National Park Service
U.S. Department of the Interior

Natural Resource Stewardship and Science

Assessment of Natural Resource Conditions In and
Adjacent to Biscayne National Park

Natural Resource Report NPS/BISC/NRR—2012/598




ON THE COVER
Coral reef in Biscayne National Park
Photograph by NPS South Florida/Caribbean Network



Assessment of Natural Resource Conditions In and
Adjacent to Biscayne National Park

Natural Resource Report NPS/BISC/NRR—2012/598

Peter W. Harlem, Joseph N. Boyer, Henry O. Bricefo, James W. Fourqurean, Piero R. Gardinali,
Rudolph Jaff¢, John F. Meeder, Michael S. Ross

Southeast Environmental Research Center
Florida International University
Miami, FL 33199

December 2012

U.S. Department of the Interior

National Park Service

Natural Resource Stewardship and Science
Fort Collins, Colorado



The National Park Service, Natural Resource Stewardship and Science office in Fort Collins,
Colorado, publishes a range of reports that address natural resource topics. These reports are of
interest and applicability to a broad audience in the National Park Service and others in natural
resource management, including scientists, conservation and environmental constituencies, and
the public.

The Natural Resource Report Series is used to disseminate high-priority, current natural resource
management information with managerial application. The series targets a general, diverse
audience, and may contain NPS policy considerations or address sensitive issues of management
applicability.

All manuscripts in the series receive the appropriate level of peer review to ensure that the
information is scientifically credible, technically accurate, appropriately written for the intended
audience, and designed and published in a professional manner.

This report received formal peer review by subject-matter experts who were not directly
involved in the collection, analysis, or reporting of the data, and whose background and expertise
put them on par technically and scientifically with the authors of the information.

Views, statements, findings, conclusions, recommendations, and data in this report do not
necessarily reflect views and policies of the National Park Service, U.S. Department of the
Interior. Mention of trade names or commercial products does not constitute endorsement or
recommendation for use by the U.S. Government.

This report is available from the Water Resources Division, Ocean and Coastal Resources
Branch (http://nature.nps.gov/water/nrca/coastalreports.cfm) and the Natural Resource
Publications Management website (http://www.nature.nps.gov/publications/nrpm/).

Please cite this publication as:

Harlem, P. W., J. N. Boyer, H. O. Bricefio, J. W. Fourqurean, P. R. Gardinali, R. Jaffé, J. F.
Meeder and M. S. Ross. 2012. Assessment of natural resource conditions in and adjacent to
Biscayne National Park. Natural Resource Report NPS/BISC/NRR—2012/598. National Park
Service, Fort Collins, Colorado.

NPS 169/117834, December 2012

1



Contents

Page

FAGUIES. ..ot e et e et e e et e e eaaeeebaeeeaaeeeabaeeeabaeeenaeeeenteeeanbeeeanreeenreaens xi
TADIES ..ttt et h bt et sh et et e bt e b eaee Xix
EXCCULIVE SUIMIMATY .....tiieeiiieciieeciie ettt ettt e st e e e tee e st aeesaaaeesbeeensaaeenssaesnssaessseesennes xxiil
ACKNOWIEAZEIMENLS........eiiiiiiiiiiiieciie ettt ettt et e et sete e beesateesbeessaeenbeesseeenseensnesnseens XXV1
INEEOAUCTION ...ttt ettt et e b e st e bt e s it e e bt e sateenbeesabeenbeeeeee 1
Park DESCTIPLION .....eeuiieiiieiieciie ettt ettt et e ettt e eabe e bt e esbeebeeesbeenseeenseenseesnseenseennne 1
ResoUIce CharaCteriZatiOn ........coueiiuieiiieiie ettt ettt ettt et esaee e e e 1
ASSESSIMENT OF TRICALS .....eoueiiiiiiiiieiteteee ettt 1
Assessment 0f Resource CONAITION .......oouieiiiiiieniieiieiie ettt 2
Conclusions and Information NEeds.........cccevirieriiiiiiiinieieiieeeeeeeee e 2

o 10 B T 01 01 10 o USSR 3
Size and Location of Park Lands.........cccoviiiiiiiiiiiiiiiieceeee e 3
Upland, Freshwater, Wetland, Coastal, Bay and Marine Systems ...........ccccceevveeriieencneeennee. 7
Legislative Background and Management ObJeCtiVes ...........coeevierienernienieneeiienieneeienens 14
Biscayne National Park General Management Plan............c.cccoveviiieiiiiinie e 18
ALBINALIVES ...ttt et sttt ettt et s he ettt bt et et sbe et eneen 18

Plan FINAlIZAtION ...eouviiiiiiiieeieee ettt ettt ettt ens 20

Park VISTEALION ..c..eeviiiiiiieiiiiecee ettt ettt ettt 20
Natural Resources of Biscayne National Park............ccccoeeiiiiiiiiiniicniceeeee e 27
PhySiCal RESOUICTES .....oocuiieiieeiiieiiecieee ettt ettt ettt e et e e enbeessneenneas 27
CIIMALE ...ttt et et e b e et e bt e e st e e bt e sabeenbeeeabeesbeesateenbeannee 28
GEOlogY ANA SOTIS ....eeiiieiieeie et ne 28
FreShwater SYSTEIMS ...cuvviiiiiiieiiie ettt e e e et e e e e e e esteeeesaeeensaeeensneesnseeas 45

il



Contents (continued)

Page

Coastal/Bay SYSIEIMS. ....cccciieeiiieeiieeeiiee ettt e ectteeetteesteeesteeesseeessseeessseeessseeessseessseesnsseenns 62
IMAATINE SYSEIMS ... eieutieeiiieiieettesiie et eeite et estteeteestteesbeesaeeenseesseeenseessseenseessseenseessseeseesnsaans 63
B1010ZICAl RESOUICES ......vviieiiiiiciieeciie ettt ettt e et e e e e e esaeeesnaeeenseeennes 64
VEZELALION ..ottt ettt ettt et e st e et e e taeesbeessteenbeesseeenbeensaeenbeenseeenseeseesnsaans 64

Y ASES 1.ttt ettt s bt e e bt e s bt e et e e st e sabeeeearee s 80
INVETEEDIALES ...ttt ettt sttt et be et sbe e b ebesaee 81
FISRES ettt ettt ettt ettt et st 85
COTAl REEES....eiiiiiiieeec ettt st et sttt et 96
Amphibians and RePtiles .........ceeeiiiiiiiiiiiiie e 103
BITAS ottt ettt st 103
IMAAIMIMALS. ...ttt ettt et ettt et e e eaeeas 103
ASSESSIMENT OF TRICALS ....cuveiiiiiieiiiiieiteee et ettt s 107
INEOAUCTION. ...t ettt et et e s bt et e sbee e b e eaee 107
AtmMOSPRETiC DEPOSILION ....cuuvieiiiiiiieiieiie ettt ettt et e et eesbeessaeenbeeaee e 107
ACTATIICATION ..ttt ettt et e ettt sat e e b e eaeeeeeas 108
Chemical and Particulate DepoSition...........cccveeuieriieiiiieniieeiieiie et ens 108
Pathogen DepoSItion ........cccuuieiiiiiiiieccee et et e e e e e e e e e 109
Ultraviolet RAAIQtION .......cooveiuiiiiiiiiiieiectesieteeesee ettt sttt 109
Visibility IMPaITMENES .....ccccuviieieiieeiiie ettt e et eerteeetaeesteeessaeessseeessseeesseeenes 110
AL QUALIEY .ttt ettt ettt e et e et e e nbe e b e e abeetaeenseeneeenne 110
Waater TUIDIAILY ..eeeeeiieeiiiece et et e e e e e et e esaeeenseeeenbaeesnseeennnes 111
OZOME ...ttt ettt et st e sh e ettt et ene s 115
OZONE CONCENITATIONS ....uteeniieeiieeiieeiteeeite ettt et e bt e e e bt e eateesbeesabeebeesabeebeesneeenbeesareans 115

v



Contents (continued)

Page

Impacts on AIr QUALTLY.....cccueiiiiiieiiie e 115
Nutrient ENTICRMENT ......ocuiiiiiiiiiiiiiieieeteeee ettt 116
Microbial ContamiNAtION ..........eiuiiiuiiiiiiiie ettt ettt ettt et beesaeeebeeeaee 123
POITULANES ...ttt sttt ettt et sb et et be et et 124
Pharmaceutical ChemiCals..........coccooiiiiiiiiiiiii e 128
Pesticides and HEerbiCides .........cceevueriiriiiiiieiiiierieeee e 128
IMLELALS ...ttt ettt ettt ettt e b e e a e et nabe e b e e eaeeeaeas 129
ANLI-TOUING AZENLS ..ottt ettt ettt e e e st e et esaaeenbeenns 130
PCBS and PAHS ...ttt 130
Thermal POIULION .....ooviiiiiiiiiiiieieeeee e 130
Radiological Contamination ..........c..ccccuieeriieeriieeniieerieeeteeerreeesereeseeeeeaeeeeraeeseeeeenns 133
IMATINE DIEDIIS ...oueiiiieiiiie ettt ettt st sb et st ae et st 134
FAT@ .ttt ettt e b ettt e st e e b e ettt e et e b e e 135
Hydrology/Water Management ..............cccueerieriieniienieeniieeieeriieeeeesieesaeeaeesaeenseeseaeenseeenne 136
Regional Stage/LLevVel.......ccouiiiiiiiiiecceeee et 138
DISCRATZE ....veeieieie ettt ettt ettt ettt e beeeabe et e enaeenreas 138
HAaDIEAE LLOSS ..ottt ettt st ettt e st b e 141
Channelization/Sheet FIOW BarTiers .......c...ooeivieiiiiiiiinienieeieniesi e 141
Coastal DEVEIOPIMENT ......cc.uiieiuiieeiiie ettt et e et e e ee e ssaeeesaeeeaseeesaeeensaeas 141
Habitat Fragmentation ............ccceeiiiiiiiiniieiierie ettt s 142
Impacts from Fisheries Harvesting on Bay/Marine Systems...........cccccveevvviencvieenneeennne. 142
ALZAL BIOOIMS ...ttt ettt ettt e et e s e et enbeennee e 142
Visitor Use and Habitat DiSturbance ............ccoouioiiiiiiiiiiniiieceee e 143



Contents (continued)

Page

VISTEOT TIMPACES ...eeiiiiieiie ettt e e e e et e et e e et e e sraeeenseeesnsaeesnseeeeanes 143
Harvest/HUunting/TaKe...........cccuiiiiiiiiiiiiieiieie ettt ettt 146
EXOTIC SPECICS . ..uviieiiiie ettt ettt et e et e et e e e ta e e s teeessteeessseeessseeensseeensseeensseesseeenns 149
EXOTIC PIANES ...ttt ettt ettt 149
EXOLIC BITAS ittt 151
Exotic Fish - Lionfish and Non-native Canal Fish ............ccccccoeiiiniiiiiiniiiiee, 151
EXOtIC INVETTEDTALES ......eeiutieiiieiieie et e 152
EXOtIC MAMIMALS ....euviiiiiiiiieciieiecet ettt et 156
EXOtIC REPLILES ...veeeiiieeiiieeee ettt ettt e e e e eraeeennaeeennes 156
Pests and PathO@ENS .........cooiiiiiiiiiiiieie ettt ettt et e 157
CIMALE CRANZE ...eeevieeeiieeeiie ettt ettt e et e e st e e e st eeesaaee e saeeessseeesseesnsseessseessseessseenns 158
Increased Water TeMPEIatUre ..........cccvieruieeiieiiieeiieriieeiee ettt seaeeaeeseeeeneees 159
S LEVEIL RISE.....coutiiiiiiiiiiit ettt ettt ettt ettt et ea 160
LISEEA SPECIES ...veeevieniieeiii ettt ettt ettt et et e e e abeebeesaaeebeesabeenseassbeenseesnseenseennns 164
LIAStEd PLANTS .....eeeiiitieee et et 164
Listed Invertebrates (Including Acroporid Corals).........ccccveviiiiieniiniiienieeieeeeeeeeen 165
LIAStEd BIIdS ..ottt 165
Listed Mammals. ........coouoriiiieiieniiienteseeee ettt 169
Listed Reptiles and AmMPhibians ..........ccceecvieeiiiieniieeiie et 169
LASted FISH...coeiiiiieee e e 172
AVIAION OVETTIIZIES ...eiiiiieiiiiecie e et e et e st e e s e e s saeeensaeenns 176
Aircraft Noise POIULION ......cc.oiiiiiiiiiiiieeeeeee e 178
Aircraft Exhaust POIULION ......coo.oiiiiiiiiii e 178

vi



Contents (continued)

Page

AIrcraft Safety ISSUCS ... .oiiiiiiiiiii e e e 179
POWET PLANES ...ttt sttt st 180
Turkey Point NUCIEAT ..........eieiiiieiie ettt e e eeae e eaaeeennaeas 181
CULIET POWET ...ttt ettt sttt et st be e 181
Turkey Point EXPanSion.........cceieciiieiiieiiiiecieecee et eeee e e eeaeeeaaeessaeeennee s 183
Proposed Peaker PIant...........c.ccooiiiiiiiiiiiieicceee et 185
GEOPhYSICAL TRICALS ...c.vveeeiiieeiie ettt ettt e et e e et e e e ta e e s saeessbeeessseeesnseeenns 187
EarthqQUAKES ......ceeeiieiieeie ettt ettt naae s 187
TSUNAINIS ...ttt st et e et e sb e st e bt e s et e e bt e sateebeesaeeans 187
Threat ASSESSMENtS SUMMATY ......ccuiiiiiiiriieeiieie ettt eee et e et e eteeieeebeesseesabeenseeenseeenas 188
Recommendations and Information Needs ..........c.eeiieiiiiiiiiiiiiiieiieee e 193
Geological ENVITONIMENL .........cociiiiiieiiieiieeie ettt ettt sere et e s be et e enaeeseesnseenneas 193
L@ reTo) (o e Tor:] WY, B:1') 383 VSRS 193
The Safety Valve Mud Bank............cccooviiiiiiiniiiiieicccccce e 193
Karst Holes and Incised Channels ............cccoiiiiiiiiiiiiiiiiiecee e 193
Educational GEOIOZY ......cccuviiiiiiiiiiieiieeie ettt et aae e 194
Sea Level Rise and Climate Change...........cccveeeiieiiiieeiiie e e 194
Terrestrial ENVIFONMENT. ........coiiiiiiiiiiiiiiieieee ettt st 194
ANthropogeniC EfECTS .....ccouiiiiiiicecce e 195
ECOSYSIEIM SEIVICES...ecuiiiiiiiiiieiieiiieeite ettt eite et e et e site et e e e e st e sateesbeeenbeeseesnseenseaenseesnas 195
HaMMOCKS ...ttt st 195
Marine ENVITONMENL ........cc.eiiiiiiiiiiieiieieeit ettt ettt sttt naes 195
VISTEOT TIMPACTS ...eeeiiiieiii ettt e e e e e et e e e ta e e ssaeeenneeeensaeesnseeeeanes 195

vil



Contents (continued)

Page

Anthropogenic Modification of the Environment.............ccccooovvieriiieniiieniieeciee e 195
Impact of Removal of Fisheries SPecies.........ccevvuiiriieiieniiiiieieeeere e 196
INVASTVE/EXOLIC SPECIES ..eeeuviieeiiieiiieeeiieeeieeeeieeeeieeesteeesaee e taeeessaeessaeeesseesnsaeesnseeennnes 196
Pests and PathO@eNnS .........c.ooiiiiiiiiiieiecie et st 196
Small-scale DIStUIDANCES ......cccueeiuiiiiieiii ettt 196
UV IMPACES ..ottt ettt ettt et et e e tb e e tbeesnsteessbeesabeeesabeeenanes 197
Hydrology and Water QUAlity .........ccceoeiuiiiiiiiiiiie ettt 197
Hydrology and Groundwater ISSUES...........cceeiiiiiiiiiiieiiecie ettt 197
AtMOSPhETIC DEPOSITION ....evvieiiiieeiiieeeiie ettt et e et e ettt e e e rae e sbeeeenbeeessseeesseeennns 197
Visibility IMPaIrMENtS ........cooiiiiiiiiiiiieiie ettt st 197
CERP MONIEOTINE ...eeeiviieiiieeeiieesieeeiieeeiteeeteeesaeeessaeessseeessseeessseeessseesssesensseessseesnseens 197
Nutrient ENTICRMENT.....c..coouiiiiiiiiiiiieececescee ettt 198
Microbial ContamiNAtION ........ccueiiuiiiiieiie ettt b e seeeeeeas 198
UTDAn GIOWLE ..ottt sttt st 198
Safe Target LEVEIS .ooeviiiiie ettt et e et e et e e e e e e s rae e snneeenns 198
Water QUality MONItOTINE. ......ccovieriieiieeieeiieeieeiee sttt e ste et esiae et e sereeteesaaeebeessneeneees 199
MOde] IMPTOVEMENL. ......eieiiieeiiieeiiieeiee et et et e e e e et eeetaeeetaeessaeessaeesnsaeesnseeeennes 199
POITULANES ...ttt sttt et sttt et s bttt sbe et et e b 199
High FIOW EVENLS ....oiiiiiiiiieceeee ettt ettt et et e e e 199
Sediment Associated POIULANTS .........cocuevieriiiiiniiieiiereceeeee e 199
Comprehensive Ecotoxicology Study........coccvieeiieeiiiiciecce e 199
Next Generation POIUtantS .........c.coooiiiiiiiiiiiiiiiieeeeeee e 200
MaATINE DIEDITS ..ttt ettt ettt ettt et eaeeas 200

viil



Contents (continued)

Page

Marineg FACIIITIES ...cc.veiiuiiiiiiiiee ettt st 200
ACTOSOIL POITULION ..ttt 200

Effect 0f ReSTOTAtION ......coiuiiiiiiiiiiiieie et 200
LAterature CIted ......eoviieiiiieieeiieetie ettt ettt sttt et sb et st b et et s be et saeens 201
Appendix A: Data Tables......ccccuiiiiiiiiiieceece et eaee s 217
Appendix B: Terrestrial Vegetation MapS........c.ccecvieriieriieniieniierieeeie ettt eveesee e e sneeneens 242
Appendix C: Joint Fishery Management Plan ...........cc.ccocovviiiiiiiiiiiciii e 259

X






Figures

Page
Figure 1. Location of Biscayne National Park southeast of the city of Miami,
showing topography and bathymetry...........coocuiiiiiiiiiiiiii e 4
Figure 2. General distribution of areas under park management..............cccceevvverieeniienneenieennnnne. 5
Figure 3. Conservation lands near Biscayne National Park............ccccocoiiniininnnn. 6
Figure 4. Named features in Biscayne National Park and surrounding areas..........c.cccccevveruenne. 7
Figure 5. General morphology of Biscayne National Park and adjacent upland.............c...c..c...... 9
Figure 6. South Florida Water Management District management basins west of
Biscayne National Park...........cc.oooiiiiiiiiiiicce sttt 11
Figure 7. Major freshwater canal inputs and their relative completion date ............c.ccceeeeenee. 12
Figure 8. Hard bottom substrate mapped by the Florida Wetlands Research Institute................ 13
Figure 9. Patch reefs as mapped by Florida Wildlife Research Institute...........ccccecevienericnnnene. 15
Figure 10. Platform margin reefs located along the eastern margin of Biscayne
INAIONAL PATK ..ottt sttt sttt st 16
Figure 11. Location of significant artificial reefs adjacent to Biscayne National Park ............... 17
Figure 12. Annual recreational visitation to Biscayne National Park............ccccoocervinininninne 21
Figure 13. Recreational visitors to Biscayne National Park by month..............ccccooeeiiiiiinnnnn. 21
Figure 14. Tent campers in Biscayne National Park by month ............ccccooiiniininiininininne. 22
Figure 15. Miscellaneous campers in Biscayne National Park.............cccooeviiiiiiiniiiniieccees 22
Figure 16. Vessel registration in Miami-Dade and Monroe Counties by vessel class
fOr years 2000-2007. ......cooiieeiieeiite ettt ettt este e e eeesteeesteeessbaeestaaeestbaeaaraeebaeeetaaeaaaeeeneeearaeens 23
Figure 17. Vessel registrations by type of VesSel........cccvivviiiiiiiiiiiiiiieieeee e 24
Figure 18. Examples of boater use of Biscayne National Park.............ccccoeeviiiiiiiiniininieiiee 25
Figure 19. Observed boat usage in Biscayne National Park during 2003-2004 ...........ccccccuenneene. 26
Figure 20. Generalized geologic map of South Florida............cccoveieiiiiiiiiiiiiieeeceeeee 29
Figure 21. North-south generalized geologic cross-section of the Florida Peninsula.................. 31

x1



Figures (continued)

Page
Figure 22. Major structures in the Florida Peninsula.............cccocoevviiniieniieiieniecieeieee e 32
Figure 23. Outcrop of Fort Thompson Formation bed ...........ccccceoiviininiiniiniinnicncceicnee 34
Figure 24. Hand specimen of Fort Thompson freswater marl facies.........ccccovceevervenvencenennene. 34
Figure 25. Canal cut bank through the Key Largo Formation on North Key Largo ................... 35
Figure 26. Aerial view of Key Largo Formation on Elliott Key ........ccccecoeviiniiiiniiniicienee 35
Figure 27. Outcrop of the Miami Formation on the Charles Deering Estate............c.ccccceeuenee. 36
Figure 28. Oolitic facies of the Miami FOrmation ............cccoeveeviieriiiiiieniieiiecieeee e 36
Figure 29. Water filled cave in Miami Limestone formed in the bioturbated facies................... 37
Figure 30. Sediment regimes within Biscayne Bay as described by Wanless (1976) ................. 38
Figure 31. Median grain size distribution as indicated by data in Carnahan (2005) ................... 39
Figure 32. Depth to bedrock as mapped by Wanless (1976). .......cccoeveeviienieniienieniieieeeeeeen 40
Figure 33. Bathymetry of Biscayne National Park from NOAA nautical charts......................... 41
Figure 34. Soil map of Biscayne National Park and vicinity..........ccccoeceeviniiniinenienencnienne 43
Figure 35. Generalized soil map showing detail of basic types adjacent to Biscayne
INAIONAL PATK ..ottt sttt sttt st 44
Figure 36. Stylized cross-section across Everglades to Biscayne Bay .........ccccoecvevviieviieencnnnn, 46
Figure 37. 3D LiDAR terrain image of west side of Biscayne National Park clearly
Shows the transverse Zlades .........ccuieiiiiieiiie e e e e e e eaee e 47
Figure 38. Grass and marl transverse glade at Princeton, Florida in 1911 ........c.ccooeiiininennene. 48
Figure 39. Water control structure (S-20F) at Mowry Canal (C-103).......cccoveeeiieeiiieeieeeiene 48
Figure 40. Canals, ditches and tidal creeks along the mainland shore of Biscayne
INAIONAL PATK ..ottt ettt e et b e st e bt e eneeas 50
Figure 41. Aerial photos of Sands Key showing formed in Key Largo Limestone..................... 51
Figure 42. Aerial photo of large limestone mines (rockpits) located just west of the
park boundary along L-31E L@VEE.......c.cccciiiiiiiiiieiieie ettt 52

xii



Figures (continued)

Page
Figure 43. Historic map showing Black Creek..........ccccoeviiiriieiiiniieiiiiiieiecieeeeeee e 53
Figure 44. Aerial photomosaic of Black Creek taken in 1938 by USDA.......c..ccocevieniininicnnene 54
Figure 45. Photomosaic of Fender Creek (1938).......ccoiiiiiiriiiiiieieeieeieeieesee et 55
Figure 46. Photomosaic of Turkey Creek (1938) .....cocviviriiiiiiiiiinieeeeeceeeeeeeee e 56
Figure 47. Photomosaic of Mangrove Creek (1938) .......ccveviieviieiiieiieeieeiiecie e 57
Figure 48. Drowned stream courses shown by relic karst depressions and valleys in
the DAY DOTEOMN.....iiiiiiiiieiie ettt ettt et e st e e b e e tbeesbeeeabeesbeeesseessaessseenseensseenseas 59
Figure 49. Coastal marsh changes as shown by sequential aerial photos..........cccceevveeerieeennenne 60
Figure 50. Location of active springs along the shoreline of Biscayne Bay, identified
DY NOAA TN 2000 .......ccuiiiiieiiienieeieee ettt ettt ettt b sttt ettt et sa e b e eaes 62
Figure 51. General benthic habitat patterns in Biscayne Bay and Card Sound derived
from Roessler et al. (1973) and Thorhaug (1976).........coocieeriiieieeeeeee e 70
Figure 52. January 1976 vertical aerial photo showing area around the Convoy Point
PATK REAAQUATTETS. ....vvieeiiiieeiie ettt e e et e et e e st e e st e e e sseeessbaeesseeensseeensaeesnseeennseens 71
Figure 53. Compiled set of maps produced by Marzalek (1984) from the 1976 water
ENEITATING TIMAZES. .vveeeuvrieerrreerieeetteeaiteeeaiteeesseeasseeessseeasssesassseeasssseassseeassseeassseesssseesssseessseeessseesnns 72
Figure 54. Florida Wildlife Research Institute map of bottom communities of
Biscayne National Park derived from 1991-1992 aerial photos ........cccoevvieeeiieeiiieeiieeeiee e 74
Figure 55. Benthic map showing distribution of seagrass beds and other habitats
determined from aerial PhotOZIaPRY ......cccvviiiiiiiiiieeiie et aee e 76
Figure 56. Comparison of bottom habitats shown on various maps of Biscayne
INALIONAL PATK ...oveiiiiiii et et 77
Figure 57. Seagrass density adjacent to the west mainland shore of Biscayne National
PaTK ..ttt sttt et 78
Figure 58. Flowering example of the endangered beach clustervine (Beach
Jacquemontia, Jacquemontia reclinata) ...........c.cceeevieieiiieiiieeeece e 80
Figure 59. The rare Florida semaphore cactus (Consolea corallicola) has been
proposed for listing as endangered ............ccveeeiiiieiiiiiiiieecee e 80

xiil



Figures (continued)

Page
Figure 60. The endangered buccaneer palm (Pseudophoenix sargentii) or sargent’s
J 0221041 SRS PRSP 80
Figure 61. Historical fishing areas in Biscayne Bay...........cccccoeviiiiieiieniieiiecicceceeeeee e 89
Figure 62. Essential Fish Habitat and Habitat Areas of Particular Concern for
Penaeid shrimp in Biscayne National Park...........c.ccccoeiiiiiiiiiiiiniiiicceceee e 90
Figure 63. Essential Fish Habitat for the Snapper/Grouper complex ........ccccoceevervieniinernicnnne. 91
Figure 64. Essential Fish Habitat for migratory pelagic fish, which includes shoal
areas within Biscayne National Park and the inlets between the islands...........cccceeeveevciiienens 92
Figure 65. Essential Fish Habitat and Habitat Areas of Particular Concern for spiny
0] o] 1<) OO PO USTUTRRPRROPO 93
Figure 66. Snapper/grouper complex life cycle relationships ..........cccceeeiieviiniiieniieiiiienieeieeee, 94
Figure 67. Number of species by sampling site for benthic habitats in Biscayne
INAIONAL PATK ..ottt sttt sttt st 95
Figure 68. Turbid plumes entering Biscayne Bay via Safety Valve channels on
incoming tide March 16, 1952 .......cooiiiiiiiiee ettt e 113
Figure 69. Whitings in south Biscayne Bay opposite Elliot Key ........cccvveviiiiiiieicieeeieeeen, 113
Figure 70. Turbidity plumes moving slowly near Featherbed Bank(s) include a long,
thin variety made by the recent passing of the oil barge for Turkey Point..........c.cccccevveveenneen. 114
Figure 71. Recent color orbital image of most of the park showing turbidity patterns.............. 114
Figure 72. IDW interpolated fecal coliform levels from Fogarty (1969) data........................... 117
Figure 73. Reproduction of Figure 2 from Meeder and Boyer (2001) showing sample
locations for their ammOnNia STUAY.........ccccvieiiiieeiiiece e e e e e e eaaeeeeee s 119
Figure 74. Reproduction of Figure 32 from Meeder and Boyer (2001) showing plot
of Thalassia vs. NH," along Shoreline Benthic SUIVEY SItes ............cooevieveereeeereeeeereseeeeeennn 119
Figure 75. Reproduction of Figure 30 from Meeder and Boyer (2001) showing plot
of plant species distribution along Shoreline Benthic Survey sites.........cccceevvevvieercieenceeenneen. 119
Figure 76. Reproduction of map from Boyer (2005, 2006) showing cluster grouping
of Water qUAlILY SAMPIES .....eeeeiieiiiieeiee et ae e et e et e e e aaeeenaeeenaeenareees 120

X1V



Figures (continued)

Page
Figure 77. Reproduction of Figure 6 from Caccia & Boyer (2007) of annual average
DIN 10ading DUAZEL.......eeiiiiiiieiiee ettt ettt e st et e e beebeeebee e 121
Figure 78. Reproduction of Figure 7 from Caccia & Boyer (2007) of annual average
TP 10ading DUAZEL .....ceeieiiieiie ettt ettt ettt et e st e et eseaeenneas 121
Figure 79. Reproduction of Figure 3.17 from Mir-Gonzalez (2007) showing
groundwater loads for each region along the shore of Biscayne National Park ......................... 122
Figure 80. Turkey Point nuclear plant site in 1971 during construction .............cccceeceeveereenneene 133
Figure 81. Aerial view of the east coast of Elliott Key.........cccoevviiiiiiiieiiiieieceeceeeee e, 135
Figure 82. Fire management units in NPS Fire Management Plan.............ccocoveivinininnennn, 137
Figure 83. Vessel grounding locations for the period 1995-2008 mapped from
Biscayne National Park data ..........c.coccoiiiiiiiiiiiiiei e 145
Figure 84. Location of five exotic management regions in Biscayne National Park ................ 150
Figure 85. European starlings (StUrNUS VUIGAIIS) .........ccvevieiiieiiiieiieieeiese e 152
Figure 86. Common myna (ACridOtheres tristiS)..........cccoevvevieviieiiiieieeeeceeeeeeeee e 152
Figure 87. Indo-Pacific lionfish (Pterois volitan and P. miles) on ice after removal
from Biscayne National Park ............ccooeviiiiiiiiiiicce e 153
Figure 88. Spotted tilapia (Tilapia MAIIAE) .......cceeeeerieiieieeieeie et 153
Figure 89. Black acara (Cichlasoma bimaculatum).............ccooieiiiiiiiiiiceeeceeeeeeee 153
Figure 90. Jewel cichlid (Hemichromis lIetoUrN@aUXi)..........cceevueeieriieiienierieeieeeee e 153
Figure 91. Mayan cichlid (Cichlosoma uropthalmus) ..........c.cccooeveiiiiiiiiiiieeeeeeeeeee 154
Figure 92. Midas cichlid (Amphilophus citrinellum).............ccoooiiiieiineeeeeee e 154
Figure 93. Orinoco sailfin catfish (Pterygoplichthys multiradiatus).............ccccceeveviiiieennennnns 154
Figure 94. Pike killifish (Belonesox DeliZanus) ...........c.cceeverieciiiieniieiecieseeeeeeee e 154
Figure 95. Walking catfish (Clarias batraChus) ............c.cccooieiiiiiioiciieiceceeeeeeee 154
Figure 96. Grass carp (Ctenopharyngodon idella) ............cccoveeiieiiiieiiniiiieeeeeee e 155

XV



Figures (continued)

