaters to estuary in most cases, within a sampling unit. 

Within each sampling unit a triangular grid (resulting in hexagonal cells) will be randomly placed over the estuarine resources.  Cell sizes within each grid will be iteratively determined in order to achieve a total of 30 stations per sampling unit. In addition, a broad-scale statewide set of samples (30 each year statewide) will be randomly selected from a triangular grid covering the coastline.  Thus, a total of 180 stations will be visited each year, 50 in each of five sampling units, plus 30 at the broad (statewide) scale.  This sampling design results in the ability to make inferences regarding estuarine condition statewide on an annual basis, and inferences related to WMD on a 4-5 year cycle.

Since there are four sampling units in all WMD but the Suwannee, area-based estimates of estuarine condition within each WMD will be available after five years (all sampling units sampled after four years, plus a resampling of one of the sampling units in year five to generate a variance estimate).  Since the Suwannee district has only three sampling units, this WMD will be sampled on a four-year cycle, rather than five, with two of the sampling units resampled in years 4 and 5.

The entire spatial framework will be evaluated as part of year-one activities.  The NOAA EDA/CDA classification will be examined more closely and changes to sampling unit boundaries, if necessary, will be negotiated with EPA.  As mentioned above, the estuarine delineations established by EMAP-Estuaries will be examined in the context of field logistics.  Both minimum samplable depths and the seaward extent of estuaries will be established based on safety concerns.

Temporal Framework

Conditions in estuaries vary over multiple time scales and no program can simultaneously characterize a large number of ecosystem indicators at very fine time scales.  Monitoring programs typically have to make a choice between adequate spatial characterization (large geographic coverage at coarse time scales) or fine-scale temporal resolution (small geographic coverage at fine time scales) based on resource constraints and program objectives.  In order to provide annual statewide estimates of estuarine condition, large-scale spatial coverage takes precedence over fine-scale temporal resolution.  Therefore, it is proposed that IMAP operate within an index sampling period temporal framework.

Sampling during an index period identifies a confined portion of the year (i.e., an index period) in  which sampling will take place.  The concept of an index period is rooted in two main tenets.  First, the period should be selected such that measured parameters are expected to show the greatest response to anthropogenic stress.  Secondly, within-season variability in the measured parameters should be low during the index period. The EMAP-Estuaries program used a late-summer index period.

In general, Florida experiences a dry season from about October-May and a wet season from June-September.  The Panhandle often experiences a secondary wet period in March.  To evaluate the suitability of a late-summer index period for Florida, intra- and interannual trends in physical data collected by the DEP FMRI Fisheries Independent Monitoring (FIM) program were examined.  These data were collected under a stratified random sampling design, so sampling bias (e.g. due to fixed stations near river mouths) should be minimal.  Figure 4 presents smoothed surfaces by month and year for bottom dissolved oxygen, surface temperature, surface salinity and monthly surface salinity standard deviation (SD) from the Tampa Bay FIM data.  These surfaces were based on over 3500 stations sampled from 1987-96.  Bottom dissolved oxygen values show a consistent seasonal pattern of summer minima between June-August.  Likewise, the seasonal warming pattern in Tampa Bay surface waters changed little from 1987-1996 (Figure 4).  Annual surface temperature maxima occurred in July each year, although June-August temperatures generally differed by less than 3-4(C.  The plot of  surface salinity reveals little in terms of seasonal pattern (Figure 4).  Salinity appears to vary across multiple time scales from daily to annually, making generalizations difficult.

Based on the analysis of physical data from Tampa Bay, a summer index period (July-August) seems appropriate for this region since dissolved oxygen levels are typically at their lowest, and thermal stress most pronounced, during this time.  Due to the range of latitudes in Florida, it is likely that sampling within a year will progress in a sequential manner within approximately a two-month window.  This will allow for the possibility that the index period may occur earlier in northern areas and later in southern areas.

