
  

    

November 2007 
 
 
 
 
 

Final 
2007 SYSTEM STATUS REPORT 

 
 

 
 
 

Prepared by: REstoration COordination and VERification 
(RECOVER) 

 
 

 
 
 
 
 



  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final i November 2007 

TABLE OF CONTENTS  

Table of Contents....................................................................................................................... i 
List of Figures ........................................................................................................................... v 
List of Tables ........................................................................................................................... xi 
Acronyms............................................................................................................................... xiii 
Executive Summary ............................................................................................................... xix 
1.0 Introduction................................................................................................................ 1-1 

1.1 Context for the 2007 System Status Report........................................................... 1-1 
1.2 Environmental Characteristics of the 2007 Water Year ........................................ 1-2 
1.3 Long-term Climate Variability .............................................................................. 1-5 
1.4 Summary ................................................................................................................ 1-6 
1.5 References.............................................................................................................. 1-7 

2.0 System-wide Synthesis .............................................................................................. 2-1 
2.1 Total System-Level Lessons Learned.................................................................... 2-1 

2.1.1 Lake Okeechobee........................................................................................... 2-1 
2.1.2 Northern Estuaries ......................................................................................... 2-1 
2.1.3 Greater Everglades......................................................................................... 2-2 
2.1.4 Southern Estuaries ......................................................................................... 2-3 

2.2 System-wide Lessons Learned............................................................................... 2-3 
2.3 MAP Refinement ................................................................................................... 2-4 
2.4 Water Supply and Flood Protection....................................................................... 2-5 
2.5 Human Dimensions Science .................................................................................. 2-6 
2.6 System-Wide Interim Goals................................................................................... 2-7 
2.7 Data Management .................................................................................................. 2-7 

3.0 The Role of the SSR in the CERP Adaptive Management Program ......................... 3-1 
3.1 Performance Assessment ....................................................................................... 3-2 
3.2 AM Conclusions .................................................................................................... 3-4 
3.3 References.............................................................................................................. 3-5 

4.0 Lake Okeechobee Module ......................................................................................... 4-1 
4.1 Brief Description and Background Information for the Lake Okeechobee Module ..
 ................................................................................................................................ 4-1 
4.2 Lake Okeechobee Hypothesis Cluster–Water Quality .......................................... 4-4 

4.2.1 Abstract .......................................................................................................... 4-4 
4.2.2 Background Description ................................................................................ 4-4 
4.2.3 Methods and Analysis.................................................................................... 4-6 
4.2.4 Discussion...................................................................................................... 4-7 

4.3 Lake Okeechobee Hypothesis Cluster–Stage ...................................................... 4-15 
4.3.1 Abstract ........................................................................................................ 4-15 
4.3.2 Background and Description........................................................................ 4-16 
4.3.3 Methods and Analysis.................................................................................. 4-18 
4.3.4 Results and Discussion ................................................................................ 4-19 

4.4 Lake Okeechobee Hypothesis Cluster–Submerged Aquatic Vegetation............. 4-20 
4.4.1 Abstract ........................................................................................................ 4-20 
4.4.2 Background and Description........................................................................ 4-21 
4.4.3 Methods and Analysis.................................................................................. 4-22 
4.4.4 Discussion.................................................................................................... 4-26 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final ii November 2007 

4.5 Lake Okeechobee Hypothesis Cluster-Littoral Zone Vegetation ........................ 4-31 
4.5.1 Abstract ........................................................................................................ 4-31 
4.5.2 Introduction and Background ...................................................................... 4-32 
4.5.3 Methods and Analysis.................................................................................. 4-34 
4.5.4 Results and Discussion ................................................................................ 4-34 

4.6 Lake Okeechobee Hypothesis Cluster-Exotic Plants........................................... 4-37 
4.6.1 Abstract ........................................................................................................ 4-37 
4.6.2 Background Description .............................................................................. 4-37 
4.6.3 Methods and Analysis.................................................................................. 4-39 
4.6.4 Results and Discussion ................................................................................ 4-40 

4.7 Lake Okeechobee Hypothesis Cluster-Phytoplankton Dynamics ....................... 4-42 
4.7.1 Abstract ........................................................................................................ 4-42 
4.7.2 Background Description .............................................................................. 4-43 
4.7.3 Methods and Analysis.................................................................................. 4-46 
4.7.4 Discussion.................................................................................................... 4-53 

4.8 Lake Okeechobee Hypothesis Cluster–Fish ........................................................ 4-54 
4.8.1 Abstract ........................................................................................................ 4-54 
4.8.2 Background Description .............................................................................. 4-54 
4.8.3 Methods and Analysis.................................................................................. 4-55 
4.8.4 Discussion.................................................................................................... 4-56 

4.9 Lake Okeechobee Hypothesis Cluster Macro-invertebrates................................ 4-62 
4.9.1 Abstract ........................................................................................................ 4-62 
4.9.2 Background Description .............................................................................. 4-63 
4.9.3 Methods and Analysis.................................................................................. 4-64 
4.9.4 Discussion.................................................................................................... 4-66 

4.10 Lake Okeechobee Module Conclusion ................................................................ 4-73 
4.11 Status of Monitoring in the Lake Okeechobee Module ....................................... 4-74 
4.12 References............................................................................................................ 4-76 
4.13 Acknowledgements.............................................................................................. 4-82 