Page
Figure 97. Peacock bass (Cichla o0Cellari).........cccooovevvieiiiiiiieiiceeceeeeeeee e 155
Figure 98. The exotic pest cactus moth (Cactoblastis cactorum) adult..............cccvevverieniinnenen. 155
Figure 99. Red imported fire ant (SOIENOPSIS INVICLA) ......c.covveevieeiiiieieceieieeieeeee e 155
Figure 100. Mexican redbellied squirrel (SCIUrUS QUIe0JASTEr)........ccvevverveereerrerieieieiesieereeeas 156
Figure 101. Feral cats (FEIIS dOMESHICUS) ......ccueevviieiiirieiieiieeieeie ettt 156
Figure 102. Black rat (RAIUS FattUS) ........cc.eeoiieiiiiiieiieie et 156
Figure 103. Box model showing ecological feedback processes caused by climate
change on coral reef OTZANISIMIS. .......cccuiiiiiiecieecie e e e e et e e s reeeebaeeenveees 160
Figure 104. Engle and Summers (1999) map showing the zoogeographic provinces
along the East Coast, with Biscayne National Park located in the West Indian
PLOVITICE. .etttentieeiieetie ettt et e et etteeeteeaeeeabeeseeeabeesteeaseeseeanseaseeenseensseenseansseenseessseenseassseenseesnsaans 161
Figure 105. Depth vs. latitude plot of the aragonite saturation horizon for the Atlantic
OICEAM ...ttt e b e et e bt e a e et sa e e e h bt et s bttt sht e e e e naaeenees 162
Figure 106. Comparison of aragonite saturation vs. coral reef locations for warm
water corals from 1870 with projections t0 2005 .........ccoeviiiiiiiiiienieeiieie e 163
Figure 107. Schaus swallowtail butterfly (Papillo aristodemus ponceanus) ............c..cccceveee.. 166
Figure 108. Locations of Schaus butterfly observations as recorded in the Florida
Fish and Wildlife Conservation Commission 2002 database ...........cccceeeveerieenieeniennieenieeeene 167
Figure 109. Elkhorn coral (Acropora palmata) colony growing on rubble
E2 6 Fa (010081 LSRR 166
Figure 110. Staghorn coral (ACropora CerviCornis) COlONY..........ccoevevvereeneesieseerieeiesienreennens 166
Figure 111. Wood stork (Mycteria @meriCana) .............ccecveeueeeueereeireeieeieecie e ereecve e 168
Figure 112. Least tern (Sterna antillarum) ............cccoovieiiiieiieiiicieeeeetee e 168
Figure 113. Piping plover (Charadrius Melodus)..........ccccueeieviiiieiiieiieiccieeeeeeee e 168
Figure 114. West Indian manatee (Trichechus manatus) ............cccoevevieeieneeiieneeneeieeeeie e 169
Figure 115. Key Largo cotton mouse (Peromyscus gossypinus allapaticola).......................... 169

Xvi



Figures (continued)

Page
Figure 116. American crocodile (Crocodylus acutus) is threatened.............ccceevevvieiirieenneennnns 170
Figure 117. Green sea turtle (Chelonia mydas) ...........cceeeeeeieierienienieeeceeeeeeeee e 170
Figure 118. Hawksbill sea turtle (Eretmochelys imbricata) ...........cccecveeevieiicienieieeieiee 170
Figure 119. Location of turtle strandings in and around Biscayne National Park for
LOBO-2004 ...ttt ettt et b et a e a et e a e e bt e te et e nheenbeeneeeteenteeanen 171
Figure 120. Young American alligator (Alligator mississippiensis) warming itself on
A FALLEN 1OZ...icuviiiieeieeee et ettt et e e bt e et e e teeetbeenbeeeraeenteas 174
Figure 121. Eastern indigo snake (Drymarchon Corias COUPEri) .......cccoevevueeieereecieeieeieeieeneans 174
Figure 122. Smalltooth sawfish (Pristis pectinata) combines a shark-like body with a
TOOthEA STIOUL....ceeiiiee ettt ettt ebt e et e st et esateebeeeee 174
Figure 123. Location of smalltooth sawfish (Pristis pectinata) encounters in the
National Sawfish Encounters Database from 1890-2008 ..........c.ccoiiiiiiiiiiiiiiniieeeeeeeee 175
Figure 124. Location of airports and heliports near Biscayne National Park..........c...c.cccceeeie 177
Figure 125. Linear scar made by fighter jet which crashed near the coast between
Homestead Air Force Base and the bay in 1965..........cccooiiiiiiiiiieieeeeceee e 180
Figure 126. Location of power plants adjacent to Biscayne National Park..............c.ccceeene. 182
Figure 127. Proposed expansion plan for Turkey Point ............ccooeieiiiiiiniiieniinieieeeee 186
Figure 128. Earthquake peak accelerastion (% g) with 2% probability of exceedance
T11 50 YOATS ..ottt etee et ettt ettt ettt e et e st e et e ett e e st e e seeeabe e st e enbeebeeeabeenbteesbeenbeeenbeenbeeenbeenteas 187

Xvil






Tables

Page
Table 1. Area under MANAZEMENL. ........c.ceoieeiiierieeiiieeieeieeeteeieeseee et e eeaeesteesebeeseeesseeseesnseenseeenns 3
Table 2. Public lands within five miles of Biscayne National Park..............ccoccooviniiiininn 6
Table 3. Bare bottom substrates in or adjacent to Biscayne National Park.............cccceevienniin. 14
Table 4. Offshore reef areas in and around Biscayne National Park............ccccooceriiniinnnnne. 14
Table 5. Mean number of boats in Biscayne National Park on days surveyed in 2003-
B TSRS 26
Table 6. Major canals entering Biscayne Bay ..........cccccoeciiriieiiieniiiiieiieeecie et 49
Table 7. Major historic freshwater steams entering Biscayne Bay...........cccccevvviieniiiencieencieens 58
Table 8. Summary of habitat areas inside Biscayne National Park ...........c.cccooeviiniininnnnnene. 69
Table 9. Summary of benthic habitat areas inside Biscayne National Park ............c..ccccoeeenenn. 75
Table 10. Summary of benthic habitats inside Biscayne National Park ..............ccccooceevenencnne. 77
Table 11. Principal crustaceans found in Biscayne National Park ............cccccoevviiiiiiieiiiieininnne 85
Table 12. Important aquarium fish species in Biscayne Bay..........ccccoeevieviiiniiiciiinieeiieiee, 87
Table 13. Vulnerable, threatened and endangered Fishes in Biscayne National Park................. 97
Table 14. Amphibians found in Biscayne National Park............ccccoooeiviniiniinininiiiiins 103
Table 15. Reptiles known to inhabit Biscayne National Park. .........c.cccccooevviiiiniiiiniiecieeee. 104
Table 16. Mammals found in Biscayne National Park .............ccccceviiiiiiniiiiiiiniiiiieieceeen, 105
Table 17. AtmOSPhEriC AEPOSILION ......eeeiiiieeiiieeiieecieeeetee et e et e e steeeseaeeeebeeeeaeeesaeeesaeeenneeas 109
Table 18. UV TaiatiOn ...c..coiuiiiiiiiiiiiiiieteee ettt sttt sttt st ae s 110
Table 19. Visibility IMPairMent...........ccccuiiiiiiiieiiieeeiieeeieeeeiee et e eeieeeeaeeesbeeesereeessaeeesaseeesneees 115
Table 20. OZOMNEC ....c..eiuiiiiieiieieiete ettt ettt sttt ettt st sttt s be ettt 115
Table 21. Nutrient enrichment ...........coooiiiiiiiii e 123
Table 22. Microbial contamination............ccuevvereerierienienieeiesieeeete sttt 124

X1X



Tables (continued)

Page
Table 23. National Status and Trends Mussel Watch sediment data medians and 85th
PEICENLIIE VAIUCS.....eouiiiiiiiiiie ettt ettt et et e bt esabe e bt e enaeeteesaeeens 131
Table 24. State of Florida sediment quality assessment guidelines applicable to
COASTAL WALETS ....eeiiiieeeiiecciee et et e et e et e et e e e te e e s teeeeabeeessseeessbeeesseeesseeessseesnsseesnsseesnseeennseens 132
Table 25. POIIULANTS. ....ocueiiieiiiierieie ettt ettt st b et e bt beebeeaeens 134
TaADIE 26. FITC..uoiiciiieeiie ittt e e e e et e e tte e e sab e e e ssbeeesbeeesseeensaeesnsaeennseeas 136
Table 27. Yearly average flow rates from principal canals discharging water into
Biscayne Bay adjacent to Biscayne National Park ............cccccoveiiiiiiiiiiniiccee e 140
Table 28. Hydrology and water management.............c.cecueeeveeruieniieniieeieeiieeteesiee e eeeesveeenas 141
Table 29. Habitat 10SS ......coiiiiiiiiiiiiee ettt ettt 143
Table 30. Visitor use and habitat diSturbance...........ccccoceviiniiiiniini 146
Table 31. Harvesting, hunting and take. ..........ccccveiiiiiiiiiieciecce e e 149
Table 32. Common exotic plant species identified by NPS.........ccccooviiiiiiiiiiiiiiieeee, 151
Table 33. Exotic reptiles in Biscayne National Park. ...........cccocovieiiiiiniiiiieeeeee 157
Table 34. EXOLIC SPECIES. .ievuvieiieiiieeiieriieeitteeiie et et e et e site e bt estteebeesaaesbeessbeenseessseenseensseenseenseas 157
Table 35. Pests and pathO@ens. .......ccc.uiieiuiiieiiiiecie e es 158
Table 36. ClMAe ChANZE .....cccueeiuiieiiieiie ettt ettt saaeeeteeeaeeenbeenseas 164
Table 37. Turtle strandings within Biscayne National Park, 1986-2004-...........cc.ccccovveverveennnenn. 171
Table 39. LiStEd SPECIES ...eeiuiietieeiieeiieeiie ettt ettt ettt et et e e bt e steessbeeteeenbeenseesnseenseesnseenseas 172
Table 38. Sea turtle nest monitoring in 2008 ..........cccvieiiiieriiieeiie e e e 173
Table 40. Airports near Biscayne National Park ..........c.ccocoiiiiiiiiiniiiiiiieeeee, 176
Table 41. Heliports near Biscayne National Park...........c.cccccoeeeiiiiniiiiiiiiecee e 178
Table 42. Aviation OVErflights ........cciiiiiiiiiiiiieiiee et 179
Table 43. Distance from Biscayne National Park to power plant sites...........ccccceeeeveercreeennnnn. 180

XX



Tables (continued)

Table 44.

Table 45.

Table 46.

Table 47.
Park. .......

Table 48.

Table 49.

Page
Cutler Power Plant 2007 water effluent temperature data.............ccoeevverieeriienvennnens 183
2005 analysis by FDEP of Cutler Power Plant discharge from outfall D-
..................................................................................................................................... 184
POWET PLANES ...t ettt ettt et s 185
Recent large-magnitude earthquakes within 200 km of Biscayne National
..................................................................................................................................... 188
GEOPhYSICAL tNICAL ......eiiiieiieciiciieete ettt et ebe e sbeensaesaaeens 188
Summary threat assessment table ............coccuieeiiieeiiiecieeee e 190

xx1






Executive Summary

This report is an assessment of the conditions of natural resources in Biscayne National Park
(BNP) based on the compilation, review and evaluation of existing information on the Park’s
natural resources. This review evaluates threats and stressors, and is intended to improve
understanding of BNP resources to help guide Park management to address the identified threats,
which are supported by enhanced data collection, research and assessment efforts.

The report is focused on broad resource components, namely terrestrial resources and aquatic
systems including: wetlands, canals, bay waters, marine/reef areas and ground waters. Biotic and
abiotic resource components are considered in the review.

The objectives of the assessment are to:
e Provide a review/compilation of existing information on BNP natural resources.
e Provide a list and description of threats/stressors to these resources.

e Develop a semi-quantitative ranking of the threats to resource components and the extent
of existing information.

e Identify research needs based on information gaps and degree of threat to the resources.

There are many threats to the resources of BNP and many gaps in our knowledge of the
functioning of the Biscayne Bay ecosystem. In this report, we identified and evaluated various
threats to specific natural resources and color-coded their strength using a stop-light format. To
enhance the assessment further, the state of the knowledge for individual threats was
complemented with a four-letter code to indicate whether the knowledge base is good, fair, poor
or only inferred. Existing problems with a good knowledge base are candidates for management
actions, while problems with less certain understanding are candidates for monitoring and
research. Given our understanding of the state of the natural resources of BNP, we highlight the
problems that deserve research priority.

The U.S. Congress designated Biscayne National Monument on October 18, 1968 to protect the
central and southern portions of Biscayne Bay. In 1982, the monument was expanded and
dedicated as Biscayne National Park. The Park is located south of the city of Miami (25°39°N,
80°50’E) in South Florida. The Park covers approximately 172,000 acres, most of which are
covered by water, either in Biscayne Bay proper or offshore of the northern extension of the
Florida Keys. It includes estuarine ecosystems with extensive seagrass meadows in the bay
proper and extensive coral reef areas offshore of the Keys. BNP also includes terrestrial
ecosystems on the Keys (mainly hardwood hammocks) and mangrove forest along the mainland
shoreline. Except for its developed western boundary, BNP is surrounded by protected areas: to
the east by the Florida Keys National Marine Sanctuary (FKNMS), to the south by the FKNMS
and Pennekamp State Park, and to the north by the extension of the Biscayne Bay Aquatic
Preserve. BNP waters, Biscayne Bay Aquatic Preserve and Barnes and Card Sounds (part of
FKNMSYS) are designated Outstanding Florida Waters. The Park is within the National
Oceanographic and Atmospheric Administration (NOAA) designated Essential Fish Habitat
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(EFH) for spiny lobster, snapper, grouper, and the seaward waters are in the EFH for corals. All
of BNP is within the NOAA-designated Habitat Areas of Particular Concern (HAPC) for the
same groups and within the penaeid shrimp HAPC for the Biscayne Bay portion of the Park.

The major threats (not in order of importance) to natural resources in BNP are:
e Overfishing generally and for specific indicator species.

e Acidification as a result of increasing atmospheric CO; and its potential impacts on
aquatic organisms, particularly corals.

e Atmospheric deposition of anthropogenic particulates with associated pollutants and
possibly pathogens.

e Nutrient enrichment resulting in modifications in community structures and potentially
negative impacts through harmful algal blooms.

e Microbial contamination due to increased anthropogenic inputs caused by urban
development.

e General pollutant loadings to the Park, with particular emphasis on potential
ecotoxicological effects of present day pesticides and herbicides, pharmaceuticals and
personal care products, marine-derived pollution (e.g., antifouling agents) and canal-
derived, sediment-bound pollutants.

e Current water management practices including hydrological modifications, with
emphasis on plans for enhanced freshwater delivery (discharge), timing and the
associated salinity gradients and pollutant loadings.

e Deposition of marine debris.

e Habitat loss and fragmentation due to urban development, particularly for the urban
environments near the Park.

e Concerns about the resilience and buffer capacity of Park natural resources with the ever-
increasing visitor use, especially boating and fishing.

e Increases in diversity and abundance of exotic/invasive species for terrestrial and aquatic
environments.

e (Climate change and associated sea-level rise.

e Potential effects of existing and expanded power plants adjacent to the Park (e.g.,
thermal, water and radiological pollution).

Anthropogenic threats and stressors are significant for BNP, and their effects can be implied but
not accurately predicted. With the ever-increasing urbanization of the Miami metropolitan area,
the threats are imminent. Water quality (WQ) is likely to change in response to these growing
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human populations in South Florida and the changing policies for managing freshwater resources
in the watershed of BNP. It is well established that changes in water quality will lead to changes
in the benthic communities in Biscayne Bay and potentially in the marine/reef environments
seaward of the barrier islands. Steps should be taken to test hypotheses about water quality.
Benthic community relationships and a synthesis of existing and new information needs to be
developed to predict outcomes for planned changes in the quality or quantity of water entering
the Park. The relationships between altered water quality, including the ecotoxicological effects
of associated emerging pollutants of concern, such as pharmaceuticals and personal care
products, and the diseases of marine organisms, also need examination.

The terrestrial environments of BNP, which is better known for its marine resources, include
hardwood hammocks (broadleaf forest comprised of tropical upland trees) and coastal wetlands.
The latter comprise the entirety of mainland BNP, while the former characterize a diverse
mixture of communities on the barrier islands that form the eastern rim of Biscayne Bay. These
contrasting terrestrial ecosystems are underappreciated and critical components of the broader
BNP landscape. The coastal wetlands should be considered critical primarily for their
interactions with surrounding marine ecosystems, though their role in buffering nearby urbanized
areas from storms is probably considerable. The significance of BNP hardwood forests lies in
their contribution to biodiversity in light of the diminished regional extent of tropical hammock
vegetation and, consequently, these ecosystems deserve more research focus and support than
they presently receive.

Currently, local human impacts are the primary concern; however, the accelerating rate of
climate change may soon overtake local impacts in importance. Research should be directed
toward understanding how climate change will impact the populations of marine organisms in
the benthic communities and the wetlands, in Biscayne Bay and the marine/reef zones of BNP,
and also how climate change could alter the relative dominance of species in all communities.

Park management practices and strategies need to be continuously enhanced to understand and
mitigate visitor use of Park resources. Of particular concern are threats from boating, as well as
fishing and diving. The resilience and buffering capacity of Park resources to visitor use, and the
potential increase in visitor numbers, must be assessed and management plans adjusted
accordingly.
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Introduction

The U.S. Congress in the FY 2003 Appropriations Act instructed and funded the National Park
Service (NPS) to assess environmental conditions in watersheds where national park units are
located. The objective of the assessments is to document existing and potential threats to habitat
and biological integrity, and to provide guidance for future research and data collection.

This report assesses the condition of the natural resources of Biscayne National Park (BNP) and
evaluates the threats and stressors that act on the natural resources. BNP occupies the central and
southern portions of Biscayne Bay, a shallow estuary adjacent to the Miami metropolitan area. It
has experienced significant degradation in estuarine conditions as a result of land use changes
and the conversion of natural drainages to managed canals in the watershed.

The assessment covers resource groups in terrestrial, freshwater and coastal-bay-marine areas
within and adjacent to BNP. A regional scope is necessary given the profound transformations
experienced in the watershed and forecasted changes in the Comprehensive Everglades
Restoration Plan (CERP), which is intended to restore some natural conditions from pre-
intervention times.

Considering the abundance and richness of scientific information on BNP, this assessment is
based exclusively on compilation, synthesis and exhaustive analysis of pre-existing data, without
collection of new data. The objective of the assessment is to provide park managers and
researchers:

e A descriptive summary of BNP natural resources.
e A synthesis of the status of the resources.
e Identification of information gaps and research needs.

This report is structured in five sections following guidelines and formats applied in similar
studies in other National Parks (e.g., Vaux et al., 2008).

Park Description

This section includes a comprehensive description of BNP, highlighting relevant pre-
modification dynamics and summarizing the fundamental characteristics of its resources. We
document the areal extent and diversity of the BNP landscape and protected areas surrounding
the park.

Resource Characterization

In this section, information is presented on a select group of attributes associated with generally
accepted measures of resource conditions that best characterize the physical, chemical and
biological resources of BNP.

Assessment of Threats
In this section, selected threats are described and the knowledge base and extent of the problems
are ranked.



Assessment of Resource Condition

Given the diversity of resources and variety of metrics used to evaluate their conditions in the
literature and this analysis, a homogeneous quantitative scale to evaluate those resources is
unrealistic. Approaches adopted by other investigators (e.g., Mitchell et al., 2006; Kahl et al.,
2000; Vaux et al., 2008), and fully described later in this report, were used.

Conclusions and Information Needs

Conclusions derived from this study lead to the identification of information gaps and topics
where research is needed to characterize threats and enrich the knowledge base to understand
ecosystem functioning and impact of stressors. This will help managers in the process of
decision-making.



Park Description

The U. S. Congress designated Biscayne National Monument in October 18, 1968, to protect the
central and southern portions of Biscayne Bay. In 1982, the monument was expanded and
dedicated as Biscayne National Park. The park is located on the southeast coast of South Florida.
Most of BNP's 172,000 acres are covered by water in the bay proper and the offshore along the
northern extension of the Florida Keys. It includes estuarine ecosystems with extensive seagrass
meadows in the bay proper and large coral reefs offshore from the Keys. Additionally, BNP also
includes terrestrial ecosystems on the Keys (hardwood hammocks) and mangrove forest along
the mainland shoreline. Except for its western boundary with the city of Miami, BNP is
surrounded by protected areas On the south and east is the Florida Keys National Marine
Sanctuary, which includes Card and Barnes Sounds; Card Sound to the south is an aquatic
preserve and BNP waters, Biscayne Bay Aquatic Preserve, and Barnes and Card Sounds have
been designated Outstanding Florida Waters and are also Essential Fish Habitats, designations
that add a higher level of regulation and protection.

Size and Location of Park Lands

Figure 1 shows the location of Biscayne National Park. Figure 2 shows the general areas under
management at the park and Table 1 shows the acreage by area. The majority of the park is
Biscayne Bay.

Table 1. Area under management.

Province Area (hectares) Area (acres)
Atlantic Ocean 28,243 69,790
Biscayne Bay 37,398 92,412
Card Sound 520 1,285
Inland water bodies 31 77
Land 3,103 7,668
Total 69,295 171,232

The park is adjacent to protected lands and submerged bottoms with the exception of the western
mainland shore where many developed and developable properties exist. The largest property is
Homestead Air Reserve Base, a military reservation located NW of the park headquarters.
Conservation lands (Figure 3) adjacent to the park include:

e The Florida Keys National Marine Sanctuary, which includes the marine areas east of the
park as well as the portion of Card Sound to the south.

e Biscayne Bay Aquatic Preserve, which includes bay water areas located north of the park
and managed by the state.

e John Pennekamp Coral Reef State Park, which shares its northern border with the park,
and Bill Baggs State Park on the south end of Key Biscayne.
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Figure 1. Location of Biscayne National Park southeast of Miami, showing topography and bathymetry.
Terrestrial areas are coded from dark green (lowest) to dark brown (highest). Marine areas are coded
light blue (shallowest) to dark blue (deepest).

e County and municipal parkland in many locations on or near the western park boundary.

e Miami-Dade County Environmentally Endangered Lands Program (EEL) plots along the
western shoreline of the park or scattered across the uplands near the park.

e Other publicly owned lands near or in the watershed to the west of the park.
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Figure 2. General distribution of areas under park management.

All other adjacent lands are zoned for commercial or residential use, including the large area
used by Florida Power and Light for the nuclear plant cooling canals just southeast of park
headquarters. The area of conservation land categories within five miles of the park boundary are
presented in Table 2. The names of features in and around BMP are shown in Figure 4.
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Figure 3. Conservation lands near Biscayne National Park. Environmentally Endangered Lands (EEL)
properties are part of the Miami-Dade Environmentally Endangered Lands program, and FKNMS is the
Florida Keys National Marine Sanctuary. Parkland includes city and county parks; Other Public Land
includes property under government control, but not necessarily set aside as conservation land.

Table 2. Public lands within five miles of Biscayne National Park.

Type Area (hectares) Area (acres) Comment
Environmentally Endangered Lands 1,345.7 3,325 County - preserved
Parkland 2,074.7 5,127 County and Municipal
Aquatic Preserves 13,952.5 34,477 State —marine only
State Park 5,991.4 14,805 State
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Figure 4. Named features in Biscayne National Park and surrounding areas.

Upland, Freshwater, Wetland, Coastal, Bay and Marine Systems

Biscayne Bay is defined by its geology. Specifically, the surface expression is a shallow
depression in bedrock, produced by erosion and sedimentation through one or more changes in
sea level acting on a suite of marine and fresh water deposits, dominated by limestone. Three
major physiographic provinces, and the Biscayne Bay basin itself, are present in BNP and its
surroundings: the Atlantic Coastal Ridge developed on the resistant Miami Limestone to the
west; the southern slope, locus of Holocene sedimentation; and the High Coral Keys developed



on the wave-resistant Key Largo Limestone to the east. Bedrock in all provinces has been
subjected to severe weathering, leading to the development of mature karst topography where
solution features (sinkholes, caves, microkarst, etc.) are abundant and relief is controlled by
differential resistance to erosion. This fundamental setting is responsible for subsequent
development and distribution of habitats and the ecosystem framework.

BNP is located primarily over a two subparallel marine basins — Biscayne Bay is the larger basin;
Hawk Channel forms the eastern third of the park and is located seaward of the rocky keys,
which divides the two basins. A small amount of land occurs along the western shoreline and on
the rocky keys. Much of the bottom of Biscayne Bay is rocky or covered with a thin veneer of
skeletal sands and mud, except for the thicker mud-bank called the “Safety Valve” found
leeward of a submerged rock trend. Thick peat, mud, sand and marl deposits are found along the
western shoreline and a few places on the islands. Seaward of the keys, Hawk Channel has
sufficient sediment in most places to support a grassy-covered bottom, and is dotted with
hardbottom areas and patch reef complexes; it is fringed seaward by a barrier platform reef
system.

Freshwater freely entered the bay by surface flow from the west or northwest before drainage
modification and urban development, and infiltrated water moved through two aquifers in the
upper layers. Surface flow passed from the eastern Everglades to the bay via shallow valley
structures (sloughs) oriented southeast in the Miami Limestone called “transverse glades” (TG,
Figure 5). North of Miami, the TGs terminate in streams; several northeast of the park were
evolving into streams, while those west of the park fed water to many of the largest tidal creeks.
The northern bay was significantly fresher historically because, in addition to water it received
from the ground and from runof, its four short rivers connected directly with the eastern
Everglades and combined with poor circulation until the opening of Bakers Haulover Inlet in
1924.

The southern bay combined an estuarine zone along the western shoreline, dominated by surface
and groundwater flows, with a large body of marine water in the park area, entering through the
many tidal channels cut through the limestone north and south of the upper Keys. A small coastal
plain of carbonate mud, freshwater marl and peat, with small quantities of fine quartz sand, lies
eastward of the limestone ridge and forms BNP’s mainland shoreline. Incised with numerous
extinct freshwater streams and tidal creeks, this sediment package widens considerably west of
Turkey Point. The coastal plain supported marl forming prairies and was fringed by peat forming
mangrove swamps running as a fringe along the coast.

The eastern margin of Biscayne Bay is defined by a linear elevated rock ridge made up of
coralline limestone (Key Largo Formation), generally interpreted as an extinct reef. This
Pleistocene reef is well exposed in the northern Keys where it rises to about 18 ft. In the northern
bay this structure dips below the sediment cover, except off of Fisher Island and Virginia Key. It
is just below the surface on the ocean side of the Safety Valve mud banks emerging only at
Soldier Key. This subsurface aspect protects the Safety Valve and the northern beaches where
present, such as at either end of Key Biscayne. Along the southern bay, the limestone is
emergent and forms the middle and northern Florida Keys. Channels through the structure
formed before the Holocene control the location of inlets and present tidal channels. Older,
extinct reef structures seaward of the keys are lower in elevation, run in bands roughly



paralleling the current shoreline and most have modern reefs growing on them. The living
platform reefs offshore of the keys are separated by Hawk Channel, a depression filled with
carbonate sediment and possibly fault-controlled.
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Figure 5. General morphology of Biscayne National Park and adjacent upland derived from 2002 LiDAR
and other sources. Note the many transverse glades passing over the limestone Miami Ridge. These
were historic pathways for water flow from the Everglades to the coastline and fed the Southeastern
Saline Everglades (SESE) coastal plain.



Drainage practices over the last century or more have eliminated most of the freshwater inputs,
except for frequent point-source releases of water from the canal system to reduce interior
flooding and small quantities of groundwater and rain (McPherson et al., 1976, Duever et al.,
1994). Now, the rivers are controlled and a system of canals is in place with at least one major
canal in each hydrologic basin (Figures 6 and 7); the runoff has been reduced to a trickle, and
groundwater head has been lowered. Appendix A Table Al shows the basin areas and proximity
to BNP. North Biscayne Bay had frequent “freshets” with massive fish kills prior to opening
Bakers Haulover inlet, which changed the salinity regime from estuarine to marine. In the
southeastern portion, farming in the 1920s and 1930s converted most of the marl surfaces to
agriculture. Recently, much of the coastal property in private hands is being converted at a rapid
rate into suburban residential and exurban economic zones, even though this land was prone to
inundation in the past and is now threatened by sea-level rise.

Limestone bedrock is exposed in the park in many locations and most of it displays karst features
(Thornberry-Ehrlich, 2005). On the reef tract, sinkholes have been identified and some of the
transverse submerged channels through the reefs could be interpreted as karst features along joint
or fault trends (Kramer et al., 2001). On the Keys, the entire upper surface is controlled by the
karst aspect of the Key Largo Limestone with microkarst surfaces and many facies changes
which affect vegetation patterns (Ruiz et al., 2008).

Much of south Biscayne Bay bottom is bare bedrock or barely covered by a sediment veneer
which may come and go with storm cycles. This surface displays circular depressions (sinkholes)
filled with seagrass growing over fossil mangrove peat (Zieman, 1972) reflects the karst history
of the Miami Limestone prior to submergence. Other striking features are dendritic patterns
which seem to be drowned stream channels etched into the limestone surface. These can often be
traced from extinct freshwater streams along the coast, with branches coalescing into wider
sinuous segments which ultimately extend to breaks in the barrier islands. One group, located
north of Featherbed Bank, is trending to a location under the Safety Valve, and a second main
group converges on tidal passes south of Elliot Key.

Sediment within Biscayne Bay is generally thin and mostly formed of biogenic carbonate
(Wanless, 1976). The Safety Valve banks are the thickest accumulation of fine carbonate mud in
the park and are geologically quite peculiar and little studied. The banks are protected from
ocean attack by a thick rind of sand, coarse shell and coral fragments on the seaward margin and
by the Key Largo ridge which lies under the margin edge. Behind this protection, they are mostly
soft mud and support a dense pattern of seagrass and biota. At the north end of BNP, mud, which
has been transported south from the break in Rickenbacker Causeway, accumulates along the
deep axis where depths can reach more than four meters. To the east, a thin sediment package
overlies the limestone to the coast, but closer to Black Point this thins until bedrock is exposed.
Quartz sand bodies (common to the north) are scarce in the park, except as deltas at the mouths
of former streams where they support dense mangrove forest structures which also extend up the
former creeks. Featherbed Bank and No Name Bank are examples of relict sand structures which
can be emergent at lowest tides. Longshore, drift-derived, sand beaches are found northeast of
the park from Matheson Hammock south to Chicken Key, although these are now eroding as
their supply of sand has been cut off by many dredged holes along that coastline.
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Figure 6. South Florida Water Management District management basins west of Biscayne National Park.
These basins are used to control flooding and salt water intrusion, but have only a crude relationship to
the natural drainage basins determined by geomorphology.

Biscayne Bay is separated into sub-basins by sediment banks. The area north of Featherbed Bank
is the main basin of central Biscayne Bay and is generally deeper than any others in the bay.
Recent work suggests this depression may be fault controlled as there appears to be one trending
from Black Point toward Key Biscayne (Cunningham, 2008). The southern basin south of
Featherbed is shallower, but deepens toward Elliot Key and to the south, where it is separated
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Figure 7. Major freshwater canal inputs and their relative completion date.

from Card Sound by a large carbonate sediment bank which provides a substantial divide
between the bay and the sound.

Perhaps the most famous and most visited areas of the park are its fringing reefs and extensive
network of patch reefs off Elliott Key. Coral hardgrounds and patch reefs occur in Biscayne Bay
(Lirman et al., 2003), mostly on hardbottom in the southern bay near the upper Keys (Figure 8).
These are areas with adjacent seagrass beds or seagrass patches growing in rounded karst holes
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Figure 8. Hard bottom substrate mapped by the Florida Wetlands Research Institute. Hard bottom areas
are the home of many animal and plant species adapted to bare bottoms with shifting thin sediments.
Many solitary or small-head hard corals and gorgonians and many attached benthic plant species, such
as important calcareous blue-green alga, live in areas of normal marine salinity. SAV = submerged

aquatic vegetation.

in the upper limestone layer; they provide food and other benefits to the animals living on small
bioherms. Hardbottoms are also the home of sponges, which were harvested extensively in the
past (Munroe, 1930). Table 3 shows the total area of bare bottom and hardbottom substrates in
the park and the adjacent bottoms to five miles from the park boundary.
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Table 3. Bare bottom substrates in or adjacent to Biscayne National Park (BNP). Categories defined by
FWRI (1992). Percent is compared to total benthic area. Ha = hectares.

