National Park Service
U.S. Department of the Interior

Natural Resource Stewardship and Science

Natural Resource Condition Assessment

Castillo de San Marcos and Fort Matanzas National
Monuments, Florida

Natural Resource Report NPS/NRPC/WRD/NRR—2012/515

Ca
National Monument




ON THE COVER
A view of the marsh from Fort Matanzas on left. Castillo de San Marcos NM sign and grounds on right.
Photograph by: Jessica L. Dorr, Conservation Management Institute, Virginia Tech



Natural Resource Condition Assessment

Castillo de San Marcos and Fort Matanzas National
Monuments, Florida

Natural Resource Report NPS/NRPC/WRD/NRR—2012/515

Primary Authors/Editors:
Jessica L. Dorrl, David M. Palmerl, and Rebecca M. Schneider!

Contributing Authors:
John M. Galbraithz, Myles B. Killar3, Scott D. Klopferl, Linsey C. Marr3, and Eric D. Wolf

'Conservation Management Institute
Virginia Tech

1900 Kraft Drive, Suite 250
Blacksburg, VA 24061-0534

Department of Crop and Soil Environmental Science
Virginia Tech

*Department of Civil and Environmental Engineering
Virginia Tech

April 2012

U.S. Department of the Interior

National Park Service

Natural Resource Stewardship and Science
Fort Collins, Colorado



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

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

All manuscripts in the series receive the appropriate level of peer review to ensure that the
information is scientifically credible, technically accurate, appropriately written for the intended
audience, and designed and published in a professional manner. This report received informal
peer review by subject-matter experts who were not directly involved in the collection, analysis,
or reporting of the data.

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.

Printed copies of reports in these series may be produced in a limited quantity and they are only
available as long as the supply lasts. This report is also available from the Integrated Resource
Management Applications website (http://irma.nps.gov) and the Natural Resource Publications
Management website (http://www.nature.nps.gov/publications/NRPM).

Please cite this publication as:
Dorr, J. L., D. M. Palmer, R. M. Schneider, J. M. Galbraith, M. B. Killar, S. D. Klopfer, L. C.
Marr, and E. D. Wolf. 2012. Natural resource condition assessment: Castillo de San Marcos and

Fort Matanzas National Monuments, Florida. Natural Resource Report
NPS/NRPC/WRD/NRR—2012/515. National Park Service, Fort Collins, Colorado.

NPS 343/113812, 347/113812, April 2012

1



Contents

Page

COMERIES ...ttt ettt e e bt et eat e s bt e e eh e e eb e et e e st e sb e e st ea e e ebeenbeeatesbeenbesstesbeenseas il
TADLES ..ttt ettt et h e et e e bt e a et e bt e sateeb e e eateebeenaaeens vii
FIUIS.... ettt ettt et s e et e st e e bt e e ateesbeeesbeenseeeab e e bt e enbeeseeenbeenbeennees xiil
FN 0] 81S) 116 (oSSR X1X
EXECULIVE SUMIMATY ...ciiiiiiieiiiieiiecie ettt ettt ettt e e et estteesbeessbeesbeesabeenseessseenseesnseenseensnes XX1
ACKNOWIEAZEIMENTS ......eiiieiiieciiee ettt et e et e et e e st e e e te e e saeeessbeeenaeeenneeesnseeennnes XX Vil
PLOIOZUE ..ttt ettt e et e bt e et e e bt e et e e bt e e te e bt e enbeesaeenseens XXVil
ADDIEVIATIONS ...ttt et h e et e b e et e bt e sab e e bt e sabe e bt e sabeebeeenbeenbeesnneenne XX1X
1.0 TNEEOAUCTION ...ttt ettt et st b ettt b et s e bt et e e bt e nbeebesaeens 1
2.0 Park and RESOUICES ......coouiiiiiiiiiiieie ettt ettt et sttt ebe e 3
2.1 Bio-geographic and Physical Setting.............ccccveviriiiieniiiiieieeieeeeee e 3
2.1.1 Park Location and S1Ze ...........oocuieriiiiienieiieeiie ettt 3

2.1.2 Park Plans and ODJECHIVES........ccuieriieiieriieeiieeiie ettt ettt et e e 3

2.1.3 CIIMALE ...ttt et ettt et e et e bt e eab e e bt e eab e e bt e sabeenbeeenteenneas 5

2.1.4 Geology, Landforms, and SOilS .........ccceoiieiiiiiiieiiieiecieeeee e 5

2.1.5 Surface Water and Wetlands............ooouioiiiiiiiiiiiiee e 6

2.2 Regional and HiStoric CONEXL.......c.eeriiriiieriieeiiieniieeieeriee et eiteereesieesteeseeeebeenseeseaeenseeenne 8
2.2.1 Regional History and Land USE...........ccccuiieiiiieiiiieiiie et 8

2.2.2 ST HISTOTY weieutieiiieiieeiie ettt ettt ettt ettt et e et e et e et e snbeenbeeenseesaesnbeenseesnseenseas 8

2.3 Unique and Significant Park Resources and Designations...........ccccveeeveeevieeeceveescneeennneen. 9
2.3.1 UNIQUE RESOUICTES ....eeeiiieiiieiiieiieeiie ettt ettt ettt ebe s e st eenseesnseenneas 9

2.3.2 Special DESINAtIONS .....cccviieeiieeeiieeiieeeeieeesieeesteeesteeeareesssaeesssaeessseeessseeesseeennseees 10

3.0 Condition Assessment (Interdisciplinary Synthesis) ........ccccoevierviieriieniieiienieeiecieeee e 11

i1



Contents (continued)

Page

3.1 Ecosystem Pattern and PTOCESS........cccuieiiiiiiiiiieiiieiiecie et 12
3.1.1 Landscape DYNAmMICS .......ceeiuiiieiiiieeiiieciieeeiteesieeesiee e e eiae e e e etaeeesraeessaeeesnseaenes 12
3.1.1.2 CUrrent CONAITION: ...c..eeiieitieiieie ettt ettt ettt et et sbe e st et e et e sbeesaaeeaeeenee 12
3.1.1.b Resource threats and StrESSOTS: ... ....eeveriirierierieierteetieie st eeteste et eeeste st eeesseeneenseeneenseeees 24
3.1.1.c Critical knowledge or data Zaps: .......cceevveereerieerieeieeieeieesteesee e sreereeseesseessaesenesnseenns 24
3.1.1.d Condition StAtUS SUIMIMATY .......ccverererreerieerieerieeseesreeseeseesseesseesssesssesssesssaesseesseesssesssennns 25
3.1.1.e Recommendations to park mManagers:.......cccevvverveeiierieerieesieriesee et ereesteeseeesereeave e 26
3.1.2 Fire and FUel DYNamiCS .......c.ceeoiiiiiiieiiiieciee ettt tee e e saeeesrae e 28
3.1.2.2 CUITent CONAITION: ...cueiiiietieiiet ettt ettt ettt et ettt sbe e st e et e ebeenbeesbeesaaeeaeeenee 28
3.1.2.b Resource threats and StrESSOTS: ... ....eeueriirierieriieierteetieie st eetesee et eee et eeeseeeneensesneenseeees 34
3.1.2.c Critical knowledge or data Zaps: .......ccvevveereerieerieeieeieeieesiee e seresreenreeseesseessaesenesnseenns 34
3.1.2.d Condition StAtUS SUIMIMATY .......ecuververreeieerieerieeseesreeseeseesseesseesssesssesssesssessseesseessnesssennns 34
3.1.2.¢ Recommendations to park mManagers:........cccevvverieeiierieenriesieriesee e ereesreeseeeseneeave e 34
3.2 HUMAN USE ceeiiiiie ettt ettt e e e e et e e ettt e e s s nbaeeeesnntaeessnnsaeeeennnnnaeean 36
3.2.1 Non-point Source Human Effects............cccceviiiiiiiiiiiiiiiiiceeceeee e 36
3.2.1.2 CUITent CONAITION: . ....uievieiieiieriesie et eie et et e seesreebe e seesbeesseesssesssesnseessaessaesseessnennsennns 36
3.2.1.b Resource threats and SrESSOTS: ........evcviiiiereerieerierieeieereesteesresressseeseesseessaesseessnesnsennns 43
3.2.1.d Condition StAtUS SUIMIMATY .......ccveiveeriereerieesieeseeereereesseesseesssesssessseessesssesssessssesssessesnns 43
3.2.1.e Recommendations to park mManagers:........ccevverieiiieiieenieenieseesee e v sreesreeseneeve e 44
3.2.2 Visitor and Recreation USE ..........ccccuviiiiiiieeiiieeiiieeeieeesieeereeeiteeeseeeesveeesaneessneeens 45
3.2.2.2 CUITent CONAITION: ...eueiiiietieiiet ettt ettt ettt et e bt sbe e st et e et e ebeesbeesaeesaeeenee 45
3.2.2.b Resource threats and SrESSOTS: ........iivvirriiereerieerieeieeieeieesteesresresseesseeseessaesseessnesssennns 48
3.2.2.c Critical knowledge or data Zaps: .......ccvevveereerieerieeieeieeieesieesre e sreereeseesseesseesenesnseenns 48
3.2.2.d Condition StAtUS SUIMIMATY: ......ccveivreeriereerieesieeseeereereesseesseesssesssessseessesssesssessssssssessesnns 48
3.2.2.d Recommendations to park ManagersS:...........cccverveereerreerreesieeseeseeereeseesseesseesseesssessneenns 49
3.3 AT Nd CHMALE.....ccuiiieiiieeiieeecee ettt et e et e et e e etaeeeaaeesnsaeeensaeesssaeensseeennnes 49
3.3.1 AT QUALIEY .ottt ettt ettt et s naeenee e 49
3.3.1.2 CUITent CONAITION: ......veeevierieiiesierieeie et et e reeseesreete e e ebeesseessaesssessseessaessaessaessnesnsennns 52
3.3.1.b Resource threats and StrESSOTS: ... ....eeueriirieriertieieseeetiete st eetesee et eee et eeeseeeneensesneenseeees 58
3.3.1.c Critical knowledge or data Zaps: ......cceevveeriieriieiieeie ettt e st ereeveereesteesteeseneeave e 58
3.3.1.d Condition StAtUS SUIMIMATY .......ccverrerreeieerieerieeseesreeseeseesseesseesssesssessseesseessassseesssesssennns 59
3.3.1.e Recommendations to park Managers:.........ccevcververiieiieeriienienie e e see e sene e e 60
3.3.2 CIIMALR ....c.eviiiieeiie ettt ettt ettt et e st e et e st e e bt e ssbeenseesaseesseasaseensaesnseenseannns 60
3.3.2.2 CUITent CONAITION: . ....viivieiieriiesiesieeie et et e see st e saeebe e e essaesseesssessseenseessaessaessaesssenssennns 61
3.3.2.b Resource threats and StrESSOTS: ... ....eeieririerieriieiereeetieie st eece et eee et eeeseeeneeseeeneeneeeees 80
3.3.2.c Critical knowledge or data Zaps: ......cceevveeriieriieiieeie ettt e seeere v re et e eteeseneeave e 80
3.3.2.d Condition StAtUS SUIMIMATY: ......ccverererreeieerieesieeseesreeseeseesseesseesssesssesssessseessassseesssesssennns 80
3.3.2.e Recommendations to park Managers:.........ccevvvereeriieiiieniiesierie e sre e e esieeseeesenesne e 81

v



Contents (continued)