4.13.1 Appendix 4A–Map Metadata....................................................................... 4-83 
5.0 Northern Estuaries Module ........................................................................................ 5-1 

5.1 Brief Description, Background Information, and Figure for the Northern Estuaries 
Module ....................................................................................................................... 5-1 

5.2 Northern Estuaries Hypothesis Cluster-Submerged Aquatic Vegetation .............. 5-2 
5.2.1 Abstract .......................................................................................................... 5-2 
5.2.2 Background Description ................................................................................ 5-2 
5.2.3 Methods and Analysis.................................................................................... 5-4 
5.2.4 Discussion.................................................................................................... 5-15 

5.3 Northern Estuaries Hypothesis Cluster-Oysters .................................................. 5-21 
5.3.1 Abstract ........................................................................................................ 5-21 
5.3.2 Background Description .............................................................................. 5-21 
5.3.3 Methods and Analysis.................................................................................. 5-34 
5.3.4 Discussion.................................................................................................... 5-34 

5.4 Northern Estuaries Hypothesis Cluster–Benthic Macroinvertebrates ................. 5-44 
5.4.1 Abstract ........................................................................................................ 5-44 
5.4.2 Background Description .............................................................................. 5-44 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final iii November 2007 

5.4.3 Methods and Analyses ................................................................................. 5-46 
5.4.4 Discussion.................................................................................................... 5-49 

5.5 Northern Estuaries Hypothesis Cluster-Fish........................................................ 5-58 
5.5.1 Abstract ........................................................................................................ 5-58 
5.5.2 Background Description .............................................................................. 5-59 
5.5.3 Methods and Analysis.................................................................................. 5-65 
5.5.4 Adult Spawning–Fish Egg/Larval Abundance ............................................ 5-68 
5.5.5 Discussion.................................................................................................... 5-72 

5.6 Northern Estuaries Module Conclusion............................................................... 5-89 
5.7 Status of Monitoring in the Northern Estuaries ................................................... 5-91 
5.8 Northern Estuaries References............................................................................. 5-94 
5.9 Acknowledgements............................................................................................ 5-108 

Appendix 5A–Northern Estuary Water Quality Overview................................................ 5-109 
Appendix 5B–Map Metadata............................................................................................. 5-181 
6.0 Greater Everglades Wetlands Module ....................................................................... 6-1 

6.1 Brief Description and Background Information for the Greater Everglades Wetlands 
Module ....................................................................................................................... 6-1 

6.2 Greater Everglades Wetlands Hypothesis Cluster–Integrated Hydrology and Water 
Quality............................................................................................................................ 6-3 
6.2.1 Abstract .......................................................................................................... 6-3 
6.2.2 Background Description ................................................................................ 6-3 

6.3 Greater Everglades Wetlands Hypothesis Cluster–Everglades Mangrove Estuary....
 ................................................................................................................................ 6-6 

6.3.1 Abstract .......................................................................................................... 6-6 
6.3.2 Background Description ................................................................................ 6-6 
6.3.3 Methods and Analysis.................................................................................... 6-6 
6.3.4 Discussion...................................................................................................... 6-9 

6.4 Greater Everglades Wetlands Hypothesis Cluster–Ridge and Slough Landscape 
Dynamics ................................................................................................................. 6-13 

6.4.1 Abstract ........................................................................................................ 6-13 
6.4.2 Background Description .............................................................................. 6-13 
6.4.3 Methods and Analysis.................................................................................. 6-13 

6.5 Greater Everglades Wetlands Hypothesis Cluster–Predator-Prey Interactions of 
Wading Birds and Aquatic Fauna Forage Base ........................................................... 6-17 
6.5.1 Abstract ........................................................................................................ 6-17 
6.5.2 Background Description .............................................................................. 6-18 
6.5.3 Methods and Analysis.................................................................................. 6-18 
6.5.4 Discussion.................................................................................................... 6-22 

6.6 Greater Everglades Wetlands Hypothesis Cluster–Everglades Crocodilian 
Populations................................................................................................................... 6-39 
6.6.1 Abstract ........................................................................................................ 6-39 
6.6.2 Background Description .............................................................................. 6-40 
6.6.3 Methods and Analysis.................................................................................. 6-40 
6.6.4 Discussion.................................................................................................... 6-41 

6.7 Greater Everglades Wetlands Module Conclusion .............................................. 6-46 
6.8 Status of Monitoring in the GE Module .............................................................. 6-49 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final iv November 2007 

6.9 Greater Everglades References ............................................................................ 6-54 
6.10 Acknowledgements.............................................................................................. 6-58 

7.0 Southern Estuaries Module ........................................................................................ 7-1 
7.1 Brief Description and Background Information for the Southern Estuaries Module .
 ................................................................................................................................ 7-1 
7.2 Southern Estuaries Hypothesis Cluster-Water Quality.......................................... 7-5 

7.2.1 Abstract .......................................................................................................... 7-5 
7.2.2 Background Description ................................................................................ 7-5 
7.2.3 Methods and Analysis.................................................................................... 7-7 
7.2.4 Discussion.................................................................................................... 7-12 

7.3 Southern Estuaries Hypothesis Cluster-Submerged Aquatic Vegetation ............ 7-34 
7.3.1 Abstract ........................................................................................................ 7-34 
7.3.2 Background Description .............................................................................. 7-35 
7.3.3 Methods and Analyses ................................................................................. 7-37 
7.3.4 Discussion.................................................................................................... 7-45 

