National Park Service
U.S. Department of the Interior

Natural Resource Stewardship and Science

Assessment of Natural Resource Condition in and
Adjacent to the Dry Tortugas National Park

Natural Resource Report NPS/IDRTO/NRR—2012/558




ON THE COVER
Sergeant majors (Abudefduf saxatilis) in Dry Tortugas National Park.
Photograph by NOAA/NOS/NCCOS/CCMA Biogeography Branch



Assessment of Natural Resource Conditions In and
Adjacent to Dry Tortugas National Park

Natural Resource Report NPS/IDRTO/NRR—2012/558

Christopher F. G. Jeffrey™? Sarah D. Hile'?, Christine Addison®, Jerald S. Ault*, Carolyn
Currin®, Don Field®, Nicole Fogarty®, Jiangang Luo*, Vanessa McDonou%hG, Doug Morrison’,
Greg Piniak!, Varis Ransibrahmanakul®, Steve G. Smith*, Shay Viehman

Editor: Christopher F. G. Jeffrey'?

'National Oceanic and Atmospheric
Administration

National Ocean Service, National Centers
for Coastal Ocean Science

Center for Coastal Monitoring and
Assessment, Biogeography Branch

1305 East West Highway, SSMC4, N/SCI-1
Silver Spring, MD 20910

2Consolidated Safety Services, Inc.
10301 Democracy Lane, Suite 300
Fairfax, VA 22030

$National Oceanic and Atmospheric
Administration

National Ocean Service, National Centers
for Coastal Ocean Science

Center for Coastal Fisheries and Habitat
Research

101 Pivers Island Rd

Beaufort NC 28516-9722

July 2012

U.S. Department of the Interior

National Park Service

Natural Resource Stewardship and Science
Fort Collins, Colorado

*University of Miami

Rosenstiel School of Marine and
Atmospheric Science

4600 Rickenbacker Causeway
Miami, FL 33149-1098

>Nova Southeastern University
Oceanographic Center

8000 N. Ocean Drive

Dania Beach, Florida

®National Park Service
Biscayne National Park
9700 SW 328 Street
Homestead, Florida 33033

"National Park Service

Everglades and Dry Tortugas National Parks
40001 State Road 9336

Homestead, Florida 33034-6733



The National Park Service, Natural Resource Stewardship and Science office in Fort Collins,
Colorado publishes a range of reports that address natural resource topics of interest and app
licability 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 Ocean and Coastal Resources Branch (Water Resource
Division) of the National Park Service and the Natural Resource Publications Management
website (http://www.nature.nps.gov/publications/nrpm/).

Please cite this publication as:

Jeffrey, C. F. G., S. D. Hile, C. Addison, J. S. Ault, C. Currin, D. Field, N. Fogarty, J. Luo, V.
McDonough, D. Morrison, G. Piniak, V. Ransibrahmanakul, S. G. Smith, S. Viehman. 2012.
Assessment of natural resource conditions in and adjacent to Dry Tortugas National Park.
Natural Resource Report NPS/DRTO/NRR—2012/558. National Park Service, Fort Collins,
Colorado.

NPS 364/115932, July 2012


http://www.nature.nps.gov/publications/nrpm/

Contents

Page

(00 01 1=] 0 SO TP UR PR OTRRPP ii
10 USSR vii
-1 0] OSSPSR xi
EXECULIVE SUMMIAIY ..ottt ettt et e st et e e e e s be et e e neesaeeteaneesnaeneeaneenneas Xiii
ACKNOWIBAGEMENTS ...t bbbt XXVI
Aol 101117/ 21U USRSSOS XXVii
Chapter 1: INTFOQUCTION ...t bbb b e 1
Chapter 2: History of Dry Tortugas National Park ..............ccccvveviiieiicie s 5
2.1. History of Research, 1852—1990 ........ccoiiiiiiiiiie e s 5
2.2. Recent Multi-year Research and Monitoring, 1990—2007 ...........ccoovririeinieneienenesenieas 6
2.3. Current Research and Monitoring, 2007 t0 PreSent.........ccocvvveieereniieneeie e e see e 6
Chapter 3: Climate and OCeaN0GrapNY .........coeiiiiiiiiiieee e 17
T8 I O 0 - (TSR 17
3.2. Geologic and BathymetriC FEATUIES..........oiiieiiiiiieieieee e 17
3.3. Oceanography and CUITENTS. .........ccueiieieiie e ste e sre e ra e re e sneeneas 18
3.4. Climate Change versus Variability in Ocean TemMPerature ...........ccccceeveevvereeeeseesieseene 20
3.3.1. Sea SUIface TEMPEIATUIE .......cciie ittt e e beeanne e 20
3.3.2. SBA LEVEI RISE.....eeiieieee ettt ettt ettt ne e nneenee e 21
3.3.3. 0CaN ACIITICAIION ....cueiiiiiicieie et 21
3.3.4. CYCIONIC STOMMIS ...ttt bbbttt e bbb 22

3.4, WaALEr QUATTTY ... bbbttt bbb 23
3.5, SUMIMIBIY ..ttt b ettt b et b e bttt e bt et b e e bt nne e 26
Chapter 4: Distribution and Condition of Coral Reef and Benthic Communities...........c..cc.c....... 37
4.1. Spatial Distribution of Coral Reefs, 1882—1990S.........cccociiiiiiiiiiiiiiici e 37
4.2. Characterization of Benthic Communities at the Sand-reef Interface ..........cccccoecevenennnne 39
4.2.1. Data Collection and Statistical ANAIYSES .........cccueieriiriiiiiie e 39
4.2.2. ReSUItS and DISCUSSION .......coiuiiiiiiieiiieie ettt sbe e 40

4.3. Multi-scale Mapping, Benthic Cover, and Fish SUIVeYS ...........cccvivevviieveese e 45
4.4. Long-term Monitoring Of Coral COVEN ........ccveuiiiriieieeeeseeie e e 45



Contents (continued)

Page

4.5. Long-term Monitoring of Coral Disease and Bleaching.............cccocvevviveieenesieieese e, 46
4.6. South Florida/Caribbean Inventory and Monitoring Network...........c.ccoovveienencicnennne 47
AT, SUMIMAIY ..ottt ettt et ettt be e s ab e e bt e ehe e 2kt e she e 2k e e e b e e et e e ehe e eabeeabeeenbeesbeeanbeenbneanneens 48
Chapter 5: Distribution and Condition of Seagrass, Algal, and Sand Communities................... 63
5.1. Importance of Seagrass and Algal Communities to Coral Reef Ecosystems .................... 63
5.2. Types and Spatial Distribution of Submerged Aquatic Vegetation...........cccceeerervrenenne. 63
5.3. Monitoring of Seagrasses and AlJAE ........c.coveviiieie e 65
5.3.1. South Florida/Caribbean Monitoring Network ... 65
5.3.2. MONItOriNG OF SEAQIASSES. .. c.vveuveivreiiieieieesieeie st e et ste e te et e sreesre e sreesteaseesreesreenee e 65
ST G T 1V 1< 1 oo TSRS 66
5.3.4. ReSUILS aNd DISCUSSION ...ccvvevieiiiiiiieiie st st sttt nbe e 66

ST YU 1101 4= PSPPI 67
Chapter 6: Condition of Reef Fishes and Macroinvertebrates.............ccccceveiievicve i 81
6.1. Reef Fishes, Fisheries, and Resource Management............cccceeveveevieiieseenieseese e 81
6.2. Trends and Patterns in Fisheries Landings and Reef Fish Assemblages............cccccecve.... 82
6.3. Ecosystem-based Approaches to Rebuilding and Monitoring Reef Fish Assemblages .... 82
6.4. Status and Trends of Coral Reef Fish Populations, 1999-2006 ............ccccceovvrirencrenene. 84
6.5. Biogeographic Characterization of Reef Fish Assemblages..........cccccovevveviiviiiicnecien. 86
6.5.1. BACKGIOUNT ...ttt bbbttt 86
B.5.2. IMBENOUS. ...t bbbt 86
6.5.3. Trends in Species Abundance, Size, and Assemblage Composition .............c.ccoeeee. 87

6.6. Snapper-grouper SPawNiNg Aggregations .........c.uieeerieierere e 88
6.7. Characterization of Reef Fish Trophic Structure...........cccooveviiiie i 89
6.8, DIITEI STUAIES ...t ettt sb et sne e e 89
6.9, SUMIMEBIY ...t b et bbb bttt b et e et nne s 90
Chapter 7: Condition of Sea Turtles and Seabirds............ccccovveiiiiiiiiiiiiic e 103
7.0 SBA TUILIES ..t bttt et sae e r e nbe e 103
7.1 1 SUMIMAIY <.ttt e e st e e sa e e ssb e e e ssb e e e nbb e e e ebbe e e bb e e enbeeebneeans 105

2 =11 o OSSP USOUSPTS ST 106



Contents (continued)

Page

7.2.1 Bird Species RIiChness and DIVEISITY ..........ccoieiiieiiniieieseseseeee s 106
7.2.2 SEADITUS ....ceveieieee ettt bbbt b et e et bbbt 107
T.2.3 SUMIMAIY L.ttt ettt ekt bt bt bt e s he e e bt e e be e e be e ebe e e nbe e e beeenbeeseneenbeenneas 109
Chapter 8. Condition of Marine Natural RESOUICES...........ccueiviieiierieie e 123
8.1. Oceanographic and ClIMALIC SIrESSOIS .......cccueiueerieiierieeie e se s e e e e sra e 124
8.1.1. Extent of the ProbIem ... s 124
8.1.2. Extent of the INFOrmMation.........cccoueiieiiii i 125
8.2. Stressors Affecting Water QUalItY ..........ccoooiiiiiiiiieee e 125
8.2.1. Extent of the ProbIem .......c.oiiiiii s 125
8.2.2. Extent of the INFOrmMation.........ccooceiieiieii e 126
8.3. Stressors Affecting Coral Reefs and Hardbottom...........ccocoevieviieniiince e 126
8.3.1. EXtent Of the ProbIem .........ccviiiiie i 126
8.3.2. Extent of the INfOrmation...........cccooiiiiiiiiiieee s 126
8.4. Stressors Affecting Seagrasses and AlQaE ..........cceieeiieiieiie i 126
8.4.1. EXtent Of the ProbIem .........coveiiieiiee et 126
8.4.2. Extent of the INfOrmation...........cccooeiiiiiiiiieee s 127
8.5. Stressors Affecting Reef FISNES ..........ooviiiiic e 127
8.5.1. Extent of the ProbIEm ..o s 127
8.5.2. Extent of the INFOrmMation..........ccooeiieiiiie i 128
8.6. Stressors Affecting Sea TUITIES. .......c..oiiiii e 128
8.6.1. EXtent Of the ProbIem ... s 128
8.6.2. Extent of the INFOrmMation.........ccccceiieiiiie e 129
8.7. Stressors Affecting SeabirdS ..........coviiiiiiei e 129
8.7.1. EXtent Of the ProbIem .........ccveiieiiee e 129
8.7.2. Extent of the INFOrmation..........ccoueiiiiiiie e s 130
8.8. Assessment of ReSOUrce CONAITION ........cocveiieiiiiiiierieee e 130
8.9. Summary and INformation NEEAS ..........cccveiie i s 132
LITEratUre CHEA ....c.eieie ettt ettt bt ne et e b e et e nreeeas 157