Page

B W ALET ..ttt ettt et ettt et e et e ettt e et e et ee et e e e bt e sbt e e eabaeenabeeenabeeennnes 81
34T HYdIOIOZY vttt ettt ettt e e e e e e et e e esaaeensaeeessaeesnsaeennsaeenns 81
3.4.1.2 CUrrent CONAITION: ...c.eiiiiiiieieeit ettt ettt et ettt et e sae e st et e et e e nbeesbeesaeeeaeeenee 82
3.4.1.b Resource threats and StrESSOTS: ... ....eeuerierierieriieierteeteete st eece e et eseeste st eeesseeneenseeneenseeees 90
3.4.1.c Critical knowledge or data Zaps: ......cccvevveereerierierieeie et esree e e sere e eseesseesseesenesnneenns 95
3.4.1.d Condition StAtUS SUIMIMATY .......ecverrerreerieerieesieeseesreeseeseesseesseesssesssesssessseessessseessnesssennns 95
3.4.1.c Recommendations to park mManagers:........ccevverveeiierieerieeieeriesee et e e sreeseneeeve e 97
3.4.2 Water QUAlTLY ...cuviiiiieeiie ettt et e e e e ae e et e e e taeeebaeeenaaeeenraeens 97
3.4.2.2 CUrrent CONAITION: ..cc..eeiieiiieie ettt ettt ettt et et e bt e bt e satesaeeeabeeneeenbeens 102
3.4.2.b Resource threats and StrESSOTS: ........eiueruieieriireieiesteeierie et ettt e et e e eesneeaeseeeneenaeas 106
3.4.2.c Critical knowledge or data Zaps: .......cceecvereieerieeriereerieste et ereeieeseeseessseesseenseenseens 106
3.4.2.d Condition StAtUS SUIMIMATY .......cceerrverrerreereeieesseesseeseesnesssesssesseesseesseesssesssesssesssesssaens 106
3.3.2.¢ Recommendations to park Managers:........c..ccvevveereeriieiieereeieereesteeseesreeneereeseesseens 107

3.5 Ge0logY aNnd SOIlS......oceiuiieiiiiecii e e e e e e aae e 108
3.5.1 Geology and SOMlS ......c..oeiuiiiiiiiieie e eabaens 108
3.5.1.2 CUrrent CONAItION: .......eccveeireiietierierte e et et et e seesteesaessbeesbeesseessaesseesssesssesssessseenseens 110
3.5.1.b Resource threats and StrESSOTS: ........cvveriirieerieerieereesiesreereeteeseesseessaessresssessseesseesseens 123
3.5.1.c Critical knowledge or data Zaps: ......cceevveeuievieeriieiieesiee e crecre e este e e e sreeveesreebeesreens 123
3.5.1.d Condition StAtUS SUIMIMATY .......ccueeiurerreereereereesreesreeseesseeseesseeseesseesssesssessessseessesssenns 123
3.5.1.e Recommendations to park Managers:........cccecveriereeriierieeieesieeieeneeseesee e sseeeeeseeens 124

3.6 Biological INTE@IILY ....ccueeiuiieiieiiiciieeie ettt ettt et sttt e e enneas 124
3.6.1 Focal Communities and At-risk Biota .........cccccoveeviiiieiiieiiieeeeeeeeeeee e 124
3.6.1.2 Current ConAItION: ......c.cueiuieiiitieiete ettt ettt ettt sbe e bt e satesseesateeeeeneeens 126
3.6.1.b Resource threats and StrESSOTS: ........uiueruieieriirieciesieeierie st ettt e et e et eaesreeneeeeas 135
3.6.1.c Critical knowledge or data Zaps: ......ccceeeveveieeriieriereeriesie et ere e e seesreesressseeseeseens 136
3.6.1.d Condition StAtUS SUIMIMATY .......ccueerurerrerierieeieesieesieeseesaesssessessseesseesseesssessesssessseesseens 137
3.6.1.c Recommendations to park Managers:........c..cvveviereeriieiieereereereesteesresreeneeveereesseens 138

4.0 Summary and CONCIUSION .........uiiiuiieiitieeeieeectee e e steeeeeeste e e sbeeessaeeessbeessseeessaeesnsaeessseens 141
LAtErature CIte ... .eeveieiieiieiie ettt ettt ettt et et e et eesabe e b e e s sbeenbeeesbeenbeassseenseesnseenseannns 145
F N 0] 81S) 116 (o USRS 155






Tables

Page
Table 1. Condition status scoring system for Castillo de San Marcos and Fort Matanzas
National Monuments Natural Resource ASSESSIMENt. .........cc.eevieriieriieriieniienieeiie e eiee e 11
Table 2. Example condition Status table ............ccccvveiiiiiiiiiiieiiiecciie et 12
Table 3. Land cover (from CMI classification and 2001 NOAA C-CAP) totals and
percent of total within Castillo de San Marcos National Monument (CASA) boundary
and in the subbasin study area containing CASA ........ccoiiiiiriieeiieieeteeee et 14
Table 4. Land cover (from CMI classification and 2001 NOAA C-CAP) totals and
percent of total within Fort Matanzas National Monument (FOMA) boundary and in the
subbasin study area containing FOMA ..........ccooooiiiiiiicce et et 15
Table 5. Comparison of cover types (from CMI classification and 2001 NOAA C-CAP)
within Castillo de San Marcos National Monument boundary, subbasin study area, and
other protected areas within the SUDDaSIN ..........cceeiiiiiiiiiiiiii e 17
Table 6. Comparison of cover types (from CMI classification and 2001 NOAA C-CAP)
within Fort Matanzas National Monument boundary, subbasin study area, and other
protected areas within the SUDDASIN .........cocviiiiiiieiiiccece e 18
Table 7. Protected areas surrounding Castillo de San Marcos and Fort Matanzas
National Monuments, within the subbasin study area. ...........cccceeeviveeriieerieeeriee e 19
Table 8. Comparison of natural, semi-natural, and unnatural vegetation (reclassified
from CMI classification and 2001 NOAA C-CAP) at Castillo de San Marcos National
Monument, Fort Matanzas National Monument, and in the subbasin study area......................... 21
Table 9. Land cover change (from 1996 and 2001 C-CAP) in the subbasin study area
containing Castillo de San Marcos and Fort Matanzas National Monuments...............c.cccceeueen. 24
Table 10. Landscape dynamics condition status summary within Castillo de San Marcos
NatioNal MONUIMENL .....c.eiiiiiiiiieitieeie ettt ettt ettt e e e bt e etbeeaeessaeeseesabeenseessseeseessseenseennns 25
Table 11. Landscape dynamics condition status summary within Fort Matanzas
NatioNal MONUIMENL .......eiiiiiiiieitieeie ettt ettt ettt et eeteeesbeebeessbeeseesaseenseessseenseesnseenseennns 26
Table 12. List of protected areas, organizations, and contact information. ............c.ccceeeevveerneenne 26
Table 13. Wildfires reported at Castillo de San Marcos National Monument from
1/1/1972 to 12/31/2007, at the National Fire and Aviation Management Web
Application (National Wildfire Coordinating Group 2008). .........cccueevieriiienieeiienieeie e 28
Table 14. Fire condition status summary for Castillo de San Marcos and Fort Matanzas
NAtioNAl MONUMENES.........eiiiiiiiieitieeieeiee et eite ettt e ete et e saeeteeesbeesseessaeeseesaseenseessseenseessseenseensns 34

vil



Tables (continued)

Page
Table 15. Schueler (2000) related percent impervious cover to management category. .............. 41
Table 16. Impervious surface totals for Castillo de San Marcos and Fort Matanzas
National Monuments and each watershed/subbasin within the study area. Management
category from Schueler 2000. ..........cooiiieiiieeieeeee e e e e e e ae e et e e aae e sbeeeenee e 41
Table 17. Human effects condition status summary for Castillo de San Marcos National
IMIOTIUITIENE ¢ttt ettt et e ettt e s ab et e eab e e e st e e ebbeeeabbeesabeeesabeeesaneeenas 44
Table 18. Human effects condition status summary for Fort Matanzas National
IMOTMUITIENE ¢ ..ttt ettt et e ettt e sat et e bt e e e st e e ebbe e e bt e e sabbeesabeeesaneeeaas 44
Table 19. Number of National Park Service Fort visitors in 2007 in ranked order. ..................... 48
Table 20. Visitor use condition status summary for Castillo de San Marcos National
IMIOMIUIMIEIIE ...ttt ettt et e b e et e sbe e st esat e et e sbt e e ateesaeeenneenaneeanees 49
Table 21. Visitor use condition status summary for Fort Matanzas National Monument............ 49
Table 22. The Air Quality Index (AQI) is a cross-agency U.S. Government venture
whose purpose is to explain air quality health implications to the public. .........ccccceeevverenirennenn. 51
Table 23. Air quality index in 2007 at monitoring sites near Castillo de San Marcos and
Fort Matanzas National MONUMENTS..........coiiiiiiiiiiiiieie ettt 52
Table 24. Air Resources Division ozone air quality condition classifications and
correSponding CONAILION STALUS ......veeeiuiieeiiiieeiieeeiieeeieeeeieeesteeesaeeestaeeesereeesaeessseesaneesseeesseeens 56
Table 25. Air Resources Division wet deposition condition classifications and
correSpoNding CONAILION STALUS ......veeeieiieeiiieeeiiieeeiieeeieeeeteeesteeesaeeestaeeeeaeeesaeeesseeeaseessseeesseeens 57
Table 26. Air Resources Division visibility condition classifications and corresponding
CONAITION SEALUS ...ttt ettt ettt et ettt e st e e bt e sa bt et e e saeeeabeesseeanbeesaseenbeesnbeenbeesaneans 57
Table 27. Air quality condition status summary for Castillo de San Marcos National
IMIOTIUITIENE ¢ttt ettt e et e ettt e st e e e eab e e e st e e eabbe e e bt e e sbteesabeeenaneeenns 59
Table 28. Air quality condition status summary for Fort Matanzas National Monument............ 60
Table 29. List of recommended air quality organizations to participate with and promote
1€ZIONAL APPTOACKES. ..o.eviiiiiieiiieiie ettt ettt e et e et estaeebeeeabeenbeesnseensees 60
Table 30. Classification used for Palmer Drought Severity Index (PDSI) values..........c..c........ 68
Table 31. Saffir/Simpson Hurricane Scale (Blake et al. 2007)........cccceeviieriiinieniieiecieeiieene 73

viil



Tables (continued)