Results from index-period monitoring are inherently spatially-oriented.  That is, environmental assessments from this type of data usually are phrased in the following manner : "8% of estuarine area in Florida experienced dissolved oxygen concentrations < 5 mg/L".  As additional sampling occurs each year, IMAP's capability to address interannual changes will develop.  However, IMAP is primarily designed to address spatial (i.e. provide area-based estimates of condition) trends.  Interannual (seasonal) estuarine condition will be addressed using environmental data collected by existing programs.  FMRI's Fisheries Independent Monitoring (FIM) program currently samples over 250 sites in Tampa Bay, Charlotte Harbor, Indian River Lagoon and Cedar Key on a monthly basis.  Although these samples are fisheries-oriented, the accompanying environmental data (e.g. temperature, dissolved oxygen, secchi depth, salinity, turbidity, bottom type) is useful in a broader estuarine assessment context.  The FIM stations, in combination  with other programs both within (e.g. shellfish monitoring) and external to DEP, will in effect provide an ad hoc temporal variability (TV) network to assess changes over multiple time scales.  Identification of existing sampling programs which can expand the spatial coverage of the TV network will be a focus of year one activities.  In addition, the possible supplementation of existing programs to further their effectiveness within the TV network (e.g. adding additional parameters or expanding spatial coverage) will be considered.

Indicators

Two levels of estuarine indicators have been identified for IMAP (Table 1).  Base-level indicators are relatively cost-effective, and expected to be responsive to anthropogenic stress over short time scales.  Samples associated with these indicators will be collected at all 180 stations per year.  Supplemental  indicators are either relatively expensive (in terms of sampling time or analytical costs), responsive over longer time scales, or experimental in nature.  Some supplemental indicators will either be sampled only at the statewide scale (i.e., 30 stations per year), or only during only 2-3 years of a five year cycle (Table 1).  For supplemental indicators which are sampled only at the statewide scale, no WMD-specific inferences will be possible.

Table 1. Estuarine Indicators proposed for Florida's inshore marine monitoring program (IMAP).

BASE INDICATORS

Parameter
Medium
Sampling Device
Analytical Labs

Water Quality




Temperature
Water (S&B)*
Hydrolab Surveyor 
N/A 

Dissolved Oxygen
Water (S&B)
Hydrolab Surveyor
N/A 

Depth
Water (S&B)
Hydrolab Surveyor
N/A 

Salinity
Water (S&B)
Hydrolab Surveyor
N/A 






pH
Water (S&B)
Hydrolab Surveyor
N/A 

Nutrients

(NH4, Nox, DIN, TDN, TP, TN, TDP, FRP)
Water (S)
Water Bottle 
DEP/FMRI or Contract Lab

Chlorophyll a
Water (integrated)
Water Bottle (depth integrated)
DEP/FMRI or Contract Lab

Bottom Type
Sediment
Visual Inspection
N/A

Macrobenthos
Biological
Benthic Grab**
Contract Lab

Sediment Grain Size
Sediment
Benthic Grab
Contract Lab

Total Organic Carbon,

Percent Silt-Clay
Sediment
Benthic Grab
Contract Lab

Submerged Aquatic Vegetation (SAV)




Species Composition
Biological
Visual Inspection
DEP/FMRI

Braun-Blanquet Cover/Abundance
Biological
Visual Inspection
DEP/FMRI

Disease
Biological
Visual Inspection
DEP/FMRI

Shoot density (live and dead)
Biological
Benthic core**
DEP/FMRI

Biomass (above and below-ground)
Biological
Benthic core
DEP/FMRI

Leaf blade length/width/shoot-specific leaf area
Biological - Thalassia testudinum
Benthic core
DEP/FMRI

# leaf scars on lateral shoots
Biological - Thalassia testudinum
Benthic core
DEP/FMRI

# rhizome apices
Biological - Thalassia testudinum
Benthic core
DEP/FMRI

Fish




Relative Abundance
Biological
Trawls/Seines
N/A

Gross External Pathology
Biological
Trawls/Seines
N/A

Table 1. (continued)

SUPPLEMENTAL INDICATORS

Sediment Contaminants
Sediment
Benthic Grab
Contract Lab

Contaminant residues in fish
Biological
Trawls/Seines
Contract Lab

Stable isotopes of nitrogen in fish
Biological
Trawls/Seines
DEP/FMRI

Presence of Pfiesteria-like organisms in sediments
Sediment
Benthic Grab
DEP/FMRI

N/A -Not Applicable

Surface (0.2 m) and bottom (0.2 m from bottom) samples will be collected if depth is > 1m.  Only surface samples will be collected when depth < 1m.