Bottom Type Area (Ha) in Ar_ea (Ha) Perqent
BNP 5 mile buffer (BNP/ 5 mile buffer)
Bare substrate 2,499.3 4,345.8 3.71/3.87
Hardbottom 26.1 26.1 0.04/0.02
Hardbottom with seagrass 17,590.1 19,558.0 26.14/17 .4

Offshore of the barrier islands/Keys, the sea bottom is the home of both extensive patch reefs,
particularly seaward of Elliot Key (Figure 9), and bank margin reefs which extend for long
stretches along the eastern edge of the park (Figure 10). Table 4 summarizes the acreages of
these features. The reefs are frequently visited by fisherman and by recreational divers, and are
perhaps the most important asset to the park because of that attention; they also provide
managers with a sympathetic ecotone readily identified with this unique park. Coral reefs are
considered worldwide to be a major indicator of the health of the oceans the local environment.
However, the considerable environmental stresses on the reefs are mostly from a variety of large-
scale processes, many of which are not responsive to local management solutions.

Table 4. Offshore reef areas in and around Biscayne National Park (BNP). Categories defined by FWRI
(1992). Percent is compared to total benthic area. Ha = hectares.

Bottom Tvpe Area (Ha) in Area (Ha) Percent

yp BNP 5 mile buffer (BNP/ 5 mile buffer)
Patch Reef 940.7 1,165.7 1.40/1.04
Platform Margin Reef 2,876.5 4,047.2 4.28/3.6

Other reef-related resources are historical shipwrecks, other sunken vessels, or other debris
(wreck related or the result of dumping). These perform as hard substrate for reef-forming
organisms and are part of the archeological resources within the park. Artificial reefs are not
allowed within the park but several are located offshore of the eastern park boundary. They are
known by the diving and fishing communities and are utilized by both quite extensively, often
traversing park waters to access the sites (Figure 11; see Appendix A Table A2 for brief
descriptions).

Legislative Background and Management Objectives
In 1916, the National Park Service Organic Act was passed by Congress which created the Park
Service and gave it its purpose:

....to conserve the scenery and the natural and historic objects, and the wild life
therein and to provide for the enjoyment of the same in such manner and by such
means as will leave them unimpaired for the enjoyment of future generations.
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Figure 9. Patch reefs as mapped by Florida Wildlife Research Institute (1992). The area seaward of
Elliot Key has one of the highest densities of this reef type in the Florida reef tract. Note the significant
drop-off of reefs north of the Keys, where the mobile sediments surrounding Key Biscayne cover much of
the bottom area. Patch reefs inside Biscayne Bay are not shown.
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Figure 10. Platform margin reefs located along the eastern margin of Biscayne National Park (FWRI,
1992). Forming almost a continuous barrier along that side, breaks in the reef reflect geological attributes
such as drowned stream valleys.
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Figure 11. Location of significant artificial reefs adjacent to Biscayne National Park. Data are from
numerous sources, including online reef-diver listings and NOAA lists, none of which are complete by

themselves.

Code Title 16, Conservation Chapter, Subchapter

In order to preserve and protect for the education, inspiration, recreation, and
enjoyment of present and future generations a rare combination of terrestrial,
marine, and amphibious life in a tropical setting of great natural beauty, there is
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hereby established the Biscayne National Park...in the State of Florida. The
boundary of the park shall include the lands, waters, and interests therein as
generally depicted on the map entitled "Boundary Map, Biscayne National Park",
numbered 169-90,003, and dated April 1980, which map shall be on file and
available for public inspection in the offices of the National Park Service,
Department of the Interior.

Detailed aspects of running and managing the park are covered in the Code of Federal
Regulation under Title 36 (Parks, Forests, and Public Property) in which Chapter 1 covers the
National Park Service. Details of managing BNP proper are covered in the Superintendent’s
Compendium (National Park Service, 2004), which lists various uses and prohibited uses, among
other details.

Other Federal laws enforced in the park include the Endangered Species Act, Clean Water Act
and traditional law enforcement. Agencies including NOAA National Marine Fisheries Service
and Fish and Wildlife Service have jurisdiction over aspects of park resources. State laws
governing fishing and diving, West Indian manatee protection zones and others, are enforced by
Florida DNR, Florida Fish and Wildlife, and park staff.

Biscayne National Park General Management Plan

The last comprehensive planning effort (general management plan) for Biscayne National Park
was completed in 1983. Population and development near the park has greatly increased since
1983, visitor uses have changed and stresses on park resources have increased. Each of these
changes has profoundly impacted the integrity of park resources and quality of visitor
experience, and will have major implications for future management of park resources. In 2000,
the NPS began the planning process in order to clearly define goals for resource conditions and
visitor experiences to be achieved in the park, and determine what kinds of visitor facilities, if
any, would need to be developed.

This planning process is conducted pursuant to the National Environmental Policy Act and NPS
policies in order to ensure consultation with interested stakeholders and adoption by the NPS
leadership, after an adequate analysis of the benefits, impacts, and economic costs of alternative
courses of action. Public scoping meetings were held in 2001 and 2003, and continued with
public scoping workshops on possible sizes and locations of a marine reserve zone in 2009, and
release of the Draft General Management Plan/Environmental Impact Statement, followed by
more public meetings in 2011.

Alternatives

The draft plan has five alternatives, including the National Park Service preferred alternative for
future management of Biscayne National Park. The alternatives, which are based on the park’s
purpose, significance, and legal mandates, present alternative ways to manage resources and
visitor use and improve facilities and infrastructure.

Alternative 1

The no-action alternative consists of a continuation of existing management and trends at
Biscayne National Park, and provides a baseline for comparison in evaluating the changes and
impacts of the other alternatives. The National Park Service would continue to manage the park
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as it is currently being managed. Existing operations and visitor facilities would continue, and no
new construction would be authorized, other than what has already been approved and funded.
Current law, policy and plans, would continue to provide the framework of guidance. The
important impacts of continuing existing management conditions and trends would include no
new impacts on natural resources, no adverse effect on cultural resources, a continuation of
adverse effects on visitor experience, a continuation of adverse effects on park operations and no
new impact on the socioeconomic environment.

Alternatives 2-5

Alternatives 2-5 are action alternatives and they share common features, such as the introduction
of Nature Observation Zones in terrestrial areas of the park, and increase non-combustion engine
use zones and slow speed zones to increase boater safety and reduce impacts on sensitive
shallow areas by reducing vessel groundings. These areas include the waters surrounding Jones
Lagoon, the Featherbeds in the bay area of the northern part of the park and along the mainland
shoreline. The action alternatives reduce the Legare Anchorage. This area originally provided
boaters with visual landmarks to mark the protected area, where stopping, anchoring and
entering the water is prohibited. Due to modern GPS technology, an equal amount of protection
can be achieved with a smaller area delineated by latitude and longitude. Action alternatives 3
and 5 propose access by permit zones in order to provide opportunities for solitary recreation in
which the permit would be purchased by boaters. Action alternatives 3, 4 and 5 propose a no-
take marine reserve zone, intended to provide visitors who snorkel and dive a unique opportunity
to experience a healthy, natural coral reef community. The marine reserve zone is 10,522 acres in
alternatives 3 and 4, and 21,812 acres in Alternative 5.

Alternative 2

Alternative 2 would emphasize the recreational use of the park, while providing for resource
protection as governed by law, policy or resource sensitivity. This concept would be
accomplished by providing a high level of services, facilities and access to specific areas of the
park. Alternative 2 introduces Nature Observation Zones on terrestrial portions of the park, and
proposes zones such as Non-Combustion Engine Use zones in shallow seagrass areas vulnerable
to vessel groundings. Alternative 2 is expected to have beneficial impacts on fisheries and
submerged aquatic communities, negligible to minor adverse impacts on state listed species and
wetlands, no adverse effect on archeological resources, historic structures or cultural landscapes,
both beneficial and adverse effects on visitor use and experience, adverse impacts on the park’s
operations budget and beneficial impacts on the park’s facilities and beneficial impacts on the
socioeconomic environment; it is unlikely to adversely affect federally listed species.

Alternative 3

Alternative 3 would allow all visitors a full-range of visitor experiences throughout most of the
park, and would use a permit system to authorize a limited number of visitors to access some
areas of the park. Management actions would provide strong natural and cultural resource
protection and diverse visitor experiences. Alternative 3 is expected to have beneficial impacts
on fisheries and submerged aquatic communities, negligible to minor adverse impacts on state
listed species and wetlands, no adverse effect on archeological resources, historic structures or
cultural landscapes, both beneficial and moderate adverse effects on visitor use and experience,
adverse impacts on the park’s operations budget and beneficial impacts on the park’s facilities
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and beneficial impacts on the socioeconomic environment; it is unlikely to adversely affect
federally listed species.

Alternative 4

Alternative 4 is the National Park Service preferred alternative and would emphasize strong
natural and cultural resource protection while providing a diversity of visitor experiences. Some
areas would be reserved for limited types of visitor use. The marine reserve proposed in this
alternative would be 7% of the park’s waters and 30% of the park’s reef tract, leaving 93% of the
park’s waters open to fishing, including 70% of the park’s reef tract. Alternative 4 is expected to
have beneficial impacts on fisheries, and submerged aquatic communities, negligible to minor
adverse impacts on state listed species and wetlands, no adverse effect on archeological
resources, historic structures or cultural landscapes, both beneficial and adverse effects on visitor
use and experience, minor adverse impacts on park operations and both beneficial and adverse
impacts on the socioeconomic environment; it is unlikely to adversely affect federally listed
species.

Alternative 5

Alternative 5 would promote the protection of natural resources, including taking actions to
optimize conditions for protection and restoration. A permit system would be used in some parts
of the park. Other areas would have limited numbers of visitors, manner of access and
recreational activities to provide certain experiences. Alternative 5 is expected to have beneficial
impacts on fisheries and submerged aquatic communities, negligible adverse impacts on state
listed species and wetlands, no adverse effect on archeological resources, historic structures or
cultural landscapes, both beneficial and adverse effects on visitor use and experience, minor to
moderate adverse impacts on park operations, and both beneficial and adverse impacts on the
socioeconomic environment; it is unlikely to adversely affect federally listed species.

Plan Finalization

Over 18,000 comments from individuals, other federal agencies, tribes, organizations and
businesses were received on the draft plan. Over 90% of the comments were in favor of
alternatives containing a no-take marine reserve zone. This zone received considerable attention,
including Congressional hearings in April 2012, on concerns of marine industry groups and
fishing interests. NPS will consider changes to incorporate in a Final General Management
Plan/Environmental Impact Statement. The final plan will include letters from governmental
agencies, substantive comments on the draft document and NPS responses to those comments.
Following distribution of the Final General Management Plan and a 30-day no-action period, a
Record of Decision will be issued to document the NPS alternative selection for implementation.
An approved plan does not guarantee adequate funds and staff for implementation.

Park Visitation

Visitation to BNP has grown from 78,000 in 1972 to 600,000 annual visitors (Figure 12) with
monthly totals varying from 30,000-100,000 (Figure 13). Tent campers are most common in the
spring months (Figure 14), while boat overnight stays are highest in October (Figure 15). Not
included in the data are research visits, walk-ins from ground access points along the shoreline or
overflights by aircraft.
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Figure 12. Annual recreational visitation to Biscayne National Park.
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Figure 13. Recreational visitors to Biscayne National Park (BNP) by month. The sharp dip after
Hurricane Andrew in 1992 and slow recovery is clearly visible. Data from NPS Public Use Statistics Office
covers the1979-2007 period, except for the post Hurricane Andrew period Aug./1992-Dec./1992, for
which data is not reported. Usage did not return to normal levels until 1995.

Of most concern are the users who come by boat because of the marine nature of the park.
Without a boat, most of the resources cannot be viewed or enjoyed, a result of the small land
footprint including islands, which also must be accessed by boat. Boater usages include fishing
(mostly public but also commercial bait fish, finfish, crab and shrimp), scuba or snorkel diving,
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Figure 14. Tent campers in Biscayne National Park by month. Peak periods tend to be in the months
March-May. Data from NPS Public Use Statistics Office covers 1979-2007; however, no data was
reported for the period from August 1992, when Hurricane Andrew devastated the area, to January 2005.
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Figure 15. Miscellaneous campers in Biscayne National Park. These are mostly overnight stays in
vessels. Peaks tend to be in the week surrounding the Columbus Day Regatta. Data from NPS Public
Use Statistics Office covers 1979-2007, but with no data reported for the period from August 1992 to
January 2005.

traversing or just to spend quality time away from the stress of urbanization. Several times a
year, special events occur which attract visitors, fisherman or competitors in nautical events.
These can be especially busy periods.
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Small numbers of aircraft are used for research flights or military sorties; landing in the park
requires permission in advance. Others use the airspace over the park for viewing it or as a place
to practice flying techniques over a largely uninhabited area. Military users are normally only
passing through BNP airspace, but in the past Biscayne Bay has been used for training (e.g.,
bombing in WWII and astronaut recovery in the 1960s). Exact numbers of overflights are
unknown but could be extracted from FAA radar records or by studying filed flight plans.

Ground use includes visitation to park headquarters, either as a destination or to gain access to
park boats to Elliot Key and the reefs; casual users of access points along canal levees (mostly
for fishing); and the hardy souls who can handle the rigors of traversing the coastal mangroves
for recreation (birders and plant enthusiasts) or research. After September 11, 2001, many of the
levee roads leading to the park boundary have been closed for security reasons, which have made
long walks to the bay necessary to reach it for viewing or fishing. This precludes handicapped
visitors and may have decreased visitation for little or no gain; it should be revisited.

Vessel registration data is available from the Florida Department of Transportation, which shows
the total number of vessels registered in Miami-Dade County to vary from approximately 56,000
in 2000 to 62,000 in 2007. Monroe County registrations were between 27,000 and 28,000 for the
same period (Figure 16). Registrations in Miami-Dade increased by 1,561 vessels between 2006
and 2007, and in Monroe they declined by 598 over the same period. Monroe numbers peaked in
2005 and have declined since then; this is probably attributable to storm losses, particularly in
late 2005. Miami-Dade registrations have been increasing steadily in recent years.
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Figure 16. Department of Transportation vessel registration in Miami-Dade and Monroe Counties by
vessel class for years 2000-2007.
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Figure 17 shows the vessel registrations by type for the two counties nearest to BNP. All types
except Class A-2 (12-16 ft) are increasing in Miami-Dade County with Class 2 (26-39 ft) boats
increasing the most in recent years. In Monroe, all registrations are either holding steady or in
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Figure 17. Vessel registrations by type of vessel. Solid lines are Miami-Dade County and dashed lines
are Monroe County. Clearly, Class 1 vessels in the 16-25 ft are most common and the majority are
trailered prior to entering the water. Note that vertical scales vary.
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slight decline. We expect these trends to reflect the growing population of Miami-Dade and the
growth control exercised in Monroe County.

Determining the actual number of vessels using the park is not easy, since boats are not always
registered locally. Vessels enter from the ocean and other vessels traverse the Intracoastal
Waterway longitudinally without stopping within the park. Ault et al. (2005) attempted to
determine a metric for estimating the number of boats actually using park waters, and found that
a census of the number of trailers at adjacent marinas approximated (R?=0.943) the number of
boats in the park determined by over-flights. They collected a year’s worth of data in 2003-2004,
and produced maps showing both high usage and low usage periods. The highest use was during
the Columbus Day Regatta weekend, with other vacation days and special events like the Lobster
Mini-Season producing larger turnouts (Figure 18). The mean daily boating usage by season
varied in the range 240-420 with the most usage in the springtime and the least in winter (Table
5). Figure 19 shows the variability over a year.

Vessels and Tracklog
Saturday October 11, 2003
“Columbus Day Regatta®

N= 2318 vessels

Vessels and Tracklogs
Wednesday July 30, 2003
“Lobster mini-season”
N =751 vessels

Vessel_0730.dbl
< 1.2

Vessairyinta_20001011.ab¢
. 1.4

« 3.7
« 8-17
e 18.28
- Tracks_0730.dbf
Fiknms shp
[] Biscaynp.shp

Figure 18. Examples of boater use of Biscayne
National Park (from Ault et al., 2005). Top left
shows boats (red dots) using the park waters
during the Lobster Mini-Season in July 2003,
when 751 boats were counted and many were
using the offshore areas to hunt for lobsters.
Middle image show the boating pattern on a
typical day during the annual Columbus Day
weekend when 2,318 boats were counted.
Concentrations along the west side of Elliot Key
and vessels traversing the Intracoastal Waterway
are evident. The bottom image shows a typical
day in November when usage is relatively low (81
vessels) and boats are distributed more evenly.

Vessels and Tracklog
Tuesday November 18, 2003
N = 81 vessels

Vesselxyinfo_20031118.dbf
. 1.3

Tracklog_20031118 dbf
Fknms shp
[] Biscayrp.shp

5 . i s 12 Wiles
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Table 5. Mean number of boats in Biscayne National Park on days surveyed in 2003-2004 (Ault et al.,
2005).

Season Mean # of Boats Observed
Spring 416.8
Summer 361.9
Fall 365.8
Winter 243.0

2003-2004 Vessel Aerial Survey of BNP
Ault et al. 2005

2500

2250
Memorial Day Weekend

2000

Columbus Day

1750 Regatta

Lobster Mini-Season
1500
1250

1000

Number Observed

750

500

250

0
3/1/2003  5/1/2003  7/1/2003 9/1/2003  11/1/2003  1/1/2004  3/1/2004

Date
Figure 19. Observed boat usage in Biscayne National Park (BNP) during 2003-2004 (Ault et al., 2005).
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Natural Resources of Biscayne National Park

Biscayne National Park comprises a diverse suite of physical environments. Terrestrial upland on
the mainland and Keys provide diversity in plant life and important elements of the food chain.
Freshwater storage and delivery by surface runoff and groundwater provide the elements for
estuarine conditions in some areas. Coastal marshes provide habitat and food for important
animal and plant communities, as well as buffer the coastline from storm effects; Biscayne Bay
and Card Sound are outstanding water bodies with diverse habitats and inhabitants and
recreational assets of high value. The marine environment seaward of the Keys is home to broad
seagrass meadows and a portion of the living reefs of Florida, an unparalleled asset.

Physical Resources

To the west of the park, a ridge of limestone rises above the coastline, ultimately intersecting the
shore northwest of the Park to form the cliffs called Silver Bluff. Except for a large contribution
from precipitation, most of the natural freshwater entering the Park originated in the Everglades
to the west of the ridge. Historically, water would flow overland through shallow transverse
glades (TG) and rivers crossing the ridge, or as groundwater flow along the coast and in the bay
after passing through the ridge or under it (Meeder and Harlem, 2008). Subsequent alteration of
the surface drainage into canals began in the late 1890s (Caloosahatchee Canal, west of Lake
Okeechobee) and adjacent to the Park (Miami Canal, Florida City Canal), and continued with
Snapper Creek canal in the early 1910s (Stewart, 1907; King, 1917). Many additional canals and
ditches were installed to make more dry land arable for farming, including parcels along the
shoreline.

Natural sheet flow to the bay shore had to pass over a coastal plain marsh system dominated by
sawgrass and brackish water grasses (the white zone) with tree islands (Ross et al., 2000), and
then into the mangrove shoreline fringe forests which included many small tidal creeks (Meeder
et al., 1999). Once drainage canals were installed, sheet flow was controlled and channelized
resulting in point sources for most of the freshwater delivery and associated pollutants.
Construction of the L-31E levee and associated canal for storm protection eliminated sheet flow
to the bayshore. Because of lowering of the water table in the Everglades over the years,
groundwater head and saltwater intrusion can only be maintained by control structures on the
canals (Meeder et al., 1997). Flow to the park is severely curtailed by decreased Everglades
storage, and stage and flow generally only occurs now when there is a significant wet season
event that requires opening of the structures to alleviate urban flooding. The canal water and
what remains of the connected groundwater flow are affected by pollutants picked up from the
urbanized ridge and surrounding agricultural fields.

Freshwater entering Biscayne Bay mixes with marine water and portions return with the tide.
Tidal renewal times are short because of limited freshwater discharge (Meeder et al, 1999).
Water entering the estuarine zone exchanges with bay and offshore areas because there is
sufficient tidal flushing to move and mix the limited amounts of runoff in relatively short time
(Caccia and Boyer, 2005; Wang, 2003). Dredged holes, such as boat channels and marinas,
however, are sediment sinks, and transported sediments are deposited in the deep bottoms.
Canals normally have little suspended sediment, but what is there may be allochthonous
sediments derived from surface runoff, re-suspension from canal bottoms as well as atmospheric
deposition. Pollutants attached to sediment, or as part of the dissolved load, such as trace metals
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and organics, can accumulate in bay environments and potentially in marine organisms. With a
predicted extreme rise in sea level, oceanic forces can be expected to increase, and tide and wave
driven processes will be ascendant causing the redistribution of contaminated sediments.

Climate

Rainfall in BNP is bimodal with peaks in summer (June) and fall (September-October) ranging
from 102-165cm yr', with more rain occurring over the coastal ridge on the mainland than over
the barrier islands (Schmidt and Davis, 1978). Maximum rainfall is affected by the occurrence of
tropical storms and hurricanes, which can greatly alter the amounts over any particular area and
also affect regional variability (Duever et al., 1994). There is also a 7-year cycle and 3.5
harmonics in precipitation rates (H. Bricefio, personal communication.) The dry season usually
runs between December and March. Changes in aquatic chemistry, and the ecosystem’s response
to those changes, have been recently documented for Florida Bay (including Barnes and Card
Sound) as responding to long-term precipitation cycles (Bricefio and Boyer, 2009) driven by
global meteorological forcing. Preliminary exploration of Biscayne Bay water chemistry
indicates that park waters also follow those global trends with additional modulation by water
management deliveries. Chemistry of rainwater also seems to affect soil processes especially the
pH, which controls the mechanisms of dissolved organic matter and nutrients released to
streams.

Extreme climatic events, like hurricanes, are frequent in South Florida, and in recent years the
frequency, as well as the energy, of storms has been increasing in the North Atlantic (Landsea,
1996; Briceno and Boyer 2009). Winds, seawater surge and precipitation are coupled with larger
than usual deliveries of freshwater by the SFWMD to Florida Bay to avoid flooding of urban and
agricultural areas. These, in turn, result in sudden “freshets” and nutrient enrichment leading to
algal blooms, especially in areas with restricted circulation. Rainfall also transports particulates
to the surface waters. These particulates may be from local and distance sources, as South
Florida receives transported dust from Africa which has been shown to affect water quality once
it enters the water cycle (Prospero, 1999a). The effects of changing climatic conditions on park
natural resources have not been clearly discerned and require an additional research effort.

Geology and Soils

The geology of south Florida (Figure 20) is the result of a net regional subsidence spanning more
than 180 million years, along which marine and freshwater constructive (sedimentation) and
destructive (erosion) processes have alternated. At the same time, the rise and fall of sea level,
driven by eustacy and/or climatic fluctuations, has also left important imprints on the rock record
and the landforms, especially during Pleistocene times. This slow subsidence, caused by the
continuous opening of the Atlantic and the separation of North America from Africa and Europe,
has kept a close pace with shallow water sedimentation to render over 18,000 feet of Cretaceous
to Quaternary age sedimentary rocks (mostly limestones, dolomites and evaporites) deposited in
a large carbonate platform (Klitgord et al,, 1988). Cenozoic sea levels fluctuated over one
hundred feet above and below the actual sea level.

During the Paleogene the shallow platform was isolated from the mainland by the deep Gulf

Trough or Suwannee Strait (Chen, 1965) where strong marine currents did not allow siliciclastic
input from the continent to reach the submerged Florida carbonate platform located to the south,
and the terrigenous sediments coming from the north were transported eastward by the currents.
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Figure 20. Generalized geologic map of South Florida (Scott et al., 2001).
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By early Miocene, under more subtropical climate and with the Appalachian Mountains already
uplifted, substantial volumes of sediments were produced which finally filled the strait and
connected the shallow platform to mainland, creating the route for siliciclastic material to move
across the platform and progressively encroach the carbonate sedimentation southward. During
the Neogene sediments deposited on Florida were mostly quartz sands, silts and clays with
subordinated carbonate accumulation (Bond and Scott 1994; Pinet and Popenoe, 1985). In
southern Florida, most sediment was calcium carbonate rich with some quartz sands which
provided nuclei for carbonate ooids to develop extensively as bars in high energy environments.

The Cenozoic stratigraphic profile is shown in the north-south cross section of Figure 21, where
the onlaping of units from the south is evident. Although the sedimentary section is practically
un-deformed by tectonism, there are large and open structures, mostly as result of original
geometry and distribution of topographic highs and basins, as shown in Figure 22

Ginsburg (1987) proposed a structural control of the morphology of southeast Florida, arguing
that the striking feature of terrestrial and submarine morphology of Southeast Florida is the
family of arcuate trends that are convex towards the southeast. From northwest to southeast,
these trends are:

e The southern extension of the Atlantic Coastal Ridge composed of oolitic limestone of
the Lake Pleistocene Miami Formation

e The Upper Florida Keys, a chain of islands composed of the Late Pleistocene Key Largo
Limestone

e The break in slope of the Florida Reef Track marked by discontinuous living reefs, rocky
shoals, and piles of coral rubble.

e The Pourtales Escarpment of the Late Tertiary that marks the edge of the Pourtales
Terrace in depths of 360-540 m.

e The Mitchell Escarpment in depths from 720-1,000 m that is probably early Tertiary.

The Cenozoic section in South Florida, relevant to the present study, is represented by those
units outcropping within the watershed downstream from Lake Okeechobee (Figure 20) and
those lying underground, which constitute the shallow aquifers. The outcropping units are the
Plio-Pleistocene shelly sediments (TQsu), which include the formerly named Fort Thompson and
Caloosahatchee formations; and the Quaternary Miami Limestone (Qm) and Key Largo
Formations (Qk). Besides these units, also the subsurface Miocene Hawthorn Group, the
Pliocene Tamiami Formation and the Pleistocene Anastasia Formation bear significant
importance, but for brevity are not discussed.

Stratigraphy
The stratigraphy of the upper units of Southeast Florida is discussed in turn, starting with the

Miocene and moving upward to the recent.
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Miocene

The Miocene Epoch lasted from 23.8 million years ago (Ma) to 5.3 Ma. In south Florida, it is
represented by the Hawthorn Group. The Hawthorn Formation is a complex unit consisting of
carbonates and siliciclastic sediments interbedded and intermixed, deposited in inner shelf,
nearshore environments. It represents the significant change in sedimentation processes at the
end of the Miocene and beginning of the Neogene. The Hawthorn does not reach the surface in
south Florida but is important for the lower aquifer. The Long Key Formation of transitional age
from Miocene to Pliocene is found in cores in the Upper Keys. This formation is made of
siliciclastic sand layers accumulated in outer- to inner-shelf environments (Guertin et al., 1999).

Pliocene

The Pliocene Epoch followed the Miocene and lasted from 5.3 Ma to 1.8 Ma, and, in south
Florida, is comprised of the Tamiami Formation and the Caloosahatchee Formation. Both
outcrop in southwest Florida, particularly in the Caloosahatchee River basin but neither have
surface expression in the park region. The Tamiami Formation, estimated to be 6 Ma
(Hoffmeister, 1974), varies from sandy limestone to near pure sand, and parts of the upper
Tamiami are cavity-riddled and hydraulically porous. The Tamiami has been interpreted as bay
like to nearshore shelf environments with differential and fluctuating sea levels with proximity to
southward flowing rivers (Peck et al., 1979) and includes a major reef trend in southwest Florida
(Meeder, 1990). The Caloosahatchee (Marl) Formation is comprised of shell beds interlayered
with sand and silt deposits, which are generally thin and are not thought to extend far from the
southwestern side of Lake Okeechobee or along the Caloosahatchee River.

Pleistocene

The Pleistocene Epoch ran from 1.8 Ma to approximately 0.01 Ma (~10,000 years ago) and was
a period of intense shifts in sea level caused by cyclic changes in the earth’s ice cover.
Pleistocene limestone forms the bedrock in much of southeast Florida, and is represented by the
Fort Thompson Formation, the Key Largo Formation and the Miami Formation. The Fort
Thompson outcrops to the NW, near Lake Okeechobee (Figure 23), and forms the basin of the
great lake and Everglades. It lies below the Miami and Key Largo Formations at BNP and has
been interpreted as a series of sea level fluctuations producing alternating marine and freshwater
shell, sand and lime mud facies typical of shallow coastal environments (Figure 24). The Key
Largo Formation (Figure 25) is dominated by reef facies and is the outcropping of limestone
which forms the Florida Keys, including most of the islands within the park (Figure 26). The
Miami Formation, contemporaneous with the Key Largo, forms the low ridge along the park’s
west side (Figure 27) and the bottom floor of much of Biscayne Bay; its oolitic sand (Figure 28),
carbonate sand and burrowed mud facies are interpreted as marine inner-shelf deposits
influenced by high tidal fluctuations during oolite formation. As the principal geomorphological
control in, and adjacent to, the park (Meeder and Harlem, 2008, Harlem and Meeder, 2008), the
karst surface of this marine unit has the greatest effect on the park’s resources (Figure 29).

Holocene

The Holocene Epoch runs from the end of the Pleistocene more than 10,000 years ago to today.
The Holocene is characterized by soils on the terrestrial landscape and sediment deposits in the
coastal estuaries, bays and offshore, and includes the recent modifications done by man.
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Figure 23. Outcrop of Fort Thompson Formation beds. One meter high outcrop just west of extinct Lake
Flirt on the Caloosahatchee River canal includes a lower marine shell-rich layer and an upper, shelly,
freshwater, gastropod-rich marl. Fort Thompson underlies the Miami Limestone in Biscayne National Park

and is tens of meters thicker under the park (P. Harlem).

Figure 24. Hand specimen of Fort Thompson freshwater marl facies. The gastropods are a mixture of
Helisoma, Planorbis, and Hydorbiid varieties and the matrix is lime mud (John Meeder sample, photo P.

W. Harlem).
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Figure 25. Canal cut bank through the Key Largo Formation on North Key Largo. Branching coral head

(Montastrea cervicornis?) is plainly visible in the lower center. The rocks of the Florida Keys are made

from this extinct Pleistocene reef complex including those within Biscayne National Park (P. W. Harlem).
; ; ¥ PR 8 ; s X

Figure 26. Aerial view of Key Largo Formation on Elliott Key. The facies, or diagenetic, control on
vegetation is evident in the vegetation patterns. The small patch of hardwoods located at right center is
growing on the highest part of the outcrop while the mangroves on the left are growing on the lowest.
The bare, epikarst halo around the hardwoods is too hostile for either community to utilize, and appears
to be made of well-cemented fragments of branching corals. Note the presence of intertidal zonation
(color patterns) even though the entire profile is nearly flat (P.W. Harlem).
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Figure 27. Outcrop of the Miami Formation on the Charles Deering Estate. This is the crossbedded
facies predominantly composed of ooid grains and illustrates the commonly seen water table cave at the
base of the outcrop. Such karst features are very common in this limestone. The Miami Formation
outcrops west of the park, forms the bottom of Biscayne Bay and interfingers laterally with the Key Largo
Limestone along the west side of the Keys (P. W. Harlem).

Figure 28. Oolitic facies of the Miami Formation. This slab section shows well-developed clear calcite
cement holding the white ooids together, making this particular layer more resistant to weathering. These
indurated layers alternate with softer, less cemented ones, and make the cross bedding easy to see in
most outcrops of this facies. At the top the ooids have popped out showing the moldic porosity for which
the formation is well known (P. W. Harlem).
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Figure 29. Water filled cave in Miami Limestone formed in the bioturbated facies. The facies can
comprised ooids and biogenic sand grains (bryozoan and mollusc fragments, pelloids, etc.) and most
layering was destroyed by heavy burrowing by invertebrates after deposition. The cavernous porosity of
the Miami Limestone is poorly researched and not understood by most workers studying water issues in
Miami-Dade. Photo taken in “Razor Rock Cave,” Charles Deering Estate, a short distance from the
National Park (A. Cressler, USGS).