Page
Table 32. Climate condition status summary for Castillo de San Marcos and Fort
Matanzas NationNal MOMUITIENIT ....... oot eeeeeeee e e e e e e e e e e e e e e et eaaeeeeeeeeeeneaaaaeaeeeeee 81
Table 33. Surface water detention correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 82
Table 34. Coastal storm surge detention correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 84
Table 35. Streamflow maintenance correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 85
Table 36. Nutrient transformation correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 86
Table 37. Sediment and other particulate retention correlation to National Wetland
Inventory classification within Castillo de San Marcos and Fort Matanzas National
IVOMIUITIEIIES. ..eveieeeeeieeeteee e e et e ettt e e e e e e eeeaaa e eeeeeeeeaaaaa i aeeseeeeasaaananaeseeeeesannannnnasesssesessnnnansseeeeens 88
Table 38. Shoreline stabilization correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 89
Table 39. Hydrology condition status summary for Castillo de San Marcos National
IVOMIUITIEIIE ..ottt ettt e e e e e ettt e e e e e e e e e ea e e eaeeseeeeeaaaaaaeseeeeesanannnaesssesesessaannnneseeeeens 96
Table 40. Hydrology condition status summary for Fort Matanzas National Monument............ 96
Table 41. Water quality standards from Florida 305(b) Rule 62-302.530 Criteria for
Surface Water Quality Classification (Florida Department of Environmental Protection
2008) ittt et e e e e e e e e e e —eeee—eeeaa—eeeataeeataeeabae e e baeearbaeeatbaeeaabeeetaeeeraeearaeas 100
Table 42. Names and locations of the five closest water quality monitoring stations to
Castillo de San Marcos with appropriate available water quality data............c.cccceeviieieneenen. 101
Table 43. Names and locations of the five closest water quality monitoring stations to
Fort Matanzas with appropriate available water quality data .............cccevieviriininniniiiiiee 101
Table 44. Dissolved oxygen levels and number of data points (n) from the stations
CLOSESE 10 C A S A 103
Table 45. Dissolved oxygen levels and number of data points (n) from the stations
CLOSESE 10 FOMA ..o 103
Table 46. Water quality standards for nutrient concentrations as developed for the
National Coastal Condition Report II (U.S. Environmental Protection Agency 2005).............. 104

X



Tables (continued)

Page
Table 47. Water bodies in HUC 03080201 listed as Impaired by Florida’s 303(d) 1998
] OSSPSR 104
Table 48. Fecal Coliform data from FL. DEP monitoring stations near Castillo de San
MaArcoS SINCE 2004 ...ttt ettt ettt h ettt eat e b e sat e et e s ate e b e eeee 105
Table 49. Fecal Coliform data from Florida DEP monitoring stations near Fort
Matanzas SINCE 2004 .........oiiiiiieeie ettt ettt ettt st e b e st e et e s ate e b neee 105
Table 50. Water quality condition status summary within Castillo de San Marcos and
Fort Matanzas National MONUMENTS. ........ccouiiiiiiiiiiiieiieie ettt 107
Table 51. Recommendations to improve water quality and monitoring at Castillo de San
Marcos and Fort Matanzas National MONUMENtS. ..........coouiiiiiiiiiiieniieieieeee e 107
Table 52. Historic soil survey (1917) classification and approximate percent of total
acreage for Castillo de San Marcos National Monument. ...........c.cceccvveerieeerieeniieeeeieeeie e 111
Table 53. Historic soil survey (1917) classification and approximate percent of total
acreage for Fort Matanzas National MONUMENL. ...........cccveeriieeriieeiieeiee e eee e evee e 112
Table 54. Current soil survey (2006) classification, acreages, and percent of total
acreage for Castillo de San Marcos National Monument. ...........c.cceccveeevieeerieeenieeseieeeeee e 114
Table 55. Current soil survey (2006) classification, acreages, and percent of total
acreage for Fort Matanzas National MONUMENL. ..........ccccviieriieeriieeiiee e e e 114
Table 56. Potential erosion hazard (off-road, off-trial) according to soil characteristics at
Castillo de San Marcos and Fort Matanzas National Monuments............cccccoeceeiienieeneeniennnen. 117
Table 57. Flooding frequency according to soil characteristics at Castillo de San Marcos
and Fort Matanzas National MONUMENT ...........cociiiiiiiiiiiiiiieie et 119
Table 58. Drainage classes according to soil characteristics at Castillo de San Marcos
and Fort Matanzas National MONUMENTS. .........cocuiiiiiiiiiiiiiiieie et 121
Table 59. Soil condition status summary for Castillo de San Marcos National
IMIOTMUITIENE ...ttt ettt ettt e ettt e sttt esab e e e bt e e e bbeeebteesabteesabaeenaneeas 123
Table 60. Soil condition status summary for Fort Matanzas National Monumen....................... 124
Table 61. List of available animal and plant surveys for Castillo de San Marcos and Fort
Matanzas National MONUMENES. ......cc.cevieiirieniiiiententeeie ettt sttt st e b sieesbeensesaeens 125
Table 62. Management matrix used to categorize trend combinations. ..........ccccceeeevveercveeennnnn. 128



Tables (continued)

Page
Table 63. Total number of species documented at Castillo de San Marcos National
Monument, number of species of greatest conservation need (SGCN) from the Florida
Comprehensive Wildlife Conservation Strategy, and % of SGCN within Florida that are
found at Castillo de San Marcos NM.......cocoiiiiiiiiiiiiieee e 134
Table 64. Total number of species documented at Fort Matanzas National Monument,
number of species of greatest conservation need (SGCN) from the Florida
Comprehensive Wildlife Conservation Strategy, and % of SGCN within Florida that are
found at Fort Matanzas WM. ..ottt 134
Table 65. Proportion of invasive species by taxa at Castillo de San Marcos National
IMIOTIUITIENE. ...ttt ettt ettt e et e e sttt esab e e e bt e e ebbeesbteesabteesabaeenaneeas 136
Table 66. Proportion of invasive species by taxa at Fort Matanzas National Monument. ......... 136
Table 67. Biotic community condition status summary for Castillo de San Marcos
National MONUMENE .....ocueitiiiiiiietiite ettt ettt et sb ettt sbe et st e sbeebeeanesbeenee 137
Table 68. Biotic community condition status summary for Fort Matanzas National
IMIOMIUIMEIIE ...ttt et ettt et e sat e et e bt et e sbe e et e e sat e e beesaneenneeneee 138
Table 69. Condition status scoring system for Castillo de San Marcos and Fort
Matanzas National Monument Natural Resource ASSESSMENt. .........ccceeevveervienieenreenieeneeeneennn 142
Table 70. Overall condition status summary for Castillo de San Marcos National
IMIOMUIMIEIIE ...ttt ettt ettt st e sat e et e bt et e sae e et esat e e neesaneenneeneee 143
Table 71. Overall condition status summary for Fort Matanzas National Monument ............... 144

X1






Figures

Figure 1. Castillo de San Marcos and Fort Matanzas National Monuments are located
on the east coast of northern FIorida. ..........cooooiiiiiiiiiiiic e 4

Figure 2. Water resources and hydrologic unit boundary at Castillo de San Marcos and
Fort Matanzas National MONUIMENTS. ........cccuieriiiiiienieeiierie et eiee et esiee e eseeesteeseeeereeseeseseenseeenne 7

Figure 3. The subbasin study area examined for the Castillo de San Marcos and Fort
Matanzas National Monuments Natural Resource AsSeSSment...........cceecveevveenieenieenieenieenneennen. 13

Figure 4. Land cover (from CMI classification in detailed insets and 2001 NOAA C-
CAP) at Castillo de San Marcos NM, Fort Matanzas NM, and in the subbasin study
) (T2 T OO OO OO P PO P PUROPPTRUPPRRPPPRINt 22

Figure 5. Vegetation reclass (from CMI classification in detailed insets and 2001
NOAA C-CAP) for Castillo de San Marcos NM, Fort Matanzas NM, and in the
SUDDASIN STUAY ATCA. ....vieuiiiiiiieiieeie ettt ettt ettt e st e e teesabeesbeessaeensaeenseanseessseenseessseans 23

Figure 6. Wildfire sites and the dates they occurred, from 2000 to 2007 (GeoMAC
2008), within 20 miles of Castillo de San Marcos and Fort Matanzas National
1AV (07110031153 3£ PRPSRRPI 29

Figure 7. Simulated historical percent of low severity fires according to LANDFIRE
(USDA Forest Service 2006) in the region of Castillo de San Marcos and Fort Matanzas
NAtiONA]l MONUMENES. ...c..eeutiiiiiiieteeiiesieet ettt ettt et ettt et et e sbe e bt sstesaeebeestesbeensesanens 30

Figure 8. Simulated historical percent of mixed severity fires according to LANDFIRE
(USDA Forest Service 2006) in the region of Castillo de San Marcos and Fort Matanzas
NatioNal MONUIMENES. ......eeeiiiieiiieeetieeeieeesieeesteeestteeeeeeesteeesteeesbeeessseeesssaeessseeesseessssaesseeensees 31

Figure 9. Simulated historical percent of replacement severity fires according to
LANDFIRE (USDA Forest Service 2006) in the region of Castillo de San Marcos and
Fort Matanzas National MONUMENES. .......c..cecuerieriiiierienieteeiente ettt st st 32

Figure 10. Departure between current vegetation condition and reference vegetation
condition according to LANDFIRE (USDA Forest Service 2006) in the region of
Castillo de San Marcos and Fort Matanzas National Monuments............cccceeveenieinienienneennenn. 33

Figure 11. Wildfire fuel types according to LANDFIRE (USDA Forest Service 2006) in
the region of Castillo de San Marcos and Fort Matanzas National Monuments. ......................... 35

Figure 12. A recent observed fire danger class map for the United States (USDA Forest
SEIVICE 2008). ..eieeiieeiieeetie ettt et e et e ettt e et eestaeeetaeestaeesssaeeassaeeasseeesseeessaeensaeeesaeeenreeennses 36

xiil



Figures (continued)

Page
Figure 13. Human population change in counties surrounding Castillo de San Marcos
and Fort Matanzas National Monuments, 1990 — 2000 and 2000 — 2007 (U.S. Census
BUTEAU 2008)....ciiiieeeeiie ettt et e et e e e et e e e et e e e e e bt e e e e aaaae e e e abaaee e naaaeeeanraaaans 38
Figure 14. Human population change in counties surrounding Castillo de San Marcos
and Fort Matanzas National Monuments, 1990 — 2007 (U.S. Census Bureau 2008). .................. 39
Figure 15. Human population density (people per square kilometer, 2007) for counties
surrounding Castillo de San Marcos and Fort Matanzas National Monuments (U.S.
Census BUureau 2008). ....cccuviieiiiieiie ettt eee et e e st e et eestae e e taaeetaeeetaeeeaaeeenaeeenaeens 40
Figure 16. Impervious surface (from National Land Cover Database 2001) in the
subbasin study area containing Castillo de San Marcos and Fort Matanzas National
IMOTIUITIENES. ..euitieeiiieeitie et ee ettt ettt ettt e et e ettt e ettt e e et e e satteeeabaeesabaeesnbeeeabeeensbeesnssaesnsseesnseeesaseeanns 42
Figure 17. Number of visitors per year to Castillo de San Marcos National Monument
from 1934 to 2007. Data from NPS (2008d). ....ccveeiiiiiiiiiiieiieeie et 46
Figure 18. Number of visitors per year to Fort Matanzas National Monument from 1938
to 2007. Data from NPS (2008d). ....coouiieiiiiieiieeie ettt et ettt e 46
Figure 19. Average monthly visitors (from the past 10 years, 1998 — 2007) to Castillo
de San Marcos National Monument. Data from NPS (2008d). ........cccceevieriiiniiniiieieeieeiieeie 47
Figure 20. Average monthly visitors (from the past 10 years, 1998 — 2007) to Fort
Matanzas National Monument. Data from NPS (2008d)..........cccceeviiriieniiieiiiniieieeieeeeieeeen 47
Figure 21. Air quality monitoring sites near Castillo de San Marcos and Fort Matanzas
NAtiONA]l MONUMENES.....c..eeutiiiieiieieiite ettt ettt ettt sttt e e et e sbe e bt sstesaeebeeatesbeennesaeens 53
Figure 22. Eight-hour ozone for Castillo de San Marcos and Fort Matanzas National
IMIOMIUIMIEIIES. ...ttt ettt et et e b e et e bt st e sat e et esbe e s ateenateenneenaneeanees 54
Figure 23. 24-hour PM, s for Castillo de San Marcos and Fort Matanzas National
IMOTMUITIEIIES. ..eniiiiiiiieiiiteeiie ettt ettt ettt e e bt e st e st e e e sab e e ettt e eabbeesabaeesanneenanaeenns 55
Figure 24. Annual temperature for St. Augustine, FL from 1901 to 2007. The mean
annual temperature is 69.97 °F. The trend is 0.01 °F per decade. .........ccccevvveeiieriiienieniieiieeiee 62
Figure 25. Winter temperature for St. Augustine, FL from 1901 to 2007 .........cccoveevveevivrencnneens 63
Figure 26. Spring temperature for St. Augustine, FL from 1901 to 2007 .......cccceevveviieviienieenen. 63