** Gear evaluations are planned - see text for discussion.
Automated samplers (Hydrolab Surveyors with multi-probes) will be used to collect the bulk of water quality data at each station.  These instruments are rapidly deployed and data collection, storage and uploading of data is relatively straightforward.  FMRI staff have a wealth of experience with these instruments and can provide training to any field staff unfamiliar with them.  In addition, 24-hour deployments of Hydrolab DataSondes( in selected areas will provide information on the diel variation of basic water quality parameters.

Bottom type will be determined qualitatively by visual inspection from the vessel, using a viewing scope, if necessary.  Preliminary bottom type classifications include detritus, shell, mud, oysters, sponge, rocks, sand, tunicates, or unknown.  Detailed information on submerged aquatic vegetation will be collected both qualitatively and quantitatively (see below).  

The shallow depth distribution of submerged aquatic vegetation (SAV) places these plant communities in close proximity to the land/sea margin.  Thus these organisms are subject to stresses and disturbances associated with this boundary.  Seagrass beds are essential habitat for many economically-valuable fish and shellfish species and a number of structural and dynamic characteristics of SAV have been used as indicators of environmental stress.  Qualitative cover/abundance of submerged aquatic vegetation (SAV) will be determined visually by divers using the Braun-Blanquet cover/abundance scale.  This scale ranks sites on a scale from 0 to 5, depending on the density and percent of bottom area occupied by SAV. Visual assessment of disease prevalence will also be determined. In addition, at sites where SAV occurs, benthic cores will be taken to quantitatively assess shoot density, biomass and morphometric/ demographic characteristics of turtle grass (Thalassia testudinum).  SAV enumeration and sampling will be restricted to those species typically associated with estuarine or marine systems.

As secondary consumers in estuarine ecosystems, macrobenthic organisms represent an important linkage between primary producers and higher trophic levels.  Macrobenthic communities are composed of diverse taxa with a variety of reproductive modes, feeding guilds, life history characteristics, and tolerances to environmental conditions.  As a result, stressors (both natural and anthropogenic) result in shifts in species composition in these communities.  There are some issues to resolve relative to using macrobenthic community structure in IMAP.  First, there is the question of the most appropriate gear.  Many of the smaller gears (e.g. petite ponar) may not sample a wide range of sediment types adequately, and it may not be safe to use some of the larger grabs (e.g. Smith-McIntyre) from small boats.  EMAP-Estuaries used a Young-modified Van Veen grab for benthic sampling.  Use of this gear requires modifications to existing FMRI vessels (a boom and winch need to be added).  The expense of these modifications and their impact on FIM activities needs to be evaluated.  Once a decision has been made on sampling gear, the number of replicate grabs necessary for community characterization needs to be determined.  Also, the level of taxonomic identification necessary needs to be established.  The Tampa Bay National Estuary Program (NEP) and Hillsborough County EPC is currently working with EPA on resolving some of these issues in Tampa Bay.  It is proposed that, as part of year one activities, that DEP joins in this effort as a means to resolve the replication and taxonomic issues.

Most estuarine fish species are terminal predators in estuarine food webs, making them important integrators of estuarine condition. Changes in fish community composition may occur in response to anthropogenic stressors.  Also, measuring the relative abundance of estuarine fishes in IMAP would expand the information base for DEP fisheries programs, and provide a means for FIM to sample areas currently outside the scope of its work.  The incidence of gross pathological disorders in fish such as fin erosion, somatic ulcers and lesions, cataracts, and skeletal abnormalities is a major means used by the public to judge the environmental quality of an estuary.  Gross pathology of fishes is responsive to anthropogenic stressors and the cost associated with its determination is relatively low, given that fish are being sampled for other reasons.  

Determination of the relative proportions of stable isotopes of nitrogen in fish tissue will give IMAP a powerful integrator across estuarine food webs.  The forms of nitrogen in fish tissue can be used as an indicator of primary nutrient sources to the estuary.  It is anticipated that a composite of fish muscle (i.e. one sample from each trawl or seine) from a single species will be used for these analyses.