Holocene sediments and soils provide the habitat for most plant species, and many important
animal species, in the park. The dominant Holocene sediment in the park is biogenic sand and
mud comprised of any number of biologically derived components (i.e., Halimeda plates,
mollusc fragments, cohesive pelloids, coral fragments, foraminifera and other invertebrate tests).
Muddy carbonate sediment is a common matrix component and derived from the breakdown of
skeletal sands and calcareous alga, such as Acetabularia and Penicillus. Quartz sand is the third
most likely sediment and is derived from terrestrial sources usually transported to the region by
longshore drift and submarine currents, and perhaps by wind. Figure 30 shows the sediment
regimes as shown by Wanless (1976), Figure 31 shows median grain size (Carnahan, 2005), and
the depth to bedrock map (Figure 32) provides a generalized idea of sediment thickness when
compared to bathymetry (Figure 33).

Geomorphology

Most of the landforms of modern Florida formed during the Quaternary when, during high sea
level, carbonate sedimentation reached its peak, coral reefs grew and beaches formed and
extended, as did dune fields. The land area was reduced, forcing the coastal ecosystems to
migrate landward onlaping onto fresh water environments. At low sea level, the shoreline
migrated seaward, expanding the land mass. Weathering, mass movement in steep areas and
fluvial transport played a major role in the modification of landforms. Under this framework,
coastal ecosystems also migrated seaward, which sometimes restored estuarine conditions. In
Southeast Florida, these cycles of sea level rise and fall have generated critical landforms that
have controlled the persistence and distribution or disappearance of ecosystem assemblages.
Biscayne Bay, Florida Bay and surrounding landforms are the result of the dynamics of these
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Figure 30. Sediment regimes within Biscayne Bay as described by Wanless (1976). Mud deposits are
restricted primarily to the deep axis of the bay and the margins of the two sounds to the south of the park.
Calcareous tidal bars of carbonate sand and mud form the shoals at Safety Valve, Featherbed Bank and
Caesar’s Creek, while quartz sand deposits comprise several small features in the bay as well as
shoreline deposits along the mainland. Quartz and carbonate sand derived from the beach at Key
Biscayne form a submerged spit at the north end of the park.

38



Biscayne National Park s Park Boundary
Median Sediment Grain Size | ¢

Source: Carnahan, 2005

Map Prepared by
Peter W. Harlem
0 1 2 / 6 Miles Florida International University

Figure 31. Median grain size distribution from Carnahan (2005). Data were mapped using inverse
distance weighting interpolation of values taken during coring program. Not counting the terrestrial
portion, the park has more mud at the north end and more fine or coarse sand to the south and west. The
coarse sand value near the center of Elliott Key may be the result of winnowing by boat waves visiting the
NPS dock facility.
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Figure 32. Depth to bedrock as mapped by Wanless (1976). Bedrock dips to north and south away from
a high region around Turkey Point. The deepest point is under Key Biscayne and at least two valley-like
structures extend south into the bay portion of the park. These can be associated with recent historical
drainage features suggesting that the bedrock topography is post-depositional and produced by fluvial or

karst processes.
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Figure 33. Bathymetry of Biscayne National Park from NOAA nautical charts. The central axis of the bay
is uniformly deep, except where crossed by shoal sediments such as at Featherbed Bank. Deeply cut
tidal channels bisect the rise formed by the Key Largo Limestone along the trend of the Keys.
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cycles, which are also accompanied by different climatic conditions. Figure 1 shows the
topography (derived from LiDAR) of the region, and Figure 33 shows the current bathymetry as
shown on nautical charts.

The Biscayne Bay basin dates to at least 4,200 years BP based on basal peat dating (Meeder,
personal communication) and began filling with marine waters approximately 3,200 years ago as
sea level rose and flooded southern Florida (Wanless et al., 1994). Sea level is still rising and has
been accelerating. Data from Key West recorded since 1913 indicates sea level has been rising at
0.15+/-0.03 cm/yr before ca. 1925 and 0.23+/-0.01 cm/yr afterwards (Maul and Martin, 1993).
The rate is expected to increase in the coming years (Miami-Dade Climate Change Advisory
Task Force, 2008).

Soils

The National Park Service has so far not prepared maps of the soils of any of the major parks in
Florida, including BNP. However, historical soil maps, which show the park soils, include the
Soil Conservation Service soil survey map from 1947 (USDA, 1947, Figure 34) and a very
general map (Leighty et al., 1954) derived from it which lumps many types in crude
“associations.” The current Miami-Dade County soil map (USDA, 1996, Figure 35) does not
include the land inside the park, apparently for jurisdictional reasons.

From the data available and from numerous studies which reported on soil conditions, it is clear
the park has three principal soil types. Marl (carbonate mud) is the dominant soil type west of the
park, with peat dominant along the park’s mangrove fringes (Gaiser et al., 2006b; Ross et al.,
2001). The marl can vary in the content of silt or fine sand included. The main component is
fine-grained mud, derived either from transport onshore during storms and high tidal events, or
produced epiphytically by algal mats in the former wet grass prairies which used to occupy the
inland coast. The latter process has been lost as the coast has been denied fresh water runoff
(sheet flow) resulting in mangrove expansion in a change to peat formation. The former process
is ongoing and may increase as sea level rises and bay sediments are subjected to higher erosive
forces.

The second major soil type in the park is peat, derived from the small amounts of leaf detritus
combined with root biomass of mangrove forests. This is the common soil along the fringe of the
coastline and now to the edge of L-31E, along former freshwater streams and seeps and on most
of the islands. The amount of peat produced is a function of the biological processes of the trees,
and high productive areas can become elevated (Meeder et al., 2002). Mangrove peat
accumulation is rapid enough in some places to compensate for the mangroves’ ability to
dissolve subjacent rock by acidic pore water, a process that can provide for additional peat
storage (Zieman, 1972).

The third major soil type in BNP are Folists, which develop under hardwood hammock
vegetation on the barrier islands. Folists are organic soils (Histosols) that develop in well-
drained, upland settings that combine relatively high, aboveground production with some level of
recalcitrance to decomposition (Coultas, 1977). Detailed descriptions of Folists have been
published from Hawaii and the Florida Keys (USDA, 2000; Ross et al., 2003). Soils in BNP
hammocks are shallow, generally <30 cm deep. Total moisture-holding capacity is very limited,
and nutrient supply depends on efficient recycling. The nature of these soils suggests that the
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Figure 34. Soil map of Biscayne National Park and vicinity. Some details in the original data are not
visible because of general categories used in production of this map. Mangrove peat areas are not
differentiated and detail on the Keys within the park is clearly wrong, as much of the upland there is rocky
(USDA, 1947).
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Figure 35. Generalized soil map showing detail of basic types adjacent to Biscayne National Park
(USDA, 1996 based on 1986 survey). The source data does not show the soils in Biscayne National
Park.
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hardwood hammock ecosystems may potentially be damaged by disturbances that consume soils
or open the forest canopy for long periods (e.g., fires, insect or disease outbreaks) or from sea
level-driven salt water encroachment into the shallow rooting zone.

Fine grained quartz sand is an important component in only a few locations. Quartz sand is
present by longshore transport from the north or from weathering the limestone, of which it is a
minor component. It forms sandy soils on top of the ridge and some of that has been transported
downslope to the bayshore, particularly where former freshwater streams entered the bay.
Wanless (1976) identified small sand deposits at the bayshore that have now been associated
with each of the headlands along the western bayshore, each of which has a strong relationship
with former streams (Meeder et al., unpublished manuscript).

The park also receives dust in small quantities (Prospero, 1999) which contributes minerals and
is the source for iron rich soils such as the Redland soils, which give name to that region of south
Miami-Dade. Accumulation in the park is minor but it contributes iron and sulfur to pore waters
forming hard reddish layers of iron-rich calcite associated with cemented rootlets that are in
contact with the limestone. This is a form of calcrete and is transitional from soil to rock in
classification.

Lowering of Everglades’ water levels has produced significant oxidation of peat soils in that
region resulting in the lowering of ground levels over large areas (Davis, 1943; McVoy, 2011).
As most of the soil adjacent to BNP is marl or peat, which remains wet, this is assumed to be less
of a problem, although soil loss due to farming practices might be important. In fact, many
coastal farms have now been converted to residential properties with required fill pads to elevate
them above storm tide datum. This conversion has brought large amounts of soil to the coastal
real estate properties that have been engineered. For example, the Shoma property, located at the
northwest perimeter of the park, was extensively raised with transported fill.

Freshwater Systems

Water is the most important ecosystem component; its quality is an indicator of the health of
BNP. Freshwater from rain feeds the surface uplands, wetlands and Biscayne Bay (Figure 36).
As much as 95% of rainfall is returned to the atmosphere by evapotranspiration (Duever et al.,
1994; Ross et al., 2002). The surplus water in uplands becomes groundwater. Most surplus water
in wetlands runs directly into the bay by sheet flow or channelized flow. Only minor amounts of
water falling on the coastal ridge may flow into canals. Almost all canal water comes from the
Everglades or from groundwater stored within the coastal ridge. Figure 37 shows the upland
morphology to the west of the park and shows the linear depressions crossing the ridge called
“transverse glades.” These wet, marsh or prairie-like depressions (Figure 38) were important
pathways for historical flow across the coastal ridge, which is now kept dry by canal operations
(Meeder and Harlem, 2008). Current water management basins (Figure 6) are based on an
inherited system of haphazardly placed drainage features now operated for flood control, farm
hydration and aquifer protection, and has little relation to the natural drainage systems which
used to feed surface and groundwater to Biscayne Bay prior to development.
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Figure 36. Stylized cross-section across Everglades to Biscayne Bay. Freshwater entered Bay by A:
rainfall and surface runoff, B: groundwater recharge from elevated ridge, C: via transverse glades
perched on marl, D: springs feeding coast, E: groundwater to offshore and F: groundwater seeps in
coastal marl (at tree island). Lowering of Everglades water levels below historical minimum elevations
reduced or eliminated C and D. Lowering head reduced groundwater flows (D and E) leaving A and B as
only unmodified delivery. Cross section modified from McVoy (2011): flow details after (Meeder and
Harlem, 2008).

Drainage Systems

Current management of surface waters utilizes canals, coastal structures and weirs (Figure 39) to
move water rapidly as needed, for flood control, to maintain drinking water supplies, control salt
water intrusion, and provide water for irrigation. Major canals bring water to the coast and
release it via the structures on schedules determined by local managers. Smaller canals, irrigation
ditches, mosquito ditches and linear borrow pits provide lateral connectivity, which is largely
uncontrolled. The borrow pit for the L-31E levee is an example. Figure 7 and Figure 40 show the
location of the major canals and ditches leading to, or near, BNP. Table 6 lists the major canals
entering Biscayne Bay and if they are connected directly to BNP. Mosquito control ditching
going back to the 1920s, levee or road construction with linear borrow ditches and alteration of
natural streams have produced a modified coastline with little resemblance to historical natural
flow (Figure 40).
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Figure 37. 3D LiDAR terrain image of west side of Biscayne National Park clearly shows the transverse
glades. Historically, these structures performed the traditional role of streams cutting through the
limestone ridge. A significant portion of Everglades’ waters passed through these structures to feed
freshwater to the SESE coastal plain marshes or directly into the bay via coastal streams (Meeder and
Harlem, 2008; Meeder and Harlem, unpub.). Vertical exaggeration is 500 times (LiDAR from USACE).

Open Water Bodies

Open water bodies in the park include a small number of natural water filled sinkhole ponds on
the Keys and small open water areas in the mangrove tidal creek systems (Figure 39).
Anthropogenic water bodies include unconnected ditches or pot holes, most derived as borrow
for roads, levees, or irrigation dikes over the years. Deep rock mines are confined to areas just
west of the park boundary (Figure 41) with others several miles to the southwest in the former
Model Lands. The open mines remove water from the ground by increasing the area available to
evapotranspiration and those nearest to the park have contributed to saltwater intrusion (Meeder,
personal communication).

Streams

Natural streams connected directly to the eastern marshes of the Everglades used to exist on the
mainland shore of the park. Several streams flowed through TGs and connected surface waters in
the Everglades to Biscayne Bay, including the Miami River, Little River, Arch Creek(s) and the
Oleta/Snake Creek complex (Table 7). The TGs nearest the park had marl bottoms, which
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Figure 38. Grass and marl transverse glade (TG) at Princeton, Florida in 1911. The general morphology
shared by most of these structures is evident as are the elevated rock margins supporting pine
woodlands. TGs were only dry for a short period of the year, but as Everglades water levels dropped,
they were converted to agriculture to produce crops for ever increasing periods of the year. Current
drainage practices allow home construction in low lying areas (Wagner Free Institute via McVoy).

Figure 39. Water control structure (S-20F) at Mowry Canal (C-103). This adjustable weir controls water
levels to the west of the park and when opened on schedule, or to relieve interior flooding, pumps large
quantities of water into the nearshore of Biscayne National Park. Adjacent farms and residential areas
contribute significant pollution to the canal (P. W. Harlem).
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Table 6. Major canals entering Biscayne Bay. BNP = Biscayne National Park.

Connected to Control

Canal Name Length (m) BNP?* Structure
Arch Creek Arch Creek 2,854 N

C-1 Black Creek 7,414 Y S21
C-2 Snapper Creek 20,353 N S22
C-3 Coral Gables Waterway 12,183 N

C-6 Miami River 32,180 N S26
C-7 Little River 13,516 N S27
C-7 Extension 5,141 N

C-8 Biscayne Canal 14,938 N S28
C-8 Extension 5,764 N

C-9 Snake Creek 6,824 N S29
C-9 Extension 24,764 N

C-100 Cutler Drain 15,086 Y

C-100A 11,223 N S123
C-100B 3,083 N

C-100C 10,625 N

C-101 Goulds Canal 4,658 Y

C-102 Princeton Canal 25,556 Y S21A
C-102N 6,688 N

C-103 Mowry Canal 25,648 Y S20F
C-103N 8,955 N

C-103S 3,234 N

C-104 North Canal 30,286 N

L-31E** 13,786 Y

Military Canal Military Canal 3,492 Y S20G

* Y=yes, N=no: May be connected indirectly to outlet canals by ditches or other canals.
** |.-31E levee includes a borrow canal which connects several other canals together.

allowed surface flow from the west to the east; the flow exiting the glades along the east side of
the ridge fed many other small freshwater streams (Meeder et al., 1999). Black Creek is the
largest of this type and is shown on almost all historical maps, sometimes with the name “North
Creek,” (Figures 42-43) implying it was a known pathway for travel into the Everglades from
Biscayne Bay, at least in the wet season.

A third historic stream type, found along the western coastline, emanated from springs at the
base of the ridge or in the middle of the coastal plain. These sometimes start at a tree island seep,
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Figure 40. Canals, ditches and tidal creeks along the mainland shore of Biscayne National Park. Data
from Ruiz and Ross (2004).

where penetration through the marl soil taps into the shallow aquifer. Figures 44-47 are examples
of this type of stream along the western margin of the park.

The larger freshwater streams from the coastal plain are associated in some cases with bedrock
depressions in the bay. Stream-like patterns in the bay’s rock bottom, and holes in patterns
identical to tree island patterns on the coastal plain, suggest that water has been moving from the
Everglades by the coastal stream network for thousands of years. This has important implications
for the past history of the Everglades, as well as Biscayne Bay (Figure 48).

50



Figure 41. Aerial photos of Sands Key showing dolines formed in Key Largo Limestone. The
photomosaic on left is from the first aerial coastline survey by Coast and Geodetic Survey in 1928. It
includes interpretative marks (black outlines and alignment circles) from the originals. The white arrows
on the right image (2006, FLADOT) show a large (~160 m) and two smaller dolines (42 and 15 m). The
sinuous band across the island is an elevated rock feature with hardwood hammock vegetation with
numerous smaller dolines. The green arrow is a dredged channel dug that connects to the large doline.
The red arrow points to an area of significant erosion in the tidal channel margin since 1928, which has
changed the flood delta morphology; above that, there appears to be more mangroves on the south

shore.
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Figure 42. Aerial photo of large limestone mines (rockpits) located just west of the park boundary along
L-31E levee. The older northern example is approximately 1,425 x 177 m in dimension; the larger one
(owned by CEMEX) is about 1,355 m x 1,165 m and has recently been closed out. Miami-Dade DERM
has been monitoring water quality in this pit for some time (FLADOT, 2005).

52



Qee i ‘:'14
1 h

Bt 2 (2
Figure 43. Historic map showing Black Creek. This military map by General Zachary Taylor, published in
1838, clearly shows a stream named North Creek passing through the ridge in the position now occupied
by Black Creek. Numerous other maps of the 1800s show this stream, usually unnamed. While no
description has been discovered from the period, it seems likely the creek was known as a pathway into
the Everglades during high water. Black Point is a more recent feature and only appears on late 1800s
maps. Note also the twin islands at Soldier Key where we now only have one (National Archives).
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Figure 44. Aerial photomosaic of Black Creek taken in 1938 by U.S. Department of Agriculture. The
creek emanates from the transverse glade complex, which cuts Cutler Ridge at the upper left and
discharges southeasterly into the low, unfarmed, tree covered area. Farm fields are light grey as without
significant vegetation, the marl soil in the fields has high albedo. The mangrove fringe is narrow along the
shoreline except at Black Point. Note many other small creeks. The lower portion of Black Creek was
already channelized by this time and Goulds Canal in place. Park boundary is shown in red. The current
south Dade landfill is located on the distal end of this system.
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Figure 45. Photomosaic of Fender Creek (1938). Two extinct streams are shown in this 1938 image,
neither of which have official names but are referred to here as “Fender Creek” and “Historic Creek”
(Meeder et al., 2002). Both originated in the lowland, east of the transverse glade belt, from a
combination of surface runoff and groundwater seeping up to the marl prairie, which was heavily farmed
at this time. The farming has eliminated evidence of the upper stream channel making the origination
point of both streams difficult to determine. Note the many smaller streams and tidal creeks along the
coast and the thin mangrove fringe, which was natural along this coast until recently (USDA images).
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Figure 46. Photomosaic of Turkey Creek (1938). Turkey Creek (unofficial name) had three main feeder
channels, the north fork being the dominant one. As the conjoined stream approached the coast, it
became braided before entering the coastal mangrove forest occupying the outlet delta (Turkey Point).
Most of the larger freshwater streams on this coast are associated with protruding headlands (Meeder, et
al., 2003). This area is now occupied by the FPL nuclear power plant and its cooling canals (USDA
images).
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Figure 47. Photomosaic of Mangrove Creek (1938). This was the dominant system on this part of the
coast. The stream crossing the lower frames (Mangrove Creek — unofficial) originates at tree islands and
travels to the large mangrove forest at Mangrove Point. Note how the channel follows the surface
drainage to the southeast until half way to the coast, where it turns to enter the bay perpendicular to the
coastline. The stream reaching the coast at top (no name) differs in having two small perimeter channels
which migrate away from each other as the coast is approached; this provides a low interval filled with
mangrove. Both creeks were destroyed during the construction of the cooling canal network for Turkey

Point Power Plant (Figure 80) (USDA images).
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Table 7. Maijor historic freshwater steams entering Biscayne Bay. BNP = Biscayne National Park.

Flow to
Stream Type Headwater BNP? Comment
Snake Creek River Everglades N Empties into Dumfoundling Bay
Oleta River River Everglades N Connected to Snake Creek
Arch Creek River Everglades N Twm channels, north one through
limestone arch
Little River River Everglades N Empties into North Biscayne Bay
I : Maijor stream with karst springs
Miami River River Everglades N adding flow (Gaby, 1993)
Creek portion from base of ridge
Transverse only. Inland portion went
Snapper Creek Stream Glade Spring N subterranean before reaching coast
(Stewart, 1907)
Cutler Creek Stream Transverse N Karst collapse feature
Glade
Black Creek Stream Transverse Y “North Creek” in 1838
Glade
“Fender Creek” Stream Seep Y Seep part of delta of transverse
glade
“Historic Creek” Stream Seep Y Seep part of delta of transverse
glade
“Turkey Creek” Stream Seep v Seep part of delta of transverse
glade
“No Name Creek” Stream Seep v ;2(32 part of delta of transverse
“Mangrove Creek” Stream Seep Y SEZZ part of delta of transverse
Wetlands

Wetlands dominated the historical coastal lands of southern Biscayne Bay. These were
predominantly marshes and prairies with abundant sheet flow in the wet season but drying out
sufficiently in the winter months to produce fires (Egler, 1952). Early settlers tried to farm the
coastal wetlands where winter drying was sufficient to allow a short growing season. Early
coastal modifications with dikes and ditches were attempts to extend this season. Unfortunately
for the farmers, the coast is very low and prone to frequent marine inundations by extreme tides
and storm events, and easily subjected to saltwater intrusion. Lowered water levels in the
Everglades source area, resulting from coastal drainage measures, reduced the freshwater output
to the coast to a mere trickle, causing a collapse of the easternmost farms and inducing a march
of mangroves to the west, which continues today and is now accelerating as sea level rises.
Figure 49 shows an example of this progression.
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Figure 48. Drowned stream courses shown by relic karst depressions and valleys in the bay bottom.
This example at the north end of Biscayne National Park (Deering Estate at upper left) is one of two very
large dendritic patterns in the bedrock surface, which had to have been formed when sea level was lower
and this area was part of the coastal plain with sediment cover and vegetative environments similar to
those observed today. Where sediment cover is thin enough, it is possible to trace some of the features to
the end of historic stream courses or tidal creeks. Associated with these are many thousands of dolines
(sinkholes) frequently filled with marine grasses growing over drowned deposits of mangrove peat. The
holes form lines along the drowned stream courses or are parallel to the coastline, suggesting relic
shorelines (USGS, 1996 IR image).
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Figure 49. Coastal marsh changes as shown by sequential aerial photos. The area shown is centered
on the “Historic Creek” (Meeder et al., 2002) south of Fender Point. Narrow mangrove fringe in 1928
changes to mangrove, covering all the area east of L-31E canal/levee after construction in mid 1960s.
Streams and tidal creeks appear stable in early pictures. By 2004, terrestrial trees, exotics and farming
over many years have changed the area west of the levee. The ephemeral nature of the algae and
seagrasses growing offshore in the bay can also be seen (NOAA, USDA, USDA, USDA, FLADOT, USGS

images respectively).
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Groundwater

Freshwater on the barrier islands and Keys is restricted to rainfall surplus, which enters the
ground from above. Lenses of freshwater are thin, temporary and mostly nonexistent; even the
surface of the groundwater is brackish due to the narrow configuration of the islands and the high
porosity of the Key Largo Limestone. Interstitial soil water may be fresh in the most elevated
parts of the islands (e.g., more than 2 m above sea level) due to spatial separation from the
underlying brackish lens. Fresh water may accumulate during the wet season in some protected
interior basins, depending on the nature of the sediments.

Groundwater on the mainland side of the park is an important contributor of freshwater to
Biscayne Bay (Figure 36). Springs entering the bay directly, or along the shoreline, were known
and used by historical visitors and early settlers. Terrestrial springs are less relevant now because
of curtailment of flow with lowering of the Everglades water table, which has eliminated or
reduced the flows to a trickle. However, there are still springs flowing to the bayshore or the bay
itself. NOAA and University of Miami scientists identified several springs in the bay near the
Charles Deering Estate at the northwest corner of BNP south of Turkey Point (Figure 50).
Several springs studied in detail flow intermittently, and even reverse flow with the tide (Atlantic
Oceanographic and Meteorological Laboratory, 2006). Several of this report’s authors have been
to an active spring at the rock edge just north of the mansion at The Deering Estate and another
spring still flowing brackish water at the original outlet of Snapper Creek (north of the park).
There, a mixed freshwater/mangrove swamp exists along the bayshore, supported by water
leaking out of the rocks and into the back side of the mangrove forest.

Groundwater also enters the bay beneath nearshore sediments or directly through the rocky
bottom. Many groundwater inputs are reported to contain pollutants and many studies of upland
groundwater conducted over time by USGS and others shows the ease with which groundwater
quality is negatively affected by human processes. Seepage through the sediment in the bay was
documented by Meeder et al. (1997) and Mir-Gonzalez (2007) using seepage meters constructed
for the purpose. Bellmund et al. (2008), in a discussion of NPS salinity monitoring, point out the
significant role groundwater has on seasonal salinity patterns even at mid-bay, and how it affects
salinities for a period after the wet season has officially ended. Such flow clearly is less than it
would have been when the regional water table was much higher.

Seasonal releases of freshwater from the canals for farming requirements also impacts the
groundwater levels along the coast, and the irrigation systems and canal network convert large
volumes of water to point delivery instead of slow seepage from the rock aquifer. These can
involve very large volumes of water (Meeder et al., 2002, 2003). Renshaw et al. (2008) recently
calculated that an average of 2.14 billion gallons (65,800 ac-ft) of groundwater are released each
year from the C-102 (Princeton) and C-103 (Mowry) canals during the drawdown period when
levels are lowered to dry wet farm fields. Drawdown starts on October 15 with a 0.8 ft lowering,
is modified to 0.4 ft on December 30, and extends at that level until April 30. The drawdown
impacts the park by lowering groundwater levels on the west side coastline, which affects the
habitat for pink shrimp, juvenile seatrout, redfish and snook among others, and increases
nearshore salinity allowing predatory marine species to invade the estuarine zone. It also impacts
the Biscayne Aquifer increasing salt water intrusion. This practice continues in spite of radical
changes to more urban uses in recent years which have led to major reductions in row crop
farming (Renshaw et al., 2008).
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Figure 50. Location of active springs (blue dots) along the shoreline of Biscayne Bay, identified by NOAA
in 2006. Points labeled with letter B are controls used to compare spring water quality to background.
Other active springs are known (Atlantic Oceanographic and Meteorological Laboratory, 2006, figure A8).

Coastal/Bay Systems

Biscayne Bay is a shallow subtropical lagoon situated as a topographic basin, resting between the
Atlantic Coastal Ridge and offshore reef and barrier island system; it historically functioned as
an estuary. BNP occupies a subset of the bay and is a marine park strongly influenced by
oceanic water. The Florida Current to the east flows strongly northward; both it, and eddies from
it, enter the park, frequently bringing new water to the offshore areas and into Biscayne Bay.
Tidal flushing between offshore areas and the bay is excellent, particularly at the north park
boundary where the mud bank structure, the Safety Valve, is dissected by many tidal passes.
Caesar’s Creek and other geologically controlled cuts through the limestone Keys in the southern
portion of the park, provide tidal exchange south of Featherbed Bank. Some tidal exchange
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occurs between the northern park boundary and the bay west of Key Biscayne, with effectiveness
largely controlled by wind conditions. Therefore tidal exchange in the bay is generally very good
with short residence times (ca. 1 mo), except along the mainland coastline where shallow water
and poor circulation result in longer periods between flushing. Historically, rivers, streams,
creeks, springs and seeps of freshwater along the mainland shoreline provided significant
freshwater to the west side of the park, but drainage structures and practices have eliminated
much of this flow, causing some researchers to erroneously suggest that Biscayne Bay is not an
estuary. It remains an estuary, but one severely degraded in this respect. The quality of marine
and remaining fresh waters is paramount to the biological health of the park’s submerged
ecosystems.

The geological formations and sediments of Biscayne Bay and the ocean seaward of the Keys
provide support, habitat and material contributions to many organisms at all trophic levels. Some
inhabit the rocky limestone shores of the Keys, the hardbottom sediment-free areas and the rocky
bay shoreline northwest of the park. Some inhabit the sediments which provide protection and
nutrients necessary for life at one or more life stages, and which act as soil where plant
communities can thrive and expand. Others find what they need by attaching themselves to
organisms which depend on those geologic elements. Still others come to the rocks or sediment
to feed on what is there. Collectively, these components form the benthic communities of BNP.

The benthic environment is submerged, with the exception of those species living in the
intertidal zone that have adapted to varying degrees of wetness (hydroperiod). It is affected by
water movement, such as tides, wind driven currents and wave action, in the wave zone and in
the water below. Water chemistry, its temperature and its all-important salinity determine which
habitats will provide a suitable location for benthic community survival. Rainfall can affect
salinity, as will freshwater flow from the land, so some park areas end up with salinity
fluctuations which must be successfully adapted to. Water depth can be limiting; many species
require sunlight for life functions and the less the light reaches the bottom in deeper water.
Current-driven turbidity and nutrient-driven planktonic components in the water affect the light
reaching the bottom, with shading a problem in areas with high levels of these components. This,
too, can fluctuate frequently in some parts of the park. Large storms often affect the physical
aspects of the benthos greatly and hence make severe demands on benthic organisms.
Communities attached to the rocks must be able to stay attached in a storm-driven current regime
and those living in or on the sediment must have a survival strategy for when the sediment
erodes by the action of strong bottom currents or moves in to bury an area. The coastal/bay
portions of the park are dominated by physical attributes and processes.

Marine Systems

Seaward of the Keys lies the marine portion of BNP. This area includes the fringing reefs
growing on extinct reef material, the patch reefs behind the main reefs and the sediment-
dominated trough generally referred to as “Hawk Channel” which runs between the reefs and the
rocky keys. Marine climate and physical processes dominate this area where tidal currents and
wave processes produce strong effects on the shoreline and benthos. Tides affect water depth and
are the driver for coastal currents which can erode bottoms or move sediments. Large storms,
particularly hurricanes, move large amounts of water quickly, which can have significant short
term effects and can produce large waves, which have significant potential to produce damage to
reefs, submerged vegetation and other communities dependent on the sea.
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The proximity of the drop off into deep water of the Straits of Florida allows marine currents
associated with the Gulf Stream and the stream itself to enter the park on occasion. This provides
water exchange with inshore areas, and delivers transported materials, including larval forms of
numerous species, which settle in the park. The currents can also remove suspended sediment
and drive a net flow of such material out of the park and into the deep. Sediment packages are
thin seaward of the reef and thicker behind the reef, which provides some protection from this
type of erosion.

The marine climate is generally drier than that of the mainland, with rainfall levels higher on
land. Aerosol deposition to the marine system occurs as it does on the mainland with the dust
particles entering the coastal waters. Freshwater from the mainland was, and is, largely diluted to
marine values by the time it reaches the marine areas of the park, but groundwater seepage from
springs has been suggested to affect reef areas (Shinn, et al. 1994) and could as easily impact the
backreef, if present. However, rainfall provides most of the freshwater delivered to this area.

The reefs are built upon past high grounds assumed to be extinct reefs and reach nearly to sea
level in many cases. Except where passes occur, the reef provides a barrier to waves coming
ashore during easterly wind events, which reduce the wave height striking the coast of the Keys
and shallow adjacent bottoms. Without the reefs, the energy level landward would be higher.
Because the tops are shallow and cause waves to break over them, reef areas export sediment
frequently to adjacent areas with much of the seagrass covered sediment in Hawk Channel
derived this way.

Biological Resources

The National Park Service Inventory and Monitoring Program define “Vital Signs” as physical,
chemical and biological elements and processes of park ecosystems that represent the overall
health and condition of the park. The South Florida/Caribbean network of the NPSIMP identified
41 vital signs of concern to the managers of the seven national parks in the region. Many of these
vital signs are related to the benthic communities of BNP. Vital signs are nested within a
hierarchical conceptual structure, defined by the NPSIMP. Level 1, the highest level of
organization, groups the vital signs into five classes: geology and soils, water, biological
integrity, human use and landscape pattern and processes. Within each of these categories, there
are vital signs that are relevant to the conditions of the biotic resources of BNP; resource
managers have suggested that the benthic vital signs are among the most important issues facing
the parks in the region.

Vegetation
Vegetative communities in BNP include terrestrial, coastal and marine types, with the latter two
dominated by submerged benthic vegetation.

Terrestrial Vegetation

The terrestrial environments of BNP are largely controlled by the geology and geomorphology of
the surface. The islands in the park, particularly the Keys proper, are rocky outcrops of Key
Largo Limestone on which the wide diversity of organisms grow and live. Patterns seen in the
geology are reflected in the plant communities and either can be used to deduce details about the
other. The rocky islands also display a complete suite of intertidal zonation patterns over wide
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areas because of the low elevations and slope, and these affect the resulting ecological
communities as they adapt to varying rates of inundation.