X1v



Figures (continued)

Figure 27. Summer temperature for St. Augustine, FL from 1901 to 2007 .......c..cccevvenenee.
Figure 28. The fall temperature for St. Augustine, FL from 1901 to 2007 .........ccceevvveennnenn.
Figure 29. Annual precipitation for St. Augustine, FL from 1901 to 2007 ........ccccccuevvennennee.
Figure 30. The winter precipitation for St. Augustine, FL from 1901 to 2007 ......................
Figure 31. The spring precipitation for St. Augustine, FL from 1901 to 2007............c........
Figure 32. The summer precipitation for St. Augustine, FL from 1901 to 2007....................
Figure 33. The fall precipitation for St. Augustine, FL from 1901 to 2007 ..........cccccevennenee.

Figure 34. PDSI values for St. Augustine, FL in 8-year blocks from 1896 — 2007................

Figure 35. The total growing degree days from January — March for St. Augustine, FL

FrOM TO0T — 2007 ...ttt ettt ettt sbe ettt e sbeeae s

Figure 36. The approximate date in St. Augustine, FL when 1200 GDD has been

reached for each year (1901 — 2007 ).......oiiiiiieiiieeieeeee et rae e saeeeeaee s

Figure 37. Total number of all storms per month (1851 —2007) occurring within 100

nautical miles of Castillo de San Marcos and Fort Matanzas National Monuments. .............

Figure 38. Total number of major and minor storms per month (1851 — 2007) occurring
within 100 nautical miles of Castillo de San Marcos and Fort Matanzas National

IVLOMMUIMIEIIES. e eeeeee ettt e e et e e e e e e e e e e e e e e e e e e e eeaeeeeeaaaeeeeaaaeseeeanaeeeenaaeaees

Figure 39. Total number of storms by category per month (1851 —2007) occurring
within 100 nautical miles of Castillo de San Marcos and Fort Matanzas National

IVIOMIUITICINES ..oevvenieeieie e ettt ettt e et ettt e et ta e et tae e et aa s e e aaansesasanssesssansesssanssessnnnssssnnnnaens

Figure 40. Total number of all storms per decade (1851 —2007) occurring within 100

nautical miles of Castillo de San Marcos and Fort Matanzas National Monuments. .............

Figure 41. Total number of major and minor storms per decade (1851 —2007) occurring
within 100 nautical miles of Castillo de San Marcos and Fort Matanzas National

IVLOMMUIMIEIIES. et eeeee ettt e e e et e e e e et e e e e e e e e e e e e e eeaeeeeeaa e e eeaaaeeeeeaaeeeeanaaaees

Figure 42. Total number of storms by category per decade (1851 — 2007) occurring
within 100 nautical miles of Castillo de San Marcos and Fort Matanzas National

IVIOMMUITICIIES. eevvunniieieie ettt ettt e e et ettt e e ettt e e eta s e e aaaa s e s aaan e saaansseessansesasanssessnnnsessnnnneens

XV

...... 74

...... 75

...... 77

...... 78

...... 79



Figures (continued)

Page
Figure 43. Surface water detention correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 83
Figure 44. Coastal storm surge detention correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 84
Figure 45. Streamflow maintenance correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 85
Figure 46. Nutrient transformation correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 87
Figure 47. Sediment and other particulate retention correlation to National Wetland
Inventory classification within Castillo de San Marcos and Fort Matanzas National
IMIOMIUIMIEIIES. ...ttt ettt et ettt e b e et e bt st e sat e et esbe e et e e saeeenneenaneennees 88
Figure 48. Shoreline stabilization correlation to National Wetland Inventory
classification within Castillo de San Marcos and Fort Matanzas National Monuments. ............. 90
Figure 49. Digital elevation model (DEM) of the Castillo de San Marcos National
Monument region showing mean sea level, and approximate two foot, and four foot
18] 000 ] 1 PSP PPRUSTPSRN 92
Figure 50. Digital elevation model (DEM) of the Fort Matanzas National Monument
region showing mean sea level, and approximate two foot, and four foot storm surge. .............. 93
Figure 51. Federal Emergency Management Agency (FEMA, 2008) flood maps for the
Castillo de San Marcos and Fort Matanzas National Monument region, showing all
areas are under 100-year flood hazard in which base flood elevations have been
determined (ZONE AE). .ooouiiiiiie ettt ettt e et e et e e et e e eta e e eta e e eaaeeeneeeereeens 94
Figure 52. The Daytona-St. Augustine subbasin (HUC 03080201) that contains Castillo
de San Marcos and Fort Matanzas National Monuments. ...........ccccceecueerieniiineenieenienieeee e 98
Figure 53: Water resources and hydrologic unit at Castillo de San Marcos and Fort
Matanzas National MONUMENLS. .......cc.eoiiiiiiiiiieiieiiee ettt 99
Figure 54. Location of the water quality monitoring stations used for the Castillo de San
Marcos and Fort Matanzas National Monument Natural Resource Assessment........................ 102
Figure 55. The surficial geology of northeast Florida (Scott et al. 2001)........ccccceevveviiniinennns 108
Figure 56. Castillo de San Marcos National Monument (Google 2008). .........ccccvveevveeecrveennnenn. 109
Figure 57. Fort Matanzas National Monument (Google 2008). ..........ccceeeeriienienciienieeieeieene 109

Xvi



Figures (continued)

Figure 58. Extent of historic soil survey (1917) at Castillo de San Marcos and Fort

Matanzas National MONUITIENTS. ......oeeeeeeeeeeee ettt e e e e e e e e eeeereaaeeeeeeeeaenraaaaeeens

Figure 59. Extent of current soil survey (2006) at Castillo de San Marcos and Fort

Matanzas National MONUITIENTS. ......oeeeeeeeeeeeee et e ettt e e e e e e e e eeeeaaaeeeeeeeeaanraaaeeaens

Figure 60. Potential erosion hazard (off-road, off-trial) according to soil characteristics

at Castillo de San Marcos and Fort Matanzas National Monuments.........cceeueeeeeeeeeeeeeeennnnnn.

Figure 61. Flooding frequency according to soil characteristics at Castillo de San

Marcos and Fort Matanzas National MONUIMENTS. «...eeuueeeeeeeeeeeeeee e eeeeeeea e

Figure 62. Drainage classes according to soil characteristics at Castillo de San Marcos

and Fort Matanzas National MONUIMENTS. ...ceeuuneeeeeeeeeeeeeee e e et ee e e e e e eeeeeeeeaeeeeeeeeeeeenns

Figure 63. Hydric rating according to soil characteristics at Castillo de San Marcos and

Fort Matanzas National IMONUIMIENTS. .....oeeuenneee et e e e e e e e e eeee e e e e e e eeeeeereaaeeeens

Figure 64. USGS Breeding Bird Survey Routes in the area surrounding Castillo de San

Marcos and Fort Matanzas National Monuments that were chosen for the assessment........

Xvii

Page

..... 113

..... 116






Appendices

Page
Appendix A: Land cover calculation methods............cccoeviiiriiieiiiiiiiiii e 157
Appendix B: Hydrology calculation methods............c.ccouieiiiiiiiiiiiiicieeeeee e 163
Appendix C: Soil series description and SOil Tatings. ..........cccvveeeviiieriiieeriiieeriee e 165
Appendix D: Reference species lists from habitat distribution models published by the
Florida Gap Analysis Project (2003). .....cocuiieiiieiiiie ettt stee e e aaeeeiae e e aaeeeavee s 197
Appendix E: Reference bird species lists from St. Johns County Audubon (2008) North
American Migratory Counts in spring 2006, spring 2008, and fall 2008. ...........c.cccccvveeerveennenn. 209
Appendix F: The following species lists (Appendix G through Appendix Q) have been
cross-referenced to NatureServe’s global and state rankings (NatureServe 2008); and
the FWC listings for endangered, threatened, or rare species (Florida Fish and Wildlife
Conservation CommiSsSion 2005@).. ......cccviiiiiiieriiiieeiieeeieeesieeesieeesieeesveeesaeeesaaeessaeesseeesseens 225
Appendix G: Plant species documented for Castillo de San Marcos National Monument. ....... 228
Appendix H: Plant species documented for Fort Matanzas National Monument. ..................... 233
Appendix I: Fish species documented for Fort Matanzas National Monument. ........................ 241
Appendix J: Amphibian species documented for Castillo de San Marcos National
IMIOMIUIMIEIIE. ...ttt ettt ettt sat e et e bt et e sat e et esateebeesaneenneeneee 244
Appendix K: Amphibian species documented for Fort Matanzas National Monument............. 245
Appendix L: Reptile species documented for Castillo de San Marcos National
IMIOTIUITIEN. ...ttt et ettt e ettt e st e e s et e e bt e e e bt e e s bteesabteesabaeenaseeas 246
Appendix M: Reptile species documented for Fort Matanzas National Monument. ................. 247
Appendix N: Bird species documented for Castillo de San Marcos National Monument. ........ 249
Appendix O: Bird species documented for Fort Matanzas National Monument........................ 255
Appendix P: Mammal species documented for Castillo de San Marcos National
IMIOMIUIMIEIIE. ...ttt ettt et ettt sat e et e bt e b e sae e et esateebeesaneenneeneee 266
Appendix Q: Mammal species documented for Fort Matanzas National Monument. ............... 267

X1X






Publisher’s Note: Some or all of the work done for this project preceded the revised guidance
issued for this project series in 2009/2010. See Prologue (p. xxvii) for more information.

Executive Summary

The goal of this assessment is to provide an overview of natural resource condition status to
allow Castillo de San Marcos and Fort Matanzas National Monuments (NMs) to effectively
manage National Park Service (NPS) trust resources through Resource Stewardship Strategies
(RSS) and General Management Plans. An ancillary benefit is that it will aid the park in meeting
government reporting requirements, such as the land health goals under the Government
Performance Results Act (GPRA). This assessment is primarily based on existing data and
information from the NPS Inventory & Monitoring Program, and from other Federal and State
natural resource agencies.