7.4 Southern Estuaries Hypothesis Cluster-Nursery Habitat..................................... 7-46 
7.4.1 Abstract ........................................................................................................ 7-46 
7.4.2 Background Description .............................................................................. 7-46 
7.4.3 Methods and Analysis.................................................................................. 7-49 
7.4.4 Discussion.................................................................................................... 7-56 

7.5 Southern Estuaries Module Conclusions ............................................................. 7-79 
7.6 Status of Monitoring in the Southern Estuaries Module...................................... 7-79 
7.7 References............................................................................................................ 7-86 
7.8 Acknowledgements.............................................................................................. 7-92 

Appendix 7A–Map Metadata............................................................................................... 7-93 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final v November 2007 

LIST OF FIGURES  

Figure 2-1:  Data Management Process ................................................................................. 2-9 
Figure 3-1:  CERP AM Framework Overview...................................................................... 3-2 
Figure 3-2:  Synthesis and Interpretation of MAP Monitoring Data ..................................... 3-3 
Figure 4-1:  Lake Okeechobee............................................................................................... 4-3 
Figure 4-2:  Inter-relationships of Key Water Quality Characteristics.................................. 4-5 
Figure 4-3:  Locations of Eight Surface Water Monitoring Stations..................................... 4-7 
Figure 4-4:  Timelines (top graphic) of Water Year Phosphorus Load (in blue) and Volume 

(in green) of Surface Water Entering Lake Okeechobee and Five-year Moving Average 
(bottom graphic) of Inflow and In-lake Total Phosphorus Concentrations ..................... 4-8 

Figure 4-5:  Mean Pelagic Total Suspended Solids and Turbidity Versus Year ................... 4-8 
Figure 4-6:  Pelagic Total Phosphorus Concentration, January 1988–September 2006........ 4-9 
Figure 4-7:  Estimated Trend in Total Phosphorus Concentration (ppb) at Rate of Two to 

Three ppb per Year, 1988 thru 2003 Data ..................................................................... 4-10 
Figure 4-8:  Pelagic Soluble Reactive Phosphorus (ortho-phosphorus) Concentration, January 

1988–September 2006 ................................................................................................... 4-11 
Figure 4-9:  Pelagic Total Nitrogen Concentration, January 1988–September 2006 .......... 4-12 
Figure 4-10:  Pelagic Total Nitrogen Concentration Versus Apparent Color and Total 

Suspended Solids, January 1988–September 2006........................................................ 4-12 
Figure 4-11:  Pelagic Chlorophyll a Concentration, January 1988–September 2006.......... 4-13 
Figure 4-12:  Pelagic Dissolved Oxygen Concentration, 1988 thru 2006 (upper left); ....... 4-14 
Figure 4-13:  Stage As A Primary Stressor Affecting Multiple Hypotheses....................... 4-17 
Figure 4-14:  Lake Stages Between 1990 and Spring 2007................................................. 4-18 
Figure 4-15:  Mean Monthly Stage Data and Desired Recession Rates .............................. 4-20 
Figure 4-16:  Conceptual Model of Stressors and/or Factors That Affect Submerged Littoral 

Zone Emergent Vegetation ............................................................................................ 4-22 
Figure 4-17:  Annual SAV Mapping Sampling Grid........................................................... 4-23 
Figure 4-18:  Submerged Aquatic Vegetation Transect Locations in Lake Okeechobee.... 4-25 
Figure 4-19:  Comparison of Actual Submerged Aquatic Vegetation Biomass versus Model 

Predicted Biomass.......................................................................................................... 4-27 
Figure 4-20:  Biomass as a Function of Secchi Disk Depth to Total Depth Ratio, and as A 

Function of Total Suspended Solids .............................................................................. 4-29 
Figure 4-21:  Submerged Aquatic Vegetation Biomass as A Function of Time ................. 4-30 
Figure 4-22:  Littoral Zone Emergent Vegetation Mosaic Conceptual Ecological Model.. 4-32 
Figure 4-23:  Dominant Emergent Vegetation Pattern ........................................................ 4-35 
Figure 4-24:  Aerial Coverage (hectares) and Distribution of Bulrush by Calendar Year 

(1995–2005) and Elevation Along the Lakeward Edge of Lake Okeechobee’s Northwest 
Marsh ............................................................................................................................. 4-36 

Figure 4-25:  Conceptual Model of Stressors and/or Factors That Affect Exotic Vegetation....
........................................................................................................................................ 4-37 

Figure 4-26:  Linear Regression of Mid-water PAR Versus the Absolute Growth Rate of 
Hydrilla From Mesocosm Experiments ......................................................................... 4-41 

Figure 4-27:  Percent of each Submerged Aquatic Vegetation Species As a Function of 
Sediment Type From the 2001 to 2005 Annual Mapping Data..................................... 4-42 

Figure 4-28:  Phytoplankton (Star Shape) and Cyanotoxin (Sun Shape) Monitoring Sites on 
Lake Okeechobee........................................................................................................... 4-45 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final vi November 2007 

Figure 4-29:  Phytoplankton Community Ordination Plot by Year..................................... 4-48 
Figure 4-30:  Dendrogram Representation of Among-years Differences in the Phytoplankton 

Communities .................................................................................................................. 4-49 
Figure 4-31:  Phytoplankton Community Ordination Plot by Season ................................. 4-49 
Figure 4-32:  Annual Mean Phytoplankton Biomass in Total Biovolumes + 1 S.D. at Both 