On the mainland, the terrestrial plant patterns are controlled by elevation as well as attributes of
the ground materials. Most of the rocky shoreline of Biscayne Bay is located to the NW of the
park, where the Miami Limestone outcrops at the shoreline. Along the park boundary to the
south and east of that limestone outcrop, the vegetation patterns reflect subtle differences in
elevation and the amounts of moisture available. Moisture is controlled in part by the soil types
deposited along the east side of the ridge and by current water management practices.
Historically, naturally occurring springs, groundwater seeps, transverse glade-fed creeks and
sheet flow controlled the freshwater delivery to the coast and had a large effect on the original
vegetation patterns (Meeder et al., 2002). Tidal creeks along the coastline occur at regular
intervals, cutting into the coastal soils and providing interior access to mangroves and facilitating
the spread of other salt-tolerant species. Modification of the original delivery mechanisms by
ditching, canal construction and levees has changed the freshwater delivery in many ways and
the current vegetation patterns are a product of those changes; for example, the spread of
mangroves landward shows the effect that can be invoked by relatively minor changes in the
landscape.

Soil patterns can be used to determine past ecological history, as well as current depositional
processes. The principal soils of the park are carbonate marl, formed in wet prairies along the
coast or transported during large storms, and peat deposits comprised of detrital organic
components produced by the vegetation. Mangrove peat is the most common of this type. Marl is
important because of its ability to act as a barrier to water percolation which enables sheet flow
of surface waters. Peat has both the ability to hold water interstitially and to compact with age,
providing additional room for plant growth.

Along the SW coastline of Biscayne Bay the marl prairies of the interior are dotted with tree
islands. These features are commonly growing over holes in the subsurface rocks, which allow
connection to the groundwater below the marl soil. These landforms exhibit greater stature and
productivity than the wetlands around them, and are primarily dominated by mangrove species
near the coast. Occasionally, tree islands, including some upland component, may be found
growing over protruding rocky remnants of the karst geology. These, too, enjoy the benefits of
connection to the groundwater available in the porous limestone.

The shoreline of most of the upper Keys is rocky epikarst while the mainland shoreline of the
park is dominated by sediment structures. The exceptions are numerous small islands of
mangrove trees growing on shoals which are comprised of sand (carbonate mostly) or mud
banks; these become nearly emergent during low tide. Residual quartz sand, deposited to the NE
of the park by longshore drift, barely makes it into the park near Black Point, and quartz sand
headlands occur near the outlets of former freshwater creeks along the west side of the park.

The vegetation patterns on the mainland have been rapidly evolving as water management and
other modifications to freshwater delivery, as well as farming and development practices, impact
the coastal zone. The Bay shoreline once had a narrow fringe of mangrove backed by a wide
“white zone” gramminoid and marl-forming environment that is largely destroyed now. The
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mangroves have expanded to the west and now are the dominant habitat east of the L31E Levee,
where saline water has become the driver.

The islands of BNP, and the narrow shoreline fringe on the mainland, are home to a diverse and
complex series of vegetative ecosystems. While the park is 95 percent under water, the
remaining 5 percent adds much to its diversity and includes many threatened or endangered plant
species. On the rocky islands, the rock morphology and facies impart a strong control on the
types of plants, which can survive and dictate patterns at larger scales. The low elevation, porous
limestone and abundant seawater at the perimeter make fresh groundwater scarce or ephemeral,
causing distress on many species. The dominant vegetation type on the islands is mangrove, but
there are many hammocks of tropical hardwoods.

A limited number of physical variables, particularly elevation and groundwater salinity, are the
primary determinants of the distribution of all terrestrial ecosystems within the Keys landscape
(Ross et al., 1992). These two factors drive within-community processes as well. For instance,
canopy height, structural complexity and species composition of tropical hardwood hammocks
within the park are all strongly affected by elevation and distance to marine waters (hence
salinity), with forests becoming taller, more close-canopied and diverse upslope and inland. Keys
hammocks change in composition over time following stand-initiating disturbance, with
deciduous species (e.g., Lysiloma latisiliquum, Metopium toxiferum, Swietenia mahogani)
recruiting aggressively early in succession, and evergreen species becoming dominant later (e.g.,
Krugiodendron ferreum, Eugenia confusa, Ateramnus lucida) (Ross et al., 2003). Many of the
most diverse Keys forests are mid-successional hammocks, with a deciduous upper layer and an
evergreen subcanopy.

Early descriptions of the land environments of the park area include Romans (1775), who briefly
visited the area during mapping for the British government. A detailed example of the maps
made by Romans is provided in Frazier (1975), which shows the area along the coast just NW of
BNP. De Pourtales (1877) visited the Florida Keys and Biscayne Bay region and made general
observations of the flora he found at that time. Holden (1887) collected and described ferns in
the Brickell Hammock area. He was one of many visitors to the region who wanted to sample the
rare and unusual plants found here and nowhere else in the United States. Norton (1892)
produced a guide to travelling in Florida, including Dade County, which, at that time, extended
north to Jupiter. He gives interesting general descriptions of the vegetation around the Miami
River, Coconut Grove and the upper Keys. Eaton (1906) described his trip to Miami and
Homestead during a fern collecting expedition, including stops at local hammocks and to sites
near Black Point. Small (1910), one of the more important observers at the time, described new
species of flora found adjacent to Biscayne Bay. Gifford (1911) described the local vegetation
and landforms around Biscayne Bay. Small (1913) described the plant communities growing on
or adjacent to the limestone ridge. Phillips (1940) examined the plants of Castellow Hammock a
few miles west of the coast.

Davis (1940) wrote the primer on Florida’s mangroves with considerable descriptive material
from Biscayne Bay and surrounding areas. His 1943 publication (Davis, 1943) for the State
Geological Survey provides additional information about other plant communities in south
Florida. Egler (1952) provided a complete description of the Southeast Saline Everglades
(SESE), which comprised the mainland coastal plain east of the Miami Limestone ridge to the
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shoreline of what is now the park. Darling (1961) described ferns from various sites in Miami-
Dade County near the park. Alexander (1967) examined the changes in a hardwood hammock
(Davis’s lime-sink hammock), located west of the park, over 25 years, and noted that lack of fire
allowed the hammock to spread into adjacent pinelands. More recently, Molnar (1990) and Mack
(1992) followed up on stand development in the same hammock, making this the longest and
most complete local sequence of forest monitoring data. Psuty and Salter (1969) discussed the
loss of tropical fruit orchards to urbanization on the pineland portions of the ridge.

Pool et al. (1973) examined the structure of mangroves in several locations near Biscayne Bay
and compared them with mangroves in other tropical locations. Teas (1976) classified
mangroves into five communities and discussed the effects of man on the swamps, speculating
that the coverage of Biscayne Bay coastal mangroves had increased because losses to
development were offset by the mangrove encroachment landward, induced by cutting off of
freshwater flow. Gill and Tomlinson (1977) examined the root systems of mangroves using sites
around Biscayne Bay. Little (1978) produced maps of the distribution of tree species in Florida.
Appendix A Table A3 lists those native and naturalized species found within 10 km of BNP.
Harlem (1979) mapped the mangrove environments of Northern Biscayne Bay with comparisons
between 1925 and 1976 using aerial photography. Camilleri and Ribi (1986) examined DOC
from mangrove leaves and its effect on invertebrate food chains. Sternberg and Swart (1987)
examined how important south Florida plant species on the Keys used either salty or fresh waters
found on those islands.

McFadden (1998) examined exotic vegetation on Key Biscayne with recommendations for
management. Gordon (1998) discussed the invasive plant modification to the environment and
addressed it. Ross et al. (1998) looked at the effects of Hurricane Andrew (1992) on two
hardwood hammocks in BNP. Ross et al. (1999) analyzed the white zone vegetation landward of
the mangrove fringe. Ross et al. (2000) reexamined the vegetation of the SESE to the Southwest
of Turkey Point for historical changes since Egler’s work. Ross et al. (2001) showed a technique
to estimate above-ground biomass in BNP mangrove communities. Robles et al. (2005) gave an
assessment of the condition of all the natural resources of BNP. Gaiser et al. (2005) examined the
usefulness of diatoms as indicators of the health of coastal wetlands along the shoreline of BNP.
Rutchey et al. (2006) produced vegetation classifications for use in the region. Ross et al. (2006)
studied the effects of Hurricane Andrew in 1992 on the shoreline mangrove communities of
Biscayne Bay. Zhang et al. (2006) used LIDAR mapping of a portion of the park coastline to
determine the value of the technique in describing coastal vegetation structure. Possley et al.
(2006) examined the effects of fire patterns and fragment size on diversity patterns in pine
forests adjacent to the park. Ewe and Sternberg (2007) examined water uptake by the exotic
Schinus terebinthifolius (Brazilian pepper) growing on the SW coast of Florida, and concluded
that it was slightly salt-tolerant and better suited to mangrove transition zones than native
species. Shamblin (2008) described the vegetation in the hardwood hammocks on the Keys in
BNP.

Ruiz et al. (2008) produced a vegetation map of BNP using digital recognition software
combined with LIDAR, which will become the standard for future vegetation mapping in the
park. Included in this report (undergoing certification by NPS staff) is a table of areas that
provides a summary of the detailed vegetation patterns. Red mangrove scrub and mixed
mangrove forests dominated the mainland coastline inside the park; Soldier Key is dominated by
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mixed herbaceous dune; the Ragged Keys are dominated by modified land and mixed mangrove
forest; Sands Key is split between mixed mangrove shrubland and forest and hardwood
hammock; Elliott Key is dominated by hardwood hammock; and Old Rhodes and Totten Keys
are dominated by red and mixed mangrove shrubland with hardwood hammocks. Appendices A4
and A5 show vegetation types in the park by acreage from Ruiz et al. (2008).

To provide clarity, the vegetation patterns in BNP, as mapped by Ruiz et al. (2008), are shown in
maps produced for this report from their data layer. These are presented in Appendix B; each is
followed by a summary table of areas and percent, sorted from most abundant to least abundant.
Figures B1-B5 in Appendix B show the mainland areas of the park (north to south) while Figures
B6-B10 in show the island vegetation by island or group of islands. Classification terminology
follows the source material, which should be consulted for a full explanation.

Marine Plant Communities

The marine plant communities growing in the park area have been studied for many years, with
many important species receiving extensive coverage. Communities studied include important
intertidal zones on the rocky Keys and mangrove shorelines along the bayshore, bay resident
benthic habitats of many types and those offshore of the Keys, including the reefs. Plants are
important species in all these areas and in some, they dominate. For the species collectively
called sea grasses, the amount of sediment is a major controlling factor as much of the bay
portion of the park is bare rock or has a veneer of sediment too thin to support the root structure.
Predation by herbivores can also control grass patterns with halos around patch reefs, for
example, showing the balance between thin sediment and predation. Algal species more often are
attached to the bottom or other objects (shells, other organisms). A quick review of pertinent
literature follows.

Howe (1905) visited Biscayne Bay prior to drainage of the Everglades and made observations on
the marine algae. He discovered Acetabularia farlowii in abundance but confined to the zone
near low tide, and Acetabularia crenulatum, more abundant, but more common in deeper waters.
With the birth of marine science and the advent of the University of Miami program on Virginia
Key in the 1950s, new research on Biscayne Bay and reefs was undertaken. Smith (1957), for
example, summarizes research being conducted at the Marine Lab (now RSMAS) on level
bottom communities in Biscayne Bay and adjacent areas. Hopper and Meyers (1967) looked at
the benthic nematode fauna within a Thalassia bed in Bear Cut. With 100 taxa collected, they
reported four species as dominant, with population density fluctuating seasonally. McNulty and
Lopez (1969) studied benthic polychaetes with emphasis on the production of gametes.

Roessler et al. (1973; Figure 51) produced the first attempt to map the complete benthic habitat
in Biscayne Bay, showing the bottom types from Julia Tuttle Causeway, south to, and including,
Card Sound, using general ecotones. This did not include the offshore areas and because of the
collection method (towing an observer behind a boat), the maps present a snapshot of the benthos
only and were intended to be a guide to the areas that presented the least problems if used as
borrow pits for dredging. The map identifies six community types defined as: (1) the turtle grass
or Thalassia testudinum community, (2) the Cuban shoal weed, Halodule (Diplanthera wrightii
in report), community, (3) the sparse Thalassia, or green algae, community, (4) the hard sand-
green algae community, (5) the barren sand areas, and (6) the mud-silt bottom community. A
summary of spatial patterns from this source is given in Table 8.
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Table 8. Summary of habitat areas inside Biscayne National Park as shown on Roessler map (Figure

51).

Community Hectares Acres Percent
Barren Sand 1,327.5 3,280 3.4
Cuban Shoal Weed 2,451.8 6,059 6.3
Hard Sand, Green Algae 11,164.4 27,588 28.7
Mud-Silt 226.8 560 0.6
Sparse Turtle Grass, Green 8,296.1 20,500 21.4
%Jrﬁ:a Grass 15,385.5 38,018 39.6
Total 38,852.1 96,006 100.0

Roessler’s observations include the following:

Sparse Thalassia and green algae-sand communities generally cover large portions of the
bay with much of the Thalassia found growing in cracks or “potholes” in the rocky
bottom. The various species of green algae dominated in areas where sediment is
insufficiently thick to allow grasses.

Hard bottoms and small rocks or shell fragments provide holdfast locations for green-
algae, sponges and soft coral types.

Almost barren sand occupies the surface of many of the channels in the Safety Valve and
also Featherbed Bank in mid-bay. In the Featherbed area, small rock outcroppings were
found to include attached sponges.

Micro-algae coated, soft sediment (mud-silt) is found in southeastern Card Sound, and as
part of a large muddy area at the north end of the park which they believed derived from
high turbidity associated with urban and seaport areas north and northwest of the park.

Trawl study data showed that the community associated with red algae (Laurencia,
Digenea) had the highest abundance and greatest diversity of animals. This category was
not mapped because it is not permanently attached to the bottom and moves around with
strong currents from time to time.

In 1976, the State of Florida with Miami-Dade DERM produced an aerial survey of the
reef tract to map underwater habitats. They used a rarely-used, special Kodak film with
enhanced ability to penetrate water. A team under Dr. Don Marszalek at the University of
Miami produced 10 maps (Marszalek, 1984) covering the entire area offshore of the Keys
which were extensively truthed by towed divers over a two-year period. Figure 52 shows
an example of one of the images taken, but not used, in the reef-mapping survey and
Figure 53 shows the northern three maps which overlap portions of BNP.
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Figure 51. General benthic habitat patterns in Biscayne Bay and Card Sound derived from Roessler et
al. (1973) and Thorhaug (1976). Data were collected at 29 tow transects in Biscayne Bay running roughly
east-west, and five in Card Sound, resulting in the generalized patterns.

Higer et al. (1971) produced a digital simulation model and used it to forecast changes to the
south Biscayne Bay benthic vegetation resulting from thermal stress. Thorhaug and Garcia-
Gomez (1972) examined red algae growing in the bay near Turkey Point and in Card Sound.
Salinity was suggested as the control on red algae, which was hard to find in significant
quantities in shallow water near the mainland shore or near the existing Model Lands Canal.,
Laurencia poitei, the principal algae found, was more abundant along the west side of Card
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Figure 52. January 1976 vertical aerial photo showing area around the Convoy Point park headquarters.
This image used Kodak water penetrating film, which shows exquisite detail of the bottom features.
Although the project was reef mapping, most of Biscayne Bay was also flown, but not mapped, by
Marszalek’s group. The linear submerged vegetation feature north of the Turkey Point barge channel
(diagonal line) has never been described and is not visible now (FLDOT image PD1638-26).

Sound. Because it is often free floating, it was not found to any degree on Card Bank but did
form submarine “windrows.” Laurencia was more sensitive to heat, siltation and low salinity
than the seagrass Thalassia. Fell et al. (1972) continued his studies of microbial processes in
mangrove litter degradation, which leads to byproduct uptake by higher trophic levels. This was
conducted near Turkey Point and in Card Sound.

Thorhaug and Pepper (1972) found that thermal effluent negatively affected Thalassia beds
adjacent to Turkey Point and concluded that water temperatures of plus 4-5°C would damage the
grasses. Thorhaug (1974) compared thermally-affected seagrasses to unaffected areas in Card
Sound and included some information on siltation. Roessler et al. (1975) studied the effects of
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Figure 53. Compiled set of maps (# 1-3) produced by Marzalek (1984) from the 1976 water penetrating
images. Originals are quite large with excellent detail. Ghosts in light blue areas are from back of
scanned map originals (Georeferenced by P.W. Harlem).

thermal pollution on fish and benthic plant communities and determined that discharge water at
or above 33°C during hot summer months led to the most long-term damage. Sprogis (1975)
examined the effect of thermal effluent on benthic diatom assemblages adjacent to the power
plant. Diversity was impacted by warmer water; the affected areas were more impacted during
summer and fall. Thorhaug (1975, 1976) produced progress reports of her study of the effects of
thermal pollution on adjacent benthic plant communities.
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Cooksey et al. (1976) studied the role of benthic diatoms on mangrove community carbon cycles
in Card Sound and found that soluble organics in the pore water increased during the dry season
and declined in the wet season. Humm (1976) described the algae of Biscayne Bay and listed
331 species with annotation. He stated that all known species of bluegreen algae were present in
the bay. Of the species listed, 46% were reds, 30% were greens, 14% browns and 11%
bluegreens. His notes give details of locations where specimens were found.

Oremland (1976) studied the chemistry of Thalassia beds near Soldier Key and discovered
Thalassia beds produce the highest rate of bacterially produced methanogenesis in the sediments
produced by breakdown products. Woelkerling (1976) examined the benthic marine algae in
south Florida, including most important species in BNP. This included an identification key.
Edwards (1977) studied oxygen uptake and macrofaunal assemblage in the Halodule wrightii
community at Shoal Point.

Nowlin (1977) described using aerial photography of the Safety Valve at Bruce Shoals to study
benthic communities. Smith and Teas (1977) used an analysis of aerial photographs from 1956 to
1973 to document a loss of benthic cover in an area known to be receiving the high temperature
discharge water.

Thorhaug (1977) studied the impact of dredge and fill on seagrass communities in portions of
Biscayne Bay. Thorhaug et al. (1977) produced another progress report of the effect of thermal
pollution from Turkey Point into south Biscayne Bay. Holm (1978) examined the benthic
community adjacent to Old Rhodes Key finding correlations between vegetation abundance and
sediment stability, which also controlled the resulting macrofauna.

Thorhaug et al. (1979) produced a multidisciplinary study of Card Sound, which bracketed the
opening of the thermal cooling canal from Turkey Point. The bottom closest to the canal opening
was found to have the most damage. Thorhaug (1980) studied impacted seagrass beds in
Biscayne Bay and offered techniques for replanting lost grass in impacted areas. Schropp et al.
(1988) studied microbial communities in Biscayne Bay to analyze the effects of pollution on the
phospholoid fatty acids in the microbes. Polluted samples were found to have generally higher
metal concentrations.

The Florida Wildlife Research Institute (1992) published a digital map of the benthic
communities of southeast Florida including all of BNP. It was based on data collected by Florida
Fish and Wildlife Conservation Commission, FWRI and Miami-Dade County, and is derived
from color aerial photographs taken in December 1991 and April 1992. The FWRI processed the
original data and published it in 2001 with their corrections included; it is presented here as
Figure 54. This map uses the seven values in the S_Class column, the “Super Class” that lumps
categories from the A_Code column. For example, patch reef and platform reef types in the

A Code column are lumped as CR (Coral Reef). Additional maps using the 39 A Code values
are presented in following sections where appropriate. Table 9 presents total acreage inside the
park boundary calculated from the maps.

The benthic map produced by Lewis et al. (2002) shows the distribution of seagrass communities
and other related substrates. The map was produced from aerial photos of Biscayne Bay taken in
November 1997 and does not include park areas east of the patch reef line (east of the upper
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Figure 54. Florida Wildlife Research Institute map of bottom communities of Biscayne National Park
derived from 1991-1992 aerial photos. Super Class items mapped include bare substrate, seagrass
(undifferentiated), patchy seagrass, hard bottom, hard bottom with patches of seagrass, coral reef and
unknown (mostly mud and silt areas). The map dataset represents conditions just prior to Hurricane
Andrew (August 1992).

Keys). Total area mapped was therefore only 74 percent of the park. Categories mapped were
classified by seagrass density, distributional patchiness and substrate type. Unlike similar maps,
this data set also differentiates by relative water depth, giving two patterns for most map classes.
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Table 9. Summary of benthic habitat areas inside Biscayne National Park in Figure 54.

Parameter Hectares Acres Percent
Bare Substrate 2,499.3 6,176 3.7
Coral Reef 3,817.2 9,433 5.7
Hard Bottom 26.1 65 0.04
Hard Bottom with Seagrass 17,590.1 43,466 26.1
Continuous Seagrass 30,767.4 76,028 45.7
Patch (Discontinuous) Seagrass 8,154.2 20,149 12.1
Unknown 3,5655.8 8,787 5.3
Total 66,410.1 164,103 100.0

These are split between areas “on bank™ and otherwise, with “on bank” including true shallow
banks and the intertidal areas along the shorelines. Although not used in the original paper, we
have included the term “off bank” to allow for a simplified map legend (Figure 55). Off bank
areas are those which are not prone to exposure at lowest tide levels and therefore never exposed
(theoretically). Table 10 summarizes the acreages of the patterns mapped by Lewis et al.

An attempt was made to combine the data derived from the benthic maps to find discernable
changes in important categories (Figure 56). The Roessler map used field observation methods
while the other three (DERM, FWRI, and Lewis et al.) relied on aerial photos to mark patterns.
Although there was some overlap, most of the parameters mapped did not have the same exact
definition. For example, sparse seagrass beds were handled differently by each creator; therefore,
it was only possible to use combined categories to make area comparisons. From this, it appears
the seagrass cover in the park is between 55-58 percent of the bottom. Hardbottom (having some
submerged aquatic vegetation (SAV) cover-definition varies) comprises 25-35 percent of the
bottom, while bare areas only 1-4 percent. Corals (not including small patch reefs within
Biscayne Bay) were only mapped by FWRI and cover approximately 5.5 percent of the park.

Mir-Gonzalez et al. (2003a, 2003b) and Mir-Gonzalez (2007) studied the groundwater seeping
into Biscayne Bay along the shoreline and mapped the benthic macrophyte communities along
the western shore of BNP from Black Point to Turkey Point in good detail. They used 210 sites
with four transects, each with five sites perpendicular to shore, to determine nutrient
concentrations, community and substrate characteristics and ground water flow. Figure 57 shows
one of the maps produced in the thesis portion of the work.

Biber and Irlandi (2006) studied the macro-algal communities in South Biscayne Bay, Card
Sound, Barnes Sound and Manatee Bay. Sample locations were chosen in shallow water in
Thalassia communities, abutting mangroves with two locations at canal mouths (Black Creek,
Fender Point), two at channels through the Keys (Sands Key and Broad Creek) and the other
three inshore in the southern, small bays. Samples were collected between 1996-1999 over a
variety of salinity conditions. They identified 19 species of rhizophytes representing eight genera
and 22 species of drift algae (14 genera). The more abundant types of attached algae found
included Halimeda (six) Caulerpa (four), Avrainvillea, Penicillus and Udotea (two each). The
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Figure 55. Benthic map showing distribution of seagrass beds and other habitats determined from aerial
photography (data from 1997). Note the similarity to the map by FWRI (Lewis et al., 2002-GIS layer
provided by author).

most abundant types of drift algae found were Chondria (5) and the genera Dasya, Jania,
Laurencia and Polysiphonia, each represented by two species. Chondria, Laurencia and
Polysiphonia, all drift algae, were the dominant genera at the two canal sites. Acetabularia
crenulata, Batophora oerstedii and Penicillus capitatus were the most common rhizophytic algae
in areas not covered in seagrass; Penicillus was normally the most abundant by dry weight,
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Table 10. Summary of benthic habitats inside Biscayne National Park from Figure 55.

Benthic Type

Parameter Hectares Acres Percent
Bare Substrate 4411 1,090 0.6
Dense Seagrass Patches - Hardbottom 4,946.7 12,224 6.9
Hard Bottom on Bank 13,793.4 34,084 19.3
Land 3,136.4 7,750 4.4
Sparse Continuous Seagrass 53.1 131 0.1
Moderate-Dense Continuous Seagrass 25,446.0 62,878 35.7
Moderate-D_ense Discontinuous 2.934.1 7250 4.1
Seagrass with Blowouts
Seagrass Patches in Sparse Matrix 128.0 316 0.2
Sand/Mud, Scattered Seagrass 1,339.5 3.310 19
Patches
Unmappable 729.4 1,802 1.0
UNMAPPED 18,389.7 45,442 25.8
TOTAL MAPPED 52,947.6 130,836 74.2
Total 71,337.3 176,278 100.0
Benthic Map Analysis
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Figure 56. Comparison of bottom habitats shown on various maps of Biscayne National Park.
Categories were lumped to make common categories and percent area was normalized to the entire

park.
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Figure 573. Seagrass density adjacent to the west mainland shore of Biscayne National Park (Mir-
Gonzalez, 2007, Figure 2.4A). Density classes are the Braun Blanquet density score calculated by the
author; higher numbers are higher density. This is one of several vegetation maps in this reach in the
original work.

except for one month (February 1996). The sheet flow sites to the south were dominated more by
drift algae and at the ocean channels, higher species counts were found but with drift algae rare
in samples taken there. Halimeda and Penicillus were the two most abundant genera encountered
at these sites. Salinity and temperature were the principal controls on abundance and biomass,
and their data strongly suggest that episodic freshwater discharges from the drainage canal
network was an important stressor on the algal communities, affecting composition and structure.
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In each of the sub-communities, there are diverse and numerous microfauna and microflora that
are not generally visible to the naked eye or of much concern to the typical park user. This does
not imply they lack importance. Many marine species include larval stages that are extremely
small and therefore easy to overlook until one realizes the micro-stage requires the right
conditions for successful maturation to a macro-stage the average person might recognize. We
can easily see the corals, but observing the larval polyp as the reef tries to spread is much harder.
Micro-benthos also forms much of the initial step in many food chains and must not be ignored.

Lisle and Reich (2006) studied the microbial ecology of reef sediments in BNP. Nutrient data
were collected and bacterial productivity measured on two reefs. Bacterial production and
nutrient flux to the surrounding water are seasonal. Bacteria directly alter the sediment and water
chemistry, facilitating production and cycling of nutrients; more nutrients were associated with
sediments than in the overlying water column. The authors concluded that bacterial cycling of
nutrients, metals, carbon and oxygen plays a major role in sediment chemistry and needs to be
included in our understanding of reef ecology.

Exemplary Natural Plant Communities

Because of Everglades’ drainage, which reduced freshwater flow to the coast of Biscayne Bay,
BNP is now home to the longest stretch of mangrove forest on the east coast of Florida (National
Park Conservation Association, 2006). This community has replaced the previous coastal marsh
and white zone grass prairies and so comes at a loss in habitat diversity. However, the acreage of
mangroves now rival that of the lost mangrove forests of Miami Beach, which were lost to
Biscayne Bay when the strand was developed (Harlem, 1979). The upper Keys are largely
undeveloped and still include many unique vegetative communities no longer thriving on the
lower Keys. Combined with the large acreage of submerged aquatic vegetation, BNP is one of
the best places to show visitors to South Florida a great diversity over short travel distances.

Rare Plants

Endangered plants in BNP included the beach clustervine (Beach Jacquemontia, Jacquemontia
reclinata, Figure 58). A species of prickly pear cactus, the Florida semaphore cactus (Console
corallicola), is endemic to the Florida Keys and a proposed candidate for listing (Figure 59). A
large plant with treelike form, its range was reduced by development and is now threatened by
the recently arrived exotic cactus moth (Cactoblastis cactorum) and disease that causes rot.
Originally described as native to Key Largo in 1935, it is now known only from Little Torch Key
and Key Largo. It is found in BNP in patches (about 580 plants) covering about 4 hectares
(Cariaga et al., 2005), but the colony’s location was not disclosed. Several attempts to establish
new colonies have failed, in part because the plant does not normally spread by sexual means.

Considered to be the rarest palm native to Florida, the endangered buccaneer palm (sargent’s
palm, Figure 60) was found on Elliott Key and Sands Key by collectors who harvested them for
them for ornamental use in the late 1800s. By 1991, only 50 palms were found on Elliott Key, of
which many were damaged during Hurricane Andrew in August of 1992. Currently, slightly
more than a dozen plants are known on Elliott Key and another 100 plus on Long Key where
they were reintroduced by recent restoration efforts.
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Figure 58. Flowering example of the endangered
beach clustervine (Beach Jacquemontia,
Jacquemontia reclinata) (D. Austin, Smithsonian).

Figure 59. The rare Florida semaphore cactus
(Consolea corallicola) has been proposed for listing
as endangered. Synonym is Opuntia corallicola
(Meghan Fellows).

Figure 60. The endangered buccaneer palm
(Pseudophoenix sargentii) or sargent’s palm. This
native to a few Keys in Biscayne National Park is
maintained by stocks saved in palm preserves, like
this example from Fairchild Tropical Botanical
Gardens in nearby Pinecrest (FTBG).

Yeasts

Yeasts are fungi that break down sugars forming ethyl alcohol and releasing CO,. Certain
species have commercial uses (in food and drink production, as a source of vitamins, etc.) that
have driven a limited examination of the yeasts found in the waters of Biscayne Bay. Fell et al.
(1960) examined yeasts from sediments collected at 45 locations in Biscayne Bay, north of the
southern tip of Key Biscayne. Twenty-two species were identified, most of which occurred on
land. They found generally higher diversity in the Bear Cut channel and higher diversity in
shallow shore areas compared to mid-bay sites. Biscayne Bay samples had less oxidative species
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than deepwater core samples from the Bahamas. Roth et al. (1962) studied yeasts found on
marine substrates, including samples from North Biscayne Bay and various locations seaward of
Elliot and Soldier Keys. No pure marine yeasts were identified; most types found have terrestrial
sources. Generally, more species were found inside the bay than outside, and yeasts were more
abundant in the water column than in the tissues of macroflora and fauna.

Invertebrates

Biscayne Bay is located at the border between the West Indian and Carolinian Faunal Provinces,
and as a result the invertebrate fauna is rich and diverse (Voss, 1976). Unfortunately, Biscayne
Bay has never been fully surveyed for invertebrates and there are no complete lists of
invertebrate species. Small studies abound that provide some insight into the diversity and
complexity of these groups. The area near Turkey Point is the best studied. Important groups
have received attention and others are indicators of ecosystem health. Considering the
importance of some groups as food for humans and others as food for higher trophic levels, a
complete study of invertebrate populations in the park would be beneficial.

Weiss (1948) examined sedentary organisms which attached to plates placed and monitored at
three sites (Tahiti Beach, Miami Beach [n=2]) with an eye to understanding seasonal attachment
rates. Barnacles were the first organisms to foul the test plates, followed by tunicates and
bryozoans, which often attached to the barnacles. Rate of growth was correlated with
temperature; larger organisms produced during the summer months. More organisms settled on
plates inside the bay on Miami Beach, with less productivity at the site nearest the ocean inlet.
On Tahiti Beach (mainland shore), calcareous tube worms (Hydroides spp.) dominated during
spring and fall peaks, and barnacles there were usually small with a high mortality rate. Heavy
fouling was associated with poorly mixed bay waters, in locations with large fouled surfaces
adjacent, where tidal currents are 2-3 knots and in moderately polluted water.