A natural resource assessment should provide a concise, understandable, and accurate summary
of the condition of the ecological system. Reporting on this ecological condition will provide for
better decision-making (Young and Sanzone 2002). As such we found that collaborating with
decision-makers was an important part of this project.

Precise measurements and objective analysis are preferred for assessing the condition of natural
resources. Wherever possible, we used quantitative data and established thresholds, but in some
cases only qualitative measures were available to rate important categories. Rather than remove
these categories all together, we simply report on the type of data that was available and the
methods used to compare these data to a desired condition. In all cases, straightforward tables,
charts, maps, and geospatial data are provided to summarize findings.

The National Park Service (NPS) monitors the condition of their natural resources using an
ecological monitoring framework that has been widely used among other agencies (Fancy et al.
2008). There are six basic level 1 categories: 1) air and climate; 2) geology and soils; 3) water; 4)
biological integrity; 5) human use; and 6) ecosystem pattern and process. This framework is
based on earlier work including the Environmental Protection Agency’s ecological condition
framework that uses similar essential ecological attributes as their upper-level categories (Young
and Sanzone 2002). We found the NPS categories to be uncomplicated and intuitive. This
framework is also familiar to NPS personnel and will allow the users to compare current vital
sign monitoring plans to this assessment. We have, however, reorganized the NPS framework to
go from small-scale (broad) to large-scale (detailed) analysis, beginning with a primary threat
and stressor: ecosystem pattern and process (landscapes).

Throughout this assessment, several data under each natural resource category are given a
condition status score. Some of these scores are based on predesigned systems, but all have been
cross referenced to a good, fair, poor scoring system (Table 1).

Table 1. Condition status scoring system for the Castillo de San Marcos and Fort Matanzas
National Monuments Natural Resource Condition Assessment.

Score Range Midpoint
Good 0.67-1.00 0.84
Fair 0.34-0.66 0.50

0.00 — 0.33 0.17

xXx1



In addition, we provide a data quality rating based on three categories, thematic, spatial, and
temporal. We gave thematic a 1 or 0 (yes or no) based on whether these data were from the best
available source. Spatial received a 1 or 0 based on the spatial proximity of these data (in-park
data or out-of-park data). We also gave temporal a 1 or 0 based on how recently these data were
acquired. Temporal was somewhat dependent on data type, but generally, if the data were from
the last 5 years they received a 1. A sample is shown in Table 2. These tables are combined and
an overall condition status is reported in the conclusion of this document. The user can also
access these scores in the provided spreadsheet to view calculations, update data, and modify
importance ratings as management goals change.

Table 2. Example condition status table. Data quality was rated based on thematic (1 = best
source; 0 = not the best source), spatial (1 = inside park boundary; 0 = outside park boundary),
and temporal (1 = recent; 0 = older than 5 years). The colors green, yellow, and red refer to
good, fair, and poor scores respectively (see Table 1).

Cateqor Condition Data Quality
gory Status Thematic Spatial Temporal
1 0 0

condition Broup A | Goog

1 1 0
Fair 2 out of 3
1 1 1

Condition Group C 3 out of 3

The overall condition status for Castillo de San Marcos NM is in the fair range (0.53; Table 3);
Fort Matanzas NM is also in the fair range (0.65; Table 4). Midpoint scores were averaged for
each NPS ecological monitoring framework level 2 category (Fancy et al. 2008) to come up with
the overall condition status for the monument. The data quality scores were summed for each
category.

Condition Group B

At Castillo de San Marcos NM, fire dynamics, visitor use, climate, and geology and soils scored
in the good range. Fire dynamics and climate are broad-scale assessment categories upon which
Castillo de San Marcos NM has limited management influence. Consistent reporting and
collaboration are essential for these categories. Visitor statistics do not indicate a sharp increase
in visitors and there is no additional data to indicate a negative correlation between visitor use
and natural resource condition. Soils have remained relatively consistent and soil attributes are
positive as well.

Landscape dynamics, human effects, and water quality are all in the fair range at Castillo de San
Marcos NM. Landscape dynamics and human population, in this case, mirror each other. The
landscape was rated within the monument and shows open space and small tree lots offer some
benefits. Human effects are plentiful in this region and impervious surface coverage for Castillo
de San Marcos NM and within the subbasin study area are high. Although dissolved oxygen was
good in surrounding waters, other water quality indicators are in need of improvement.
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Hydrology and biological integrity for Castillo de San Marcos NM are extremely limiting. This
is more than likely due to the fact and this monument is an urban-centered park, focused on
cultural resource management. Despite this, some improvements could be made, and are in
process, for shoreline stabilization. Additionally, air quality received a poor rating in this
assessment. The poor rating was a result of elevated ozone exposure, high levels of estimated
atmospheric deposition, and poor visibility due to a high Haze Index score. Similar to landscape,
fire, and human effects, air quality is a broad-scale assessment category upon which Castillo de
San Marcos NM has limited management influence.

For Fort Matanzas NM, landscape dynamics, fire dynamics, human effects, visitor use, climate,
and geology and soils scored in the good range. Landscape, fire, human effects, and climate are
broad-scale assessment categories upon which Fort Matanzas NM has limited management
influence. Consistent reporting and collaboration are essential for these categories. Visitor
statistics do not indicate a sharp increase in visitors and there is no additional data to indicate a
negative correlation between visitor use and natural resource condition. Soils have remained
relatively consistent with the only limiting factor being the flooding frequency.

Biological integrity received a fair rating for Fort Matanzas NM. The species assemblages
present do not appear to reflect the more complete biotic communities observed in the
surrounding area. This is perhaps due to the unique habitats present at the monument and may be
due in part to a lack of comprehensive survey efforts. Other categories that scored in the fair
range included hydrology and water quality. Hydrology improvements could be made, and are in
process, for shoreline stabilization. Water quality will need coordination with other management
organizations to improve. Collecting additional water quality data within park boundaries would
allow better assessment of in-park resources.

The only category in this assessment to receive a poor rating was air quality. Despite a fair ozone
exposure score, the poor rating was a result of high levels of estimated atmospheric deposition
and poor visibility due to a high Haze Index score. Similar to landscape, fire, human effects, and
climate, air quality is a broad-scale assessment category upon which Fort Matanzas NM has
limited management influence.

For both monuments, thematic (best source) and spatial proximity, to a lesser degree, are the
limiting factors in data quality. Thematic is often in the fair range for data quality mostly due to
needing more local-scale data. These National Monuments were established primarily to protect
cultural resources, so a minimal amount of natural resource data has been collected on-site.
There are plans to map vegetation communities and continue species and community inventory
and monitoring. An observation that is present in several of the assessment categories is the
importance of coordination with outside management organizations. It is also noted in several
categories that additional local-scale data collection could improve assessment and management.

The good, fair, poor scoring system (Table 1) has its limitations. It is somewhat subjective,
especially when pre-established thresholds and criteria are missing. However, in most cases we
were able to find thresholds from other agencies or peer-reviewed publications. We made note of
the cases where established rating systems or thresholds were not available. With these caveats

xxiii



in mind, we effectively reported on the condition status of important natural resource

management categories while providing further information on data quality.

Table 3. Overall condition status summary for Castillo de San Marcos National Monument. Data
quality was rated based on thematic (1 = best source; 0 = not the best source), spatial (1 = inside
park boundary; 0 = outside park boundary), and temporal (1 = recent; 0 = older than 5 years).
The colors green, yellow, and red refer to good, fair, and poor scores respectively (see Table 1).

c Condition Data Quality
ategory Score ) :
Status Thematic Spatial Temporal
0 3 0
L .
andscape dynamics total Fair 0.39 3 out of 9
0 1 1
Fi .
ire dynamics total Good 0.84 2 out of 3
1 2 2
Hi ts total
uman effects tota Fair 0.34 5 out of 6
Visit total . 1 1
isitor use tota Good 0.84 2 out of 3
3 1 3
Ai lity total
Ir quality tota Poor 0.17 7 out of 9
5 1 S
Climate total
imate tota Good 0.70 11 out of 15
0 6 6
H
ydrology total Poor 0.30 12 out of 18
. 3 4 1
Water quality total Fair 0.54 8 out of 12
3 3 3
Soil total
o fota Good 0.84 9 out of 9
. . 5 0 5
Biotic total
Poor 0.30 10 out of 15
20 ) 27
CASA overall .
Fair 0.53 69 out of 99
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Table 4. Overall condition status summary for Fort Matanzas National Monument. Data quality
was rated based on thematic (1 = best source; 0 = not the best source), spatial (1 = inside park
boundary; 0 = outside park boundary), and temporal (1 = recent; 0 = older than 5 years). The
colors green, yellow, and red refer to good, fair, and poor scores respectively (see Table 1).

Condition Data Quality
Category Score ) .
Status Thematic Spatial ~ Temporal
0 3 0
Land d cs total
andscape dmanics ol | g o4
0 1 1
Fire d ics total
ire dynamics tota Good 0.84 2 out of 3
1 2 2
Hi
uman effects total Good 0.67 5 outof 6
0 1 1
Visi
isitor use total Good 0.84 2 out of 3
3 1 3
i .
ir quality total Poor 0.28 7 out of 9
5 1 5
Climate total
tmate tota Good 0.70 11 out of 15
0 6 6
Hydrology total Fair 0.64 12 out of 18
. 3 4 1
Water quality total Fair 0.54 8 out of 12
. 3 3 3
Soil total Good 0.73 9 out of 9
Biotic total . 1 ‘
fotic fota Fair 0.45 12 out of 18
20 23 28
FOMA overall .
Fair 0.65 71 out of 102

This project provided a comprehensive amount of organized tabular data and many geospatial
data layers and maps that will aid in the management of Castillo de San Marcos and Fort
Matanzas NMs. These data are provided on an accompanying disk and can be used to compare
current status to future conditions. This is merely a first step to compiling data and reporting on
current condition status, data gaps, and threats and stressors. A well established assessment

protocol will include follow-up and future analysis.
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Publisher’s Note: Some or all of the work done for this project preceded the revised guidance
issued for this project series in 2009/2010. See Prologue (p. xxvii) for more information.

1.0 Introduction

The goal of this assessment is to provide an overview of natural resource condition status to
allow Castillo de San Marcos and Fort Matanzas National Monuments (NMs) to effectively
manage National Park Service (NPS) trust resources through Resource Stewardship Strategies
(RSS) and General Management Plans. An ancillary benefit is that it will aid the parks in
meeting government reporting requirements, such as the land health goals under the Government
Performance Results Act (GPRA). This assessment is primarily based on existing data and
information from the NPS Inventory & Monitoring Program, and from other Federal and State
natural resource agencies.

A natural resource assessment should provide a concise, understandable, and accurate summary
of the condition of the ecological system. Reporting on this ecological condition will provide for
better decision-making (Young and Sanzone 2002). As such we found that collaborating with
decision-makers was an important part of this project.

An iterative process was implemented to collect and synthesize data and meet with NPS staff.
We collaborated on what was important for their particular assessment, park, and watershed.
Additional data was then collected and the process repeated itself to further refine and identify
additional natural resource issues and objectives for this assessment.