Nearshore and Pelagic Sites........................................................................................... 4-50 
Figure 4-33:  Annual Mean Phytoplankton Biomass as Chlorophyll a + 1S.D. at Both 

Nearshore and Pelagic Sites........................................................................................... 4-51 
Figure 4-34:  Annual Mean Diatom to Cyanobacteria Ratio at Both Nearshore and Pelagic 

Sites................................................................................................................................ 4-52 
Figure 4-35:  Mean Microcystin Concentrations (µg/L) ..................................................... 4-53 
Figure 4-36:  Conceptual Ecological Model Diagram Depicting the Factors Affecting Fish 

Populations..................................................................................................................... 4-56 
Figure 4-37:  Sample Site Locations Used for 2005 Fish Collections................................. 4-57 
Figure 4-38:  Average Number of Individuals of the Order Chironomidae Sampled in Each 

Replicate Sample by Year by Substrate Type................................................................ 4-58 
Figure 4-39:  Catch Rate of Black Crappie 1973–2007 Collected With Ten Meter Otter Trawl 

from Lake Okeechobee .................................................................................................. 4-59 
Figure 4-40:  Comparative Abundance (log10) of Recent Sampling Efforts (2005 and 2006) 

to Historic Data (1987-91) of Selected Important Fish Species .................................... 4-61 
Figure 4-41:  Comparative Weights in Kilograms (log10) of Recent Sampling Efforts (2005 

and 2006) to Historic Data (1987-91) of Selected Important Fish Species ................... 4-61 
Figure 4-42:  Largemouth Bass Catch Rate (Electrofishing, Fish/Minute) as Function of 

Stage (Feet MSL) by Year ............................................................................................. 4-62 
Figure 4-43:  Macroinvertebrate Conceptual Ecological Model ......................................... 4-63 
Figure 4-44:  Florida Fish and Wildlife Conservation Commission Sublittoral Zone Benthic 

Invertebrate Sampling Sites in Lake Okeechobee ......................................................... 4-65 
Figure 4-45:  Multidimensional Scaling Ordination of Combined Annual Macroinvertebrate 

Community Structure for Each Year Samples Were Collected..................................... 4-66 
Figure 4-46:  Diversity and Total Number of Organisms Combined Means by Year......... 4-67 
Figure 4-47:  Classic Species Diversity Index Response to Increasing Eutrophication ...... 4-67 
Figure 4-48  Major Bottom-types of Lake Okeechobee, FL ............................................... 4-68 
Figure 4-49:  Multidimensional Scaling Ordination of Species Community Structure as a 

Function of Substrate Type............................................................................................ 4-69 
Figure 4-50:  Multidimensional Scaling Ordination of Species Community Structure as A 

Function of Ranked Mean Species by Each Substrate Type by Each Year................... 4-69 
Figure 4-51:  Species Richness Mean as a Function of Sample Year and Substrate Type.. 4-70 
Figure 4-52:  Geometric Abundance Class Plots for Each Summer.................................... 4-71 
Figure 4-53:  Geometric Abundance Class Plot as Function of Sediment Type ................. 4-72 
Figure 5-2:  A Simplified CEM Used to Illustrate the Complexity of the Relationship 

Between Freshwater Releases and the Response by SAV............................................... 5-2 
Figure 5-3:  CEM Used to Illustrate the Interactions Among Factors that May Be Controlled 

by Freshwater Releases and the Response to the Releases by SAV................................ 5-3 
Figure 5-4:  SAV Areal Extent and Distribution in Charlotte Harbor as Delineated from 2006 

Aerial Photographs........................................................................................................... 5-4 
Figure 5-5:  SAV Areal Extent and........................................................................................ 5-5 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final vii November 2007 

Figure 5-6:  1997 SAV Groundtruth...................................................................................... 5-5 
Figure 5-7:  Acreage of Seagrass for the Section of the Southern Indian River Lagoon 

Between the Stuart Causeway and St. Lucie Inlet (1999-2006) ...................................... 5-6 
Figure 5-8:  Southern Indian River Lagoon Segmentation Scheme with Seagrass Transect 

Locations Indicated.......................................................................................................... 5-7 
Figure 5-9:  Monthly Seagrass Sampling in the Loxahatchee River Estuary ...................... 5-19 
Figure 5-10:  Conceptual Model of Stressors and/or Factors that Influence Oysters.......... 5-22 
Figure 5-11:  Adult Oyster (Crassostrea virginica) Densities (mean number m-2 + standard 

error [S.E.]) Within Various South Florida Estuaries.................................................... 5-23 
Figure 5-12:  Mean (+ S.E.) Gonadal Index Averaged by Site (top), by Month (middle), and 

by Year (bottom) for Oysters (Crassostrea virginica) Sampled from the Caloosahatchee 
River............................................................................................................................... 5-25 

Figure 5-13:  Mean Recruitment to Artificial Collectors for Oysters (Crassostrea virginica) 
Sampled from Various South Florida Estuaries............................................................. 5-26 

Figure 5-14:  Shell Height of Juvenile Oysters Deployed Within Cages at Various Sampling 
Locations........................................................................................................................ 5-28 

Figure 5-15:  Mean Condition Index for Oysters (Crassostrea virginica) Sampled From 
Various South Florida Estuaries .................................................................................... 5-30 