Stephenson and Stephenson (1950) produced a seminal work on the intertidal zonation in the
Florida Keys, including sites in BNP (Elliot Key and Soldier Key). They defined zonation by
color of each intertidal level and described the species and their relationship to the underlying
rock and sedimentary structures. Rocky shorelines, including in BNP, exhibited the same
patterns seen elsewhere in the tropics, but with the following differences:

e The supralittoral fringe (in connection with the wide, almost flat, upper platforms on
many of the keys) is unusually well and conspicuously developed, is more or less invaded
by land plants, is divided into subzones and has a varied population of snails.

e The midlittoral zone, covering the rather abrupt transition from the upper to the lower
platform, is rather narrow (tidal range is small) and locally possesses a normal
complement of barnacles. Its division into subzones is typical.

e The infralittoral fringe is weakly developed, though quite recognizable, and lacks
substantial growth of coral. Its population differs from that of the infralittoral fringe on a
coral slope exposed to deeper and more open water with less sediment, in the same way
as, in any temperate region, the population of rocks in a shallow sandy inlet where wave-
action is somewhat reduced differs from that at the tip of the rocky headland, sloping to a
reasonable depth and exposed to strong wave-action.
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e The high-level Myxophycean zone is well-marked and forms a subzone of the
supralittoral fringe.

e The covering of encrusting Lithothamnia on open rock, commonly found at low levels, is
almost suppressed.

e Organic production between tide-marks is apparently low, though the number of species
present is considerable.

e Seasonal variation affects at least the more ephemeral algae, but only at one season
(January to March). There must also be seasonal changes affecting animals such as
Chthamalus.

Iversen and Roessler (1969) examined the biota and sediments of Card Sound in March to May
1969. They found the Sound to be well mixed in physical characteristics, with little substrate
suitable to microscopic species. The species they did collect suggested that Card Sound had a
low standing crop when compared to portions of Florida Bay and central Biscayne Bay. Within
the Sound, they found the banks and nearshore areas more productive than the deeper center. In
total, they found 50 species of invertebrates and 12 species of fish, and concluded the sound had
low organic productivity.

Kolipinski and Higer (1970) used multiband imagery of Biscayne Bay to define spatially
significant shoreline and benthic communities. Roessler et al. (1971, 1972) reported on their
study of the fish and benthic animals in south Biscayne Bay near Turkey Point and Card Sound.
University of Miami (1971) also looked at the effects of heated discharge from Turkey Point into
south Biscayne Bay and Card Sound. They listed benthic fauna adjacent to the power station.
Turkey Point’s cooling canals were opened to the bay in April 1972. Berkeley, (1972) studying
two species of gastropod in South Biscayne Bay near Turkey Point, concluded temperature and
salinity were not limiting, but that the factor controlling abundance and distribution was the
amount of benthic algae with a special affinity for Laurencia poitei.

Voss (1973) produced an environmental impact study of the area around Watson Island turning
basin and reported severe degradation of the mostly dredged substrate. Degradation of the
benthic communities resulted from high turbidity, sunken debris and garbage and eutrophied
bottoms in the case of dredged substrates, and an adverse impact on both the benthic community
and fishery were documented. Cole (1974) studied the Cutler Power Plant’s thermal stress effect
on benthic foraminifera in the adjacent dredged lagoon for a master’s thesis. A high number of
deformed forms were found, and a single species dominated the population. Brook (1975, 1977)
conducted his dissertation research in Card Sound near Arsenicker Key, studying the relationship
of Thalassia to higher trophic level consumer species. He found that polychaete worms and
peracaridean crustaceans were the preferred food of the foraging fish species examined, and
noted that the feeder abundance was low in line with the low abundance of the food species.
Goldstein (1976) conducted research on the distribution of benthic foraminifera adjacent to
Turkey Point, with 67 species from 37 genera identified; these showed patterns he associated
with physical and chemical changes related to water depth. Rosenberg (1975) noted changes in
benthic fauna from an earlier study of two sites near Key Biscayne. Changes were noted in
species abundance, biomass, diversity and spatial distribution. Slow speciation with low diversity
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was attributed to low temperature in winter, elevated turbidity and anthropogenic stress. Voss
(1976) summarized the state and health of the invertebrate communities and discussed some of
the anthropogenic stressors.

Eichler’s (1977) studied infaunal assemblages in Thalassia testudinum beds near Key Biscayne
and Virginia Key and identified 109 species with polychaetes, amphipods, bivalves, gastropods,
isopods and sipunculids dominating the collection. Rice (1978) used monthly samples of the
benthos of the Safety Valve found seasonal variations in the infaunal assemblage and reported a
correlation between species diversity and the dominant bivalve Tivela floridan. Tilmant (1979)
documented damage to hard bottom communities in the park by shrimp roller trawls, including
damage and displacement of corals, damage to sponges, uprooting of gorgonians and damage to
algal colonies and Sargassum, with effects lasting well beyond the termination of trawling
mandated by law. Brook (1981) examined several benthic communities located along the
mainland shore of the park for salinity-driven affects. Dennis (1981) studied benthic harpacticoid
copepods near Turkey Point and examined the role of Syringodium filiforme and sediment
stability on this community. Sediment composition was affected by the grasses. Brook (1982)
studied seagrass beds affected by the controlled freshwater discharge from the Mowry and
Moody canals and found a change from amphipods to molluscs at the Moody site, with less
impact at the Mowry site, which he attributed to higher diversity, adding resiliency and an
overall slight decrease in abundances attributed to discharge conditions at both locations.

Montague et al. (1995a) compared the population density of the sea urchin Lytechinus variegatus
to seagrass standing crop at Bear Cut, Crandon Park and Virginia Key. Montague et al. (1995b)
and Montague et al. (1988) also studied various aspects of the urchin community in the same
areas. Cox et al. (1996) studied the spiny lobster in Biscayne Bay and other locations, including
the reef tract. Lobsters food types were dominated by molluscs, chitons and crabs, with bivalves
less common than gastropods. Macié and Irlandi (1996) studied salinity fluctuations on the
benthic gastropod Astraea tecta and the echinoderm Lytechinus variegatus produced by episodic
canal discharge, and proposed that species distributions were controlled by the severe salinity
changes documented. Ishman et al. (1997) studied the benthic foraminifera of Biscayne Bay with
surface samples taken from North Bay to Manatee Bay, including seven sites inside BNP. They
collected 69 taxa common to this area and calculated a species diversity range of 0.080-0.493
(Simpson’s index). Calcareous forms dominated, with agglutinating forms being minor. Certain
forms of Ammonia parkinsoniana and Elphidium galvestonense mexicanum were found
dominant in restricted regions and Archaias angulatus dominated open regions. They were able
to identify three distinct assemblages; these were the Ammonia-Elphidium, Archaias-milliolid
and Bolivinid assemblages. Of these, the Archaias-milliolid assemblage, was dominant in BNP
surface sediments, the other two being from more restricted environments, with the last type
found only in northernmost Biscayne Bay where there are organic-rich diatomaceous muds.

Ishman (2001) describes four benthic foraminifera assemblages from surface sediment samples
taken in Biscayne Bay. He found that the assemblages were controlled by salinity, substrate and
organic inputs, with two associated with open circulation, one with oligohaline to polyhaline
salinity in restricted areas and one with high plankton productivity and organic inputs. Vittor
(2001) studied the macro-invertebrates in South Biscayne Bay within the park and in Manatee
Bay. Samples collected in December 1999 were analyzed for species and abundance, compared
with some physical properties and richness values calculated. Biscayne Bay samples had 13-96
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taxa, with fewer taxa found in samples closer to the mainland. Organism density ranged from
1,075-24,725 organisms/m”. Calculated taxa diversity ranged from 1.62-3.65 and taxa evenness
from 0.56-0.88. Most abundant taxa included the gastropod Caecum pulchellum, the
malocostracan, Hargeria rapax, and two polychaete worms, Exogone rolani and Fabricinuda
trilobata. The most widely distributed organisms were Hargeria rapa and the annelid family
Tubificidae, found at 95 percent of the stations. The assemblage in nearshore stations was
discovered to be more estuarine in character.

Ishman (2002) used sediment samples and cores to examine the historical changes in the benthic
foraminifera communities in south Florida. He reported that prior to the mid-1800s, the bay was
oligohaline with an increase to brackish to mesohaline during the early 1900s. Increasing salinity
after 1910 (attributed to the railroad’s arrival), produced a bay that was euhaline by 1940, with
fluctuations related to water management practices. Salinity in the south end of Biscayne Bay
and the two sounds increased further with the construction of C-111 canal, which cut off much
sheet flow in that area. Schroeder (2003) conducted a benthic sampling program covering most
of Biscayne Bay, including portions in BNP. Sixty stations were visited in Phase 1, followed by
dredge sampling at 15 sites based on the initial survey. Data showed the benthic organisms were
most stressed when there are extremes of temperature and salinity. Syringodium filiforme had a
more diverse associated fauna than other grass types, which suggested that it would be a good
candidate for further study and possibly for restoration efforts.

1989-1993: USGS maintains the dbSEABED data set compiled from numerous research projects
(http://pubs.usgs.gov/ds/2005/118/index.html). Primarily a geological data source with emphasis
on bottom types and grain size, the records include a number of benthic observations presented
in a numerical format, which can be parsed for observations made during the original research.
The principal dbSEABED sampling sites in BNP include north-central portion of the Park from
Featherbed Bank to the north boundary. The CMP and PRS files comprise 182 samples in BNP;
the FAC file has 74 samples taken from the Smithsonian Institution’s unpublished master
sediment data file attributed to a sampling program dating from October 8, 7 and 10, 1993 in the
park area. The CLC file (186 samples listed) shares the sites above, but includes nine additional
samples from two sites (located just offshore of Black Creek) by National Status and Trends
Program Mussel Watch from 1989-1990.

Crustaceans found in BNP include crabs, shrimp and lobsters (Table 11). Food species include
the giant land crab, blue crab, Caribbean spiny lobster and the stone crab. Taking the giant land
crab is prohibited, which is noted by a single sign at the park entrance, but as some seasonally
migrate across unpoliced roads outside the bark boundary during mating season, animals can be
poached. Species that can be taken that require permits include blue crabs, for which trapping is
year round, but the number of traps is limited and daily catch is restricted. A 10-day closed
season for blue crab now in effect has been valuable for removing derelict crab traps. The spiny
Lobster are harvested as adults in a controlled season (August 6 to March 31) on the ocean side
of the islands, and legal lobster catches can be transported across park waters if specific
conditions are met. Park rangers monitor this behavior during lobster season. The highly prized
stone crab is also harvested in the park and harvest is controlled; take of claws is only allowed
during the “Open Season” from October 15-May 15. Egg-bearing female crustaceans (of any
type) are not allowed to be taken at any time. Shrimp take is limited per day as by state rules and
all forms of recreational fishing require a Florida fishing license.
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Table 11. Principal crustaceans found in Biscayne National Park (NPS data).

Scientific Name Common Name Scientific Name Common Name
Callinectes sapidus Blue crab Panulirus guttatus Spotted spiny lobster
Cardisoma guanhumi  Giant land crab Petrochirus diogenes Giant hermit crab

Coenobita clypeatus Hermit crab (terrestrial) | Scyllarides aequinoctialis ~ Shovel-nose slipper lobster

Panulirus argus Caribbean spiny lobster | Scyllarides nodifer Slipper lobster

Molluscs are a major group in BNP with importance as food for humans and many other species.
Appendix A Table A6 is a list of shelled molluscs in the park or vicinity. Unshelled molluscs
include squid and octopus, both of which are primary predators and are consumed themselves by
larger organisms. Shelled molluscs provide habitat and sediment after death and breakdown of
the shell into smaller particles. Shells can be a home (e.g., hermit crabs) or a convenient place for
a sessile organism to attach. Sponges, barnacles and other species are found on large shell
fragments. Molluscs provide the scientist with environmental information as they often have
specific ranges or salinity tolerance, and some species are sampled for polluting compounds in
their tissues.

Insects are the largest group of animals in BNP. Visitors may only remember the mosquitos and
fire ants or the gnats (locally known as “no-see-ems”), but there are many genera including those
that are very beneficial. Butterflies, dragonflies, moths, tree hoppers and ants abound, and many
are important to the overall health of the park. For example, pollinating species are essential in
many plant communities. Detrimental insects are a problem for vegetation or other animals.
Detrimental insects include exotic species, many of which have been introduced to South Florida
by hitching a ride on ships or on imported products, especially plant materials.

Butterflies are important indicators of the health of the environment. Because many species are
associated with particular plant types, the type and diversity of the butterfly population can
indicate the state of the environment. Butterflies are pollinators, which makes them important to
many of the park’s plant communities. Scientists have tried to improve stocks of plant varieties
attractive to beneficial butterflies, and have attempted to introduce at least one form native, the
Miami Blue butterfly. Appendix A Table A7 has a list of butterfly species known from South
Florida, most of which are assumed to be in the park.

Arthropods include spiders, scorpions, millipedes, centipedes and horseshoe crabs. All are
important members of the ecosystem with the marine dwelling horseshoe crab of particular
concern, as the sedimentary environment it prefers is both scarce in much of Biscayne Bay, and
threatened by anthropogenic changes in the environment.

Fishes

The fisheries in BNP includes commercial and recreational fishing including: “bonefish, snook,
tarpon, permit, pink shrimp, spotted seatrout, oysters, clams, blue crabs and stone crabs, bait
fishes; and, numerous coral reef fishes that include snappers, groupers, grunts, barracuda,
spadefish, spiny lobster, parrotfish, surgeonfish and triggerfish” (Ault et al., 2001). The health of
fishery is important economically as a principal draw for park visitors, and has impacts on the
health of other biotic components, such as reefs and seagrass communities. Degradation of the
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fishery, by whatever means, also impacts adjacent areas as many species are migratory or are
moved to adjacent waters by oceanographic processes. Fish diversity is lowest on the west side
of Biscayne Bay near canal discharges and highest along the eastern reef tract. Many species
occur in all marine habitats, which suggests interconnectivity between inshore areas and offshore
fisheries. A representative list of fish species (298) in park waters is included in Appendix A
Table A8, and Ault et al. (2001) has a more extensive list of 325 species.

Miller (1940) described the effects of a severe cold snap in January of 1940 that killed or stunned
many fish species in nearshore habitats. He reported that weather at or below freezing on land
produced water temperatures of 51-55°F which severely affected the fish population. Smith
(1945) examined spiny lobster fishing in South Florida and discussed suggested changes to the
then current fishing restrictions. Smith (1948) described attempts to aquaculture sponges in
Biscayne Bay. A University of Miami (1952) report examined fishing take throughout Florida in
1951, with details of species caught in Miami-Dade County. Cohen (1953) reported fishing take
for 1952 in a similar manner. Greer (1954) followed with data on take for 1953. Siebenaler
(1953) described the commercial fisheries of Biscayne Bay and compared results by fishing
technique. He reported that during the two years studied (1951-52) mullet represented about 98
percent of the fish taken. Eldred (1960) described the two principal species of shrimp from
Biscayne Bay and first reported the presence of Penaeus brasiliensis.

Idyll (1968) examined the commercially valuable fisheries in Biscayne Bay. Table 12 shows
some of the species taken for the aquarium industry. Figure 61 shows the principal fishing areas
defined in this report. Eldred et al. (1972) studied juvenile spiny lobsters (Panulirus argus) in
Biscayne Bay. Roessler et al. (1972, 2002) conducted extensive biological surveys for a thermal
pollution study done around Turkey Point, which includes considerable fishery data from 1968-
1973. Berkeley (1983) conducted a fisheries assessment of Biscayne Bay covering the 1982-
1983 periods, which included areas in the park. Sutherland and Harper (1983) examined the wire
fish-trap fishery of South Florida for the years 1979-1980 with catch data including mortality
statistics for a number of caught reef fish species in the area near Key Biscayne.

McKinley (1995) examined penaeid shrimp abundance in Biscayne Bay in areas close to
significant anthropogenic alterations of the western coastline habitats (water quality near canals
and bulkheads), and found little effect due to water quality or elevated salinity and was unable to
confirm that undeveloped areas produce more shrimp, as has been reported elsewhere. Bello
(1997) examined penaeid shrimp species passing through Bear Cut and discovered additional
species. Serafy et al. (1997) found increased abundances of some fish species near or in canal
mouths in the bay, which suggested that salinity was a controlling factor. Bohnsack et al. (1999)
compiled some baseline fish data for the Florida Keys National Marine Sanctuary and the
offshore reef areas of BNP. Serafy et al. (1999) reported negative results of juvenile red drum
(Sciaenops ocellatus) releases into Biscayne Bay, which were apparently eaten by barracuda and
needlefish. Ault et al. (1999) developed a multi-stock model of the fishery in Biscayne Bay.
Humston et al. (2004) studied movement and growth of fish stocks in Biscayne Bay using
models. Humston et al. (2005) used acoustic techniques to track bonefish (Albula vulpes) in the
area south of Old Rhodes Key and Ault et al. (2007) tagged bonefish and tracked them with an
acoustic array located east of Elliott Key to determine the viability of this method for studying
fish stocks and behavior. Johnson et al. (2007) reported on the commercial fishery landings in
Southeast Florida, including portions of BNP.
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Table 12. Important aquarium fish species in Biscayne Bay (Idyll, 1968).

Common Name

Scientific Name

Blue striped grunt

Haemulon sciurur

Parrotfish

Pseudoscarus coelestinus

Rainbow parrotfish

Pseudoscarus guacamania

Green parrotfish

Sparisoma virlde

Blue parrotfish

Scarus caeruleus

Striped goby

Garmania macrodon

Fat goby Gobiosoma robustum
Whitehurst's jewfish Opisthognathus whithursti
Pike blenny Chaenopsis ocellata
Hairy blenny Labrisomus nuchipinnis
Marbled clinid Paraclinus marmoratus
Banded clinid Paraclinus rasciatus

Sea robin Prinotus scitulus

Clingfish Gobiesox strumosus
Cowfish Lactophrys tricornis

Smooth trunkfish

Lactophrys trigonus

Brown demoiselle

Pomacentrus fuscus

Mapo

Bathygobius soporator

Blue tang

Acanthurus caeruleus

Ocean surgeon

Acanthurus bahianus

Doctor fish

Acanthurus chiturgus

Fringed filefish

Monacanthus hispidus

Hairy filefish

Monacanthus ciliatus

Spiny boxfish

Chilomycterus schoepfi

Queen angelfish

Holacanthus ciliatus

Blue angelfish

Holacanthus isabellita

Black angelfish

Holacanthus aureus

French angelfish

Holacanthus paru

Foureyed butterflyfish

Chaetodon ocellatus

Butterflyfish

Chaetodon capistratus

Butterflyfish

Chaetodon stratus

Two lined cardinalfish

Apogon binotatus

Spotted cardinalfish

Apogon maculatus

False spotted cardinalfish

Apogon pseudomaculatus

Conchfish

Apogonichthys stellatus

Variegated wrasse

Halichoeres garnoti

Pudding wife

Halichoeres radiata

Blue head

Thalassoma bifasciatum
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Table 12. Important aquarium fish species from Biscayne Bay (Idyll, 1968) (continued).

Common Name

Scientific Name

Dwarf wrasse

Doratonotus megalepis

Dusky squirrelfish

Holocentrus vexillarius

Sergeant major

Abudefduf saxatilis

Rock sergeant

Abudefduf taurus

Spotted moray

Gymnothorax moringa

Green moray

Gymnothorax funebris

Round stingray

Urolophus jamaicensis

Spotted moray

Gymnothorax nigromarginatus

Dwarf seahorse

Hippocampus zosterae

Smooth puffer

Spheroides spengleri

Biscayne National Park waters and watershed are included in several NOAA designated
Essential Fish Habitat (EFH) that have been designated along the southeast coast. EFH has been
designated for penaeid shrimp, spiny lobster, snapper and grouper, migratory pelagic fish with
shallow water life stages and coral reefs/hardbottom. Under EFH, regions with special
importance for the health of a particular fishery can be designated as Habitat Areas of Particular
Concern (HAPC). All of BNP is within the footprint of one or more EFHs and HAPCs (Figures
62-65).

Commercial fishing for live bait shrimp dates from the early 1950s. Two principal species are
fished, Penaeus duorarum and Penaeus brasiliensis (Eldred, 1960), comprising about 95 percent
of the shrimp species taken in samples. Campos and Berkeley (1986) determined that Penaeus
bait shrimp spent approximately 21 weeks inside Biscayne Bay. January was the month of
greatest abundance and lowest was in May; western Bay areas produced higher shrimp
abundances than those found in the eastern Bay. They calculated mortality rates by sex and
concluded that more shrimp left the bay (emigration) than were taken by the bait industry at that
time. Commercial fishing was calculated to take less than 10 percent of the shrimp stock during
peak months (Campos and Berkeley, 1986). Juvenile shrimp are less abundant in the area south
of Turkey Point; this is thought to be caused by extensive hard-bottom and fluctuating releases of
freshwater from nearby canals (RECOVER, 2007).

The snapper/grouper complex comprises 73 species of fish dominated by the groups that give the
complex its name. The complex includes hogfish, grunts, porgies and jacks and has been
overfished historically. Certain species are more sensitive to overfishing and many play
important ecological roles on the reefs. Harvest of too many fish in this category can affect reef
health and may alter or undermine other ecosystems inhabited by the fish (Ault et al., 2005).
Figure 66 shows the life cycle-ontogeny relationship of the snapper/grouper complex.

The rainwater killifish, an estuarine species, is the most abundant fish along the west shoreline of
Biscayne Bay, and three other fish species (gray snapper, spotted seatrout and pink shrimp) are
economically valuable and important to the ecosystem. All show changes in abundance and
distribution with changes in salinity and are used in monitoring programs, although the
relationships are not always clear (CERP, 2007).
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PRIMCIPAL FISHING AREAS OF
BISCAYNE BAY
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Figure 614. Historical fishing areas in Biscayne Bay (Idyll, 1968). Map is outdated because lobster
fishing is now limited to the Biscayne Bay lobster sanctuary and offshore areas only.

Continuing coastal development and the associated stressors which affect water quality also
impact important fish groups. This can occur in the nursery areas inshore, such as the mangrove
fringe where juveniles mature or offshore where turbidity, sediment pollution or nutrient loading
can occur. The management of freshwater delivery to the coast was shown to affect these
populations as timing, quality and quantity of water delivered impact the success of fish that
spend some part of their life in inshore areas. Future water management decisions have the
potential to either improve or degrade fish stocks (Ault et al., 2005).
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Figure 62. Essential Fish Habitat (EFH) and Habitat Areas of Particular Concern (HAPC) for Penaeid
shrimp in Biscayne National Park. Note that coastal marshland is included in EFH, but HAPC is confined
to the waters of Biscayne Bay (Data from NOAA National Marine Fishery Service).
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Figure 63. Essential Fish Habitat (EFH) for the Snapper/Grouper complex. Two types of seagrass
covered bottom, coastal mangrove swamps, coastal inlets through the keys and islands and the hard
bottom areas offshore are defined as HAPC for this group. The EFH includes coastal marsh areas and
deeper waters offshore of the park (Data from NOAA National Marine Fishery Service).
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Figure 64. Essential Fish Habitat (EFH) for migratory pelagic fish, which includes shoal areas within
Biscayne National Park (BNP) and the inlets between the islands. The Habitat Areas of Particular
Concern (HAPC) for this group is for the area where Phragmatopoma worm reefs may be found, a
species important to the migratory group and which includes the NE corner of BNP (Data from NOAA

National Marine Fishery Service).
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Figure 65. Essential Fish Habitat (EFH) and Habitat Areas of Particular Concern (HAPC) for spiny
lobster. The EFH covers the entire park area, while the HAPC are divided between Biscayne Bay and
Card Sound and the offshore reef and patch reef areas. The hardbottom HAPC is found only in a small
area at the NE portion of the park (Data from NOAA National Marine Fishery Service).
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Figure 56. Snapper/grouper complex life cycle relationships. This diagram shows how the group moves
through Biscayne National Park via many of its marine environments (Figure 5 from Ault et al., 2005).

Fish are impacted by food availability and by predation by larger species, both of which can
affect the stocks of important fish types. The extensive harvest of pink shrimp at different life
stages (juveniles in the bay or adults offshore), as well as smaller bait fish, removes prey, while
harvest of predator fishes removes controls on fish populations, which can become unbalanced.

Many valuable fishery species are in general decline compared to historical data; those that
inhabit the former estuarine zone along the coastline have to deal with wide fluctuations in
salinity (CERP, 2007) resulting from diversion of natural flows into controlled canals (Meeder et
al., 1999, 2001). Adult oysters, which were found at the mouths of tidal creeks with freshwater
outflow, are largely absent from the system. Estuarine fish (e.g., redfish), and shellfish dependent
on intermediate ranges of salinity, have declined substantially; attempts to restock red drum have
failed because of unstable estuarine conditions inshore (Serafy et al., 1996, 2003). Figure 67
shows the diversity patterns for fish in the park as determined from TRAWL and RVC sampling
methods.

Ault et al. (2001) made the following observations on long-term trends:
e Many exploited species of fish are the same size as those taken in the past.

e Black grouper average size is now 40% smaller than in 1940; spawning stocks are less
than 5% of historical values.

e Of 35 species capable of being analyzed, 77% are overfished as determined by spawning
potential ratios.
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Figure 67. Number of species by sampling site for benthic habitats in Biscayne National Park. Data from
TRAWL and RVC sampling methods. Red is coral reefs, green is seagrass and yellow is hardbottom

(Figure 5 from Ault et al., 2001).

e Some stocks have been chronically overfished since the late 1970s, producing critically

low stock biomass. Grouper are cited as an example.

e “Serial overfishing” of key fishery resources has emphasized smaller, less desirable
species, which have become more common as larger fish have been eliminated.

e Numbers of recreational fishing boats and increases in technological tools to catch fish

have increased the fishing pressure on the resource dramatically.

e Undersized fish takes, and poaching of protected species and sizes, can be as high as 70%

of the fish caught. Ignorance of fishing laws contributes to this problem.
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e Enforcement of fishing regulations is insufficient to discourage poaching.

e BNP reef fish resources are extremely poor relative to other reef areas in South Florida
and may be close to eminent resource collapse.

e Thirteen of 35 species analyzed have minimum size standards at or below the size
required to spawn.

e Many important frequently-taken species’ catches are not well documented, while others
are not monitored at all. Included are tarpon, bonefish and permit, as well as
commercially taken, juvenile pink shrimp and spiny lobster, blue crab and stone crab.

o Fisheries are not sustainable in BNP under present levels of exploitation, which impacts
stock status and habitat quality.

Controls placed on fishing behaviors, such as size, equipment or number limits, have not
improved the situation; direct controls combined with no-fishing zones are likely the best way to
maximize remaining stocks. Ault et al. (2001, 2005) suggested this, also suggesting that
management practices that reduce fishing-related fish mortality are a priority for a sustainable
fishery. They suggest that if the fishing-related losses were reduced to zero, it would take 10-20
years for the snapper/grouper complex to recover. Increasing human population increases fishing
for target species, prey and bait fish, which will only make recovery times longer as the
population of Miami-Dade County continues to grow. Table 13) is a preliminary list assembled
by NPS of marine and estuarine fish stocks that are at risk and/or endangered.

The impact of sea level rise on fish stocks is unknown. The physical changes associated with a
rising ocean will affect benthic communities and the fish which rely on them, as well as cause
human reactions in coastal zones, which are both likely to be negative and generally
unpredictable. Sea level rise will push the estuarine zones landward or eliminate them entirely,
which is likely to aggravate the already distressed conditions.

The National Park Service has developed a Fisheries Management Plan with cooperation from
Florida Fish and Wildlife Conservation Commission, the agency tasked with regulatory control
over the fisheries. The plan has been through a 60-day comment period and meetings with the
public and stakeholders in September 2009. The goal of the plan is to protect existing fisheries
and extend fishing experiences well into the future. Plans to improve the timing and delivery of
freshwater by diverting canal water into coastal marshes and creeks in the near future are based
on the idea that recreating nearshore estuarine salinity patterns will improve the populations of
estuarine fish, crustaceans and shellfish (RECOVER, 2007).

Coral Reefs

The reefs inside Biscayne Bay and along the offshore reef tract are critical for biological
productivity and are an economical engine for the region by drawing thousands of users to the
area. They are currently under threat from sea level rise, climate change induced heat threat,
contamination from aerosols and overuse or damage by visitors. In total, BNP has 291 km* of
coral reefs (Andrews et al., 2005).
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Table 13. Vulnerable, threatened and endangered Fishes in Biscayne National Park (Ault et al., 2001).
Species in blue are threatened; species in red are endangered, species in bold are Protected under U.S.

and Florida Law.

Family Common Name Scientific Name
Acanthuridae Gulf surgeonfish Acanthurus randalli
Balistidae Queen triggerfish Balistes vetula
Carcharhinidae Blacktip shark Carcharhinus limbatus
Carcharhinidae Dusky shark Carcharhinus obscurus

Centropomidae

Swordspine snook

Centropomus ensiferus

Centropomidae

Fat snook

Centropomus parallelus

Centropomidae

Tarpon snook

Centropomus pectinatus

Gobiidae Spot-tail goby Gobionellus stigmaturus
Gobiidae Orangespotted goby Nes longus

Labridae Hogfish Lachnolaimus maximus
Lutjanidae Mutton snapper Lutjanus analis
Lutjanidae Cubera snapper Lutjanus cyanopterus
Myliobatidae Spotted eagle ray Aetobatus narinari
Pristidae Smalltooth sawfish Pristis pectinata
Scaridae Scarus guacamia Rainbow parrotfish
Sciaenidae Blue croaker Bairdella batabana
Scombridae Bluefin tuna Thunnus thynnus
Serranidae Speckled hind Epinephelus drummondhayi
Serranidae Yellowedge grouper Epinephelus flavolimbatus
Serranidae Goliath grouper Epinephelus itajara
Serranidae Marbled grouper Epinephelus inermis
Serranidae Warsaw grouper Epinephelus nigritus
Serranidae Snowy grouper Epinephelus niveatus
Serranidae Nassau grouper Epinephelus striatus
Serranidae Blue hamlet Hypoplectus gemma
Serranidae Black grouper Mycteroperca bonaci
Serranidae Yellowmouth grouper Mycteroperca interstitialis
Serranidae Gag grouper Mycteroperca microlepis
Serranidae Scamp Mycteroperca phenax
Syngnathidae Fringed pipefish Anarchopterus cringer
Syngnathidae Lined seahorse Hippocampus erectus
Syngnathidae Longsnout seahorse Hippocampus reidi
Syngnathidae Dwarf seahorse Hippocampus zosterae
Syngnathidae Opossum pipefish Microphis brachyurus
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Marzelek et al. (1977, 1984) conducted the first spatial survey of the Florida Reef tract. They
mapped the distribution of reefs in Southeast Florida from Key Biscayne to the Dry Tortugas
(Figure 53). Their report provides general information about the location and dimensions of reefs
in the region. They found little patch reef formation north of Elliott Key and attributed that to
tidal and wind driven exchange with Biscayne Bay waters. They found good reef development at
the northern end of the reef tract and attributed that to the Florida Current flowing near, and
occasionally over, the outer reef area, unlike reefs to the south. Poor outer reef development
north of Biscayne Bay was attributed to colder waters. Voss (1983) summarized results of reef
surveys done throughout the FKNMS. He noted that the offshore reefs were generally healthy
but with signs of stress; inshore patch reefs did not show signs of stress. He noted a general
decline in water clarity and suggested that continued coastal development would reduce future
viability.

Porter (1987) provides a good summary of the biology and environmental conditions of corals
and Porter and Meier (1992) discussed two stations in BNP that were covered photographically
in 1984-1991. During that period, they documented a 13-29% decline in coral species richness,
with actual coral colony losses at 7.3-43.9% and concluded the reef tracts were losing corals at a
rate which prevents a return to historical reef abundances.

Toscano and Lundberg (1998) used seismic and core data to examine the post-late Pleistocene
sea level rise with cross sections of Carysfort Outlier and Sand Key Outlier reefs. These show
how the Holocene reefs are growing over previously drowned, older, elevated reef structures.
Lidz (2006) explained this relationship in greater detail and speculated that seasonally
inconsistent temperatures, salinity fluctuations, high turbidity and nutrient loading have impeded
recent coral growth. Porter et al. (1999) tested two possible stressors on reef systems to better
understand how corals withstand assault by more than one stressor. They found that salinity or
temperature extremes would affect corals negatively, and that prolonged exposure to both
reduced survivability drastically. They postulate that if that relationship happens with two
stressors then consideration of the many stressors which affect reef organisms is in order. They
suggest sediment loading and light penetration to be critically important stressors which must be
investigated more thoroughly.