Precise measurements and objective analysis are preferred for assessing the condition of natural
resources. Wherever possible, we used quantitative data and established thresholds, but in some
cases only qualitative measures were available to rate important categories. Rather than remove
these categories all together, we simply report on the type of data that was available and the
methods used to compare these data to a desired condition. In all cases, straightforward tables,
charts, maps, and geospatial data are provided to summarize findings.






2.0 Park and Resources
2.1 Bio-geographic and Physical Setting

2.1.1 Park Location and Size

Castillo de San Marcos and Fort Matanzas NMs are located in the Coastal Plain of northeastern
Florida in St. Johns County (Figure 1). Castillo de San Marcos NM is within the city of St.
Augustine and comprises about 20 acres along Matanzas Bay. Fort Matanzas NM is 14 miles
south of St. Augustine on Anastasia and Rattlesnake Islands (Figure 1). Fort Matanzas is
approximately 298 acres, the larger of the two monuments under joint management. The
headquarters for both park units are located at Castillo de San Marcos NM in St. Augustine
(National Park Service 2007b, 2008b).

2.1.2 Park Plans and Objectives

The purpose of Castillo de San Marcos is to preserve and protect the fortress and related cultural
resources as described in the Historic Resources Study of March 1997, and to interpret their
architectural, political, military, and social history. The monument’s mission is to preserve and
protect the oldest masonry fortification in the continental United States and its related cultural
resources, and to foster public understanding of their historical, military, and architectural
significance (National Park Service 2007b).

Fort Matanzas NM is in the process of completing a new General Management Plan (GMP).
During this process, newsletters are released to the public and public meetings aid managers in
the development of the plan. According to the August 2007 GMP Newsletter (National Park
Service 2007¢), the purpose of Fort Matanzas National Monument is:
- To preserve the masonry tower and its associated cultural landscapes and archeological
resources.
- To provide an accurate historical perspective of what military life was like in Florida as it
existed at this isolated outpost.
- To manage and care for all resources within the park for the benefit of future generations
through a comprehensive program of preservation, interpretation, and education.
- To permit recreational opportunities on Rattlesnake Island and Anastasia Island that do
not impair park resources.
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2.1.3 Climate

The climate of the St. Augustine region of the Florida Coastal Plain is temperate, semitropical
with hot, humid summers and mild winters. The average annual temperature of the area is 70.0
degrees Fahrenheit (°F), with a mean maximum temperature of 79.2 °F and mean minimum
temperature of 60.9 °F (The Southeast Regional Climate Center 2008). The coolest month on
average is January, at 56.7 °F and the warmest month is July, at 81.5 °F. Lowest and highest
recorded temperatures were 10 °F in 1985 and 103 °F in 1986. The wettest month has
historically been September with an average of 7.64 inches (The Southeast Regional Climate
Center 2008). Major storms are somewhat of a concern as this area is brushed or hit by a tropical
system every 3.63 years (Hurricane City 2008).

2.1.4 Geology, Landforms, and Soils

The Coastal Plain region in northeastern Florida is composed of undeformed sedimentary rock
layers whose ages range from the Late Cretaceous to the present Holocene sediments of the
coast. Florida and southern Georgia were not part of the same geologic platform as the Coastal
Plain from Central Georgia and further north. Ordovician to Devonian sedimentary "basement
rocks” occur more than 3,500 feet beneath the Coastal Plain sediments in northeast Florida (Lane
1994). During all of Late Cretaceous and early Paleogene time, Florida looked much like the
Grand Bahama Bank does today: a marine platform mostly covered by shallow seas with
scattered small, low islands. The sediments that accumulated in those shallow waters formed the
carbonate deposits that underlie much of Florida (Frazier 2007). Starting in Miocene times, the
Appalachian Mountains were uplifted and eroding sediments began to cover the carbonate rocks
below. Periodic high sea levels during the Pleistocene allowed strong longshore currents to carry
thick accumulations of sandy marine sediment south to cover Florida’s carbonate platform (Lane
1994). In addition to recent alluvium, organic and marine deposits make up some of the most
recent sediment found in the Coastal Plain (UGA Department of Geology 2008). Human-
dredged and deposited sediments are abundant along the coastlines. Specifically, the region near
Castillo de San Marcos and Fort Matanzas NMs is a Holocene-aged deposit of organic, marine,
and human-altered origin.

Castillo de San Marcos NM is primarily an urban-based park with little natural vegetation. The
main grounds are a rolling grassy area with a few trees (National Park Service 2007b).
Maintenance of grounds includes regular mowing, trimming, fertilizing, and removal of invasive
species and storm damaged vegetation. There are no naturally occurring ecosystems since the
area has been highly altered by human activity (National Park Service 2007b). Based on a
classification that is explained further in 3.1.1 Landscape Dynamics section, we found developed
open space to be 12.2 acres. The only natural vegetation class at Castillo de San Marcos NM is
mixed forest at 1.5 acres.

The majority of Fort Matanzas NM acreage is in evergreen forest, while wetlands compose a
close second of the land area. The GMP Newsletter (National Park Service 2007c¢) states that the
monument contains dunes, marsh, and maritime forest that are nearly undisturbed. We found a
total of 121 acres of evergreen forest and 72 acres of wetlands.



According to Soil Survey Geographic (SSURGO) from the USDA Natural Resources
Conservation Service (2006b), Castillo de San Marcos NM is composed primarily of St.
Augustine-Urban land complex. There is a miniscule (<0.01%) section of Pellicer silty clay
loam, frequently flooded that falls within the monument boundary. Fort Matanzas NM is
composed of St. Augustine fine sand, clayey substratum (25.7%); Pellicer silty clay loam,
frequently flooded (15.8%); Fripp-Satellite complex (13.0%); Satellite fine sand (12.7%);
Moultrie fine sand, frequently flooded (12.5%); and Beaches (8.6%) (National Park Service
2006b). Additional information on these soils can be found in 3.5.1 Geology and Soils section.

2.1.5 Surface Water and Wetlands

Castillo de San Marcos NM is located just south of the St. Augustine inlet on the Matanzas
River. The Matanzas River is a part of the Atlantic Intracoastal Waterway (AICW) and is
actually a saltwater estuary about 20 miles in length and flows about eight miles past the
Matanzas inlet. Fort Matanzas NM lies on the southern tip of Anastasia Island on the Matanzas
inlet and the northern third of Rattlesnake Island. The two islands that compose Fort Matanzas
NM are separated by the Matanzas River (AICW, Figure 2). The Matanzas River is home to
extensive salt marshes, estuarine lagoons, oyster bars, mangrove tidal wetlands, and marine
environments (National Park Service 2007b). These communities not only support a wide range
of aquatic plants and animals but are of great aesthetic importance. All of Castillo de San Marcos
and Fort Matanzas NMs and these surrounding waterways are in the Daytona-St. Augustine,
Florida subbasin, hydrologic unit code (HUC) 03080201.
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As mentioned previously, we found 72 acres of wetlands within the Fort Matanzas NM
boundary. These wetlands are important globally and support a myriad of aquatic plants and
animals. As development along the coast and threats of rising sea level from climate change
continues, importance will be placed on maintaining wetlands.

2.2 Regional and Historic Context

2.2.1 Regional History and Land Use

The region surrounding Castillo de San Marcos and Fort Matanzas NM has a rich history
stretching back to Native American occupation and early European colonization. Juan Ponce de
Leon laid claim to North America for the Spanish in 1513 when he discovered Florida. Several
failed attempts at colonizing led the Spanish King, Philip II, to put a moratorium on colonization
of Florida in 1561. When the French began their own colonization effort, Pedro Menéndez de
Avilés was sent to reestablish Spanish claims to this area. He succeeded and St. Augustine
became the oldest permanent European settlement in the continental United States, founded in
1565 by the Spanish. England took control of Florida and St. Augustine in 1763, but the Spanish
won the area back in 1784. Then in 1821 Spain gave ownership of Florida to the United States,
making it an American territory (National Park Service 1997, 2007b).

The total population for year 2000 in the St. Augustine subdivision of St. Johns County was
59,415, while the 1990 total was 49,229. More recent data for St. Augustine was not available, so
we looked at the Jacksonville, Florida Metropolitan Statistical Area (MSA). The 2007 population
estimate for the Jacksonville, Florida MSA was 1.3 million people, ranking 40™ out of 363
MSASs nationwide (U.S. Census Bureau 2009c¢). St. Johns County grew from 83,829 to 175,446
individuals between 1990 and 2007, a 109% increase. The U.S. Census Bureau (2009a) reported
an even higher population increase in nearby Flagler County of 208%, from 28,701 in 1990 to
49,832 in 2007.

The Northern Coastal Basin Surface Water Improvement and Management Plan (Haydt and
Frazel Inc. 2003) reports that the basin is approximately 23% residential, commercial, and
industrial lands. Wetlands, wetland forest, and open water cover more than 29% of the area;
upland forest, agriculture, and open/range lands comprise more than 41%; and open water covers
nearly 7%. Increases have been noted in coastal residential development in St. Augustine and St.
Augustine Beach. Traditionally, the western edge of the Tolomato/Matanzas River planning unit
has been used for agriculture and silviculture. Commercial shellfishing has also been a traditional
use of resources in northern St. Johns County. Urban areas are expanding in these regions at an
increasing rate (Haydt and Frazel Inc. 2003).

2.2.2 Site History

The Spanish built the Castillo de San Marcos between 1672 and 1695 to guard the colonial town
to St. Augustine and insure the safety of sea routes for ships departing to Spain. This fort is the
oldest in-tact European fortification in the continental United States. When England took control
of Florida in 1763, the fort was under control of the British for 21 years, but the Castillo was



never taken by military force. In 1784, the fort was back under Spanish control until the United
States purchased Florida in 1821. The fort was then known as Fort Marion, after General Francis
Marion, of the American Revolutionary War. Both the Confederate forces (January 1861 to
March 1862) and United Sates occupied Fort Marion during the Civil War. In the late 19"
century, Fort Marion was used as a prison for Native Americans in the Cheyenne, Kiowa,
Camanche, Caddo, and Arapaho tribes (National Park Service 2007b).

Fort Marion became a National Monument on October 15, 1924 and, like many of the forts
during this time, was run the War Department. The National Park Service took over on June 10,
1933, and Congress changed the name to Castillo de San Marcos National Monument on June 5,
1942, bringing the fort full circle back to its historical name (National Park Service 2007b).

In the mean time, Fort Matanzas, a smaller and more remote fort situated 14 miles south of the
Castillo, was also making history doing its part to protect the Matanzas River Inlet, the back door
to St. Augustine. Fort Matanzas construction began soon after 1740, when the British blockaded
the St. Augustine Inlet for 39 days and the importance of maintaining the Matanzas Inlet was
realized by the Spanish. The fort was near completion in 1742 when 12 British ships were driven
off by cannon fire from Fort Matanzas. Fort Matanzas also became a National Monument on
October 15, 1924, was originally administered by the War Department, and was transferred to
the National Park Service in 1933 (National Park Service 2007¢).