Figure 5-16:  Mean Intensity of Perkinsus marinus (“dermo”) for Oysters (Crassostrea 
virginica) Sampled from Various South Florida Estuaries ............................................ 5-31 

Figure 5-17:  Mean Prevalence of Perkinsus marinus (“dermo”) for Oysters (Crassostrea 
virginica) Sampled from Various South Florida Estuaries ............................................ 5-32 

Figure 5-18:  Relationship between Freshwater inflows from S-79 Lake and Dam into the 
CRE and Salinities at Various Locations Along the Estuarine Axis ............................. 5-33 

Figure 5-19:  Existing Oyster Habitat in the CRE ............................................................... 5-36 
Figure 5-20:  Current and Potential Oyster Habitat in the SLE........................................... 5-36 
Figure 5-21:  Existing Oyster Habitat in the LRE ............................................................... 5-37 
Figure 5-22:  Existing Oyster Habitat in LWL .................................................................... 5-38 
Figure 5-23:  Benthic Macroinvertebrate CEM for the Northern Estuaries ........................ 5-45 
Figure 5-24:  Quantitative Macroinvertebrate Sampling and Sediment Core Sampling Sites ...

........................................................................................................................................ 5-48 
Figure 5-25:  Mean Number of Taxa and Individuals From All Replicates at Each Site.... 5-50 
Figure 5-26:  Freshwater Discharges from C-44 in July 2005............................................. 5-51 
Figure 5-27:  Organic Content (loss on ignition) of the Sediment in the Middle SLE Basin.....

........................................................................................................................................ 5-52 
Figure 5-28:  Relationships Between Substrate Type and Diversity and Taxa ................... 5-52 
Figure 5-29:  Relationships Between Taxa, Individuals and Salinity at Sites M1 and M2 .5-53 
Figure 5-30:  Relationships Between Taxa, Individuals and Salinity at Sites M3-M6........ 5-54 
Figure 5-31:  Relationships between taxa, individuals and salinity at site M-8 .................. 5-54 
Figure 5-32:  Relationships Between Taxa, Individuals and Salinity at Sites M10-M13.... 5-55 
Figure 5-33:  MDS Plot Illustrating the Similarity Among Replicates ............................... 5-56 
Figure 5-34:  Example of a Bubble Plot Where the Relative Abundance of the Opportunistic 

Polychaete Streblospio benedicti Has Been Superimposed on the MDS Plot............... 5-57 
Figure 5-35:  Map of Fish Monitoring Boundaries of the West Coast (A) and East Coast (B) 

Northern Estuaries ......................................................................................................... 5-61 
Figure 5-36:  Fish Life Cycle............................................................................................... 5-63 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final viii November 2007 

Figure 5-37:  Fish Module CEM.......................................................................................... 5-64 
Figure 5-38:  Graphic Representation of Data Obtained for Quantiative Analyses of Bio-

acoustical Signals........................................................................................................... 5-69 
Figure 5-39:  THD for Bio-acoustic Signals at Hells Gate.................................................. 5-70 
Figure 5-40:  Examples of Daily Variation in Overall Spawning Call Intensity, Total Power 

(PWR), THD, Total SNR and Peak ............................................................................... 5-70 
Figure 5-41:  Diagnostic Spectra of the Calls of the Spotted Seatrout ................................ 5-75 
Figure 5-42:  Diel Variation in Spotted Seatrout Spawning Call Intensity ......................... 5-75 
Figure 5-43:  FIM Map with Designated Sampling Areas .................................................. 5-77 
Figure 5-44:  2003 versus 2006 Comparison of Boy Scout Island Seagrass Fish Monitoring 

Site, Indian River Lagoon .............................................................................................. 5-79 
Figure 5-45:  Bray-Curtis, Bessie Cove and Boy Scout Island-All species 2974 Versus 2006

........................................................................................................................................ 5-80 
Figure 5-46:  Bessie Cove and Boy Scout Island Seagrass Species Only ........................... 5-81 
Figure 5-47:  PCA Analysis................................................................................................. 5-81 
Figure 5-48:  DIDSON Image of a Mullet School............................................................... 5-84 
Figure 6-1:  Greater Everglades Wetlands Module Boundary............................................... 6-2 
Figure 6-2:  Periphyton Total Phosphorus Across the Everglades in Late Wet Season 2005 

Interpolated (via ordinary kriging) Across the Sampling Domain of the Everglades ..... 6-5 
Figure 6-3:  Location of Transects and Monitoring Stations for Salinity Gradients and 

Sediment Elevations in the Coastal Everglades............................................................... 6-8 
Figure 6-4:  Mean Monthly Discharge and Salinity at Upstream and Downstream Monitoring 

Stations on Coastal Tributaries of the Everglades. ........................................................ 6-10 
Figure 6-5 continued: Mean Monthly Discharge and Salinity at Upstream and Downstream 

Monitoring Stations on Coastal Tributaries of the Everglades. ..................................... 6-11 
Figure 6-6:  Sediment Elevation, Accretion, and Subsidence in Mangrove Forest at the 

Mouth of Shark River, 1998-2006................................................................................. 6-12 
Figure 6-7:  Generalized Recursive Tessellation Probability-Based Spatially Distributed 

Sampling Design for Monitoring Ridge, Slough and Tree Island Dynamics in the 
Everglades Ridge and Slough Landscape ...................................................................... 6-16 