Miller et al. (2000) discussed coral recruitment and juvenile mortality within the park. They
found that the offshore bank-barrier reefs were depauperate in corals and with low relief;
however, inshore patch reefs had greater coral cover and species richness. Their data suggested
that juvenile colonies were present on offshore reefs but that large adults were not. This means
that sufficient new corals are present but that few are reaching maturity in the offshore reef areas.
Suggested causes were predation (by fish primarily), physical stress (abrasion, sedimentation) or
temperature extremes (cold snaps). Clayton et al. (2002) reported on initial design of the
Experimental Advanced Airborne Research LIDAR (EAARL) mapping pilot program, which
showed promise as a management tool, however, no data was presented

Miller et al. (2002) reported general results of the Quick Look survey program of coral reefs in
the Florida Keys reef tract. This included 13 survey sites along the eastern edge of BNP and
others north and south of the park perimeter. They observed that coral cover was lowest in the
region of the park with the patch reefs having higher mean percent cover than the offshore
terrace, and spur and groove habitats. The greatest number of reef-building coral species (21)
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was found in the patch reefs offshore and the fewest (13-14) inshore of Triumph Reef and Fowey
Rocks. Juvenile corals’ densities were lower in the BNP area than along the reef tract to the
south. Sponges varied from 25-43 species and gorgonians from 12-21 species, both groups were
lowest near Fowey Rocks. Urchin densities were low, particularly for the formerly abundant
black spine variety, Diadema antillarum, which suffered a die-off in the early 1980s.

Lirman et al. (2003) examined coral communities in Biscayne Bay and adjacent offshore areas.
They found that temperature, sedimentation and salinity affect the abundance, diversity and
distribution of corals in Biscayne Bay. Two species that were found in dense populations,
Siderastrea radians and Porites furcata, and others found at lower densities, indicated that some
species are adapted to extremes in the controlling conditions. Siderastrea was impacted by high
sedimentation experimentally, and low salinity affected its growth rate negatively. Low coral
density along the western shoreline was attributed to fluctuations in salinity related to periodic
canal discharges. Seventeen coral species were identified, two from the western shore area, nine
in central Bay areas, eight from east Bay areas, and 15 from offshore sites (keys shoreline to
Hawk Channel). Coral density decreased with sediment depth; above 10-15 cm, seagrasses
dominated the benthos. Boats were correlated with higher sedimentation rates and “no wakes
zones” were suggested as a possible solution.

Florida Fish and Wildlife Conservation Commission (2004) has a brief on the Coral Reef
Evaluation and Monitoring Project (CREMP) at FFWCC-FWRI, which includes sampling sites
in the upper FKNMS. This states that from 1996-2004 there has been an overall decline in
number of stony coral species at most sites. Sanctuary-wide decline is from 11.9 % cover to only
6.6%, with the first half of the time covered not significantly different from the latter half (since
1999). “In 2004, the most common stony coral species were Montastraea annularis (2.6%), M.
cavernosa (1.0%), Siderastrea siderea (0.8%), Porites astreoides (0.5%), Colpophyllia natans
(0.4%) and Millepora complanata (0.3%).The significant declines in mean percent stony coral
cover between 1997 and 1999 were largely due to losses in M. annularis, A. palmata, and M.
complanata. ”

Brock and Wright (2004) used NASA’s EAARL mapping project to measure rugosity (relief) of
15 patch and bank coral reef areas in the park in 2002. This method could show the relationship
between habitat complexity and topographic complexity, which would allow rapid assessment of
shallow coral reefs through time over wide areas. The area studied was along the east margin of
the park due east of Caesars Creek bank. Reed (2004) examined deep reefs offshore of the
Miami area. None are within BNP, but are to the east in over 200 m water on the Miami terrace.
Wilkinson et al. (2004) provided a general assessment of coral reefs in Florida and reported that
1997 and 1998 were years with higher than normal bleaching. Miller et al. (2005), from the
Quick Look series, documented damage from four hurricanes crossing the Florida reef tract.
Hurricane damage included: scouring, sediment movement, toppling of gorgonians, sponge
detachment and removal of algal communities down to bare substrate. Sediment was transported
upslope covering reef areas and exposing previously buried structure.

Andrews et al. (2005) also described the state of coral reef ecosystems in Florida and noted that
staghorn coral (Acropora cervicornis) underwent a substantial decline in 1998-1999. BNP has
291 km® of coral reefs. They divide coral reef habitats into three descriptive types: hardbottom,
patch reefs and bank reefs. Hardbottom habitats are the most extensive, are found at a wide range
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of water depth and are colonized by some stony corals, octocorals, sponges and calcareous algae;
colonization is controlled by local environmental conditions. Patch reefs are built of massive
stony corals dominated by the star coral (Montastraea annularis), Colpophyllia natans and
Siderastrea siderea. Patch reefs are well developed in the park from Hawk Channel to the outer
reef tract with relatively high species diversity and richness. The outer bank reefs feature spur
and groove (ridge and channel) morphology, formerly dominated by Elkhorn coral (Acropora
palmata), with water depths from 10 m to a few centimeters with some areas descending down to
30 m. At about 40 m, depth sediment accumulations prevent significant reef growth to seaward.

Lapointe et al. (2005) examined macroalgae on coral reefs in Broward and Palm Beach counties
and attributed most to widespread assimilation of sewage nitrogen associated with ocean outfalls.
Their study area was north of BNP, but the ocean outfall associated with Miami is much closer to
the park and presents a similar threat although the State of Florida has required Miami-Dade
County to stop use of the outfalls in the near future. Miller et al. (2006) reported on a baseline
population survey of A. cervicornis and A. palmata corals in the Florida Keys reef tract,
including sites just south of BNP. The overall decline in the two species dates from the late
1970s and was caused by bleaching, white-band disease, storm damage and predation by
damselfish and corallivorous snails. Both corals were listed as threatened in 2005. Numbers of
coral colonies reported were low, as were the populations of urchins, which are generally
prevalent on healthy reefs; low populations suggest reduced health.

Fisher et al. (2007) used induced coral lesions at four six-meter deep patch reefs within BNP, and
others in FKNMS to the south, to study reef recovery from damage. They concluded the sites in
BNP were in poor physiological condition or subjected to less than optimal environmental
conditions. Those displayed: 1) highly variable and low regeneration rates, 2) low percent of full
healing and 3) high occurrence of either breakage or lesions, which increased in size by merging
with adjacent denuded tissues of the coral colony. Collier et al. (2008) focused on areas from
BNP north and draws similar conclusions about reef health, as does Donahue et al. (2008).

Coral bleaching is one of the conditions receiving much attention in research locally, as the
problem is widely accepted as a response to environmental stress commonly seen in corals and
easy to spot in the field. Douglas (2003) examined the existing literature on coral bleaching,
which he defined as the loss of color in symbioses between the coral and its associated
dinoflagellate, Symbiodinium. Douglas examined three elements: 1) the triggering external
factors, 2) the symptoms, including loss of zooxanthellae and/or pigment and 3) the mechanisms
causing the symptoms. This phenomenon is believed to be increasing in recent years and has
caused alarm among coral researchers because it is associated with mass coral mortality.
Temperature extremes, elevated irradiance, long periods of darkness, pathogenic micro-
organisms and certain heavy metals (copper, cadmium) have been implicated as triggers of
bleaching. The symptoms normally include a high rate of expulsion of the Symbiodinium from
the coral animals, which produces the white tissue that gives rise to its name. Expulsion of the
zooxanthellae results in a loss of photosynthetic beneficial nutrients to the corals and can lead to
detachment of the animals from their exoskeleton. Synergistic relationships may be required to
produce bleaching, such as the combination of pollution and/or microbial activity with elevated
temperatures.
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Baker (2003) discusses the biology of coral symbionts in the genus Symbiodinium and the
symbionts’ ability to withstand certain stressors. He describes the ability of some species of
Symbiodinium to withstand heat stress, and suggested managers of reef systems need to fully
understand the details of this community in order to understand reef outcomes. The rate at which
coral communities can rebound from bleaching events may depend on the ability of the corals to
replace one type with a more resistant type assuming, the latter is available for the corals to
utilize. Baker et al. (2004) reported that observations of coral reefs showed that after bleaching
episodes, the heat resistant strains of Symbiodinium were more abundant after the event, and
surviving coral communities had symbiont assemblages more like those of reefs in high-
temperature environments; this suggests that some adaptation to warmer conditions is possible. It
was speculated that this symbiont shift is more likely to occur after longer heat-stress events.
They suggested that affected reefs may revert to the previous symbiont patterns if enough time
without further stress passes. They propose that adaptive shifts are common in cases of severe
bleaching and that this might be a mechanism that will increase resistance to future bleaching.

Miller et al. (2005) identified moderate bleaching in BNP with photos of some examples. The
highest mid-channel scleractinian coral density was recorded at Margot Fish Shoal in the park
and attributed to an abundance of branching Porites colonies. Highest density of gorgonians was
recorded from a mid-channel patch reef inshore of Pacific Reef, BNP. They show park corals
had from 1.6% (fore reef) to 14.6% (mid-channel patch reef) of their area bleached during the
2005 season. Santavy et al. (2005) discussed the meaning of coral bleaching studies and
suggested a more broadly-based approach for determining reef health. They suggest a
community-wide estimate of various bleaching observations is more useful than raw numbers of
affected animals. Drohan et al. (2005) used experimental data to show that elevated UV-B
wavelengths can increase the stress on gorgonian symbionts caused by elevated temperature,
leading to additional bleaching. McClanahan et al. (2005) argues that local conditions are more
important than regional trends in understanding bleaching events and the adaption of affected
coral communities, and leads to patchy reorganization of reefs after the stress events. Wilkinson
and Souter (2008) examined recent bleaching and hurricane damage to Caribbean reefs,
including those in Florida. They provide a chronological history of bleaching in the Keys back to
1979. They described the spate of hurricanes and discuss the widespread bleaching in 2005,
which is attributed to elevated water temperatures that produced plus 2-3°C hotspots in August.

Corals also suffer disease-related declines that have been studied, although less-so than
bleaching events. Coral diseases are grouped into three categories: 1) black band, 2) white
diseases (white plague, white band and white pox), and 3) other (dark spot, yellow band,
idiopathic). Woodley et al. (2003) describes the activities of the Coral Disease and Health
Consortium, which was formed to better understand this issue. They list eleven objectives for the
group to improve the coral disease knowledge base. Florida Fish and Wildlife Conservation
Commission (2004) stated that corals showing diseases increased in the 1996-1999, but a decline
in diseased corals was recorded between 2003-2004 for white disease, black band disease,
“other” disease and coral bleaching, and indicated that these were not impacting stony coral
percent cover numbers. They conclude that multiple stressors at all levels were the cause of
negative impacts on the coral reefs in the FKNMS. Andrews et al. (2005) suggested white pox
disease can be attributed to the human fecal bacterium (Serratia marcescens). Coral diseases
remain an area needing further study.
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Physical damage to reef structures (and seagrass beds) can occur when vessels “run aground” on
reefs or patch reefs. Large ships have historically been a problem along the seaward margin of
the park. Recently, statutory authority (e.g., Park System Resource Protection Act, 16USC19jj)
has improved, making it possible to remove the offending vessel quickly and to see that the
owners are required to repair the damage area, where possible. However, small boat damage is
probably a bigger problem for park reefs, as the number of boating visitors to these excellent
diving and fishing spots continues to increase. Small boats can hit the reefs, can cut it with
propellers, drop anchors and anchor lines that drag across the corals and increase wave energy
that can increase erosion and sediment movement. The park maintains data on groundings and
one study of small boat damage at Bache Shoal patch reef (offshore of Sands Key Cut inside the
park) showed more than 40% damage at this popular dive site (Lutz, 1998).

Recently, the new focus on climate change has determined that the acidification (souring) of
ocean water by increased levels of atmospheric CO, will affect the depth at which aragonite is
supersaturated. Guinotte et al. (2006) studied the aragonite saturation horizon (ASH) and showed
how it will move upward as a result of climate change (increasing pCO,). The ability of many
calcareous species, including corals, to make their shells (tests) is dependent on the ASH; many
believe this will severely hinder reef health around the world. However, this report shows that
the ASH change has less of an impact in Florida waters, where the ASH is considerably deeper
because of present circulation patterns, than in other oceans, and will take much longer to affect
the organisms living near the surface. Deep-water coral reefs seaward of BNP will be affected
first and much later in the century than reef areas in the Pacific. Monitoring the deep reefs
offshore of the park might provide insight to the progression of this problem long before surface
studies show it. Hoegh-Guldberg et al. (2007) suggest that managers of reef systems should
concentrate on lowering known stressors locally, so that elevated temperatures and changes in
pCOs; in the future will have less impact on reef communities when they do begin to be affected.

Heat stress from elevated water temperature is expected in the near future, and sea level rise
expectations are also significant in most projections of future climate conditions (e.g., Bates et
al., 2007). Both stressors are problematic for the park’s reefs. Heat increases can lead to more
bleaching and ultimately, loss of corals, and higher sea levels will physically affect reefs with
higher energies (Wilkinson and Souter, 2008). Sedimentation rates should increase as this energy
picks up bottom sediment and moves it around and will cause shoreline erosion and entry to the
water column of both turbidity-producing material and nutrients which will further impact
offshore areas. Mielbrecht et al. (2008) used GIS-based mapping for a regional analysis of the
Florida Keys reef tract which indicates current water temperature ranges. It showed the offshore
upper keys reefs were in the 28.48-28.72°C range (slightly below average) and 29.04-29.25°C
inshore, with variance of 1.95°C (deep offshore), 1.95-2.2°C (shallow offshore) and 2.96-3.59°C
(inshore). To offset the loss of symbionts caused by heat stress, Andrew Baker at the University
of Miami is attempting to introduce heat resistant zooxanthellae to corals in a laboratory setting
with the idea of making them more tolerant to climate change-induced warming (Eilperin, 2008).
Wilkinson and Souter (2008) suggest the following scenarios for Florida reefs: 1) more frequent
warming and more intense warming in the near future which will lead to more bleaching and
coral mortality, 2) severe coral bleaching events become common by 2030, 3) annual bleaching
events become common by 2100 and 4) increased potential of more severe hurricanes that will
also threaten reefs in the region.
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It would appear that the reefs are already declining as a result of anthropogenic, as well as
natural, stressors, with climate change dominating in the future. While reef communities might
find ways to adapt to the changing world (sea level rise is not new) most of the expected changes
are not susceptible to local management solutions. As one of the only areas they can affect, reef
managers must expend greater effort to protect reefs from anthropogenic stressors, if only by
increasing reef resiliency through reef restoration, protection of water quality, reduction of vessel
groundings and anchor damage.

Amphibians and Reptiles
Table 14 lists the known amphibians in BNP.

Table 14. Amphibians found in Biscayne National Park (NPS).

Scientific Name Common Name
Osteopilus septentrionalis Cuban tree frog
Gastrophryne caarolinensis Eastern narrowmouth toad
Eleutherodactylus planirostris Greenhouse frog

Bufo marinus Cane toad

Hyla cinerea Green tree frog

Bufo terrestris Southern toad

Hyla squirella Squirrel tree frog

Biscayne National Park has a wide variety of reptiles that inhabit it (Table 15). Included are rare
and endangered turtles, crocodilians and snakes. Sea turtles are commonly seen in the park
including loggerhead, green, and hawksbill types, as well as the rarely seen leatherback; all are
listed as either “threatened” or “endangered” because of loss of viable nesting grounds outside
the park. The shoreline of several Keys provides at least five nesting beaches within the park,
where female sea turtles can return to lay their eggs. Park staff monitors nesting from May to
August to locate new nests and install screens over them, preventing raccoons from digging up
the eggs. Debris is a problem for turtles; it is removed from nesting beaches when possible.

Birds
Appendix A Table A9 shows the bird species identified in BNP.

Mammals
Table 16 shows the mammal list for BNP.
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Table 15. Reptiles known to inhabit Biscayne National Park.

Scientific Name

Common Name

Alligator mississippiensis

American alligator

Anolis carolinensis

Green anole

Basiliscus vittatus

Brown basilisk

Caretta caretta

Atlantic loggerhead turtle

Caretta caretta

Loggerhead sea turtle

Chelonia mydas

Green sea turtle

Coluber constrictor paludicola

Everglades racer

Crocodylus acutus

American crocodile

Crotalus adamanteus

Eastern diamondback rattlesnake

Dermochelys coriacea

Leatherback sea turtle

Dermochelys coriacea

Atlantic leatherback turtle

Diadophis punctatus

Ring-necked snake

Diadophis punctatus punctatus

Southern ring-necked Snake

Drymarchon corais couperi

Eastern indigo snake

Elaphe guttata

Corn snake

Elaphe obsoleta quadrivittata

Yellow rat snake

Elaphe obsoleta rossalleni

Everglades rat snake

Elutherodactylus ricordi planirostris

Greenhouse frog

Eretmochelys imbricata

Hawksbill turtle

Eumeces egregius

Mole skink

Eumeces inexpectatus

Southeastern five-lined skink

Hemidactylus turcicus

Mediterranean gekko

Iguana iguana

Green iguana

Kinosternon baurii

Striped mud turtle

Lepidochlys kempii

Kemp’s ridley turtle

Malaclemys terrapin rhizophorarum

Mangrove diamondback

Micrurus fulvius

Northern coral snake

Nerodia fasciata pictiventris

Florida water snake

Opheodrys aestivus

Rough green snake

Python molurus bivittatus

Burmese python

Scincella lateralis

Ground skink

Seminatrix pygaea

Black swamp snhake

Sistrurus miliarius barbouri

Dusky pigmy rattlesnake

Sphaerodactylus notatus

Reef gecko

Tantilla coronata wagneri

Florida crowned snake

Terrapene carolina bauri

Florida box turtle




Table 16. Mammals found in Biscayne National Park (NPS).

Scientific Name

Common Name

Tursiops truncates

Atlantic bottlenose dolphin

Rattus rattus

Black rat/roof rat

Lynx rufus

Bobcat

Tadarida brasiliensis

Brazilian free-tailed bat

Peromyscus gossypinus

Cotton mouse

Balaenoptera physalus

Finback whale

Vulpes vulpes

Gray fox

Sciurus carolinensis

Gray squirrel

Sigmodon hispidus

Hispid cotton rat

Megaptera novaengliae

Humpback whale

Peromyscus gossypinus allpaticola

Key Largo cotton mouse

Neotoma floridana smalli

Key Largo woodrat

Cryptotis parva

Least shrew

Sylvilagus palustris

Marsh rabbit

Sciurus aureogaster

Mexican red-bellied squirrel

Dideophis virginiana Oppossum
Procyan lotor Raccoon
Balaena glacialis Right whale
Lutra canadensis River otter
Balaenoptera borealis Sei whale

Lasiurus seminolus

Seminole bat

Glaucomys volans

Southern flying squirrel

Physeter macrocephalus

Sperm whale

Mephitis mephitis

Striped skunk

Didelphis virginiana

Virginia opossom

Eumops glaucinus

Wagner’s mastiff-bat

Trichechus manatus

West Indian manatee

Odocoileus virginianus

White-tailed deer
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Assessment of Threats

Introduction

There are many threats to the resources of Biscayne National Park and many gaps in our
knowledge of the functioning of the Biscayne Bay ecosystem. The principal threats are presented
with a brief description of the problem(s) and a description of how the threats were rated. Tables
at the end of each section summarize the threats and rate the extent of the problem and the
quality of the available information.

Each table presents threat/stressor information for different abiotic and biotic resource
components classified as terrestrial, canals, and wetlands, the bay proper, marine/reef and
groundwater. Table cells coded red highlight acknowledged current problems; cells coded
orange highlight potential problems and those coded yellow highlight areas of uncertainty about
the extent of resource management problems. Cells in green suggest either no problems or issues
that are under control; cells in blue represent historical problems. Given unlimited monetary,
personnel and technical resources, all of the yellow, orange and red issues require research into
the drivers of the resource issues. In practical terms, priorities must be set to wisely spend the
available resources.

To further guide the expenditure of resources, the state of knowledge for understanding the
color-coded problems is summarized using letters to indicate whether the knowledge base is
good (G), fair (F), poor (P) or only inferred (I). Issues with scores of | or P should be higher
research priorities than issues for which there is a fair or good level of understanding. Existing
problems with a good knowledge base are candidates for management actions, while problems
with less certain understanding are candidates for research. Given our understanding of the
natural resources of BNP, current problems that deserve research priority are highlighted.

Atmospheric Deposition

Acidification occurs when atmospheric chemistry produces decreased pH of rainwater.
Rainwater in Florida is normally slightly acidic and has the capability to dissolve the limestone
surface (epikarst) and produce subterranean drainage systems (karst). Pollution of certain types
can decrease the pH beyond background levels and produce additional acid compounds of
concern (e.g., hydrogen sulfide converted to sulfuric acid). Additionally, the rapidly increasing
levels of CO; in the atmosphere can directly affect the pCO; levels in both surface water and
groundwater, which may produce further lowering of the pH. This can affect the life processes of
many organisms, particularly those that depend on making or using calcium carbonate in their
life cycles.

Airborne sources of pollution include general combustion products (Long et al., 2002), industrial
and agricultural emissions as well as elements comprising or attached to dust events deposited
locally. Prospero and Nees (1977), Prospero et al. (1987), Prospero (1999a, 1999b, 1999c¢) and
Chiapello et al. (2005) discussed the long term patterns of dust transport, correlating it to African
climate changes and droughts. The USGS National Atmospheric Deposition Program/National
Trends Network maps (USGS 1994-2006) show the values for 22 chemical species measured
from atmospheric deposition for the continental U.S. With only a few points measured in
Florida, these are not usable for detail but do provide a general guide to the deposited chemistry
in south Florida.
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Acidification

Natural acidification of rain is the principal source of mildly acidic surface and groundwater,
which produces the karst terrains of the region. Acidification related to emissions, re-deposited
on terrestrial systems, is known from many other locations in the U.S. Sulfur dioxide (SO,) and
nitrogen oxide (NOx) react with other atmospheric components to produce a mild solution of
sulfuric acid or nitric acid, respectively. These are transmitted to the earth’s surface in wet form
(acid rain) or as dry particles or gasses. This acidic deposition can harm anthropogenic structures
and etch limestone and can reach groundwater, as some surfaces shed the particulate compounds
during subsequent rainfalls. This can be a problem for sensitive species, such as varieties of
vegetation and certain fish, and it can impact soil chemistry by stripping nutrients from the soil
which deprives plants of much needed chemicals.

Because atmospheric pollutants can be deposited into park waters, and local powerplants may
produce harmful emissions, especially during peak demand periods, acidification from
atmospheric deposition is considered an existing problem in BNP’s surface environments and a
potential problem in its groundwater. However, South Florida ranks in the lower end of values
for the United States in acid-forming compounds according to data maintained by the National
Atmospheric Deposition Program.

Chemical and Particulate Deposition

Seba (1969) reported pesticides associated with the surface microlayer in Biscayne Bay and
suggested these to be atmospheric transport and deposition. Shinn et al. (2000) has suggested that
dust from Africa may be a significant contributor to reef declines in Florida. They state that the
“near synchronous” loss of many acroporid corals, the echinoderm Diadema in 1983 and the
coral “bleaching” (zooxanthellae expulsion) increases in 1987, correlate with deposition maxima.
They hypothesize that this results from either the mineralogy of the dust (iron, silica and
aluminum clays) or with dust riding harmful biota such as Aspergillus spores, which survive long
distances.

Holmes and Miller (2004) discussed the mercury and arsenic components in African dust and
estimated that about 25% of the arsenic deposited in Florida comes from this source. Hayes et al.
(2001) suggested that “the iron component of dust alters the macronutrient balance in such a way
as to aid the growth of opportunistic organisms and pathogens in coastal systems, particularly in
macronutrient-rich coastal systems” such as BNP. Lenes et al. (2001) suggested that nutrient iron
from African dust events may feed algal blooms in Florida coastal waters. Kellogg and Griffin
(2003) suggest other environmental and health issues related to aerosol dust from Africa. Savoi
et al. (2002) discusses non-sea-salt sulfate from aerosol sources in the North Atlantic Ocean.

In addition to African dust, there are many local sources of aerosols, mainly derived from
combustion sources, biomass burning and incinerators. Lang and coworkers (Lang et al., 2002)
reported the abundance and fluxes of a variety of organic contaminants, including polycyclic
aromatic hydrocarbons (PAHs), in the Miami metropolitan area. Such wet and dry deposition to
Biscayne Bay and adjacent areas represents an additional, non-point source of pollutants to the
bay. Caccia and Boyer (2007) showed that atmospheric deposition was the second largest source
of nitrogen. Areas closest to the park had double the load of phosphorus from atmospheric
deposition when compared to that derived from canals.
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Chemical and particulate deposition in BNP is considered to be a potential problem for both
abiotic and biotic components of all ecosystems. Declines in coral reefs, patch reefs and sea fan
communities, including important species of echinoderm, have been attributed to African dust
events and may be caused by the chemistry of the dust due to chemical contamination (e.g.,
pesticides) and by fungal spores which attach to the aerosol particles for the transport to the
Caribbean (Shinn et al., 2000; Shinn, 2001; Garrison et al., 2003). Lenes et al. (2001) suggested
that nutrient iron from African dust events may feed algal blooms in Florida coastal waters.
Declines in echinoderms and corals have been attributed to this cause and should suggest that
other organisms are also affected. The National Park Service has measures air quality at
Everglades National Park and data show that the sulfate deposition trend is getting worse
(degradation) and that nitrate deposition is improving significantly (NPS, 2002). Data on this
threat is considered to be fair to poor in quality.

Pathogen Deposition

Shinn et al. (2000) suggested that the “near synchronous” loss of many acroporid corals and the
echinoderm Diadema in 1983 and with coral “bleaching” (zooxanthellae expulsion) increases in
1987 correlate with dust maxima and may have been caused by dust riding harmful biota, such as
Aspergillus spores. Although Kellogg et al. (2004) discussed the types of bacteria and fungi
found on African dust samples, the impact of pathogens or other problematic organisms on dust
particles on the biotic components of BNP is largely unknown. No effects are anticipated on the
physical environment and data on this subject are fair for the reefs, but poor for other
environments.

Table 17. Atmospheric deposition. Threat color code: red = current, orange = potential, yellow =
uncertain, green = none or under control, blue = historical. Knowledge base: G = good, F = fair, P = poor,
| = inferred.

RESOURCE COMPONENT

KEY ISSUE Ground
Terrestrial Canals Wetlands Biscayne Bay Marine/Reef

Water

Abiotic Biotic Abiotic Biotic Abiotic Biotic | Abiotic Biotic Abiotic Biotic Abiotic

Acidification

Chemical
and
Particulate
Deposition

Pathogen
Deposition

Ultraviolet Radiation

Ultraviolet radiation from the sun is known to cause problems for both plants and animals,
particularly the UV-B radiation component (280-320 nm) of sunlight which can damage DNA
and proteins in tissues. Therefore, changes in the protective ozone layer or other long term
variations in UVR can be expected to cause problems with the environment. For example, UV
sensitive plants will reduce foliage to compensate which can reduce yields of fruit and allow less
sensitive plants to out compete them. This is also true of insects, including pest varieties which
might gain advantage in higher UVR conditions. Phytoplankton, which normally inhabits the
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upper layers of the ocean, is affected by UVR which limits both growth and reproduction.
Changes in UVR levels that impact phytoplankton would therefore also affect all the higher
organisms in a plankton-based food web. In higher order animals, such as mammals, UVR
exposure damages tissues and can lead to the formation of certain cancers.

The impact of solar radiation may not be intuitive. For example, shallow water diatoms are
negatively affected by UVR, with fewer produced when levels increase, but more diatoms are
produced in the UVR affected environments than in adjacent UVR protected ones. Predatory
species on the diatoms are also affected by UVR with some varieties repressed during certain
growth stages which may allow more diatoms to survive than would be expected under the
elevated UVR conditions. Therefore, one cannot predict precisely the ecosystem response unless
one studies more than one trophic level (Bothwell et al., 1994).

Because of worldwide concerns of ozone depletion in the upper atmosphere (ozone holes) there
is considerable literature on this subject but none specifically related to South Florida. However,
negative impacts produced by UVR on the environments of BNP are inferred for all biotic
components and are considered a potential threat to marine biotic systems as future climate
changes alter the UVR.

Table 18. UV radiation. Threat color code: red = current, orange = potential, yellow = uncertain, green =
none or under control, blue = historical. Knowledge base: G = good, F = fair, P = poor, | = inferred.

RESOURCE COMPONENT
KEY G q
ISSUE Terrestrial Canals Wetlands Biscayne Bay Marine/Reef V(/?;lltjgr
Abiotic Biotic Abiotic Biotic | Abiotic Biotic | Abiotic Biotic | Abiotic Biotic | Abiotic
uv | | | | |
Impacts
Visibility

Visibility affects visitor experience and the environment. Air quality has an impact on park
visitors, while water turbidity affects visitors (divers and boaters) and benthic organisms, which
either require light for life functions or are sensitive to high sedimentation rates.

Air Quality

As urbanization is brought to the coastal plain, and former wetlands adjacent to the park are
developed, the future air quality is expected to deteriorate. This impacts the experience of
visitors to the park. Currently the National Park Service monitors the air quality at Everglades
National Park but not at Biscayne. Everglades, unlike BNP, is a Category I Airshed; this prevents
BNP from commenting on many aspects related to this issue. Most air pollution issues the Park
Service is concerned with are in northern parks in the system as both South Florida units are
considered to have adequate air quality, to the point that Biscayne is not mentioned and
Everglades briefly mentioned in the Service’s air quality report for the entire system (NPS,
2002). South Florida has an average visual range of 39 km and is slightly better than the area
around the Great Smokey Mountains, which is the region with the lowest visibility in the
continental U.S. (IMPROVE program website at http://vista.cira.colostate.edu/improve/).

110




The only air quality trends discussed in the NPS Air Quality Report (NPS, 2002) are no change
in either sulfate or nitrate values but an increasing trend in ammonium in precipitation. However,
BNP is affected by local air pollution and smog on days when the prevailing winds are incapable
of removing it and also by smoke from brush fires in the winter/spring fire season. As the county
continues to urbanize, the general trend of air quality may decline, but at this time the park is
considered to have good, natural visibility on most days. Air quality data is available and
currently adequate to evaluate future trends.

Water Turbidity

Suspended particulates in the bay and marine waters of the park have detrimental environmental
effects discussed elsewhere, but also impact the water visibility for the park’s many snorkel and
scuba divers. Experienced reef divers are aware that there are days when good, quality diving is
limited, such as periods of high onshore wind. Turbidity is increased when bottom sediments are
resuspended by high energy, which can also be caused by boat scouring, boat wakes, planktonic
blooms, animal browsing and extreme weather events; it can also come from water circulation in
areas with high turbidity, principally the urbanized bay north of the park.

Many studies in Biscayne Bay collected turbidity data during routine water sampling, and report
instantaneous values based on NTU values or other means; none bring this data to a
comprehensive analysis of turbidity. The only comprehensive study of turbidity in the bay is
Wanless et al. (1984), which studied both sources and the circulation patterns of turbid water
over the entire bay for several years. Cores were collected to characterize the sediment
components and water samples were collected and analyzed for suspended particulates and
planktonic components. Coley (2006) examined long term trends for all of Biscayne Bay and
found turbidity decreased with time. Turbidity was higher north of the park than within.