2.3 Unique and Significant Park Resources and Designations

2.3.1 Unique Resources

There are several significant historical park resources at Castillo de San Marcos NM. The
monument stands as a reminder of the battle of European powers for control of North America.
Its design and historic structures preserve the architecture of that time-period. As mentioned
previously, the fortification is the oldest of its type in the continental United States. It has a long
history of occupation and was in use by Spain, England, the Confederate States of America, and
the United States for parts of its history. In addition, it marks a period in US history when Native
Americans were forced from their homelands since it was used as a prison for many prominent
tribal leaders during this time (National Park Service 2007b). There are no unique resources of
natural resource significance present at Castillo de San Marcos.

There are also several significant historical park resources at Fort Matanzas NM. These were
outlined in the General Management Plan Newsletter (National Park Service 2007¢) and include:
The fort is the only example of a fortified watchtower of Spanish architecture in the
continental United States.

The fort is a completely intact component of the St. Augustine defense system
constructed by the Spanish.

- The site commemorates the slaughter of over 200 French Huguenot soldiers by Spanish
soldiers in 1565 — an event which marked the beginning of 235 years of Spanish
dominance in Florida.

- The location provides a rare opportunity for visitors to experience an historic setting as it
might have appeared hundreds of years ago.



Fort Matanzas NM also protects 298 acres of dunes, marsh, and maritime forest within a nearly
undisturbed barrier island system. This monument is part of the Guana Tolomato Matanzas
National Estuarine Research Reserve (GTM NERR). This reserve contains approximately 55,000
acres of county, state, and federal lands, providing protection for salt marsh and mangrove tidal
wetlands, oyster bars, estuarine lagoons, upland habitat, and offshore seas (NOAA 2009).

2.3.2 Special Designations

Castillo de San Marcos NM has no special natural resource designations, however it was placed
on the National Register of Historic Places in 1966 (National Park Service 1997). Ten structures
within Castillo de San Marcos are listed on the National Register of Historic Places. Fort
Matanzas NM is also listed on the National Register of Historic Places (2009). As mentioned
previously, Fort Matanzas NM is part of the Guana Tolomato Matanzas National Estuarine
Research Reserve (NOAA 2009).
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3.0 Condition Assessment (Interdisciplinary Synthesis)

The National Park Service (NPS) monitors the condition of their natural resources using an
ecological monitoring framework that has been widely used among other agencies (Fancy et al.
2008). There are six basic level 1 categories: 1) air and climate; 2) geology and soils; 3) water; 4)
biological integrity; 5) human use; and 6) ecosystem pattern and process. This framework is
based on earlier work including the Environmental Protection Agency’s ecological condition
framework that uses similar essential ecological attributes as their upper-level categories (Young
and Sanzone 2002). We found the NPS categories to be uncomplicated and intuitive. This
framework is also familiar to NPS personnel and will allow the users to compare current vital
sign monitoring plans to this assessment. We have, however, reorganized the NPS framework to
go from small-scale (broad) to large-scale (detailed) analysis, beginning with a primary threat
and stressor, ecosystem pattern and process (landscapes).

Throughout this assessment, several data under each natural resource category are given a
condition status score. Some of these scores are based on predesigned systems, but all have been
cross referenced to a good, fair, poor scoring system (Table 1).

Table 1. Condition status scoring system for Castillo de San Marcos and Fort Matanzas National
Monuments Natural Resource Assessment.

Score Range Midpoint
Good 0.67 - 1.00 0.84
Fair 0.34 - 0.66 0.5

0.00 - 0.33 0.17

In addition, we provide a data quality rating based on three categories, thematic, spatial, and
temporal. We gave thematic a 1 or 0 (yes or no) based on whether these data were from the best
available source. Spatial received a 1 or 0 based on the spatial proximity of these data (park data
or out of park data). We also gave temporal a 1 or 0 based on how recent these data were
acquired. Temporal was somewhat dependent on data type, but generally, if the data were from
the last 5 years, they received a 1. A sample is shown in Table 2. These tables are combined and
an overall condition status is reported in the conclusion of this document. The user can also
access these scores in the provided spreadsheet to view calculations, update data, and modify
importance ratings as management goals change.

11



Table 2. Example condition status table. Data quality was rated based on thematic (1 = best
source; 0 = not the best source), spatial (1 = inside park boundary; 0 = outside park boundary),
and temporal (1 = recent; 0 = older than 5 years). The colors green, yellow, and red refer to
good, fair, and poor scores respectively (see Table 1).

Cateqor Condition Data Quality
gory Status Thematic Spatial Temporal
Condition Group A Good
Condition Group B Fair . 2 oui of 3 ’
1 1 1

Condition Group C 3 out of 3

3.1 Ecosystem Pattern and Process

3.1.1 Landscape Dynamics

Managing the entire landscape as opposed to individual species or community types is a
recommended step to maintain ecosystem health. With that in mind, the landscape as a whole
was considered at Castillo de San Marcos and Fort Matanzas NMs. Ecosystems do not often
function within the small political boundaries in which regulating bodies are constrained.
Castillo de San Marcos and Fort Matanzas NMs are relatively small monuments, so we chose to
first look at the monuments within their watershed context and then examine the finer-scale park
properties.

3.1.1.a Current condition:

Study area:

The broad study area that we chose was based on the National Hydrologic Data (NHD) and
includes Daytona-St. Augustine, Florida subbasin, hydrologic unit code (HUC) 03080201. The
NHD geospatial layers do not further delineate this subbasin into specific watersheds. This study
area covers coastal areas of St. Johns, Flagler, and Volusia Counties, Florida (Figure 3).
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Figure 3. The subbasin study area examined for the Castillo de San Marcos and Fort Matanzas
National Monuments Natural Resource Assessment.

Land cover:

When looking at land cover, there are several possible data sources that could be used. We chose
the newest, most complete and detailed classification from the National Oceanic and
Atmospheric Administration (NOAA) Coastal Change Analysis Program (C-CAP). These data
are part of the overall National Land Cover Dataset, but are more detailed around the coastal
regions (National Oceanic and Atmospheric Administration 2008a). We examined these data in
the overall subbasin study area outlined above and within the Castillo de San Marcos and Fort
Matanzas NM boundaries. Because the monuments contain a relatively small area, the spatial
resolution of C-CAP for analysis within the park boundary was questionable. Consequently, we
(Conservation Management Institute at Virginia Tech, CMI) also performed a more detailed
classification using heads-up digitizing over 2004 digital orthophotos from the St. Johns River
Water Management District (2004). This delineation was performed at a minimum 1:10,000
scale and polygons were attributed using photointerpretation and the C-CAP classification
schema. More detailed spatial data preparation methods can be found in Appendix A: Land cover
calculation methods.

13



The total land area within the subbasin study area is approximately 697,000 acres. Of this total
acreage, 15.7% or 109,517 acres is Evergreen Forest. This is the highest represented class (after
water) for the subbasin study area as well as Fort Matanzas NM (at 40.6% or 121.0 acres in the
CMI classification, Table 4, Figure 4). Castillo de San Marcos NM is an urban-centered park,
and its highest land cover class reflects that (Table 3, Figure 4). Developed Open Space is 12.2
acres or 60.7% of the detailed CMI classification for Castillo de San Marcos NM. The only
natural vegetation class at Castillo de San Marcos NM is Mixed Forest at 1.5 acres or 7.5%. The
subbasin study area is composed of only 0.3% Mixed Forest.

Table 3. Land cover (from CMI classification and 2001 NOAA C-CAP) totals and percent of
total within Castillo de San Marcos National Monument (CASA) boundary and in the subbasin
study area containing CASA. “CASA Acres (CMI)” are the number of acres of each cover type
within CASA as delineated by the Conservation Management Institute at Virginia Tech (CMI).
“CASA Acres (NOAA)” are the number of acres of each cover type within CASA as classified
by the National Oceanic and Atmospheric Administration (NOAA 2008a) Coastal Change
Analysis Program (C-CAP). “Study Area Acres” are the number of acres of each cover type
within the subbasin study area as classified by the NOAA. In each case, “%” refers to the percent
of the total acreage of CASA or the subbasin study area.

CASA CASA Study
Acres CASA %  Acres CASA % Area Study
Land Cover Classification (CMI) (CMI) (NOAA) (NOAA) Acres Area %
Developed Open Space 12.2 60.7 7.1 35.6 32643 4.7
Medium Intensity Developed 5.7 28.5 3.6 17.8 10774 1.5
Mixed Forest 1.5 7.5 0.0 0.0 2103 0.3
Bare Land 0.4 1.9 1.1 5.6 6804 1.0
Low Intensity Developed 0.2 1.0 7.1 35.6 56688 8.1
Unconsolidated Shore 0.1 0.5 0.0 0.0 4128 0.6
High Intensity Developed 0.0 0.0 0.7 33 4067 0.6
Scrub/Shrub 0.0 0.0 0.2 1.1 35046 5.0
Pasture/Hay 0.0 0.0 0.2 1.1 6685 1.0
Water 0.0 0.0 0.0 0.0 260989 37.5
Evergreen Forest 0.0 0.0 0.0 0.0 109517 15.7
Palustrine Forested Wetland 0.0 0.0 0.0 0.0 63460 9.1
Palustrine Scrub/Shrub Wetland 0.0 0.0 0.0 0.0 35659 5.1
Palustrine Emergent Wetland 0.0 0.0 0.0 0.0 29841 4.3
Estuarine Emergent Wetland 0.0 0.0 0.0 0.0 22732 33
Grassland 0.0 0.0 0.0 0.0 12879 1.8
Estuarine Scrub/Shrub Wetland 0.0 0.0 0.0 0.0 1269 0.2
Cultivated 0.0 0.0 0.0 0.0 759 0.1
Deciduous Forest 0.0 0.0 0.0 0.0 498 0.1
Estuarine Forested Wetland 0.0 0.0 0.0 0.0 112 0.0
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Table 4. Land cover (from CMI classification and 2001 NOAA C-CAP) totals and percent of
total within Fort Matanzas National Monument (FOMA) boundary and in the subbasin study
area containing FOMA. “FOMA Acres (CMI)” are the number of acres of each cover type within
FOMA as delineated by the Conservation Management Institute at Virginia Tech (CMI).
“FOMA Acres (NOAA)” are the number of acres of each cover type within FOMA as classified
by the National Oceanic and Atmospheric Administration (NOAA 2008a) Coastal Change
Analysis Program (C-CAP). “Study Area Acres” are the number of acres of each cover type
within the subbasin study area as classified by the NOAA. In each case, “%” refers to the percent
of the total acreage of FOMA or the subbasin study area.