Figures

Page
Figure 1.1. Islands and management zones of the Tortugas region, Florida Keys............cc.cc.cee.. 3
Figure 1.2. Fort Jefferson on Garden Key in Dry Tortugas National Park...............cccccevviinnnnnn. 4
Figure 3.1. Path and intensity of tropical storms affecting the Florida Keys, 2000-2007 ........... 28
Figure 3.2. Bathymetry of the islands and coral reef banks of the Dry Tortugas region.............. 29
Figure 3.3. Bathymetry of the Tortugas Bank west of the Tortugas National Park ..................... 30
Figure 3.4. Boundary currents affecting the Caribbean Sea, Gulf of Mexico, and Western
L g o3 @ ot o OSSR 31
Figure 3.5. Topography of the Dry Tortugas region showing direction of net current flow
through the Straits Of FIOTOa .........ccoiiiie s 32
Figure 3.6. Argos tracks of drifters released by NOAA Center for Fisheries and Habitat
Research at Riley’s Hump, Tortugas Ecological Reserve, during July 2000 ...........ccccoevvrrveenen. 33
Figure 3.7. Spatial distribution of fixed stations in the Southeast Environmental Research
Center Water Quality Monitoring Network within the Florida Keys National Marine
Y L0t (V-1 Y TSR TPRUPRPR 34
Figure 3.8. Spatial distribution of fixed stations in the Southeast Environmental Research
Center Water Quality Monitoring Network in and around Dry Tortugas ..........ccccceeeveeeevvesneenne. 35
Figure 3.9. Comparison of surface water quality in the Tortugas region with those from the
wider Florida Keys National Maring SanCLUAIY ...........cccceiieiieieieeieeie e 36
Figure 4.1. Map showing the distribution of corals in the southwestern Tortugas region
developed by AgQasSIZ iN 1882 .........ccviiiiieiece ettt st ns 50
Figure 4.2. Map showing the distribution of benthic habitats in the Tortugas region in 1979
developed DY DaVIS (L982). ......cuiiieie ettt ettt nas 51
Figure 4.3. Map showing the location of the remnant Acropora palmata (elkhorn coral)
thicket in the Dry Tortugas in 1993 ... e 52
Figure 4.4. Location of permanent reef-sand interface sites in the Dry Tortugas region the
Tortugas Ecological Reserve and the Dry Tortugas National Park .............ccccooveviiiiiiiieen, 53
Figure 4.5. Percent cover on benthic reef transects in Tortugas Ecological Reserve, Dry
Tortugas National Park, and unprotected areas outside the reserve and park ............ccccccevveenen. 54
Figure 4.6. Species richness and diversity (H’) of scleractinian corals in 2005. ...............cccce.ee. 54
Figure 4.7. Percent cover of benthic biota on reef transects in 2001 in the Tortugas
Ecological Reserve, Dry Tortugas National Park, and unprotected areas outside the reserve
LA [0 0T U SO PSPR PRSP 55
Figure 4.8. Multi-dimensional scaling of Bray-Curtis similarities of 2001 Tortugas coral
reef DIota TUNCLIONAL GrOUPS .....c.viiiieieee ettt sae e 56

vii



Figures (continued)
Page

Figure 4.9. Percent cover of benthic biota on reef transects in 2002 in the Tortugas
Ecological Reserve, Dry Tortugas National Park, and unprotected areas outside the reserve
AN PATK .. b bbbttt b et b ene s 57

Figure 4.10. Percent cover of benthic biota on reef transects in 2003 in the Tortugas
Ecological Reserve, Dry Tortugas National Park, and unprotected areas outside the reserve

10 I - USSR 58
Figure 4.11. Multi-dimensional scaling of Bray-Curtis similarities of 2002 Tortugas coral
reef biota fFUNCLIONAL GrOUPS .....c.viiiieie ettt sae e 59

Figure 4.12. Multi-dimensional scaling of Bray-Curtis similarities of 2003 Tortugas coral
reef biota fFUNCLIONAL GrOUPS .....c.viiieeiece ettt e esre e 59

Figure 4.13. Percent cover of benthic biota on reef transects in 2005 in the Tortugas
Ecological Reserve, Dry Tortugas National Park, and unprotected areas outside the reserve

AN PATK ... b ettt bbb re s 60
Figure 4.14. Multi-dimensional scaling from Bray-Curtis similarities of 2005 Tortugas

coral reef biota FUNCHIONAL GIrOUPS .......eiuieiiiieieiee e 61
Figure 4.15. Coral cover in Tortugas region and Dry Tortugas between 1996—2007.................. 62
Figure 4.16. Coral cover in Tortugas region and Dry Tortugas between 1880—2007 .................. 62
Figure 5.1. Benthic habitats of the Florida Keys and the Dry Tortugas ............ccceeevvevieiieseennns 70
Figure 5.1. Benthic habitats of the Florida Keys and the Dry Tortugas ..........cccccoveereneienennnnn 70
Figure 5.2. Photo of Dictyota spp. surrounding staghorn coral (Acropora cervicornis) in

Dry Tortugas NationNal PArk ............cooiiiiiiiieiece e 71
Figure 5.3. Location of Center for Coastal Fisheries and Habitat Research sites along sand-

reef interface on Tortugas Bank and along the perimeter of Dry Tortugas National Park............ 72
Figure 5.4. Spatial distribution of seagrass beds relative to coral reef and hard bottom areas
habitats in the Dry Tortugas National Park.............ccocuoiiiiiiniiiesee e 73
Figure 5.5. Spatial distribution of coral reef and hardbottom, seagrass, and seagrass areas
reclassified as coral reef and hardbottom in Dry Tortugas National Park.............cccccoceviiinnnnnne 74
Figure 5.6. Long-term sites for ecological assessments of seagrass communities at Dry

Tortugas NationNal Park ............ouoiiiiiiie e 75
Figure 5.7. Location of sites sampled for seagrasses in the Florida Keys National Marine
SANCLUArY, 1996—2004 ..ottt b et e et naeeanbeenreeare e 76
Figure 5.8. Benthic macrophyte abundance at the shallow seagrass assessments sites near

Garden and Bush keys in the Adaptive USE ZONE .........ccoiiiiiiiiiieienie et 77

viii


file:///D:/Users/jncross/Documents/TEMP/DRTO%20CWA/Tortugas_resource_condition-final-06202012.docx%23_Toc328549215

Figures (continued)

Page
Figure 5.9. Benthic macrophyte abundance at the shallow seagrass assessments sites
around Loggerhead Key in the Research Natural Area in Dry Tortugas National Park............... 78
Figure 5.10. Clypeaster (sea biscuit) abundance at site GK-3 in Dry Tortugas National
PAIK <.t R R E bbb e bR Rt Rt e e et bbb b ne e 79
Figure 6.1. Locations of reef fish visual census surveys conducted within habitat grids in
O T IO 0o T N =T oo ISR 99
Figure 6.2. Location of permanent reef-sand interface sites in the Dry Tortugas region, the
Tortugas Ecological Reserve, and the Dry Tortugas National Park .............ccccccooeviveiiiicinenns 100
Figure 6.3. The 613C and 515N values of consumer organisms and primary producers
collected in the Tortugas Ecological Reserve, 2000—2004 ...........ccocceieiininiieinrienie e 101
Figure 7.1. Satellite tracks of leatherback sea turtles tagged at Sandy Point beach in St.
CroiX, US VIrgin ISIANGS........ceoiiiieiiee ettt sta e ente e 112
Figure 7.2. Mean annual counts of turtle nests by species on island beaches in the Dry
Tortugas National Park, 1994—2004. ...........ccceiieiiiiieieere e ste e sa e aesre e 113
Figure 7.3. Annual counts of turtle nests by species on beaches in Dry Tortugas National
ParK, 19942004 .......ooiiieiieiieete ettt bbb bRttt ettt beereenes 113
Figure 7.4. Annual counts of turtle nests on beaches in Dry Tortugas National Park,
TOO4-2004.....cce etttk b et bbbt R et R ettt be b Ee Rt Rt e Rt et et te b b nreene e 114
Figure 7.5. Spatial distribution of bird species richness in Florida, 1986-1991 ...............c........ 115
Figure 7.6. Spatial distribution of Brown Pelican (Pelecanus occidentalis) sightings in
FIOMAa, 19861991 ... ..ottt ettt e e s et e e e s st e e s e sab e e e e s sabaeeeessbbaeeessabeneeesans 116
Figure 7.7. Spatial distribution of Least Tern (Sterna antillarum) sightings in Florida,
S 1o S SRR 117
Figure 7.8. Map of spatial distribution of Sooty Tern (Sterna fuscata) sightings in Florida,
S 1T S SO 118
Figure 7.9. Spatial distribution of Brown Noddy (Anous stolidus) sightings in Florida,
1T L SR 119
Figure 7.10. Spatial distribution of Masked Booby (Sula dactylatra) sightings in Florida,
1T S SRR 120
Figure 7.11. Spatial distribution of Magnificent Frigatebird (Fregata magnificens)
sightings in FIorida, 1986—1991 ..........ccciiiiiieieiee et 121
Figure 7.12. Spatial distribution of Roseate Tern (Sterna dougallii) sightings in Florida,
1T L SR 122
Figure 8.1. Sea surface temperature anomalies derived for the Dry Tortugas and
Guadeloupe IsInd from the Coral Reef Temperature Anomaly Database ...........c.cccceeveivervennnns 151



Figures (continued)

Page
Figure 8.2. Percent of resource categories affected by stressors in the Tortugas region............ 152
Figure 8.3. Percent of stressors affecting resource categories in the Tortugas region................ 153
Figure 8.4. Summary of the extent of problem for stressors affecting natural resources in
LT 0 0o = N =T [ To oIS PRSSSS 154
Figure 8.5. Summary of the information available on stressors affecting natural resources
[ g TcI o] (U T T TR 1= o o] o PSS 155



Tables

Page
Table 2.1. Projects that characterize and monitor reef fish assemblages in the Tortugas
=T oo SR 7
Table 2.2. Multi-year projects that study benthic communities in the Tortugas region ................. 8
Table 2.3. Multi-year projects to map and characterize benthic habitats in the Tortugas
=T oo PSSR 9
Table 2.4. Recently completed or ongoing multi-year projects that study oceanographic
conditions and water quality in the Tortugas regioN..........cceveieierereneseseee e 11
Table 2.5. Summary of research topics and performance measures to assess the
conservation efficacy of the Dry Tortugas National Park Research Natural Area....................... 12
Table 2.6. Summary of research projects implemented after 2007 to assess the conservation
efficacy of the Dry Tortugas National Park Research Natural Area ..........cccocevevevenieneninsenee. 13
Table 3.1. Values for water quality parameters in and around Dry Tortugas National Park........ 27
Table 5.1. Spatial extents of mapped habitats in Dry Tortugas National Park estimated
from Agassiz (1882), Davis (1982), and FMRI and NOAA (1998)........cccccevvieiveieiiie e, 69
Table 5.2. Variability in estimates of spatial extent of seagrass in Dry Tortugas National
1 SO PORPPR 69
Table 6.1. Publications describing trends in reef fish assemblages in the Tortugas region
and the development of a Fisheries Systems Science model for managing reef fisheries............ 92
Table 6.2. Change (%) in mean population density of selected exploited and non-target fish
species from baseline years 1999-2000 relative to the survey years 2002, 2004, and 2006
iN Dry Tortugas National Parki.............ccouiiiiiiiiei e 93
Table 6.3. Results of Bonferonni-corrected Kruskal-Wallis tests for significant effects of
year; management strata; and current exposure on the mean abundances of selected reef
fishes at reef-Sand INEITACES .......cc.oiiii i e 94
Table 6.4. The 25 most abundant species, in descending order of abundance, at all stations
and all stations within each management StratUM...........coccveiieiieeiie e 95
Table 6.5. The 25 most frequently observed species, in descending order of sighting
frequency, at all stations and all stations within each management stratum ..............cc.cccceeeveenee. 96
Table 6.6. Results of Kolmogorov-Smirnov tests for effects of year, management strata,
and current exposure on size-frequency diStributions ... 97
Table 6.7. Summary of ongoing or completed Center for Coastal Fisheries and Habitat
Research projects on the Tortugas fish COMMUNILY. ..........ccceeiiiiiiiiiie e 98
Table 7.1. Bird species that have a common abundance for three or more seasons within a
year at the Dry Tortugas National Park ..o 111
Table 7.2. List of bird species known to breed in Dry Tortugas National Park .............c........... 111

Xi



Tables (continued)

Page
Table 8.1. Categories and rankings used to describe the impacts of stressors on natural
resources in Dry Tortugas National Park..............ccceoviiiiiiiiic e 137
Table 8.2. Categories and rankings of information used to describe the impacts of stressors
on natural resources in Dry Tortugas National Park..............cccooeieiiiiiiiiice e 137
Table 8.3. Oceanographic stressors of natural resources in the Tortugas region ...........ccccceeue. 138
Table 8.4. Stressors affecting water quality resources in the Tortugas region .............ccceevennene 139

Table 8.5. Stressors affecting coral reef and hardbottom resources in the Tortugas region....... 140

Table 8.6. Stressors affecting seagrass and algae communities in the Tortugas region.............. 142
Table. 8.7. Stressors affecting reef fishes in the Tortugas region............ccocvveieienencnenenennnns 143
Table 8.8. Stressors affecting sea turtles in the Tortugas region ...........ccoccevvveveeievieesesieeseennens 144
Table 8.9. Stressors affecting seabirds in the Tortugas region ...........c.ccocvevieieienene e 146

Table 8.10. Summary of stressors, the extent to which they affect natural resources, and the
extent of information available for each stressor in the Tortugas region ...........ccccceoeevererennnn 147

Table 8.11. Summary of ecological condition of resource categories based on stressor-
resource MatrixX inN Table 8.8. ..o e 148

xii



Executive Summary

This project characterized and assessed the condition of coastal water resources in the Dry
Tortugas National Park (DRTO) located in the Florida Keys. The goal of the assessment was to:
(1) identify the state of knowledge of natural resources that exist within the DRTO, (2)
summarize the state of knowledge about natural and anthropogenic stressors and threats that
affected these resources, and (3) describe strategies being implemented by DRTO managers to
meet their resource management goals.