The tendency for metals, organic chemicals and fine-grained particles to accumulate in estuarine sediments is well known.  Bottom sediments in some estuaries (e.g. harbors near urban areas) have become so contaminated that they represent a threat to both human and ecological health.  Pollutant runoff from agricultural areas is also an important source of contaminant input to estuaries.  Clearly, the presence of contaminants in sediments is useful in an IMAP context.  Since analyses for sediment contaminants are relatively expensive, this indicator will be evaluated only on the statewide scale. The suite of analytes will  be determined after review of existing contaminant data, land-use patterns, and potential sources.  Based on information obtained in EMAP-Estuaries, it is expected that the year-to-year variability is very low.  To test this assumption, sediment contaminants will be collected during years 1 and 2 to evaluate inter-annual variability.  If inter-annual variability is low, it is likely that only one additional year of sediment contaminants sampling will be included in the five year cycle.  If inter-annual variability is relatively high, IMAP will attempt to sample sediment contaminants each year.

Bioaccumulation of metals and organics in fishes is a well-known anthropogenic stressor in aquatic food webs.  The presence of these contaminants can reduce survival, hamper reproduction and cause physiological damage to individuals.  With the exception of mercury, little information is available on the degree to which estuarine fish in Florida are accumulating contaminants.  IMAP will measure contaminant levels in fish fillets (i.e. edible portion) in a ubiquitous species (e.g. hardhead catfish).  The suite of analytes will be determined after review of existing contaminant data, land-use patterns, and potential sources.  As with contaminants in sediments, this indicator will only be evaluated at the statewide scale.  Inter-annual variability will be assessed by sampling for fish contaminants in two consecutive years during the five-year cycle.  If inter-annual variability is low, it is likely that collections for fish contaminant determination will not be taken every year. 

Pfiesteria piscicida, a toxic dinoflagellate, has been implicated in fish kills and disease events and public health threats in North Carolina and the Chesapeake Bay.  Although this particular organism has not been documented in Florida waters, there is information to suggest that Pfiesteria-like organisms may occur in the state.  Hot spots where fish with lesions occur in Floirda may correlate with the distriibution of these organisms, but currently this is unknown. Pfiesteria-like organisms form resting stages in estuarine sediments, and the organisms emerge from dormant stages in response to certain environmental cues.  DEP/FMRI has received EPA funding (not associated with IMAP) to determine the distribution of Pfiesteria-like organisms in major coastal areas of Florida through the processing of sediments and associated resting stages.  IMAP will enhance this effort by  providing sediment samples from both intensive (i.e., within WMD) and statewide sampling.  These samples will then be inoculated with algae in the lab over a period of approximately two months to determine the identification, species composition, and distribution of Pfiesteria-like organisms.

As is clear from the above discussion, there are feasibility and cost issues associated with monitoring each of the indicators in Table 1.  After the base final base and supplemental indicators are chosen, a field operations manual and quality assurance/quality control (QA/QC) plan will be developed to ensure consistency and quality results from sample collection, processing and analyses.

Other Issues

Reporting

It is anticipated that an annual report will be produced (ca. Spring of the year following sampling) which will take the form of a statistical summary.  The "take-home message" of this report will be area-based assessments of estuarine condition, i.e. something of the form:  "95% of large estuary area in Florida had bottom dissolved oxygen concentrations > 5 mg/L".  In addition, reports designed to communicate results to varying audiences (within DEP, public, legislature, etc.) will be produced.  These additional reports will always be informational subsets of the statistical summary.

Data Management

An efficient data management system is critical to the success of IMAP.  Candidate hardware/software combinations will be evaluated as part of year one activities.  FMRI staff in Coastal and Marine Resource Assessment (CAMRA) have been working with EPA and others on data management issues (e.g. modernized STORET) and will be instrumental in formulating a data management strategy.

Generalized Timeline

It is anticipated that funding for this project will begin in January, 1999 and continue for at least 4 years.  During 1999, small-scale pilot studies to further the development of particular ecological indicators will be conducted.  Full-scale implementation of IMAP will begin in summer of 2000.
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Figure 4. Bottom dissolved oxygen, sea surface temperature, surface salinity, and monthly

standard deviation of surface salinity for the Tampa Bay FIM program 1987-1996.
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