Figure 6-8:  Comprehensive Map of Sample Locations for Sampling of Aquatic Fauna Prey 
Populations in South Florida.......................................................................................... 6-21 

Figure 6-9:  Mean Rainfall and Stage Level throughout the Everglades during the Wet and 
Dry Seasons of 2005-2006............................................................................................. 6-22 

Figure 6-10:  Standing Crop of Aquatic Fauna Prey Populations during the 2005 Late Wet 
Season ............................................................................................................................ 6-24 

Figure 6-11:  Crayfish Abundance by Species during the 2005 Late Wet Season .............. 6-25 
Figure 6-12:  Average Standing Crop of Marsh Fishes and Crayfish during the Late Wet 

Season of 2005 and the Early and Late Dry Season of 2006 Dry Season at Selected 
Landscape Sampling Units of the Everglades ............................................................... 6-27 

Figure 6-13:  Average Standing Crop of Marsh Fishes and Crayfish in Concentration Patches 
during the Dry Season of 2006 ...................................................................................... 6-29 

Figure 6-14:  Wading Bird Colony Locations and Numbers of Nests in the Everglades during 
2006 Nesting Season...................................................................................................... 6-31 

Figure 6-15:  Availability of Marsh Prey Base Fishes for Roseate Spoonbill Foraging at Drop 
Trap Sites in the Coastal Everglades during 2005 and 2006 ......................................... 6-34 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final ix November 2007 

Figure 6-16:  Roseate Spoonbill Colony Locations and Numbers of Nests in Florida Bay 
during 2006 Nesting Season .......................................................................................... 6-36 

Figure 6-17:  Catch per Unit Effort of Large Fishes (Electrofishing) and Small Fishes 
(Minnow Traps) in Mangrove Creeks in Rookery Branch during the Wet, Transition, and 
Dry Seasons of (A) 2004-2005 and (B) 2005-2006....................................................... 6-38 

Figure 6-18:  Mean Density of Alligators in Capture Areas of the Everglades during 2005 
and 2006......................................................................................................................... 6-42 

Figure 6-19:  Mean Fulton’s K Condition Index of Alligators in Capture Areas of the 
Everglades during 2005 and 2006.................................................................................. 6-45 

Figure 6-20:  Total Number of American Crocodile Nests Found Between 1978 and 2006 in 
Everglades National Park, Turkey Point Power Plant, and Crocodile Lake National 
Wildlife Refuge.............................................................................................................. 6-46 

Figure 7-1:  Geographic Domain of the SE MAP Module .................................................... 7-1 
Figure 7-2:  Water Quality Conceptual Ecological Model .................................................... 7-6 
Figure 7-3:  Histograms of Chloraphyll a (ppb in Each Sub-region.................................... 7-11 
Figure 7-4:  Salinity Cycles in Biscayne Bay (top two panels) ........................................... 7-13 
Figure 7-5:  Contour Plots of the Median Chlorophyll a Distribution in the SE During Low 

Salinity Months (October-March) and High Salinity Months (April-September)......... 7-14 
Figure 7-6:  Annual Cycle of Median Chlorophyll a (ppb) in Each Sub-region ................. 7-15 
Figure 7-7:  Box and Whisker Plots of Median Annual Chlorophyll a Overlaid on the 

Reference Conditions..................................................................................................... 7-17 
Figure 7-8:  The Circle in Each Sub-region Displays the Current Status of Chlorophyll a 7-18 
Figure 7-9: The Mean Bay-wide Salinity of Florida Bay Displays Significant Deviations due 

to Climactic Phenomena and Tropical Cyclones ........................................................... 7-19 
Figure 7-10:  Time Series of Median Monthly Chlorophyll a and TP................................. 7-20 
Figure 7-11: Map of the Typical Cruise-Track for the Underway Synoptic Salinity Sampling 

and Locations of the Biscayne Bay Continuous Salinity Recorders.............................. 7-22 
Figure 7-12:  Numbered Sites for the Biscayne Bay Continuous Salinity Recorders ......... 7-24 
Figure 7-13:  Examples of wet season (left pane, August 2005) and dry season (right pane, 

May 2006) salinity regimes in Biscayne Bay ................................................................ 7-25 
Figure 7-14:  Distribution of salinity patterns by site arranged south (top) to north (bottom) 

and by dry season (left side) versus wet season (right side) .......................................... 7-26 
Figure 7-15: Plots of Continuous Synoptic Underway Flow-Through Data Overlayed on 

Discrete Station.............................................................................................................. 7-28 
Figure 7-16:  Time Series of Daily Water Discharge Through the C-111 Canal at S197 ... 7-29 
Figure 7-17:  Time Series of Mean Daily Bottom Salinity.................................................. 7-29 
Figure 7-18:  Salinity Before and After Hurricane Katrina Depicts the Large Effect of the 

Managed Water Release Down the C-111 Canal .......................................................... 7-30 
Figure 7-19:  Southern Estuarine Performance Measures for Dry Season (250m) and Wet 

Season (500 m) from BNP Continuous Salinity Data ................................................... 7-33 
Figure 7-20:  SE Module SAV CEM................................................................................... 7-36 
Figure 7-21:  Map Depicting the FHAP-SF Sampling Locations and Sampling Design .... 7-38 
Figure 7-22:  Frequency Distribution of BB Estimates for Representative Seagrass Species....