The park, located in the Straits of Florida 113 km (70 miles) west of Key West, is relatively
small (269 km?) with seven small islands and extensive shallow water coral reefs. Significant
natural resources within DRTO include coastal and oceanic waters, coral reefs, reef fisheries,
seagrass beds, and sea turtle and bird nesting habitats. This report focuses on marine natural
resources identified by DRTO resource managers and researchers as being vitally important to
the Tortugas region and the wider South Florida ecosystem. Selected marine resources included
physical resources (geology, oceanography, and water quality) and biological resources (coral
reef and hardbottom benthic assemblages, seagrass and algal communities, reef fishes and
macroinvertebrates, and wildlife [sea turtles and sea-birds]). In the past few decades, some of
these resources have deteriorated because of natural and anthropogenic factors that are local and
global in scale. To meet mandated goals (Chapter 1), resource managers need information on: (1)
the types and condition of natural and cultural resources that occur within the park and (2) the
stressors and threats that can affect those resources. This report synthesizes and summarizes
information on: (1) the status of marine natural resources occurring at DRTO; and (2) types of
stressors and threats currently affecting those resources at the DRTO.

Based on published information, the assessment suggests that marine resources at DRTO and its
surrounding region are affected by several stressors, many of which act synergistically. Of the
nine resource components assessed, one resource category — water quality — received an
ecological condition ranking of “Good”; two components — the nonliving portion of coral reef
and hardbottom and reef fishes — received a rating of “Caution”’; and two components — the biotic
components of coral reef and hardbottom substrates and sea turtles — received a rating of
“Significant concern” (Table E-1). Seagrass and algal communities and seabirds were unrated for
ecological condition because the available information was inadequate. The stressor category of
tropical storms was the dominant and most prevalent stressor in the Tortugas region; it affected
all of the resource components assessed in this report. Commercial and recreational fishing were
also dominant stressors and affected 78% of the resource components assessed. The most
stressed resource was the biotic component of coral reef and hardbottom resources, which was
affected by 76% of the stressors. Water quality was the least affected; it was negatively affected
by 12% of stressors. The systematic assessment of marine natural resources and stressors in the
Tortugas region pointed to several gaps in the information. For example, of the nine marine
resource components reviewed in this report, the living component of coral reefs and hardbottom
resources had the best rated information with 25% of stressor categories rated “Good” for
information richness. In contrast, the there was a paucity of information for seagrass and algal
communities and sea birds resource components.
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The history of the DRTO and its legacy of ecological research and monitoring are well known
(Chapter 2). Since the 1800s, scientists have been studying and publishing information on natural
resources, such as corals, reef fishes, and other marine life that abound in the coral reef
ecosystems of the Tortugas region. The area was declared the Dry Tortugas National Monument
in 1935; in 1992, DRTO was formally established as a National Park and the National Park
Service (NPS) who received jurisdictional and management responsibilities to protect 269 km?
(104 mi®) of subtropical marine ecosystems from commercial fishing. The state of Florida
however retained the rights to the seabed and associated resources, and in 2007 the state
collaborated with NPS to establish a 119 km? (74 mi®) area closed to all extractive use. Since the
1990s, at least 19 research and monitoring studies have been conducted at DRTO. These
interdisciplinary studies were funded by multiple state and federal agencies and evaluated the
efficacy of existing protected areas on natural resources in the Tortugas region.

The climatology and oceanography of the Tortugas region makes the area unique (Chapter 3).
Oceanographic conditions and circulatory patterns near the DRTO are determined primarily by
the convergence of several ocean current systems that profoundly affect the region’s ecology.
This convergence of current systems from the Caribbean and the Gulf of Mexico enables
connectivity among reefs in the Florida Keys and along the Florida mainland. Oceanic
circulation in the Tortugas region distribute fish and invertebrate larvae to local reefs or those
downstream (e.g., in the Florida Keys). Alternatively migrating oceanic eddies episodically bring
nutrients from upstream areas, such as Gulf Coast or the west coast of Florida, to the Tortugas
region. Unpredictable disturbances, including hurricanes, cold-water and warm-water events, and
other extreme weather events have resulted in atypical oceanographic conditions that have
negatively affected ecological processes and populations of marine animals in the region. These
climatic and oceanographic processes are beyond the control and purview of resource managers,
but knowledge of spatial and temporal variability in extents and frequencies of these physical
processes is crucial for determining the ecological condition of marine natural resources.

Coral communities are prominent and biologically productive natural resources at DRTO and
was the most important “vital sign” for South Florida/Caribbean Network (SFCN) of parks.
Historical accounts of the abundance, spatial distribution, and ecological condition of coral reef
and hardbottom areas in DRTO and the surrounding region contrast sharply with those of
modern times (Chapter 4). Historical reports and maps from the 1800s suggest that live coral was
widely distributed and abundant on hardbottom substrates in the Tortugas region. In sharp
contrast, monitoring data from Miller et al. (2006), Wheaton et al. (2007), and SFCN (2009)
indicate that live coral is now significantly less abundant and less widely distributed than in
previous times. Long-term declines in the spatial extents and abundance of living coral is
unexplained, but may be the result of episodic events (e.g., hurricanes and diseases), as well as
human-associated stressors. Furthermore, trends in the distribution and abundance of coral reefs
in the DRTO, the Tortugas region, and the Florida Keys during the past decade suggest that
future declines in coral cover are likely. Managing the living corals of the region sustainably is
contingent on resource managers developing achievable goals for protecting reefs, establishing
baselines from which to measure trends, and setting targets to which the coral reef ecosystem
should be returned. Such baselines and targets will require well-designed sampling regimes that
collect data for metrics that (1) describe the spatial and temporal variability in coral reef
ecosystems and (2) are suitable for determining biologically-significant long-term changes. Data
from park-wide monitoring are being analyzed to provide park managers with a much broader
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picture of reef condition inside and outside the park. The NPS is collaborating with state, federal,
and academic partners to monitor coral ecosystems inside and outside the protected Research
Natural Area (Nash et al. 2009).

Seagrass and algal communities are extensive and important components of marine ecosystems
in the Tortugas region, and their primary productivity contributes substantially to the nutrients
and trophic energy circulated within coral reef ecosystems (Chapter 5). “Seagrass and other
subaquatic vegetation” ranked as the fourth most important vital sign for SFCN parks. Historical
descriptions and maps of seagrass and algal communities from the 1800s are similar to those
from more recent monitoring projects and maps (1982, 1998, and 2004). Data from 10 DRTO
sites that were randomly selected as part of the Florida Keys national Marine Sanctuary
(FKNMS) seagrass monitoring project (conducted by Fourqurean and Escorcia [2006]) indicate
that the spatial distribution of seagrass species correlates strongly with depth, and that several
species overlapped in their depth ranges. Turtle grass (Thallasia testudinum) and manatee grass
(Syringodium filiforme), the two most common species, range in depth from a minimum of
0.2-0.9 m (0.7-3 ft) down to a maximum of 18 m (59 ft). Paddle grass (Halophila spp.) is more
common at depths from 2.4-26.5 m (8—87 ft). The only two sites where five seagrass species (T.
testudinum, S. filiforme, Halodule wrightii, Halophila decipiens®, and Halophila engelmanni)
were observed during one sampling event occurred at DRTO.

Data from DRTO “seagrass communities monitoring and assessment” project, which is led by
Douglas Morrison, indicate that there was a combined loss of 49.5 ha (122 ac) (28.9%) of
seagrass between 2003—2007. The loss occurred at six permanent sites (three around Loggerhead
Key and three around Garden Key) and was attributed to several hurricanes in 2004 and 2005.
The declines in seagrass area could reflect park-wide trends and suggest that DRTO has
experienced some losses of ecosystem services (e.g., nursery habitats for fishes, improved water
quality, and sediment retention). Greater priority should be given to the establishment of
additional seagrass monitoring sites, collection of additional data on condition, spatial extent,
and recovery, and the development of restoration projects to mitigate the loss of seagrass beds
given their importance and connectivity to coral reef ecosystems. Without restoration, natural
recovery of seagrass beds to climax conditions is estimated to take 10—60 years (Sargent et al.
1995, Fonseca et al. 2004).

Fish assemblages are essential and prominent components of coral reef ecosystems at DRTO
(Chapter 6) and were was the second most important vital sign for SFCN parks. Reef fish
assemblages within the park are not immune from impacts of overfishing. Fishes occurring in
DRTO are part of a larger species complex whose home range extends beyond park boundaries
to nearby areas that are fished. The Tortugas region’s multibillion-dollar commercial and
recreational fisheries, which are supported in part by DRTO fish assemblages, are regulated and
managed under three distinct regimes that provide varying levels of resource protection. DRTO
has been closed to commercial fishing since its implementation in 1935; however, all of the
waters inside the park supported recreational fisheries until 2007 when implementation of the
RNA prohibited fishing within a 119-km? (46 mi?) area. The Tortugas Ecological Reserve
(TER), which was implemented in July 2001, also prohibits commercial and recreational fishing

The taxonomic name for Halodule wrightii has been changed to Halodule beaudettei according to the Integrated
Taxonomic Information System (ITIS).
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within its boundaries. The remaining areas of the Tortugas region support fisheries that are
managed through a complex suite of conventional fishery regulations implemented by state and
federal agencies.

Data from existing reef fish monitoring programs suggest that several metrics of reef fish
assemblages at DRTO and TER have improved slightly compared with areas in the region that
are open to fishing. For example, domain-wide estimates of mean species richness in 2006 were
significantly higher compared with baseline estimates in 19992000, although species richness
of snappers and groupers did not increase over the same period. Larger black grouper
(Mycteroperca bonaci) and red snapper (Lutjanus campechanus) were observed during surveys
conducted in 2004 and 2006 compared with surveys from 1999—-2000, which suggest a shift
towards larger-sized fish. Reef fish (e.g., black grouper, red grouper [Epinephelus morio], and
mutton snapper [Lutjanus analis]) abundance at the sand-reef interface and other hardbottom
habitats at DRTO and TER have increased significantly since TER was implemented in 2001.
Evidence indicates that mutton snapper may have re-formed spawning aggregations in Tortugas
South Ecological Reserve (TSER), suggesting that closed reserves may be protecting and
increasing fish abundance in the region. No significant declines in abundance have yet been
detected for exploited species in the reserves, although abundances of non-exploited species
within protected areas have shown increases and declines over time. The trends in fish
assemblages contrast somewhat with those from fished areas, where the annual abundance of
exploited species either declined or did not change over time. The implementation of protected
areas likely resulted in an early increase in the biomass of exploited species in the Tortugas
region as a whole, although full recovery of reef fish populations is expected to take decades.
However, observed spatial and temporal trends in reef fish assemblages within DRTO and the
Tortugas region might have resulted synergistically from previously implemented management
actions, reserve implementation, and natural episodic events such as hurricanes.

Birds and sea turtles are important components of marine ecosystems and their local presence
and abundance are indicators of the overall ecological status of nearshore areas (Chapter 8).
Historical and current information on temporal trends and spatial patterns of the occurrence and
abundance of seabirds and sea turtles indicate that the park functions as an ecosystem that
provides support to resident and migratory fauna. Although turtle abundance in the Tortugas
region is substantially lower now compared to pre-European times, nesting of loggerhead turtles
increased in numbers from 1994-2000, but decreased between 2001-2004. Green sea turtles
(Chelonia mydas), which have generation times around 20 years, were less abundant and showed
no apparent trend in nesting frequency during the same period. Hawksbill (Eretmochelys
imbricata), leatherback (Dermochelys coriacea) and Kemp’s ridley (Lepidochelys kempii) sea
turtles were uncommon and there was not much information available on the nesting activity of
these species.

Sea birds continue to forage and breed in the park, which the National Audubon Society lists as
one of the important birding areas in Florida. The Tortugas region provides the only breeding
sites within the continental U.S. for three species of seabirds and resource managers have been
successful in reestablishing nesting by Roseate Terns (Sterna dougallii) at the park. Multiple
stressors, such as shoreline erosion, coastal vegetation, exotic plants, and increased human
visitation, continue to affect turtle nesting and seabird colonies at DRTO. A sampling plan that
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uses habitat information to guide selection of sites should be developed to characterize the spatial
distribution of sea turtles and colonial nesting birds within the park.