From the Wanless et al. (1984) study it is possible to make the following observations about
turbidity in BNP:

e Turbidity-producing sediment is largely produced in Biscayne Bay or its surroundings by
biological processes. This includes almost all carbonate material, some siliceous material
and considerable organic material (plankton and resuspended flocculants). A small
component is derived from Pleistocene sediment resuspension where those are available.

e Primary planktonic productivity is a form of turbidity.

e Resuspension of bottom sediments results from currents, both natural and
anthropogenically produced. Natural agents of resuspension are water currents (tidal
driven), wind-produced waves (climate related) and extreme events (storms and
hurricanes). Anthropogenic resuspension occurs when boats are grounded or their
propellers are allowed to chew up shallow bottoms, and from boat wakes (see also
Harlem, 1979).

e Because hurricanes have the capability to erode shallow bottom areas, they produce

turbidity during the storm and may cause elevated levels for years after as seagrass cover
is reestablishing over the eroded areas.
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e The area north of the park adjacent to Key Biscayne is affected by turbidity leaving the
Miami River, from resuspended flocculants from the deep axis of the bay (14 ft plus deep
zone west of Cape Florida) and diatom production along the western bayshore. Incoming
tides passing north of Virginia Key or Key Biscayne move large amounts of resuspended
sediment during winter storms, which ultimately move toward or across the northern
boundary of the park.

e Tidal resuspension of carbonate sediments from the deep axis of south Biscayne Bay,
which is sparsely covered with aquatic grass, is the principal natural source for turbidity
in the bay portion of the park. Organic production is significant at the north end (west of
the Safety Valve) and near outlet canals entering the bay along the west shoreline.
Turbidity produced north of Featherbed Bank drifts south into the southern portion of
Biscayne Bay. The flanks of the bay produce resuspended materials during wave-
producing storms and from frequent boat wakes.

e The southernmost portion of Biscayne Bay receives turbidity from north of Featherbed
Bank and from materials resuspended from the rocky bottom areas common there.
Bottom feeding fish and the oil barge servicing Turkey Point produced whitings and
turbid plumes respectively. Net transport of suspended sediment from Biscayne Bay at
Caesars Creek both produces the shoal there (Caesars Creek Bank), and exports turbidity
to the reef areas offshore.

Turbidity in BNP is both a natural process, to which many organisms are well adapted, and an
unnatural process, when induced by human activities. Turbidity produced by boats is the
principal physical source of resuspended particulates, but plankton biomass increases (blooms)
that occur as a result of the release of nutrients to the bay via the drainage canal network are
significant at certain times. Storm-induced turbidity is temporal with seasonal components as
well as random, rare, extreme events and is the principal mechanism for resuspension along the
reef tract. Figures 68-71 shows examples of turbidity in the park.

Turbidity problems in BNP are reasonably well understood with good data on the sources and
sinks as well as the effects on organisms. As long as dredging projects are prohibited and boat
use is controlled to some degree, no problems are likely in the foreseeable future. Turbidity from
the north of the park has been a long term problem, and it is likely to get worse as the downtown
Miami area continues to grow and the seaport is expanded. Increases in boats using the park can
be a problem, and turbidity in canals along the west side is a potential problem and not well
studied. Natural turbidity is part of the park’s ecosystem, which may change as sea level rises but
otherwise is a normal function to which most organisms are well adapted. Regular park users,
particularly divers visiting the offshore reef areas, are generally experienced enough to know
that.
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Safety Valve

Turbidity plumes

Soldier Keys i
.
Figure 68. Turbid plumes entering Biscayne Bay via Safety Valve channels on incoming tide March 16,
1952 (USDA image BUP-4h-058).

Figure 69. Whitings in south Biscayne Bay opposite Elliot Key. These cloudy water areas are believed
to be caused by fish stirring up muddy bottom sediment during feeding. Note also the extinct drainage
system etched into the bottom bedrock (1976 Florida DOT image PD1638-22-07).
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Figure 70. Turbidity plumes moving slowly near Featherbed Bank(s) include a long, thin variety made by
the recent passing of the oil barge for Turkey Point. Most of the turbidity in this area ultimately moves to
the south (1976 Florida DOT image PD1638-21-12).

Figure 71. Recent color orbital image of most of the park showing turbidity patterns. Two boat induced
plumes are visible as are plumes at Featherbed (top), on both sides of Old Rhodes Key and in Hawk
Channel. Wind likely from NW at time of photo (USGS download).
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Table 19. Visibility. Threat color code: red = current, orange = potential, yellow = uncertain, green = none
or under control, blue = historical. Knowledge base: G = good, F = fair, P = poor, | = inferred.

RESOURCE COMPONENT

KEY

ISSUE Terrestrial Canals Wetlands Biscayne Bay Marine/Reef Ground

Water

Abiotic Biotic Abiotic Biotic Abiotic

Biotic

Air
Quality

Water
Turbidity

Ozone

Ozone in the ground-level air is considered to be a phytotoxic air pollutant which can also affect
humans and animals, but it is especially toxic to many plant species. It is the principal
component in urban smog and is produced by sunlight modifying nitrogen oxide or volatile
organic compounds emitted by vehicles, boats and smokestacks. Ozone can injure leaves or
cause leaf loss in sensitive plant species and results in less growth. Synergistic effects by other
stressors can magnify the effect of ozone on plant tissues.

Ozone Concentrations

Everglades National Park data show that this region has a maximum 3-month Ozone SUMO06
(see NPS 2002 for explanation) value of 13 ppm-hr for 1995-1999, which is high enough to
cause plant damage. The fourth highest daily maximum 8-hr concentration at Everglades
National Park for 1999 was 67 ppb. The ozone trend for Everglades National Park is classified as
“degradation” by the National Park Service (NPS, 2002).

There is a potential threat to terrestrial and wetland biota from the ozone levels in, and adjacent
to, BNP which will probably become worse as the adjacent land is urbanized and population
growth continues. Other resource components are not significantly impacted, and data on this
subject is considered to be good or inferred.

Table 20. Ozone. Threat color code: red = current, orange = potential, yellow = uncertain, green = none
or under control, blue = historical. Knowledge base: G = good, F = fair, P = poor, | = inferred.

RESOURCE COMPONENT
KEY ISSUE ) . . Ground
Terrestrial Canals Wetlands Biscayne Bay | Marine/Reef Water
Abiotic | Biotic | Abiotic | Biotic | Abiotic | Biotic | Abiotic | Biotic | Abiotic | Biotic | Abiotic
Ozone | |
Concentration
Impacts on Air
Quality

Impacts on Air Quality
Ozone is an important component in photochemical smog and, as the region around BNP is
further urbanized, air quality is expected to further deteriorate. However, smog is not currently a
problem for the park’s biotic resources as the climate prevents long term, more damaging smog
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events. The threat to the park is considered minimal at this time, although the lack of detailed
trend data in Biscayne makes this interpretation inferential.

Nutrient Enrichment

McNulty (1957) studied central Biscayne Bay (north of BNP) for sediments pollution. The focus
was on fecal coliforms and biological oxygen demand (BOD). This was one of a series of articles
by McNulty that focused on the sewage problem around the seaport and Miami River outlet; it
was followed by analysis of improvements occurring after most sewage outfalls in the river area
were shut off (McNulty, 1970). Fogarty (1969) took single samples around Biscayne Bay to look
for fecal coliform to identify contaminated areas for possible future study. This data showed
Black Creek and Snapper Creek canal areas to have high coliform values (Figure 72).

Matteson et al. (1974) made a single transect down the axis of Biscayne Bay, Card Sound and
into Florida Bay. They looked at carbon values and found they could see a distinct change below
Featherbed Bank and another between lower Biscayne Bay and Card Sound. Pitt et al. (1975)
examined five sites along the coastal ridge which were adjacent to septic tanks and determined
that septic tank output was entering the groundwater. Waller (1981) examined water quality in
the East Everglades, dominated by agricultural runoff. McKensie and Irwin (1983) studied the
runoff from a highway system north of the Miami River to understand the chemicals entering the
environment. They measured solids, TOC, COD, total nitrogen (TN), total lead (TPb) and total
zinc (TZn) and found that about 10-15% of the solids were derived from rainfall.

Scheidt and Flora (1983) studied the water quality and discharge from Mowry Canal (C-103)
into the west side of Biscayne Bay. They calculated an annual discharge of 162,234 ac-ft, one of
the largest in south Biscayne Bay. High nitrogen loading in the C-103N canal coincides with the
highest nitrite plus nitrate nitrogen readings in Miami-Dade County canals. Shinn and Corcoran
(1987) documented pollution emanating from the south Dade landfill adjacent to the park and
stated, “There can be little doubt that during and after heavy rainfall, significant amounts of
ground water flow out under and into Biscayne Bay.” The South Florida Water Management
District (1988, 1989) produced the first surface water improvement (SWIM) plan for the bay.

McKensie and Irwin (1988) examined the effect of stormwater runoff at two locations near the
Miami Airport, noting differences in groundwater quality due to amount of stormwater dilution
of the upper layers of the aquifer, which caused high, poorly drained, organic soils to have
anaerobic water. Cheesman (1989) sampled the Mowry Canal and connected North Canal and
found this canal to have higher levels of nutrients and agricultural compounds (chlorides and
sulfates) than in other surveyed canals in the county. Florida Department of Natural Resources
(1991) published a management plan for Card Sound. It identified stormwater runoff and septic
leachate as pollution sources, pointed to the developments on Key Largo as sources of concern
and suggested that boating and other user activities were impacting the waters of the Sound.
Howie (1991) studied the effects of dumping sludge on farmland in South Miami-Dade County
and how it affected the water quality of the groundwater near the test sites; little difference in
quality values caused by the sludge application was found. Britt and Cheesman (1992) examined
the water quality of the Princeton Canal (C-102) and found that agricultural practices in well-
drained areas adjacent to the canal produced enough excess nitrogen to degrade surface waters;
they implied it would degrade groundwater as well. Shinn et al. (1994) studied groundwater from
wells installed in transects from shore to reef tract, including one offshore of Key Largo.
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Stations

B High : 4996

Low: 2.1

Biscayne National Park
Fecal Coliform 1969

Data Source: Fogarty (1969)

Figure 72. Inverse distance weighting interpolated fecal coliform levels from Fogarty (1969) data. Note
hotspots at Black Point, Coral Gables Waterway and the outlet of the Miami River.

They provided background data on nutrients, salinity and pollution moving through the rock
floor, and they discuss its possible effect on the reefs, the influence of tidal pumping into the
rock and exchange with the water column. They suggested that coral reef declines may be results
of nutrient seepage from below.

South Florida Water Management District (1995) produced a follow-up SWIM plan for Biscayne
Bay. Leitz (1996) discussed the USGS method for determining nutrient loading by the coastal
canals along the bayshore. Lietz (1999) examined nutrient loads in the canals along the bayshore,
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providing data and an analysis of both sampling techniques and model fit. He examined land use
categories in the Biscayne Bay watershed and found that:

“...median concentrations of total nitrite plus nitrate tended to be higher in agricultural
areas than in urban or wetland areas. Median concentrations of ammonia, total
phosphorus, and orthophosphate tended to be higher in urban areas than in wetland or
agricultural areas, and median total organic nitrogen concentrations generally were higher
in wetland and urban areas than in agricultural areas.”

Haag et al. (1999) summarized available information on water quality in South Florida, including
Biscayne Bay, and noted that the Biscayne Aquifer, near vegetable growing areas of Miami-
Dade County, exceeded drinking water standards for nitrate (NOs"). Leitz (2000) examined
water quality at the Miami Canal (C-6) outlet up to 1994 and found improvement in suspended
sediment, turbidity, total ammonia (NHy4"), total phosphorus (TP), iron and fecal coliform.
Deteriorating trends were found in specific conductance, dissolved solids, chloride, potassium,
magnesium, sodium, sulfate, silica, suspended sediment, total organic carbon (TOC), fecal
streptococcus and pH. McNeill (2000) studied the causes of effluent rising prematurely from
injection wells adjacent to the South District treatment plant and reported that the cause was
improperly drilled injection holes. Seven of fifteen wells were found to not have been sealed at
the intended aquaclude layer. As a result, ammonia-loaded effluent was detected in upper layers
after only 11.5 months, instead of the project-intended 343 years.

Meeder and Boyer (2001) studied areas within, and adjacent to, BNP (Figures 73-75) and
documented a strong correlation between elevated NH4 concentrations, with a decrease in
Thalassia, an increase in Halodule and fast growing algae and an increase in filamentous algae
cover near Black Creek. The mangrove fringe was a source of TP and possibly some NH," to the
bay, but was lower than expected, while the bay contributed NOsto the mangrove fringe.

Miami River Commission (2002a, 2002b) found improvements in some water quality indicators
in Wagener Creek but fecal coliform was a continuing problem in this Miami River tributary.
Florida Department of Environmental Protection (2002) described a plan for adopting
quantitative water quality standards for Florida waters, including the areas adjacent to BNP. U.S.
National Park Service (2003) examined the previous research of the water quality of the park and
adjacent waters, which relies heavily on data retrieved from the EPA STORET system. Sheng
and Davis (2003) presented a CH3D model to simulate water quality and circulation in Biscayne
Bay and Florida Bay. Alleman (2005) showed time series plots for canal discharges of NH,",
nitrate/nitrite nitrogen (NOyx) and TP for all major canals entering Biscayne Bay.

Boyer (2005), using collected monthly water quality data, partitioned Biscayne Bay into six
statistical cluster zones (Figure 76): North Bay (north of Rickenbacker Causeway), Main Bay
(most of the main bay south of the causeway), Inshore (western shoreline to mid-bay),
Alongshore (along the western shoreline closest to Military, Mowry, and Goulds canals, Turkey
Point (one site) and South Card Sound (below Card Bank). Box plots of the chemical species
considered were provided as was statistical summary tables. Boyer (2006) was a continuation,
which also examined briefly the TP plume in the two bays south of the park that caused a major
algal bloom in this area beginning in 2005.

118



Braun-Blanquet

£
<%
o

25.75

25.70]
)
2565
25,60/
+
2555
‘Goulds Canal, 8"
+ J
2550 Militany @
+
. //
Mowry
2545 . . /J
f
25.40] .+
-
B040 -80.35 -8030 -80.25 -80.20

-80.15

004 Cutler Goulds Military Mowry 6
5
0.03 - .
-=-Thalassia L 4
—+—NH4 >
0.02 - -3 2
[
[a)]
F2
0.01 A
-1
0.00 T T T T 0
25.65 25.60 25.55 25.50 25.45 25.40 25.35
Latitude (Nto S)
@ut\er @o ds W\I\(ary #Mowry

Species Density

@ Unknown

M Brown Algae
M@ Acetabularia
B Other Greens
OHalodule

W Red Algae

[ Penicillus

@ Thalassia

Latitude (N to S)

119

Figure 73. Reproduction of
Figure 2 from Meeder and
Boyer (2001) showing sample
locations for their ammonia
study.

Figure 74. Reproduction of
Figure 32 from Meeder and
Boyer (2001) showing plot of
Thalassia vs. NH," along
Shoreline Benthic Survey
sites.

Figure 75. Reproduction of
Figure 30 from Meeder and
Boyer (2001) showing plot of
plant species distribution
along Shoreline Benthic
Survey sites.



Figure 76. Reproduction of map from Boyer
(2005, 2006; Figure 4) showing cluster
grouping of water quality samples.
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Boyer and Bricefio (2005) found that Biscayne Bay salinity was strongly affected by its large
tidal exchange with the ocean, except along the shoreline where canal inputs impact salinity as
freshwater is released into the bay. They suggested that even with elevated nutrient inputs from
the canal network, the excellent flushing of the bay prevented algal blooms. The hurricane
season covered in their study showed increases in chlorophyll a after Katrina passed, but the
increase was modest. Caccia and Boyer (2005) reported spatial clustering driven by DIN, which
produced a strong gradient from alongshore to offshore. They attributed the impacted nearshore
zones (Alongshore and Inshore) to freshwater input from the canals draining the agricultural
areas to the west, the South Dade landfill and South District sewage treatment plant. Their South
Bay zone (formerly South Card Sound) was high in dissolved organic constituents but low in
inorganic nutrients. Because the main bay was diluted by good water exchange with the ocean,
only the coastal portion water quality was dependent on land use and watershed issues.

Lietz and Meyer (2006) studied the wastewater at the South District Wastewater Treatment
Plant, which may be used for rehydrating the Biscayne Bay coastal wetlands in the future. This
provides baseline data on various pollutants and nutrient loads. Coley (2006) examined long term
trends for all of Biscayne Bay and found that mean NH,4" concentrations showed no trends over
time, mean NOy, TP and turbidity decreased with time; TP mimicked canal flows to the bay with
higher values to the north and south of mid-bay. Caccia and Boyer (2007) showed that canals
contributed the bulk of nitrogen loading (88%), with atmospheric deposition the second largest
source. NO, exceeded NH,4" by about four times in canal waters, with the highest values in
southern bay canals indicating the main source as agricultural runoff there (Figures 77-78). Areas
closest to the park had double the load of phosphorus from atmospheric deposition compared to
that derived from the canals. Groundwater input was examined for south Biscayne Bay and
provides as much nitrogen as the atmospheric loading, while the phosphorous load was almost
equal to the canal loading.
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Figure 77. Reproduction of Figure 6 from
Caccia and Boyer (2007) of annual average
DIN loading budget. Breakdown shows canal,
atmospheric (ATM) and groundwater (GW)
loads by region of Biscayne Bay (tons/yr).

Figure 78. Reproduction of Figure 7 from
Caccia and Boyer (2007) of annual average TP
loading budget. Canal, atmospheric, and
groundwater loads by region of Biscayne Bay
(tons/yr) are given.

Koopman et al. (2006) examined the effect on the environment of the ocean outfalls located
along the SE coast of Florida. The data showed impacts to be located close to the outfall
location, with the Florida Current diluting and removing most of the effluent quickly. They
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discussed the impact on water quality briefly for the outfalls located north (seaward of Virginia
Key) and south (opposite Key Largo) of the park.

Mir-Gonzalez and Boyer (2003a, 2003b) studied the western nearshore stretch of bottom from
Black Point south to Turkey Point for nutrient loading by groundwater seepage into BNP. They
reported average seepage flux rates from 116-13 L/m*/d in August, October and December 2002,
with highest rates found 150 m offshore of the Mowry Canal. The second highest rate was 300 m
offshore of Black Point. Seepage water was higher in phosphorus, TN, TOC and NH," than bay
water. Mir-Gonzalez (2007, Figure 79) reported that the old and new landfills located near Black
Creek have created high nutrient loading of the groundwater seeping into the park. She
concluded the nearshore benthic macrophyte communities were significantly affected by nutrient
loading from canal discharge and/or groundwater seepage upward into the benthos.
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Nutrients from agriculture and urban sources are a significant problem for BNP. Everything from
atmospheric deposition, surface runoff, canal discharge and groundwater contribute additional
nutrients to the park. Of these, canal discharge and surface runoff are the only delivery systems
which could be affected by management. However, canal discharge is largely controlled to both
maintain agriculture where it still exists and to control flooding in wet periods, both of which
have historically taken priority over the health of BNP. Whether this can be changed in any
appreciably way in the future is not certain. Years of trying to alter the flow of nutrient rich
water from point sources (canals) to surface discharge through the fringing marshes have not
come to fruition. As this is being written, several small projects are on hold due to lack of
money; therefore, nutrient enrichment is either an existing threat or a potential problem for all
areas of the park, with the exception of the terrestrial environment. Data is good to fair, with the
best information focused on the canal loading.
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Table 21. Nutrient enrichment. Threat color code: red = current, orange = potential, yellow = uncertain,
green = none or under control, blue = historical. Knowledge base: G = good, F = fair, P = poor, | =
inferred.

RESOURCE COMPONENT

KEY ISSUE Ground

Terrestrial Canals Wetlands Biscayne Bay Marine/Reef W
ater

Abiotic | Biotic Abiotic Biotic | Abiotic Biotic | Abiotic Biotic | Abiotic Biotic | Abiotic

Nutrient

Enrichment I I

G G F F F

Microbial Contamination

Most ecosystems support natural communities of microbes, which provide many services to the
environment. However, allochthonous microbes, which are harmful to both the environment and
its inhabitants, can be introduced. Sewage leaks are but one well-known example. Typical groups
of concern include: fecal coliforms, enterococci, Clostridium perfringens, coliphage and known
pathogens such as Escherichia coli, Serratia marcescens and human enterovirus. Miami-Dade
County tests human-frequented beaches for microbial contamination regularly, as well as certain
other areas when a spill or sewer brake occurs. Data is largely confined to areas north of BNP
and may not relate to conditions within the park.

In urban areas, discharges of treated or untreated sewage, and leakage from septic tanks, can be
important sources of pollution to nearby coastal areas. Wakefield (1939) discussed the problems
with sewage contamination in the Miami River and shoreline sewers and concluded Biscayne
Bay was polluted by these sources. He also reported the contamination is higher closer to the
source and that it does not escape out of Biscayne Bay seaward before it is “purified.” Moore et
al. (1955) conducted pollution studies of Biscayne Bay and concluded that virtually all
freshwater entering the bay contained sewage. McNulty (1956), as part of a long running study
of sewage pollution associated with the downtown Miami coastline and Miami River area,
documented reduced abundance of benthic organisms in formerly polluted areas.

Lee and Bada (1977) studied amino acids from seawater, including surface samples from
Biscayne Bay. They postulated a bacterial source for the acids studied. Pitt et al. (1975) studied
the contamination of groundwater by septic tanks and reported that effects were diminished at
depth and that agricultural activity and storm-water infiltration probably had a more important
effect on groundwater quality. Shinn et al. (1994) examined the possibility of contaminated
groundwater entering the bay or offshore reef areas from injection-well effluent. They found the
limestone extremely porous, permeable and able to transmit fluids both vertically and
horizontally. Fecal bacteria were found in groundwater offshore, which strongly indicates
movement from onshore sources to the groundwater under the bay. Corrales et al. (2000)
suggested abnormal scale growth in pinfish was attributable to those portions of Biscayne Bay
with high sediment contamination; this would imply that this problem is associated with areas
north of the park (e.g., Miami River) or in the distal ends of the canals entering Biscayne Bay.
Kellogg et al. (2004) discusses the types of bacteria and fungi found on African dust samples,
and this is a potential source of microbes. Renken et al. (2005) provides a good overview of the
porosity issues related to the Miami Limestone formation and its ability to pass pathogens
quickly via its high porosity.
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So called “white” diseases in corals may be caused by microbes, such as Serratia marcescens,
Aurantimonas coralicida or members of the vibrios family. The cause of such infections is
unknown, but work in the U.S. Virgin Islands on corals there suggests that “white” diseases in
BNP might be caused by similar activity. The USGS has proposed several projects to better
understand the natural and harmful microbial activity in BNP, which may improve the data on
this subject (Wolfert-Lohmann et al., 2008).

Studies of pathogens attached to atmospheric particulates suggest that deposition of fungi and
bacteria to the park from outside, by aerosol means, is quite likely to occur. Some concerns have
been raised for this to be a driving force for the coral declines seen in recent years, but proof is
inconclusive. Microbial contamination from terrestrial sources does occur and is a potential
problem for BNP. Data is sparse so the threat is inferential.

Table 22. Microbial contamination. Threat color code: red = current, orange = potential, yellow =
uncertain, green = none or under control, blue = historical. Knowledge base: G = good, F = fair, P = poor,

| = inferred.
RESOURCE COMPONENT

KEY ISSUE . . . Ground

Terrestrial Canals Wetlands Biscayne Bay Marine/Reef

Water

Abiotic | Biotic Abiotic | Biotic | Abiotic | Biotic | Abiotic | Biotic | Abiotic | Biotic | Abiotic
Microbial | P | P | F | F |
Contamination

Pollutants

The reality of a large metropolitan city complex located on the shores of Biscayne Bay means the
waters are subject to many sources of pollution. BNP has pollution problems similar to many
other coastal areas and a few unique to this location. For Biscayne Bay, there are a variety of
potential and well identified sources of pollution. As for any large metropolitan area, pollutant
transport through runoff from urban structures and agricultural lands can reach the bay, either
through direct runoff from adjacent areas or through drainage canals and streams. Contaminated
surface water runoff is a major source of pollutants such as nutrients, pathogens and various
toxicants to the Dade County canal system (Long et al., 2005). Other means of transport are
through contaminated groundwater exposed to leachates from agricultural fields, landfills and
municipal dumps, atmospheric deposition of pollutants derived from combustion sources,
agricultural applications, industrial discharges and vehicle emissions and, finally, from direct
disposal and point sources.

Surface runoff has been a historically significant source of pollution to Biscayne Bay for a long
time, with environmental awareness and cleanups starting in the late 1960s and making
considerable improvement more recently. Urban runoff is more problematic as one travels north
of the park, but recent extensive residential development just west of the park will provide
challenges in the future as this development was conducted on low-elevation land that is prone to
flooding. Normal rainfall runoff along the west shore and the Keys continues, but channelization,
ditching and the construction of berms and levees for various purposes affects the patterns of this
runoff. Much of the surface runoff of south Miami-Dade County runs into the canal network and
moves contaminants there to await a period when the canal structures are opened and the
polluted water and associated sediment load are allowed into the bay. Any pollutants that end up
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in the canal network are likely to end up in the bay by this pathway, or they may contaminate
groundwater seeping around control structures. Two power plants, Cutler Plant and Turkey Point
(nuclear), are located on the shoreline of the bay adjacent to the park, and both have been sources
of discharge elements of concern in the past. Expansion of the Turkey Point facility, which is
undergoing consideration now, is a future unknown in this regard, as its source of cooling water
is still not resolved. However, current proposals include using approximately 120 million
gallons/day (mgd) from submerged radial collecting wells located under Biscayne Bay in park
waters.

The degradation of the environmental quality of Biscayne Bay due to the introduction of trace
metal and organic pollutants has been a topic of great concern locally. Concerns and
recommendations have been addressed through the Biscayne Bay SWIM Plan (South Florida
Water Management District, 1995) and, more recently, through the Biscayne Bay Partnership
Initiative (Biscayne Bay Partnership Initiative, 2001; Hefty et al., 2001). SWIM addressed the
need to further investigate the sources of abnormalities in fish, monitor the pollutant content in
tissues of bivalve and marine organisms, establish a sediment monitoring program and establish
sediment quality targets. Municipal waste dumps and landfills adjacent to the bay, and suspected
of being significant pollutant point sources, needed to be properly monitored. In agreement,
BBPI recommended that the effects of exposure to contaminants in surface waters and sediments
needed to be determined for both local plant and animal populations, and that there was an
urgency to pursue the goal of identifying and eliminating all sources of pollutants and toxicity to
the bay. The need to develop water quality targets and performance indicators was stressed. As
presented in this report, some aspects of these recommendations have been initiated, but the full
implementation has still not been accomplished.

Biscayne Bay is surrounded almost entirely by large metropolitan areas. As a result, it is
common to see studies assessing the quality of Biscayne Bay resources to make a clear
distinction between the more urbanized northern portion of the bay (north of Coconut Grove-
Key Biscayne) and the less urbanized southern portion of the bay where BNP is located.
Regardless of this distinction, sources of pollution to the bay are usually restricted to freshwater
inputs from the inland canals that receive urban runoff, industrial discharges, treated and
untreated wastewaters or waters impacted by agricultural activities. Besides these inputs,
activities on the bay itself, such as boat traffic and the presence of large marinas and boating
facilities, are the main source of anthropogenic chemicals from near coastal environments.
Because of this divide and the limited transport of sediment between the north and south portions
of the bay, the following discussion will be centered on BNP.

Three groups of contaminants have been consistently targeted when environmental assessments
of Biscayne Bay were or are conducted. Trace metals, chlorinated pesticides, polychlorinated
biphenyls (PCBs) and polynuclear aromatic hydrocarbons (PAHs).

Early studies of pollution were focused on the impact of raw sewage from open sewers and
septic tanks (Wakefield, 1939; Moore et al., 1955; McNulty, 1956). Cheesman (1989) sampled
the Mowry Canal and connected North Canal and found had phenol levels higher than standard,
but typical for Dade County canals.
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More recently, Long et al. (1999) examined chemical contamination and toxicity of sediments in
Biscayne Bay. They concluded that chemical concentrations were relatively low overall except
in peripheral tributaries and canals along the bay shore, and they found the bay north of
Rickenbacker Causeway to be more affected than to the south of the causeway. Cantillo and
Lauenstein (2004) analyzed samples from South Biscayne Bay and Manatee Bay for
contaminated marine sediment. Organophosphates were detected at three sites, including
Military and North Canals. They also found that contaminant plumes do not extend seaward of
the canal mouths to any appreciable extent so the sediments in open areas of the park have
generally low toxicity. Lidz (2002) reported initial results of surface sediment samples analyzed
for heavy metals and concluded that deformed benthic forams were common near the landfill
(Black Point area), and that nearshore sites showed more signs of environmental stressors. The
stressors suggested were anthropogenic pollution and sea level rise.

Runoff-related pollution is one of the oldest recognized problems in Miami-Dade County and
has the most research associated with it. There are many agencies in place that deal with aspects
of the problem and numerous lines of continuing research. The most heavily polluted areas are
generally accepted as being the Miami River and vicinity, marinas and the mouth of canals
discharging into the bay. The park needs to be vigilant in monitoring the canal-related pollution
and in working toward cleaner means of accessing park waters, other than the current boating
technologies. The transfer of flocculated sediment southward from the seaport occurring at mid-
bay in deep water, and the ultimate fate of chemicals escaping the urban coastline along the NW
park boundary, should be of concern. With sea level rise in the future, wave and current energy
levels will rise and the ability to erode and move polluted sediment will increase with time.

Groundwater discharge to the bay occurs along the shoreline where former springs and seeps are
located, as diffuse flow from the underlying limestone up through sediment packages along the
nearshore and as percolating seeps into the bottom of the bay, or perhaps even the reef tract
from, deep aquifer sources via fault structures (Cunningham, 2008).

Waller et al. (1984) studied the effect of depth on stormwater contamination as groundwater
percolates downward in the Miami Limestone, contamination decreasing as a result. Shinn and
Corcoran (1987) installed wells adjacent to the landfill in South Miami-Dade and detected
Lindane, Aldrin, o,p’-DDD, endosulfan and dimethyl phthalate (plasticizer) in the shallowest
samples and Aldrin, endosulfan and dimethyl phthalate in deeper samples, but at half the surface
concentrations. Aliphatic and aromatic hydrocarbons were also found with lower values below
an unconformity. Shinn et al. (1994) examined the possibility of contaminated groundwater
entering the bay or offshore reef areas from injection-well effluent. They found the Pleistocene
limestones extremely porous and permeable, with the ability to transmit fluids both vertically and
horizontally. Nutrient levels in offshore groundwater were elevated compared to those found in
the overlying seawater. Reefs and bare bottom areas, as well as those with porous sediment
cover, were capable of leaking nutrients into the overlying water. Presence of fecal bacteria
found in groundwater offshore strongly indicated movement from onshore sources to the
groundwater under Biscayne Bay. Renken et al. (2005) examined porosity issues in the Miami
limestone and reported that values used in the past are too low, and groundwater movement is
much faster than previously realized. Meeder et al. (1997) and Meeder and Boyer (2000)
compared nutrient levels in surface and groundwater environments along the shoreline of BNP
and found elevated levels of ammonia in areas adjacent to the South Dade landfill and other
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inactive landfills nearby. An association with reduced benthic grass cover was made. McNeill
(2000) examined the leakage of effluent around poorly installed injection wells adjacent to the
south Miami-Dade landfill and found seven of 15 wells to be leaking upwards because the
confining unit was not properly sealed.

Groundwater inputs to the park are the least understood and perhaps the most needing attention
in the future. Clearly, there are polluted waters entering the bay, even with reduced groundwater
heads. More effort should be placed on finding underwater springs or seeps, and a better
understanding of the seepage through the rocks and surface sediments is needed.

Direct discharge of polluting chemicals to Biscayne Bay and adjacent areas can occur in a
number of ways. The most obvious is illegal dumping, which is difficult to control. More
commonly are boating activities which can introduce toxic chemicals including antifouling
paints, petroleum hydrocarbons and trace metals to the environment, including those related to
chemical toilets through illegal flushing within park waters. Marinas and marine facilities located
along portions of the shoreline are sources of many contaminants; bottom sediments can become
polluted and periodically flushed into the bay when re-suspended due to tidal action, increased
water discharge, turbulence created by boat traffic or weather-related events. Toxic materials
located on shore can be introduced into the bay systems by erosion during storms, as polluted
sediments or deposits are picked up and redeposited seaward. This process is not well
documented or understood and can be considered minor—until one examines the potential
problems of sea level rise on remobilization of landfill materials and polluted canal/river
sediments. There are many small landfills adjacent to the park and two large ones located nearby.
The landfill on Virgin