........................................................................................................................................ 7-40 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final x November 2007 

Figure 7-23:  Comparison of 2006 spring SAV observations with mean spring observations 
and 95% confidence intervals from 1995-2005 (n=11) in Johnson Key Basin for (a) 
Thalassia testudinum and (b) Halodule wrightii............................................................ 7-41 

Figure 7-24:  (a) Frequency, (b) Concentration, and (c) Delta-density values for Thalassia 
testudinum and Halodule wrightii in Johnson Key Basin from spring 1995 to 2006 (open 
symbols indicate 2006 values).  Contour plots illustrate the distribution and abundance of 
(d) Thalassia and (e) Halodule in 1995, 1999, 2005, and 2006 in Johnson Key Basin 7-42 

Figure 7-25:  Time-series plots in Johnson Key Basin for (a) salinity, (b) turbidity, (c) 
chlorophyll a, (d) TP, (e) dissolved inorganic nitrogen, and (f) nitrate plus nitrite....... 7-43 

Figure 7-26:  Comparison of 2006 spring SAV observations with mean spring observations 
and 95% confidence intervals from 1995-2005 (n=11) in Blackwater Sound for a) 
Thalassia testudinum, b) Halodule wrightii, and c) Batophora ..................................... 7-44 

Figure 7-27:  Time-Series Plots in Blackwater Sound for (a) Salinity, (b) Turbidity, and (c) 
Chlorophyll a ................................................................................................................. 7-45 

Figure 7-28:  SE Module Nursery Habitat Hypothesis CEM .............................................. 7-47 
Figure 7-29:  Shoreline Segments Sampled in Visual Belt Transect Survey and Record of 

Sampling Effort.............................................................................................................. 7-51 
Figure 7-30:  MAP Spotted Seatrout Monitoring Sites ....................................................... 7-52 
Figure 7-31:  Number of Stations, by Year, Used to Develop Data for Pre-MAP .............. 7-53 
Figure 7-32:  Locations of the 19 Sampling Locations that Comprise FIAN...................... 7-54 
Figure 7-33:  Time Series of Abundance Metrics for Gray Snapper................................... 7-56 
Figure 7-34:  Salinity-abundance Relationships for Gray Snapper ..................................... 7-57 
Figure 7-35:  Seasonal Size Frequency Distributions of Gray Snapper Along the Mainland 

Coast .............................................................................................................................. 7-58 
Figure 7-36:  Spotted Seatrout Density and Frequency, by Year, from Pre-MAP and MAP 

Databases ....................................................................................................................... 7-59 
Figure 7-37:  Density and frequency of occurrence of spotted seatrout in Florida Bay, by area 

and year.......................................................................................................................... 7-61 
Figure 7-38:  Salinity Mean and Standard Deviation in the Four Spotted Seatrout Monitoring 

Areas .............................................................................................................................. 7-63 
Figure 7-39:  Spotted Seatrout Mean Density and Mean Salinity-September 2004-November 

2005................................................................................................................................ 7-64 
Figure 7-40:  Spotted Seatout Concentration and Occurrence in Florida Bay .................... 7-65 
Figure 7-41:  The Relationship Between the Occurrence of Spotted Seatrout Juveniles and 

Salinity, by area, in Florida Bay .................................................................................... 7-66 
Figure 7-42:  Comparison of the Sample-density Frequency of Pink Shrimp and Rainwater 

Killifish at South Black Point ........................................................................................ 7-68 
Figure 7-43:  Comparison of the Sample-density Frequency of Pink Shrimp and Rainwater 

Killifish at Johnson Key Basin ...................................................................................... 7-69 
Figure 7-44:  Seasonal Abundance Patterns of Juvenile Pink Shrimp in FIAN Sampling 

Locations........................................................................................................................ 7-70 
Figure 7-45:  Seasonal Abundance Patterns of Rainwater Killifish in FIAN Sampling 

Locations........................................................................................................................ 7-71 
Figure 7-46:  Seasonal Abundance Patterns of SAV in FIAN Sampling Locations ........... 7-72 
Figure 7-47:  Comparison of Long-term Pink Shrimp and Rainwater Killifish Abundance at 

South Black Point .......................................................................................................... 7-73 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final xi November 2007 

Figure 7-48:  Comparison of Long-term Pink Shrimp and Rainwater Killifish Abundance in 
Johnson Key Basin......................................................................................................... 7-74 

Figure 7-49:  Comparison of the Baseline Rainwater Killifish and Pink Shrimp Time Series 
Available from South Black Point ................................................................................. 7-75 

Figure 7-50:  Comparison of the Dry and Wet Season Baseline Rainwater Killifish and Pink 
Shrimp Time Series Available from Johnson Key Basin .............................................. 7-76 

Figure 7-51:  Occurrence, Concentration and Delta-density of Rainwater Killifish and Pink 
Shrimp............................................................................................................................ 7-77 

 

LIST OF TABLES  

Table 1-1:  Spatial Comparison of WY2007, WY2006, Historical Average Annual Rainfall 
(inches) and WY2007 Potential Evapotranspiration (PET) for Each Rainfall Area ....... 1-4 

Table 4-1:  Status and Prognosis Table for Priority Invasive Plant Species ....................... 4-39 
Table 4-2:  Top Ten Species by Abundance by Year Sampled ........................................... 4-60 
Table 4-3:  Top Ten Species by Weight (kg) by Year Sampled.......................................... 4-60 
Table 4-4:  Status of monitoring in the LO Module ............................................................ 4-75 
Table 5-1:  Southern Indian River Lagoon Seagrass Estimates by Year (1986–1999) ......... 5-6 
Table 5-2:  Data Used for the Assessment of the SAV Hypothesis Cluster .......................... 5-9 
Table 5-3:  Spatial (S) and Temporal (T) Sampling Scales for SAV Monitoring in the NE......