Reef ecosystems in the Tortugas region face a number of threats and stressors, many of which
act at multiple scales and have a range of effects. The major threats and stressors to marine
natural resources at DRTO include climate change (increased sea surface temperature [SST], sea
level rise and ocean acidification); extreme events (tropical storms and coral disease epidemics);
and resource extraction (recreational overfishing, habitat destruction from fishing gear, and boat
groundings and anchor damage) (Table E.2). Few studies have directly assessed the effects of
stressors on marine natural resources in the Tortugas region, which makes it difficult for resource
managers to differentiate among causes of local resource degradation in the coral reef ecosystem.
Natural stressors, such as episodic cyclonic disturbances, bleaching episodes, and anomalous
oceanographic and hydrodynamic circulatory patterns, acted synergistically to reduce coral cover
and abundance during the last century. Anthropogenic stressors, such as those associated with
resource extraction, contributed to loss of live coral cover and declines in species diversity,
overall coral reef ecosystem health, and abundance of natural resources. Currently, the most
likely anthropogenic stressors to natural resources in the Tortugas region are recreational
activities. Most extractive activities are prohibited in the TER and the DRTO. Continued
increase in human visitation to the Tortugas region will result in increased levels of recreational
activities, such as boating, fishing, and scuba diving. The cumulative impacts of reef-related
recreational activities could have profound negative effects on the region’s natural resources.

The following recommendations were developed during the course of this project:

1. Thereis a long and rich history of research and monitoring studies in and around the DRTO
that provide data essential to conservation of ecosystem resources. Despite the prevalence of
research and monitoring studies, limited amounts of data on many natural resources are
available directly to park staff for planning and decision making. The lack of data available
to park staff likely results from ownership and publication rights of researchers to the data
that they collect.

% Recommendation: NPS should request that researchers share data with resource managers,
and park managers should develop a repository for monitoring and research data collected
inside and outside DRTO boundaries. NPS and FKNMS should collaboratively develop an
information system for monitoring and research studies, which could be tracked through
research permits issued for the Tortugas region. Such a system — Sanctuary Integrated
Monitoring Network (SIMoN) — has been developed for the Monterey Bay National Marine
Sanctuary to provide timely and pertinent information to managers, the research community,
and the public. The foundations for an integrated information system already exist. The
SFCN has been gathering and archiving reef fish and coral data collected by its partners in
southeast Florida and Caribbean parks. This process should include data for other natural
resources, including seagrasses, seabirds, and sea turtles. Many of the federal and state
management agencies with jurisdictional responsibilities for the region have established
electronic databases or information portals that describe their monitoring activities.

2. Several federal and state government agencies and academic organizations conduct
monitoring and research programs within the park (Chapter 2). In the past, many of these
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agencies collected data that were best suited for their own management or research agendas.
Although it may seem cost-effective in the short-term to depend on these programs to obtain
information on the availability and abundance of natural resources within the park, data
collected by these programs may not always match the needs of the resource managers at
DRTO, nor are these data always collected at the appropriate spatial and temporal scales that
are relevant to management of the park. For example, data from sampling designs that
provide precise metrics at the scale of the Florida Keys reef tract may not provide the
precision necessary to detect differences among sampling strata at the scale of the park
(Chapter 6). Data collected at randomly selected sites are not always suitable or precise
enough for detecting temporal trends. Data collected from permanent sites are not suited for
characterizing spatial patterns in the availability of resources, especially if the sites were not
chosen randomly. DRTO resource managers should continue to develop specific research
goals and objectives to guide research and monitoring within the park.

Recommendation: NPS staff should evaluate existing monitoring and research programs
carefully to determine what data types are best suited to the park’s management needs, and
they should work with other agencies to increase the sharing of relevant data between
researchers and DRTO staff. Monitoring programs should be designed to collect data that
meet the goals and objectives of park managers. The strategy recommended here would
ensure that the best ecological information available is used to make management decisions
and fill existing gaps in the types of data needed for sustainable management of natural
resources. A good example of this is the recent RNA science plan that was developed by a
multi-agency team of scientists to assess conservation efficacy of the DRTO (SFNRC and
FWC 2007). The science plan focuses on assessing the effects of the RNA on reef fish
assemblages. A similar process should be invoked to develop monitoring and research plans
for other natural marine organisms, including corals, seagrasses, seabirds, and sea turtles, that
are important natural resources to the park. A scientific advisory panel could be created and
regularly convened to offer recommendations on science-related issues to park managers.

Coral reefs’ coral cover and colony abundance in the Tortugas region are very different from
what they were 100 years ago. Historical reports and maps suggest that live coral was widely
distributed and abundant on hardbottom substrates. This historical view contrasts sharply
with reports from current monitoring projects indicating that live coral is now significantly
less abundant and less widely distributed. Long-term declines in the spatial extent and
abundance of living coral may have resulted from the cumulative, synergistic effects of
environmental and anthropogenic human stressors. Trends in the trajectory of coral reefs in
DRTO, the Tortugas region, and the Florida Keys during the past decade suggest that future
declines in coral cover are likely.

Recommendation: DRTO resource managers should develop achievable goals for protecting
coral reefs from anthropogenic stressors that could increase the susceptibility of reefs to
natural stressors that are beyond the control of managers. Coral reef protection goals are
dependent on establishing baseline levels of coral cover and colony abundance against which
to measure future change. Baselines and future targets require well-designed monitoring
programs that collect data that adequately characterize the spatial and temporal variability in
coral reef ecosystems. Every effort should be made to obtain and use monitoring data from
existing programs to develop a spatially robust and comprehensive resource management
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program for corals. This program should identify goals, objectives, and metrics to evaluate
progress toward improving coral reef resources. Data from existing monitoring programs
should be analyzed to determine the metrics that are suitable for detecting improvement or
degradation of coral reefs within DRTO.

Seagrass beds are the most spatially extensive benthic cover within DRTO; turtle and
manatee grasses dominating substrates <10 m (33 ft) deep and paddle grass is more abundant
at depths >10 m (33 ft). Algal communities are also spatially extensive, but typically
ephemeral and occur on hard (e.g., rubble) and soft (e.g., sand) substrates. Seagrasses are
important to coral reefs in the Tortugas region because their primary productivity is the basis
of food webs that support reef fish assemblages, provide connectivity among hardbottom
habitats through trophic energy flows, and they remove sediments from the water column
improving water quality. Currently, two annual monitoring programs sample benthic
communities in seagrass and algal beds within DRTO, but data on the status and condition of
seagrass and algal beds are not readily available to park managers and are not adequate to
determine the current ecological condition of seagrasses.

Recommendation: DRTO managers should expand sampling programs that currently
monitor ecological condition of seagrass beds. Existing monitoring projects are good, but the
number of sites currently monitored is inadequate to quantify and characterize the spatial
extent and the ecological condition of seagrass beds within the park. A probabilistic sampling
design that includes all types of seagrasses in all management use zones should be developed
to characterize seagrasses in the park.

Data that characterize the magnitude and spatial extent of known seagrass stressors, such as
prop-scarring from motor boats, should be collected along with biological data (i.e., percent
cover, shoot density, and blade length). The information could be used to develop guidelines
for motorboat use in the park’s cultural and historic zones to minimize the human impacts on
shallow seagrass beds.

Reef fish assemblages are the most comprehensively sampled and well-characterized natural
resource in the Tortugas region. Fish assemblages are prominent components of the marine
ecosystems occurring in the Dry Tortugas, but have suffered significant declines in the
abundance and size of desirable species because of historical overfishing. Full recovery is
expected to take decades, but establishing no-take reserves coupled with management actions
that reduced fishing mortality already may be having a net positive effect on previously
exploited reef fish populations. Several studies characterized population abundance and size
of exploited species and are tracking temporal trends to evaluate the effectiveness of no-take
reserves, including the newly established RNA within DRTO. Reef fish assemblages in
unconsolidated sediment habitats, however, are poorly characterized. Reef fishes in the
Tortugas region use a mosaic of habitat types, including unconsolidated substrates, through
daily home range movements and ontogenetic habitat shifts.

Recommendation: Existing programs that characterize reef fish assemblages on reef and
hardbottom substrates in the various park management zones should continue. Efforts should
be made by resource managers to characterize reef fish assemblages occurring in
unconsolidated sediment habitats. Existing data on reef fishes should be analyzed to
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determine baseline levels for various reef fish metrics against which future data could be
compared. The recently developed science plan for evaluating the conservation efficacy of
the RNA recommends several additional performance goals and measures for reef
assemblages that should be followed (SFNRC and FWC 2007).

Sea birds and sea turtles are important components of marine ecosystems. Turtle abundance
in the Tortugas region is substantially lower now than in pre-European times, but sea turtles
continue to nest on beaches in the park. Sea birds forage and breed in the park and the
National Audubon Society lists DRTO as one of the important Florida birding areas. The
Tortugas region has the only breeding sites within the continental U.S. for three species of
seabirds. Resource managers have been successful in getting Roseate Terns to nest at the
park as they did historically. Important stressors affecting turtle nesting and seabird colonies
at DRTO include shoreline erosion, coastal vegetation, exotic plants, and increased human
visitation. There are no monitoring programs for sea turtles in the park and monitoring of
seabirds occurs only at a few sites.

Recommendation: A well-defined sampling plan that uses habitat information to guide
selection of sites should be developed to characterize the spatial distribution of sea turtles and
colonial nesting birds within the park.

Multiple environmental stressors acting at different spatial scales have affected the condition,
abundance, and availability of natural resources in the Tortugas region. During the last
century, anthropogenic stressors have contributed to loss of live coral cover and abundance,
declining species diversity, declining of coral reef ecosystem health, and a reduction in reef
fishes, sea turtles, and seabirds. Few studies have directly assessed the effects of stressors on
natural resources in spite of several research and monitoring programs that have monitored
and documented temporal and spatial variability in coral reef resources. It is difficult to
differentiate between natural and anthropogenic causes of resource degradation in coral reef
ecosystems. The most likely source of anthropogenic stress in the Tortugas region is human
recreational activities because most other extractive activities are prohibited in the TER and
DRTO. Recreational activities, such as boating, fishing, and scuba diving, are associated with
increased visitation to the Tortugas and place increased stress on the region’s coral reef
ecosystems. The cumulative impacts of reef-related recreational activities could have a
profound negative effect on the region’s natural resources in the long term.

Recommendation: Park managers should assemble a team of experts to develop monitoring
and sampling programs to characterize impacts of stressors on natural resources within
DRTO. Park staff should work with recognized experts to develop strategies to mitigate the
negative effects of increased visitation and visitor use on natural resources. A team of experts
developed a science plan that outlines performance measures and identified monitoring
activities to assess the effects of implementing the RNA on ecological and socioeconomic
variables. A similar approach is needed for other natural resources addressed in this report.
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Table E-1. Summary of the ecological condition of resources in the Tortugas region based on stressor-resource matrix in Table E-2.

Natural Resource Categories

Coral reef and hardbottom Seagrass and algae

Water quality Abiotic Biotic Abiotic Biotic Reef fishes Seaturtles Seabirds
Proportion of
stressors 12% 59% 76% 41% 41% 47% 35% 41%
affecting
resources
Proportion of
stressors with
good or fair 24% 59% 59% 12% 12% 29% 41% 12%
information on
effects

Intact and Intact and Intact and Intact and Intact and Intact and Intact and Intact and

Pristine Marine Pristine Marine Pristine Marine Pristine Marine Pristine Marine Pristine Marine Pristine Marine Pristine Marine
Park-desired Ecosystem Ecosystem Ecosystem Ecosystem Ecosystem Ecosystem Ecosystem Ecosystem
condition (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005);

for water undefined for  undefined for  undefined for  undefined for  undefined for  undefined for  undefined for

quality coral reefs coral reefs seagrasses seagrass and  reef fishes sea turtles seabirds

algal beds

Dissolved Spatial extent  Coral cover; Spatial extents Seagrass shoot Species Aerial extent of Nesting activity;

oxygen, total  of reef and colony density; of seagrass and density; composition, nesting aerial extent of
Recommended nitrogen, hardbottom disease algae habitats  Species abundance and beaches; turtle nesting habitat;
metrics to turbidity communities prevalence and composition; size; presence sighting seasonal and
determine incidence; productivity commercially-  frequency; annual bird
Park-desired indices important turtle nesting counts;
condition species (e.g.,  activity abundance by

black and red life-stage.
grouper)

Overglll Caution Significant Inadequate Inadequate Caution Significant Inadequate
condition concern data data concern data
Information 1.00 0.59 0.59 0.20 0.22 0.56 0.58 0.20
score
Stressor extent 0.09 0.47 0.56 0.55 0.60 0.51 0.38 0.34

score
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Table E.1 (continued).

Coral reef and hardbottom

Seagrass and algae

Water quality Abiotic Biotic Abiotic Biotic Reef fishes Sea turtles Seabirds
None reported. Insufficient data Living coral Insufficient data Data specific to Abundance, Abundances of Unknown.
Concentrations to determine cover has to determine the status and  size, species seaturtles are  Existing
of dissolved temporal trends declined temporal trends condition of composition of substantially gquantitative
oxygen and drastically. seagrass and  reef fish lower than in data on sea
nutrients Average coral algal beds are assemblages  pre-European  birds in the
(nitrogen, cover in 2005 is not readily are below times. From Tortugas region
phosphorus, <20% available to historical levels 1994-2004, are dated
and organic compared with DRTO; (Bohnsack et  nesting (1986-1991),
carbon) were an average Repeated al. 1994). activities of and were not
fairly stable cover >50% sampling at Several loggerhead and collected with
between before 1975 permanent sites exploited and  green sea appropriate
1995-2005 (Agassiz 1883, monitored by  unexploited fish turtles was statistical and
(Boyer and Davis 1982, Park staff are  populations variable sampling rigor
Bricefio 20086, Jaap et al., spatially limited have increased between to determine
2007). 2008). Prior to and inadequate in abundance  species. temporal and

the 1970s, to determine and size in the  Hawkshill, spatial trends
Temporal Acroporid temporal and reserves since leatherback, and the current
trends in corals were spatial trends  implementation and Kemp's ecological
resources spatially for the park in 2001 (Ault et ridley are condition of sea

extensive and (Chapter 5, this al. 2007); The uncommon, birds at the

very abundant, report). A useful mutton-snapper with little data  park (Chapter

but now they data set to aggregation on nesting 7.

have virtually obtain is may be activity (Van

disappeared Fourqurean and reforming Houtan and

(Davis 1982, Escorcia 2006). (Burton et al. Pimm 2006).

Jaap and 2005). There Existing data

Sargent 1993, was an and trends are

Jaap et al., increase in the spatially and

2008). frequency of temporally

exploited black limited and

and red
groupers in the
Tortugas region
(Ault et al.
2007)

should not be
used to infer
long-term
demographic
trends.
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Table E.1 (continued).

Coral reef and hardbottom

Seagrass and algae

Spatial
patterns in
resource

Water quality Abiotic Biotic Abiotic Biotic Reef fishes Seaturtles Seabirds
Concentrations Coral reef Data on spatial Insufficient data Data specific to The abundance Average annual Unknown.

of dissolved metrics have density of coral to determine the status and  of exploited nest density Existing
nutrients much beenusedto  colonies used spatial trends  condition of species in was highest at quantitative
lower than in characterize to optimize seagrass and  fished areas East Key, data on sea
the neighboring and map coral sampling algal beds are  declined or did followed by birds in the
Florida Keys. reefs and designs; but not readily not change Loggerhead. Tortugas region
Chlorophyll ais hardbottom spatial trends available to over time Annual trends  are dated
much lower in  based on have not been DRTO; compared to in nest (1986-1991),
the Tortugas spatial analyzed (Miller Repeated areas within abundance and were not
region than on patchiness et al. 2006). sampling at marine were spatially  collected with

the West
Florida Shelf
(Boyer and
Bricefio 2006,
2007).

(Franklin et al.
2003)

permanent sites
monitored by
Park staff are
spatially limited
and inadequate
to determine
temporal and
spatial trends
for the park
(Chapter 5, this
report). A useful
data set to
obtain is
Fourqurean and
Escorcia 2006).

reserves since
2001

variable among
the Tortugas
islands.

appropriate
statistical and
sampling rigor
to determine
temporal and
spatial trends
and the current
ecological
condition of sea
birds at the
park (Chapter
7).
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Table E-2. Summary of stressors, their effects on natural resources, and the information available in the Tortugas region.

Natural Resources

Coral Reef and Seagrass and
Hardbottom Algae
Oceanography Water Communities Communities Reef
Threat Stressor and Climate quality Abiotic Biotic Abiotic Biotic Fishes Turtles | Seabirds
Increased sea surface
G U G G
Climate temperature
change Sea level rise G U Inf Inf Inf Inf
Ocean acidification _ U Inf Inf Inf U
Cold / warm fronts G U G G F U
Extreme .
events Tropical storms G G G G G G G G F
Disease epidemics U U G G U U U U Inf
Commercial fishing U U Inf Inf Inf Inf G G P
Recreational fishing U U Inf Inf Inf Inf G G P
Trade in live species U U Inf Inf U U - U P
Resource | Habitat destruction
extraction | from fishing gear U U F F Inf Inf Inf Inf U
Boat groundings & U
anchor damage
Oil and gas exploration U
& spills
Sedimentation
Eutrophication U
) (nutrient enrichment)
Pollution  ["Marine debris (e.g., U
derelict fishing gear)
Chemical
: U
contaminants
Invasive Non-native species U
species introductions
Key
Extent of _ . HP = Historical e PP = Potential _ .
problem OK = Unlikely problem problem EP = Existing problem problem -- = Not applicable
Knowledg G = Good F = Fair P = Poor Inf = Inferential U = Unknown

e base
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Table E-2 (continued).

Key
EP - Existing problem: Convincing historical (before 1990) or current (1990 to present) evidence that the stressor affects resources at DRTO

negatively
HP - Historical problem: Convincing evidence exists that stressor affected resources at DRTO prior to 1990 but is no longer a problem

PP - Potential problem: Stressor is known to affect resources in the Florida Keys negatively, but there is no convincing evidence that it
negatively affects resource at DRTO; threat could become a stressor in the near future

OK - Unlikely problem: Stressor has been investigated and no convincing evidence exists that stressor affects resources negatively; Stressor
has been alleviated by a management action

UNK - Unknown: There is insufficient data to determine if the stressor has negative effects on natural resources at DRTO; Effects of stressor
has not been investigated at DRTO

-- - Not applicable: Stressor is not known to affect the resource or ecosystem component
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Acronyms

CCFHR — Center for Coastal Fisheries and Habitat Research (NOAA)
CCMA-BB — Center for Coastal Monitoring and Assessment, Biogeography Branch (NOAA)
CREMP — Coral Reef Evaluation and Monitoring Project

DRTO - Dry Tortugas National Park (NPS)

EPA — Environmental Protection Agency

ENSO — El Nifio-Southern Oscillation

ESA — Endangered Species Act

FIU — Florida International University

FKNMS — Florida Keys National Marine Sanctuary (NOAA)

FMRI — Florida Marine Research Institute (now known as Florida Wildlife Research Institute)
FSS — Fishery Systems Science

FWC — Florida Fish and Wildlife Conservation Commission

FWRI — Florida Wildlife Research Institute

IPCC — Intergovernmental Panel on Climate Change

IUCN — International Union for Conservation of Nature

PCA — Principal Components Analysis

MDS — Multi-dimensional Scaling

MPA — Marine Protected Area

NCCOS — National Centers for Coastal Ocean Science (NOAA)
NMFS — National Marine Fisheries Service (NOAA)
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Chapter 1: Introduction
Christopher F. G. Jeffrey

The condition of water resources were assessed in Dry Tortugas National Park (DRTO) located
in the Florida Keys (Figure 1.1). The goals of the project were to identify (1) the state of
knowledge of natural resources in DRTO; (2) the state of knowledge of natural and
anthropogenic stressors and threats that affect these resources; and (3) the current and future
strategies to help DRTO managers meet their management objectives.

As stated in the general management plan (NPS 2005), the goals of DRTO are to:

1. protect and interpret a pristine subtropical marine ecosystem, including an intact coral
reef community;

2. protect populations of fish and wildlife, including loggerhead (Caretta caretta) and green
sea turtles (Chelonia mydas), Sooty Terns (Sterna fuscata), Frigate Birds (Olfersia
spinifera) and numerous migratory bird species;

3. protect the pristine natural environment of the Dry Tortugas group of islands;

4. protect, stabilize, restore and interpret Fort Jefferson, an outstanding example of 19"
century masonry fortification (Figure 1.2);

5. preserve and protect submerged cultural resources; and
6. provide opportunities for scientific research to achieve goals one through five.

The park, which is located 113 km (70 mi) from Key West in the Straits of Florida, is relatively
small (269 km?[104 mi°]) and comprises seven small islands and extensive shallow-water coral
reefs (NPS 2005) (Figure 1.1). Significant natural resources include ocean, coral reefs, fisheries,
seagrass beds, and sea turtle and seabird nesting habitats. Within the past few decades, some of
the resources have deteriorated because of natural and anthropogenic factors that range from
local to global in scale. For example, despite the remoteness of the park, live coral cover has
decreased substantially in recent years because of global impacts from hurricanes (Wheaton et al.
2007) and elevated sea surface temperatures (Andrews et al. 2005), while overfishing has altered
reef fish assemblages in the wider Tortugas region (Ault et al. 2006a). Benthic resources have
been damaged by localized activities, such as boating and anchoring, snorkeling and diving, as
well as pollution inside and outside the park.

Coastal watershed condition assessments review and synthesize information to determine the
status of resources in coastal parks, including water quality, habitat condition, invasive species,
extractive uses, coastal development, and other issues affecting resource conditions. The
assessments characterize the relative health or status of terrestrial, aquatic, and marine resources
based on the best available data, identify actual or potential stressors, and make
recommendations for further studies or assessments. Given that DRTO land area is only about 4
km? (1.5 mi®), the condition of park resources is shaped more by oceanic than terrestrial
processes.



This report synthesizes information on the status of marine and terrestrial natural resources and
the stressors and threats affecting resources at the DRTO. Assessment of the condition of DRTO
resources was based on peer-reviewed and non-peer reviewed publications and on unpublished
information. Several important sources of information deserve mention.

In 2007, National Park Service (NPS) and the Florida Fish and Wildlife Commission (FWC)
developed a collaborative science plan for monitoring and assessing the conservation efficacy of
the fully-protected Research Natural Area (RNA) that was implemented at DRTO that year. The
RNA science plan summarizes existing information, performance measures and recommended
monitoring and research activities for six performance topics, many of which are described in
this report. Much of information in the RNA science plan fed into the assessment of ecological
condition of resources described herein. In some cases, initial data and other information from
the RNA science plan are included in this report. The first report on the implementation of the
RNA science plan was released in 2010 and described the progress of 18 projects designed to
address the six performance topics (Hallac and Hunt 2010).

The NPS South Florida/Caribbean Network (SFCN) Vital Signs Monitoring Plan (Patterson et
al. 2008a,b,c) included DRTO. The plan describes a program for monitoring the condition of
selected natural resources for early detection of negative trends in resource condition. NPS
defines a vital sign as

...a subset of physical, chemical, and biological elements and processes of park
ecosystems that are selected to represent the overall health or condition of park
resources, known or hypothesized effects of stressors, or elements that have
important human values...

Vital signs were ranked in order of importance to park management; 28 of 69 vital signs
identified for south Florida and Caribbean parks were deemed important for DRTO. Information
on SFCN rankings of vital signs and monitoring strategies are provided for marine natural
resources covered in this assessment.

NOAA Biogeography Branch conducted a biogeographic assessment of reef fishes occurring in
the wider Tortugas region (http://ccma.nos.noaa.gov/ecosystems/coralreef/tortugas.html). The
Tortugas integrated assessment was designed to determine existing or potential biological and
human (societal) benefits and impacts resulting from implementation of the Tortugas Ecological
Reserve (TER) in the Florida Keys National Marine Sanctuary (FKNMS). The reserve is a 518-
km? (200 mi?) no-take marine area consisting of two non-contiguous sections: Tortugas North
Ecological Reserve (TNER) and Tortugas South Ecological Reserve (TSER). The TNER is
adjacent to DRTO and the TSER is southwest of DRTO (Figure 1.1). The goal of the reserve is
to protect large contiguous and diverse habitats to preserve biological diversity, maintain
resource quality, and to replenish surrounding areas. The recently enacted DRTO RNA adds 119
km? (46 mi®) of marine habitats to federally protected waters in the Tortugas region.

This report focuses on natural resources identified by researchers and resource managers of the
DRTO as vitally important to the Tortugas region and the wider South Florida ecosystem (NPS
2005). Chapter 2 summarizes the history of the DRTO and describes the historical and current
research conducted there. Chapter 3 summarizes information on physical resources including


http://ccma.nos.noaa.gov/ecosystems/coralreef/tortugas.html

geology, oceanography and water quality of the park. Chapters 4—7 describe coral reef and
hardbottom benthic assemblages, seagrass and algal communities, reef fishes and
macroinvertebrates, sea turtles, and seabirds. Chapter 8 summarizes stressors and threats known
to affect natural resources in the park and the Tortugas region. Chapter 8 is a synopsis of the
ecological condition of natural resources based on information in the Chapters 3-7. Information
on resources and the stressors affecting them was synthesized from several sources, including
peer-reviewed journal articles and technical memoranda, unpublished reports, and personal
communication with NPS staff. This assessment will aid efforts by resource managers to address
threats and issues at a regional oceanographic scale and will help guide development of
management actions to reduce and prevent impairment of DRTO marine resources.