........................................................................................................................................ 5-10 
Table 5-4:  Independent Variables Being Sampled Within Each of the NE........................ 5-12 
Table 5-5:  Statistical Analysis Being Conducted on SAV Data Within Each of the NE ... 5-14 
Table 5-6:  Preliminary SAV Target Depths for the LWL .................................................. 5-17 
Table 5-7:  Percent SAV Change in the Couthern Regions of Charlotte Harbor ................ 5-17 
Table 5-8:  Mean Percent Cover by Station in Lake Worth Lagoon from 2000–2005 ....... 5-18 
Table 5-9:  Current Location of Oyster Habitat in the Northern Estuaries.......................... 5-35 
Table 5-10:  Live Bed Acreage Comparison ....................................................................... 5-40 
Table 5-11:  History Stages of Fish with Monitoring Technologies ................................... 5-64 
Table 5-12:  Technology Targets for Fish Assessment in the RECOVER Fish Module .... 5-65 
Table 5-13:  Fish Module Data PMs for RECOVER MAP................................................. 5-66 
Table 5-14:  Technology Habitat Targets for Assessment by the RECOVER Fish Module......

........................................................................................................................................ 5-67 
Table 5-15:  Description of Monthly Monitoring Sampling Gear Used in 2005................. 5-78 
Table 5-16:  Comparison of Fish Net Capture Data with Acoustic Data ............................ 5-86 
Table 5-17:  Degree of certainty in obtaining sufficient high quality data that would allow 

management decisions is presented on a scale of 1-10, 10 being the highest level of 
certainty.......................................................................................................................... 5-87 

Table 5-18:  Status of Monitoring in the NE ....................................................................... 5-92 
Table 6-1:  Numbers of Wading Bird Nests in the Greater Everglades Wetlands during 2006

........................................................................................................................................ 6-30 
Table 6-2:  Growth, Survival and Dispersal of American Crocodiles in Southern Florida.6-44 
Table 6-3:  Status of monitoring in the GE Module ............................................................ 6-50 
Table 7-1:  Number of Fixed Station Samples for Water Quality in Each Sub-region ......... 7-9 
Table 7-2: Criteria for Evaluating Chlorophyll a................................................................. 7-16 



                                                                                                                                                       Table of Contents 

2007 System Status Report Final xii November 2007 

Table 7-3: Number of Synoptic Underway Sampling Cruises conducted by NOAA/AOML in 
Biscayne Bay and Florida Bay Each Year Since the Projects Inception ....................... 7-21 

Table 7-4:  Numbers of Observations Per Site for the Biscayne National Park Continuous 
Salinity Monitoring Project............................................................................................ 7-21 

Table 7-5:  Estuarine Areas by Month for the Period of Record ......................................... 7-31 
Table 7-6:  Number of Sampling Quadrats Surveyed in Each Basin for Each Year during the 

Spring Florida Bay Fisheries Habitat (FHAP) Monitoring Event ................................. 7-39 
Table 7-7:  Annual Throw-trap Samples for POR 1984-2006............................................. 7-55 
Table 7-8:  Summary of Kruskal-Wallis Test P-values ....................................................... 7-60 
Table 7-9:  Status of Monitoring in the Southern Estuaries Module ................................... 7-81 
 
 
 



                                                                                                                                                                  Acronyms 

2007 System Status Report Final xiii November 2007 

ACRONYMS 

>  greater than 
<  less than 
=  equal to 
%  percent 
 
A 
AC  alternating current 
ac-ft  acre-feet 
AGL  Above Ground Level  
AM  Adaptive Management 
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B 
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cfs  cubic feet per second 
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cm  centimeter 
Corps  United States Army Corps of Engineers  
CRE  Caloosahatchee River Estuary 
 
D 
dB  decibles 
DEP/FDEP Florida Department of Environmental Protection 
DERM  Miami-Dade County Department of Environmental Resources Management 
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DOD  Department of Defense 
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ECOS  Estuarine, Coastal and Ocean Science, Inc. 
EDEN  Everglades Depth Estimation Network 
EFH  Essential Fish Habitat 
EMAP  Environmental Monitoring and Assessment Program 
ENP  Everglades National Park 
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EPA  Environmental Protection Agency 
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F.A.C.  Florida Administrative Code  
FFWCC Florida Fish and Wildlife Conservation Commission 
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FIU  Florida International University 
FIU/SER Florida International University/Southeast Environmental Research 
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FWC  Fish and Wildlife Conservation Commission 
FWRI  Florida Fish and Wildlife Research Institute 
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GIS  Geographical Information System 
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km  kilometer 
km2  square kilometers 
 
L 
LECSA Lower East Coast Service Area  
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NOAA  National Oceanic and Atmospheric Administration 
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NRC  National Research Council 
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P  Phosphorus 
P-I  Photosynthesis-Irradiance  
PAMS  Portable Passive Acoustic Monitoring System 
PAR  Photosynthetically Active Radiation  
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SFWMD South Florida Water Management District  
SFWMM South Florida Water Management Model 
Simper  Similarity Percentage Analysis  
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