Water <20 m
[ ] Deep Water
B Tortugas islands
National Park Zones
D Research Natural Area
D Historic Preservation/Adaptive Use
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Figure 1.1. Islands and management zones of the Tortugas region, Florida Keys (source: K. Buja).




Figure 1.2. Fort Jefferson on Garden Key in Dry Tortugas National Park (source:
NOAA/NOS/NCCOS/CCMA/Biogeography Branch).



Chapter 2: History of Dry Tortugas National Park
Christopher F. G. Jeffrey and Douglas Morrison

Dry Tortugas was given its name by the Ponce de Ledn in the early 1500s because of the
abundance of turtles (Davis 1982, NPS 2005, Shinn and Jaap 2005). According to Davis (1982),
Gauld mapped and identified 11 sand and coral islands in 1773. Agassiz also mapped the region
in 1883 to challenge Darwin’s theory on the formation of atolls through the subsidence of
volcanoes (Dobbs 2005). In 1904, the Carnegie Institution established a marine laboratory on
Loggerhead Key (Davis 1982, Shinn and Jaap 2005; Figure 2.1). President Theodore Roosevelt
designated the area as a wildlife refuge in 1908 to protect sea bird rookeries. The Dry Tortugas
National Monument was established in 1935 and in 1980, corals and marine life were included
for protection. In 1992, the Dry Tortugas National Park (DRTO) was established by the federal
government to protect the subtropical marine ecosystem including coral reefs, fish, and wildlife
within its boundary (Figure 1.1). The state of Florida retained the rights to the seabed and
associated resources (SFNRC and FWC 2007). The park encompasses 269 km? (104 mi®) and its
boundary is marked by a series of buoys located beyond the reef margins in about 22 m (72 ft) of
water. National Park Service (NPS) regulations prohibit commercial fishing, but allow
recreational fishing, boating, snorkeling, scuba-diving, and other recreational activities.

In 2007, NPS and the state of Florida entered into a joint agreement or Memorandum of
Understanding (MOU) to establish a Research Natural Area (RNA) within the DRTO (SFNRC
and FWC 2007). The RNA is 119 km? (46 mi?), but its regulations exclude an area 1.85 km (1.15
mi) in diameter around Garden Key Lighthouse and the developed areas on Loggerhead Key
(Figure 1.1). Aguatic activities permitted within the RNA include boating, swimming,
snorkeling, scuba diving, research, and education, but exclude anchoring and recreational
fishing. Mooring buoys are provided for snorkeling and scuba diving boat operations during the
day. RNA regulations prohibit manipulation of resources within its boundaries, except where
needed to achieve restoration (SFNRC and FWC 2007).

The RNA was designed to restore ecological integrity and the capacity for renewal of natural
resources within its boundaries and to protect shallow-water marine habitats known to be
inhabited by juvenile fishes and benthic communities. Along with the protection to natural
resources offered by the adjacent Tortugas North Ecological Reserve (TNER), resource
managers hypothesize that the RNA will enhance species diversity, productivity and long-term
sustainability of reef fish assemblages in Tortugas region (SFNRC and FWC 2007).

2.1. History of Research, 1852-1990

Research has been conducted at the Dry Tortugas since 1852, some of which has been
catalogued in an annotated bibliography by Schmidt and Pikula (1997) and summarized in Davis
(1982), Shinn and Jaap (2005), and Wheaton et al. (2007). Between 1852—1882, research at the
Tortugas described the natural history and mapping the geology of the islands and surrounding
marine resources (Davis 1982, Ginsberg 1985, Jaap and Sargent 1993, Wheaton et al. 2007). In
1904, the Carnegie Institute of Washington D.C. established the Tortugas Laboratory on
Loggerhead Key and, from 1911 until its closing in 1939, research conducted there resulted in
several publications on reef geology, animal physiology, chemistry of seawater, taxonomy, and



the effects of temperature on growth rates of corals (reviewed by Schmidt and Pikula [1997] and
Shinn and Jaap [2005]).

During the late 1970s and 1980s, research at the Tortugas focused on geologic studies (Shinn et
al. 1977) and interdisciplinary investigations called Tortugas Reef Atoll Continuing Transect
Studies (TRACTYS) of benthic resources (Davis 1982). The TRACTS program was designed to
develop “bench-mark™ descriptions of marine resources at the then Fort Jefferson National
Monument, which were to be used to define and evaluate long-term change occurring in the
Tortugas region (Davis 1982). One highlight from the TRACTS research was an assessment by
Davis (1982) that compared the spatial distribution of reef corals in 1979 with their mapped
distribution in 1881 described by Agassiz (1882). Davis’ findings are critical to understand
temporal changes in the distribution of acroporid corals in the Tortugas region and are described
in Chapter 3.

2.2. Recent Multi-year Research and Monitoring, 1990-2007

Research on natural resources in the DRTO between 1990-2007 focused mainly on fisheries
(reef fish and macro invertebrates), wildlife (seabirds and turtles), benthic communities (corals,
algae and seagrass beds), and oceanographic variables (sea surface temperature, ocean color,
etc.). Seven established multi-year projects monitored assemblages of reef associated fishes
(including sharks) and mobile macroinvertebrates (Table 2.1). Eight multi-year projects
monitored benthic communities, including hard and soft corals, algae, and seagrasses (Table
2.2); eight projects have either synthesized data for mapping or conducted mapping activities in
the Tortugas region (Table 2.3). Four projects include the Tortugas region in large-scale
oceanographic and water quality studies for South Florida (Table 2.4). The interdisciplinary
studies are funded by multiple state and federal agencies, and ultimately, aim to evaluate the
efficacy of no-take areas on natural resources in the Tortugas region. Anecdotal information,
data, and major findings from these monitoring and research programs were reviewed and
synthesized in the Chapters 3-7 to determine the status of ecological resources of Tortugas region
and the DRTO.

2.3. Current Research and Monitoring, 2007 to Present

In 2007, NPS and Florida Fish and Wildlife Conservation Commission (FWC) developed a RNA
science plan to evaluate the effectiveness of the RNA in protecting and enhancing natural
resources within its boundaries in six key topical areas of performance (Table 2.5). The RNA
science plan is a blueprint for proposed research and monitoring activities; it also defines
essential and supplemental activities and performance measures that will quantify the
effectiveness of the RNA. Several projects have been implemented to evaluate performance of
the RNA and results should be reported to FWC commissioners, NPS managers, and the public
every 3-5 years, as stipulated by the MOU between NPS and FWC (Table 2.6).
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Table 2.1. Projects that characterize and monitor reef fish assemblages in the Tortugas region (source:
D. Morrison, Everglades and Dry Tortugas National Parks, Key Largo, FL).

Project title and Activities and data collected Lead Funding Start year
description institution agency / duration
National Uses the Reef Visual Census University of NOAA 1994
Oceanic and Survey method to collect in situ Miami, National
Atmospheric data on reef fishes (species Rosenstiel Marine
Administration composition, size, and abundance) School of Fisheries
(NOAA) / Marine and Service
University of Atmospheric (NFMS) and
Miami Reef Fish Science (UM-  National
Visual Census RSMAS) Park Service

(NPS)
Reef REEF's Advanced Assessment REEF NOAA 2001
Environmental Team of Scuba divers collect National
Education information on marine fish Ocean
Foundation populations using a Rover Diver Service
(REEF) Survey method at permanent sites (NOS) and

in the DRTO NPS
SEAMAP Reef  Used video cameras and fish traps NMFS NMFS 2001-2005
Fish Survey to collect data on reef fishes
Characterization Conducts drifter studies for larval NOAA Center NOS 2002
of the Tortugas  transport studies; ichthyoplankton for Coastal
Ecological surveys; reef fish visual surveys Fisheries and
Reserve (TER) (fish size and abundance) Habitat
Research
(CCFHR)

Reproductive Observes and tracks sharks during  Mote Marine 2002-2007
biology and mating and birthing seasons to Laboratory

mating behavior
of nurse sharks

evaluate growth and local
movements; characterizes the
social interactions that develop
during mating season; determine
relationships between mating
behavior and essential habitats;
uses DNA analysis to assess the
composition of social groups




Table 2.2. Multi-year projects that study benthic communities in the Tortugas region (source: D. Morrison,

Everglades and Dry Tortugas National Parks, Key Largo, FL).

Project title and Activities and data collected Lead Funding Start
description institution agency year
Long-term Collects in situ data on sea grasses  Florida NOAA NOS 1995
monitoring of (species composition, cover, International
benthic habitats abundance, morphology, growth rate, University
and isotopic analyses) (FIU)
Florida Reef Collects in situ data on algae Florida Keys NOAA NOS, 1998
Resilience (species composition and cover), National Environmental
Program corals (species composition , Marine Protection
disease, bleaching, cover, and Sanctuary Agency (EPA)
abundance of colonies) and fishes (FKNMS)
(species composition and
abundance)
Coral Reef Uses video transects to conduct a Florida Fish NOAA NOS/ 1999
Evaluation and complete station species inventory of and Wildlife EPA
Monitoring benthic organisms and coral Research
Project (CREMP) diseases. Institute
(FWRI)
Coral Reef Monitors long term ecological status FWC, NPS ?
Benthic and trends of the common and rare  University of
Communities coral reef types and effects of Georgia
Assessment hurricanes at seven sites within
DRTO
Rapid Collects in situ data on benthic University of NOAA NMES 1999
Assessment and composition (percent cover, size, and North Carolina and NOS
Monitoring of abundance of corals, algae, National
Coral Reef gorgonians, and sponges); condition Undersea
Habitats of corals (bleaching and disease) Research
Center (UNC-
NURC)
Distribution and  Uses a probabilistic sampling design  EPA EPA 2001
Etiology of Coral (based on EPA's EMAP) to select
Diseases inthe  sites and assess the presence or
Florida Keys absence of diseased coral colonies
at each site
Characterization Benthic mapping & characterization = NOAA CCFHR NOAA NOS 2002

of the TER

at permanent sand/reef interface
sites (percent cover of algae,
gorgonians. Sponges, and coral;
sediment cores, stable isotope
studies)



Table 2.2 (continued).

Project title and Activities and data collected Lead Funding Start
description institution agency year
South Florida Measures coral cover, diversity, Florida Institute  NOAA NOS 2002
Program herbivory on algae, and mortality of
Ecological rates of juvenile corals; compare Oceanography
Processes and juvenile and adult coral assemblages
Coral Reef
Recovery Project
Monitoring Spiny Collects in situ data on lobsters (size, Florida Fish FWC 1997
Lobsters and abundance) and Wildlife

Conservation

Commission

(FWC)
Benthic habitat Collects in situ data on benthic NPS South NPS 2004
monitoring of composition (percent cover of algae, Florida/
DRTO gorgonians, sponges, and corals and Caribbean

coral disease) Network of

Parks (SFCN)




Table 2.3. Multi-year projects to map and characterize benthic habitats in the Tortugas region (source: D.
Morrison, Everglades and Dry Tortugas National Parks, Key Largo, FL).

Project title and Activities and data collected Lead Funding Start year
description institution agency / duration
Benthic Habitats Used visual interpretation of aerial FWRI NOAA 1991-1998
of the Florida photography to identify seafloor NOS

Keys features

Characterization Used a suite of ship-based and NOAA NOAA 2001

of benthic remote sensing technologies to map CCFHR NOS

habitats in the and characterize habitats (towed

TER underwater video, side-scan and

multibeam sonar, aerial photography,
and satellite imagery)

Benthic habitat ~ Synthesized data from a suite of UM-RSMAS NOAA 2003-2003
mapping in the  technologies (bathymetric surveys, NFMS and

Tortugas Region, side scan sonar, imagery, aerial NPS

Florida photogrammetry, existing habitat

maps, and in situ visual surveys)

EAARL LIDAR Used the National Aeronautics and u.s. NPS 2004-2006
Topography for  Space Administration (NASA) Geological
the Dry Tortugas Experimental Airborne Advanced Survey

Research Lidar (EAARL) to collect (USGS)
data for portions of Florida Keys

Benthic Habitat  Coordinates efforts among State and NOAA Center NOAA 2005
Mapping of Federal agencies to map and for Coastal NOS
Florida Coral characterize coral reef ecosystems of Monitoring
Reef Southern Florida; prioritizes areas for and
Ecosystems mapping; developed a mapping Assessment

implementation plan (NOAA

CCMA)

Benthic habitat Synthesized data from a suite of UM-RSMAS NOAANOS 2005-2007

mapping in the technologies (bathymetric surveys,

Tortugas Region, side scan sonar, imagery, aerial

Florida photogrammetry, existing habitat
maps, and in situ visual surveys)

Bathymetry map Synthesized existing data from University of Completed
of south Florida  various sources to create a single South Florida

map of the Florida Keys (USF)
Dry Tortugas Collected multibeam sonar data for USF Completed
multibeam the Dry Tortugas region

characterization

10



Table 2.4. Recently completed or ongoing multi-year projects that study oceanographic conditions and
water quality in the Tortugas region (source: D. Morrison, Everglades and Dry Tortugas National Parks,
Key Largo, FL).

Project title and  Activities and data collected Lead Funding Start year /
description institution agency duration
Southeast Collects in situ and grab water FIU South Florida 1991
Environmental samples; measures several water Water

Research Center parameters (depth profiles of water Management

(SERC) Water temperature, nutrients, salinity, District and

Quality Monitoring dissolved oxygen, EPA

Network photosynthetically active radiation)

chlorophyll a fluorescence, optical
back-scatter, turbidity, depth, and

density)
Real-time Continuous measurement of NOAA NOAA 2002-2004
oceanographic oceanographic variables (e.g., Office of
observations in salinity, sea height differences, Oceanic
the FKNMS temperature, salinity, chlorophylla and
fluorescence, ocean currents, and  Atmospheric
volume flow from Florida Bay Research

through the Keys passages towards (OAR)
the coral reefs of the FKNMS)

Long-term Uses remotely sensed data NOAA OAR NOAA 2004-2007
measurement of  (SeaWiFs and MODIS satellite

physical, ocean color) to estimate water

chemical, and radiance, chlorophyll, and turbidity

biological water in Florida Bay
column properties

in the south

Florida coastal

ecosystem

Regional Develops a 3-D,"community" UM-RSMAS NOAA 2004-2007
hydrodynamic hydrodynamic model for Florida

model for South Bay and the Florida Keys and

Florida coastal conducts simulations to provide

seas boundary conditions for the models

11



Table 2.5. Summary of research topics and performance measures to assess the conservation efficacy of
the Dry Tortugas National Park (DRTO) Research Natural Area (RNA) (source: National Park Service and
Florida Fish and Wildlife Conservation Commission Science Plan, 2007).

Topic area for evaluating Research
Natural Area

Performance measures

1.

Quantify changes in the abundance and
size structure of exploited species within
the RNA relative to adjacent areas

Monitor the immigration and emigration
of targeted species in the RNA

Monitor changes in species composition
and catch rates of exploited species
throughout the surrounding region

Evaluate the effects of RNA
implementation on marine benthic
biological communities

Assess reproductive potential of
exploited species by evaluating egg
production and larval dispersal

Incorporate social sciences into the
research and monitoring program

Abundance, sizes, occurrence frequency, and estimates of
fisheries stock assessment parameters for groupers,
shappers, and grunts inside and outside the RNA.
Abundance of reference (non-fishery) reef fishes e.g.,
parrotfishes)

Net immigration of select species from the snapper-
grouper complex from the RNA to adjacent fished areas
inside and outside the DRTO

Catch per unit of effort, including released fish, harvested,
and population size-structure of targeted reef fishery
species, especially grouper and snapper species
throughout the region

Damage to, and loss of, stony and soft corals species,
seagrass, benthic community structure, abundance of
functional groups, measures of grazing pressure, coral
recruitment, spawning, and disease; measures of primary
productivity

Fecundity and larval production of reef sportfish and
movement of reef sportfish from the RNA to spawning
aggregation sites. RNA export of targeted reef fishery
species, primarily larval groupers and snappers
throughout the Tortugas and Florida Keys

Fishing activity scuba and snorkeling activity (total number
of scuba divers and snorkelers and duration in water for
each designated dive site and reference site), number of
boats, anchoring by location, visitor satisfaction, and law
enforcement activity

12
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Table 2.6. Summary of research projects implemented after 2007 to assess the conservation efficacy of the Dry Tortugas National Park (DRTO)
Research Natural Area (RNA) (source: Hallac and Hunt (2010). UM-RSMAS = University of Miami, Rosenstiel School of Marine Science; FWC =
Florida Fish and Wildlife Conservation Commission; USGS = U.S. Geological Survey; SCFN = South Florida / Caribbean Inventory and Monitoring
Network.

RNA topic area Project title Lead institution Project description

1. Quantify changesin Fishery-independent visual UM-RSMAS Monitor and statistically assess coral reef fish resource status
the abundance and  assessment of resource status through diver visual surveys to determine efficacy of RNA
size-structure of of the reef fish community in

exploited species DRTO
within the RNA

relative to adjacent Examining the efficacy of the FWC Use of baited fish traps, hook and line gear, and tagging
areas. newly established Research studies to evaluate changes in relative abundance, frequency
Natural Area for protecting coral of occurrence, size-age structure, and movements of exploited
reef fishes within DRTO fishes within the RNA and in adjacent areas
Characterization of fish FWC To characterize community structure of seagrass-associated
assemblages associated with fish within the DRTO RNA and adjacent open-use areas

seagrasses within the newly
established RNA and adjacent
open-use zones at DRTO

2. Monitor the Fine-scale and net migration of FWC Analysis of reef fish movement and habitat use from acoustic
immigration and selected reef fish species from telemetry data to determine patterns and essential spatial
emigration of RNA to adjacent fished areas in range of selected snapper and grouper species
targeted species in DRTO region
the RNA ) , i i

Reef fish movements and flux ~ UM-RSMAS A multi-year acoustic telemetry study to determine long-term
around the RNA movement patterns, space requirements, and population flux

for exploited fishes in the RNA and to evaluate the contention
that reserves are sinks for fisheries production

Use of protected areas by USGS A turtle capture, tagging, and tracking project to characterize
threatened and endangered sea turtle populations in DRTO and quantify the proportion of
marine turtles in the Dry time individuals of each species spend in the RNA compared

Tortugas to other areas of the park.
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Table 2.6 (continued).

RNA topic area

Project title

Lead institution

Project description

Monitor changes in
species composition
and catch rates of
exploited species
throughout the
surrounding region

Extended creel census
development for DRTO

DRTO vessel permit system DRTO

UM-RSMAS

To improve creel census design performance and evaluate
fishery-dependent and independent databases as they relate to
RNA implementation in DRTO

Development of an electronic system to generate permits and
maintain statistics and information on park users

Evaluate effects of
RNA implementation
on marine benthic
biological
communities

Assessing the effects of scuba DRTO
and snorkeling use on corals at

RNA designated (mooring buoy)

dive sites

Coral community monitoring ad  SFCN
Bird Key Reef and sites inside
and outside RNA at DRTO

Trophic relationships on coral USGS
reefs of DRTO inside and
outside of RNA

Assessing the effects of creating DRTO
the RNA no-anchor zone on
seagrass meadows

To monitor the effects of diving activity on corals at designated
dive sites in the RNA. Performance measures include damage
to and loss of stony corals especially Acropora spp., which are
listed as endangered

SFCN is monitoring coral reef communities within DRTO to
determine whether the percent cover of stony corals , algae
(turf, coralline, macroalgae), octocorals, and sponges; coral
species diversity; coral community structure; and rugosity are
changing through time at selected coral reef sites and inside and
outside RNA

The goals are to examine trophic interactions, to understand
better the intricate balance among herbivores, macroalgae, and
corals, and to determine if that balance can be restored in
protected areas like the RNA. The project conducted detailed
baseline species-level surveys of macroalgae, scleractinian
corals, gorgonians, herbivorous and exploited fishes, urchins,
and substratum rugosity at 18 DRTO sites before RNA was
implemented.

The intent of this project is to detect changes in percent cover of
seagrass through a fully replicated "Before-After-Reference-
Impact” sampling design that measure and compare changes in
seagrass cover at RNA and reference sites.
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Table 2.6 (continued).

RNA topic area Project title Lead Project description
institution
5. Assess reproductive  Reproductive potential of FWC To examine gonad tissues and estimate reproductive potential or
potential of exploited exploited reef fishes within the fecundity of exploited reef fishes. The project examines gonad
species by evaluating newly established DRTO RNA tissues from 10 snappers and 10 groupers caught within the RNA
egg production and and adjacent open-use areas and in adjacent areas during spring and fall sampling to
larval dispersal determine stages of reproductive development. If reproductive
development is advanced, a sample of gonad tissue is preserved
for further reproductive analysis.
Immigration and emigration of FWC Use an array of acoustic receivers to determine spatial and
selected reef fish species from temporal patterns and rates of movement of acoustically tagged
the RNA to Tortugas South shappers and groupers among the Tortugas North Ecological
Ecological Reserve Reserve, Tortugas South Ecological Reserve, and DRTO
including the RNA. Data from the receivers will be used to assess
fish habitat utilization patterns, residence times, and migration
patterns; the timing of multispecies aggregations; and the
importance of habitat linkages between adjacent marine
protected areas.
Larval transport modeling from UM-RSMAS To evaluate the expected physical transport and fate of reef fish

the Dry Tortugas

eggs and larvae spawned in the Dry Tortugas region to the
adjacent waters of the south Florida coral reef ecosystem. The
study utilizes the Hybrid Miami Isopycnal Coordinate Ocean
Model (HYCOM) along with information on spawning and larval
life history characteristics of snapper-grouper species.
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Table 2.6 (continued).

RNA topic area Project title Lead Project description
institution
6. Incorporate social A survey of visitor University of The project will survey and compare visitors demographics,
sciences into the demographics, attitudes, Massachusetts  attitudes, perceptions, and experiences of park resources among
research and perceptions, and experiences in  Human visitors who enjoy recreational boating, fishing, SCUBA diving,
monitoring program DRTO Dimensions of  snorkeling, and other activities. The report will also provide a
Marine And geospatial assessment of geographic locations of these uses.
Coastal
Ecosystems
Program
Law enforcement in Dry DRTO To enhance effectiveness of law enforcement at DRTO. Primary

Tortugas National Park

Submerged cultural resource
condition assessment project

National Park
Service
Submerged
Resource
Center

law enforcement goals at DRTO include educating the public and
enforce zones that do not permit anchoring and fishing, enforcing
fishing limits, in areas where fishing is permitted, and enforcing
laws that protect sensitive turtle coral, seagrass habitat, and
submerged cultural resources.

To conduct baseline documentation, monitoring and condition
assessments of known submerged cultural resources in DRTO




Chapter 3: Climate and Oceanography

Christopher F. G. Jeffrey, Jiangang Luo, Jerald S. Ault, Steve G. Smith and Varis
Ransibrahmanakul

3.1. Climate

The Dry Tortugas National Park (DRTO) and the surrounding area have a tropical maritime
climate that is influenced by the Caribbean Sea, Gulf of Mexico, and the Bermuda/Azores high
pressure air system (Schomer and Drew 1982, NOAA 2000) (Figure 3.1). Seasonal variations in
position of the “jet stream” and its interactions with other air masses in the upper atmosphere
affect temperature, precipitation and wind speed in the region. Two primary climatic seasons are
present: a rainy season occurs from about May—October and a drier colder season from
November—April caused by northern frontal systems. Winds from the east-southeast typically
prevail during the rainy season while warmer winds from the east-northeast predominate during
the dry winter season. The wind patterns are disrupted by cyclonic disturbances during the rainy
season and by cold fronts associated with strong northwesterly winds during the dry season.

Florida’s climate is superimposed on cycles of El Nifio-Southern Oscillation (ENSO). El Nifio
periods result in: (1) warmer, wetter winters with fewer hurricanes and (2) doldrum-like
conditions in late summer that are favorable for mass coral bleaching and disease events (Causey
2008, Jaap et al. 2008). La Nifia periods correlate with drier cooler winters and more frequent
storms. Water temperatures typically range from 19°C (66°F) during January to an average high
of 32.2°C (90°F) during July and August (Vaughan 1918, Jaap et al. 2008). Occasional cold-
fronts result in water temperatures as low as 14°C (57°F) in 1978 and have been implicated in the
periodic decrease in the cover of live coral in the Florida Keys (Agassiz 1882, Davis 1982, Jaap
et al. 2008).

The Florida Keys including Dry Tortugas experiences many tropical depressions and hurricanes.
In combination with less severe but persistent ecological perturbations, these catastrophic events
have shaped the ecology of ecosystems in the southeast Florida region (Precht and Miller 2007,
Jaap et al. 2008). Precipitation averages 125 cm/yr (49 in/yr), making the Tortugas Islands the
driest areas of the Florida Keys. Rainfall is mainly convectional and results from localized
storms that occur between June and November and peak during September (Schomer and Drew
1982). Average monthly rainfall ranges from 4.5-14.9 cm (1.8-5.9 in), but precipitation from
individual hurricanes ranges typically from 5-15 cm (2—6 in) and can exceed 50 cm (20 in) at
times (NOAA National Weather Service Data). Several storms have affected the area in recent
decades (Figure 3.1).

3.2. Geologic and Bathymetric Features
Unlike the main reef tract in the Florida Keys, which some regard as being marginal for coral
reef growth? (Jaap 1984, Shinn et al. 1989, Precht and Miller 2007), the Tortugas region boasts

“Marginal conditions for coral growth of the modern Florida Reef Tract supposedly is caused by tidally-induced
flows from Florida Bay and the Gulf of Mexico over the Florida Reef Tract through tidal passes that create
conditions unfavorable to accretion of limestone to reefs (e.g., variable salinity, high nutrient content, temperature
extremes and high turbidity [Lidz et al. 2008, Ginsburg and Shinn 1964]).
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several well developed reef systems with complex benthic features (Agassiz 1882, Davis 1982,
Miller et al. 2001, Franklin et al. 2003). Located on the southwest margin of the Florida
Continental Shelf, these carbonate banks are interspersed with sandy islands and form an
ellipsoid with a south-west to north-east axis (Figure 3.2). Atoll-like in structure, the rim of the
banks consists of 14 m (46 ft) thick Holocene coral reefs (<10,000 years old) that lie above
135,000-year-old rock known as Key Largo Limestone (Shinn et al. 1977). The Holocene reefs
are comprised of massive heads of Montastraea spp. Coral reef and hardbottom substrates on the
banks within the park are comprised of nine different habitat types based on bathymetric and
geomorphologic features (Franklin et al. 2003).

South of the park and within the Tortugas Ecological Reserve® (TER) is Riley’s Hump — a
smaller bank with an area of 12.0 km? (4.6 mi®) (Franklin et al. 2003; Figure 3.2). Substrates at
Riley’s Hump have very low vertical relief (<0.5 m [1.6 ft]) and are predominantly patchy
hardbottom and rocky outcrops within a matrix of sand (Franklin et al. 2003). To the east of the
DRTO is an area of extensive sand (named the quick sands), which is shaped by currents into
waves with crests up to 3 m (10 ft). Interestingly, the Tortugas Bank reefs did not keep pace with
rising sea levels as did Bird Key Reef that is located in the DRTO (Shinn et al. 1977).

To the west of the Tortugas National Park are the Tortugas and Little Banks with a combined
area of 137 km? (53 mi?) (Figure 3.3). That area contains fewer hardbottom habitat types
compared with the area enclosed within the DRTO and is predominantly low-relief hardbottom
and scattered rocky outcrops (94%; Miller et al. 2001, Franklin et al. 2003). However the
remaining 6% of the Tortugas-Little Bank complex consists of terraces and pinnacles that rise
from the sand at 33—38 m (108—125 ft) deep to shallower depths at 16—25 m (52—82 ft). Of note
is Sherwood Forest, aptly named because of the predominance of massive-mushroom-shaped
corals that occur there (Figure 3.3). The topography of Sherwood Forest is very complex with
numerous undercuts and caverns and mushroom-shaped and plating corals up to 2 m (6.6 ft) in
height (Miller et al. 2001). About 50% of the Tortugas-Little Bank area lies within the northern
portion of the TER.

3.3. Oceanography and Currents

The oceanography of the Tortugas region is driven by the Gulf Stream Current System, a western
boundary current that forms the northward flowing segment of North Atlantic Gyre (Figure 3.4).
Equatorial Atlantic surface waters (<1,200 m deep [937 ft]) are transported via the North
Equatorial, Brazil, and Guiana currents into the Caribbean Sea through passages between the
islands of the Lesser Antilles. The Caribbean Current transports surface waters from the
Caribbean Sea through the Yucatan Channel (between the island of Cuba and the Yucatan
Peninsula) into the Gulf of Mexico where it becomes the Mexican Current (Sturges and Blaha
1976), Loop Current (Hofmann and Worley 1986), and Florida Current (Lee et al. 1994) (Figure
3.1). Just off Florida’s east coast, the Florida Current joins the Antillean Current that transports
surface water from the near the equator along the eastern boundary of the Lesser Antilles and
Greater Antilles to form the Gulf Stream (Figure 3.4).

*Tortugas Ecological Reserve (TER) is part of the Florida Keys National Marine Sanctuary, which is under the
jurisdiction of NOAA. TER comprises TER North, which abuts the Dry Tortugas National Park and encompasses
the Tortugas-Little Bank area, and Tortugas South Ecological Reserve, which includes Riley’s Hump.
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The Loop Current is dynamic current pathway that exerts a strong influence on current flow
around the Tortugas region. Sometimes the Loop Current is nonexistent as water flows in an
almost direct path to the Florida Current south of the Tortugas region through the Florida Straits.
This current pattern results in a strong eastward flow over the slope off the Dry Tortugas and
lower Florida Keys (Lee et al. 1994). At other times, the Loop Current intrudes into the Gulf of
Mexico to a mean position of 27.5° N £100 km (62 mi) north or south of that position (Vukovich
1988, Zavala-Hidalgo et al. 2003). When it is prominent, cold, cyclonic gyres or eddies form and
evolve from the Loop Current in the southern Straits of Florida (Lee et al. 1994). One such eddy
is a large counter-clockwise rotating gyre that forms just south of the Tortugas and is known as
the Tortugas Gyre (Figure 3.5). The Tortugas Gyre can attain a size of 200 km (124 mi) in
diameter and may persist for up to 100 days (Lee et al. 1994). The gyre travels eastward toward
the Florida Keys at an average speed of 5 km/d (3 mi/d) but reduces to half its original size off
Big Pine and Marathon Keys; it eventually becomes unobservable off the northern keys (Lee et
al. 1994).

The Tortugas Gyre contributes significantly to the uniqueness of the region. The formation of the
gyre enhances food supply and retains and transports locally spawned larvae of invertebrates
(e.g., conch and lobster) and fishes (e.g., snapper and grouper) eastward toward coastal reefs in
the Florida Keys. In fact the Loop current, Tortugas Gyre and Florida current could provide a
recruitment pathway for lobsters in the Florida Keys (Lee et al. 1994, Yeung et al. 2000, Yeung
and Lee 2002, Sponaugle et al. 2005). For example, passive drifters released at Riley’s Hump
became entrained in the Loop Current and transited once around the Tortugas gyre before rapidly
exiting the area with the Florida Current (Johns 2003). Drifters released at Riley’s Hump in 2000
became entrained and either drifted eastward along the Florida Keys toward the east coast of
Florida or northward toward the West Florida Shelf (Burke et al. 2003) (Figure 3.6).

Burke et al. (2004) estimated that within approximately 30 days of larval life stage for fishes
spawning at Riley’s Hump, larvae could reach as far downstream as Tampa Bay on the west
Florida coast and Cape Canaveral on the east coast. This pattern of flow occurs often and has
been observed in similar studies (Lee and Williams 1999, Sponaugle et al. 2005). Passive
transport of fish and invertebrate larvae by these ocean currents and their associated frontal
eddies could mean that the Tortugas region may be receiving larvae from reefs in the Yucatan
Peninsula or the Caribbean that may be upstream if circulatory patterns match planktonic larval
duration (Yeung et al. 2000, Yeung and Lee 2002, Sponaugle et al. 2005). Likewise, passive
oceanic transport could be outsourcing larvae from the Tortugas region eastward toward the rest
of the Florida Keys. However, the export of larvae from the Tortugas to the remainder of the
Keys is counteracted sometimes by a westward counter-current flow of water that also could be
transporting larvae and recruits to the Tortugas region from reefs in the Florida Keys. The
westward countercurrent tends to occur during the fall season from Key Largo to the Dry
Tortugas when persistent northeasterly winds prevail, and when the Florida Current is further
offshore (Lee et al. 1994, Lee and Williams 1999).

Several other oceanic conditions could also affect larval transport to or from the Tortugas region.
The transport processes in the Florida Keys coastal zone are spatially variable (Yeung and Lee
2002). Semidiurnal internal tides can cause upwelling of colder oligotrophic continental slope
waters during periods when the Florida Current meanders closer toward shore. Transport of fish
larvae by the movement of these frontal eddies will not occur if fish and invertebrates do not
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spawn during the passage of these eddies (Sponaugle et al. 2005) or if the planktonic larval
duration times are shorter or longer than the transit times of the eddies (Yeung and Lee 2002).
Although some of the mechanisms, timings, and patterns of flows remain to be understood, the
general pattern of oceanic circulation observed in the Tortugas region tends to aid the retention
and ultimate recruitment of locally- and distantly-spawned larvae (Lee and Williams 1999,
Yeung and Lee 2002, Sponaugle et al. 2005).

3.4. Climate Change versus Variability in Ocean Temperature

3.3.1. Sea Surface Temperature

Climate change is now considered a global threat to coral reef ecosystems (Glynn 1983, Hoegh-
Guldberg 1999, Kleypas et al. 1999). Stressors associated with the threat of climate change
include increased SST, sea level rise and ocean acidification. In the Tortugas region, the
degradation in coral reef ecosystems has been linked to climate change as well as extreme
variability in oceanographic conditions (NPS 2005, Jaap et al. 2008). Increasing sea surface
temperature (SST) is a stress to corals and has been one of the more devastating problems facing
reefs in the Tortugas region. Continued increase in mean ocean temperature will reduce oxygen
levels, which could result in respiratory stress to marine animals. In the past 28 years, extremely
warm sea surface temperatures (30—32°C [86—90°F]) have resulted in bleaching events followed
by disease outbreaks that contributed to a decline in coral cover in the Florida Keys, and the
same may have occurred in the Tortugas region (Causey 2001, 2005, Precht and Miller 2007,
Jaap et al. 2008).

Increased sea surface temperatures have been correlated with bleaching or the loss of
zooxanthellae from hard and soft corals, zoanthids, and other zooxanthellate organisms. Several
massive bleaching episodes have resulted in widespread decline in coral cover in the Florida
Keys and the wider Caribbean in the past 28 years (Causey 2008). Concurrently, the incidence
and prevalence of coral diseases increased during the past three decades (Causey 2008). The
most recent Caribbean-wide bleaching event occurred in 2005 when unusually warm waters were
also detected in Tortugas region. Miller et al., (2006) observed signs of a severe bleaching event
in the Florida Keys associated with high surface and bottom seawater temperature (31.1-32.2°C
[88—90°F]), but found little evidence of bleaching in the Tortugas region. Coral bleaching may
have been minimal in the Tortugas region because the reefs occur in deeper waters than reefs of
the Caribbean (Miller et al. 2006). The 2005 hurricane season may have mitigated the effect of
elevated seawater temperatures on corals and prevented massive bleaching such as occurred in
the wider Caribbean.

Episodic passages of cold and warm fronts have also affected coral reefs. Scleractinian coral reef
ecosystems in the Tortugas region are at the northern latitudinal and temperature limits of
extensive reef growth in the Atlantic (Vaughan 1914, Precht and Miller 2007). The location
coupled with the convergence of several ocean current systems makes the area susceptible to
extreme variability in oceanographic and climatic conditions that is stressful to reef systems.
Periodically, cold and warm fronts travel through the Tortugas region, which results in extreme
variability in local oceanographic conditions. For example, episodic cold fronts periodically have
resulted in extremely cold-water temperatures (14—18°C [57-64°F]) that obliterated acroporid
corals and decimated coral reefs in the Tortugas region in the late 1800s (\VVaughan 1918) and
1970s (Davis 1982). Anecdotal information suggests that coral reefs in the Tortugas region may
have recovered after episodic events in the past (Davis 1982) (Chapter 4), but relatively rapid
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changes in global ocean climate in recent times may be slowing or preventing the recovery of
corals to historic levels.

There are several examples of the effects of anomalous sea temperature on coral populations in
the Tortugas region. Coral bleaching due to exceptionally high water temperatures has been
reported in the Tortugas since the early 20" century (Vaughan 1911, Mayer 1918). Jaap (1979,
1984) also reported coral bleaching events in the Lower Keys following late summer doldrums
when water temperatures exceeded 31°C (88°F). Other significant and severe bleaching events
on reefs throughout Florida occurred in 1987, 1990, and 1997-1998 (Causey 2001). Bleaching
events have caused moderate mortality of the more sensitive stony corals, such as Millepora
complanata and Agaricia agaricites. Declines in populations of other corals, such as Acropora
palmata (elkhorn coral), Acropora cervicornis (staghorn coral), and Acropora prolifera, in the
Tortugas region have also been associated with hypoth