FOMA FOMA Study
Acres FOMA %  Acres  FOMA % Area Study
Land Cover Classification (CMI) (CMI) (NOAA) (NOAA) Acres Area %
Evergreen Forest 121.0 40.6 38.0 12.7 109517 15.7
Estuarine Emergent Wetland 44.2 14.8 49.6 16.6 22732 33
Water 42.0 14.1 41.4 13.8 260989 37.5
Unconsolidated Shore 25.5 8.6 11.8 3.9 4128 0.6
Estuarine Scrub/Shrub Wetland 17.2 5.8 0.0 0.0 1269 0.2
Scrub/Shrub 14.9 5.0 25.1 8.4 35046 5.0
Bare Land 13.8 4.6 54.9 18.3 6804 1.0
Palustrine Emergent Wetland 10.5 3.5 11.3 3.8 29841 4.3
Grassland 4.1 1.4 5.1 1.7 12879 1.8
Low Intensity Developed 3.0 1.0 12.9 4.3 56688 8.1
Developed Open Space 1.1 0.4 0.7 0.2 32643 4.7
Medium Intensity Developed 0.6 0.2 9.3 3.1 10774 1.5
Palustrine Forested Wetland 0.0 0.0 25.4 8.5 63460 9.1
Palustrine Scrub/Shrub Wetland 0.0 0.0 6.7 2.2 35659 5.1
High Intensity Developed 0.0 0.0 3.6 1.2 4067 0.6
Estuarine Forested Wetland 0.0 0.0 2.4 0.8 112 0.0
Mixed Forest 0.0 0.0 0.9 0.3 2103 0.3
Deciduous Forest 0.0 0.0 0.4 0.1 498 0.1
Pasture/Hay 0.0 0.0 0.0 0.0 6685 1.0
Cultivated 0.0 0.0 0.0 0.0 759 0.1

We also compared the cover type percentages with other protected areas in the subbasin study
area (Table 5, Table 6). These acreages and percentages show that Castillo de San Marcos NM is
protecting a minor amount of the Mixed Forest within the protected areas in the subbasin; but a
high percentage (7.5%) or relative make-up compared to the other protected areas (0.4%, Table
5). Fort Matanzas NM is also protecting a minor amount of the Evergreen Forest and Estuarine
Emergent Wetland within the protected areas. However, Fort Matanzas NM is protecting a
greater relative make-up of Evergreen Forest (40.6%) as compared to other protected land in the
study area (21.1%). Fort Matanzas NM is also protecting Estuarine Emergent Wetland at a
higher relative make-up (14.8%) as compared to the subbasin protected lands (9.8%, Table 6).

There is a long list of conservation areas within the subbasin study area that we included in this

examination (Table 7). Chief among them is a group of protected areas that compose the Guana
Tolomato Matanzas National Estuarine Research Reserve (GTM NERR). Fort Matanzas NM
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along with 11 other county and state properties are part of this approximately 55,000 acre
collection of protected lands (NOAA 2009).

When all wetland types are combined, Fort Matanzas NM holds a marginal 0.15% (71.9 acres) of
the total protected wetlands. However, we must take into consideration the small size of this
monument and the relative make-up of natural vegetation communities within the monument. In
addition, this monument is part of a large contiguous network of conservation lands which
provide protection for salt marsh and mangrove tidal wetlands, oyster bars, estuarine lagoons,
upland habitat and offshore seas (NOAA 2009).

There is an additional 106,298 acres of wetlands in the study area that are not owned and under
direct protection by a conservation organization. These areas are under development pressure
and permits can be acquired to alter these wetlands. With that in mind, Fort Matanzas NM and
other conservation areas may play a larger role in the protection of Florida coastal natural areas
as population and development pressures increase.

16



Table 5. Comparison of cover types (from CMI classification and 2001 NOAA C-CAP) within
Castillo de San Marcos National Monument boundary, subbasin study area, and other protected
areas within the subbasin. “CASA Acres (CMI)” are the number of acres of each cover type
within CASA as delineated by the Conservation Management Institute at Virginia Tech (CMI).
“Study Area Acres” are the number of acres of each cover type within the subbasin study area as
classified by the National Oceanic and Atmospheric Administration (NOAA 2008a) Coastal
Change Analysis Program (C-CAP). “Conservation Acres (NOAA)” are the number of acres of
each cover type within conservation areas in the study area as classified by the NOAA. In each
case, “%’” refers to the percent of the total acreage of either CASA, study area, or conservation

areas.

CASA CASA Study

Acres % Area Study Conservation  Conservation
Land Cover Classification (CMI)  (CMI) Acres  Area %  Acres (NOAA) % (NOAA)
Developed Open Space 12.2 60.7 32643 4.7 176.6 0.1
g:vdelf;;elgtem“y 57 285 10774 1.5 91.6 0.1
Mixed Forest 1.5 7.5 2103 0.3 444.1 0.4
Bare Land 0.4 1.9 6804 1.0 1790.9 14
Low Intensity Developed 0.2 1.0 56688 8.1 625.6 0.5
Unconsolidated Shore 0.1 0.5 4128 0.6 610.2 0.5
Water 0.0 0.0 260989 375 38032.5 30.0
Evergreen Forest 0.0 0.0 109517 15.7 26690.4 21.1
Palustrine Forested Wetland 0.0 0.0 63460 9.1 17771.6 14.0
I\;si‘tlljg(‘;e Scrub/Shrub 0.0 0.0 35659 5.1 5994.3 47
Scrub/Shrub 0.0 0.0 35046 5.0 7664.4 6.1
}xi‘tllﬁgle Emergent 0.0 0.0 29841 43 10252.6 8.1
5;2;1"‘;‘(’; Emergent 0.0 0.0 22732 3.3 12370.7 9.8
Grassland 0.0 0.0 12879 1.8 33834 2.7
Pasture/Hay 0.0 0.0 6685 1.0 223.5 0.2
High Intensity Developed 0.0 0.0 4067 0.6 22.9 0.0
1352‘:{“;‘(’; Scrub/Shrub 0.0 0.0 1269 0.2 324.0 0.3
Cultivated 0.0 0.0 759 0.1 58.7 0.0
Deciduous Forest 0.0 0.0 498 0.1 76.9 0.1
Estuarine Forested Wetland 0.0 0.0 112 0.0 62.3 0.0
Total 20.0 100.0 696653 100.0 126667.3 100.0
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Table 6. Comparison of cover types (from CMI classification and 2001 NOAA C-CAP) within
Fort Matanzas National Monument boundary, subbasin study area, and other protected areas
within the subbasin. “FOMA Acres (CMI)” are the number of acres of each cover type within
FOMA as delineated by the Conservation Management Institute at Virginia Tech (CMI). “Study
Area Acres” are the number of acres of each cover type within the subbasin study area as
classified by the National Oceanic and Atmospheric Administration (NOAA 2008a) Coastal
Change Analysis Program (C-CAP). “Conservation Acres (NOAA)” are the number of acres of
each cover type within conservation areas in the study area as classified by the NOAA. In each
case, “%’” refers to the percent of the total acreage of either FOMA, study area, or conservation

areas.

FOMA FOMA Study

Acres % Area Study Conservation  Conservation
Land Cover Classification (CMI)  (CMI) Acres  Area %  Acres (NOAA) % (NOAA)
Evergreen Forest 121.0 40.6 109517 15.7 26690.4 21.1
arine Emergent 42 148 22732 33 12370.7 9.8
Water 42.0 14.1 260989 37.5 38032.5 30.0
Unconsolidated Shore 25.5 8.6 4128 0.6 610.2 0.5
%;;‘tlf;ge Scrub/Shrub 17.2 5.8 1269 0.2 324.0 0.3
Scrub/Shrub 14.9 5.0 35046 5.0 7664.4 6.1
Bare Land 13.8 4.6 6804 1.0 1790.9 1.4
}xi‘tllﬁgle Emergent 10.5 3.5 29841 43 10252.6 8.1
Grassland 4.1 1.4 12879 1.8 3383.4 2.7
Low Intensity Developed 3.0 1.0 56688 8.1 625.6 0.5
Developed Open Space 1.1 0.4 32643 4.7 176.6 0.1
g[:f;g; elgtens“y 0.6 02 10774 15 91.6 0.1
Palustrine Forested Wetland 0.0 0.0 63460 9.1 17771.6 14.0
532‘315;;?6 Serub/Shrub 0.0 0.0 35659 5.1 5994.3 47
Pasture/Hay 0.0 0.0 6685 1.0 2235 0.2
High Intensity Developed 0.0 0.0 4067 0.6 22.9 0.0
Mixed Forest 0.0 0.0 2103 0.3 4441 0.4
Cultivated 0.0 0.0 759 0.1 58.7 0.0
Deciduous Forest 0.0 0.0 498 0.1 76.9 0.1
Estuarine Forested Wetland 0.0 0.0 112 0.0 62.3 0.0
Total 297.9 100.0 696653 100.0 126667.3 100.0
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Table 7. Protected areas surrounding Castillo de San Marcos and Fort Matanzas National
Monuments, within the subbasin study area.

Protected Area Management Primary Owner Acres
Addison Blockhouse Historic State Park ~ FL Dept. of Environmental Trustees of the Internal 6
Protection, Div. of Rec and Parks  Improvement Trust Fund
Anastasia State Park FL Dept. of Environmental Trustees of the Internal 1644
Protection, Div. of Rec and Parks  Improvement Trust Fund
Betty Steflik Memorial Preserve Flagler County Flagler County 321
Bings Landing Flagler County Flagler County 12
Bulow Creek State Park FL Dept. of Environmental Trustees of the Internal 5528
Protection, Div. of Rec and Parks  Improvement Trust Fund
Bulow Plantation Ruins Historic State FL Dept. of Environmental Trustees of the Internal 151
Park Protection, Div. of Rec and Parks  Improvement Trust Fund
Canopy Shores Park St. Johns County St. Johns County 37
*Deep Creek State Forest (GTM NERR)  FL Dept. Agriculture and Trustees of the Internal 380
Consumer Services, Div. of Improvement Trust Fund
Forestry
Doris Leeper Spruce Creek Preserve Volusia County Trustees of the Internal 2263
Improvement Trust Fund
*Faver-Dykes State Park (GTM NERR)  FL Dept. of Environmental Trustees of the Internal 6046
Protection, Div. of Rec and Parks  Improvement Trust Fund
Fort Mose Historic State Park FL Dept. of Environmental Trustees of the Internal 41
Protection, Div. of Recreation Improvement Trust Fund
and Parks
Gamble Place City of Port Orange City of Daytona Museum 144
of Arts and Sciences
Gamble Rogers Memorial State FL Dept. of Environmental Trustees of the Internal 134
Recreation Area at Flagler Beach Protection, Div. of Rec and Parks  Improvement Trust Fund
Graham Swamp Conservation Area Flagler County St. Johns River Water 3199
Management District
*GTMNERR - Guana River Site (GTM  FL Dept. of Environmental Trustees of the Internal 2649
NERR) Protection, Office of Coastal and  Improvement Trust Fund
Aquatic Managed Areas
Guana River Marsh Sanctuary Florida Audubon Society, Inc. Florida Audubon 6
Society, Inc.
*QGuana River Wildlife Management FL Fish and Wildlife Trustees of the Internal 9815
Area (GTM NERR) Conservation Commission Improvement Trust Fund
*Guana Tolomato Matanzas National FL Dept. of Environmental Trustees of the Internal 64487
Estuarine Research Reserve (GTM Protection, Office of Coastal and ~ Improvement Trust Fund
NERR) Aquatic Managed Areas
Hand Avenue Mitigation Volusia County Volusia County 65
Herschel King Senior Park Flagler County Flagler County 20
Larson Tract St. Johns County Trustees of the Internal 14
Improvement Trust Fund
Lehigh Greenway Flagler County Trustees of the Internal 191
Improvement Trust Fund
Lighthouse Point Park Volusia County Trustees of the Internal 55
Improvement Trust Fund
Longleaf Pine Preserve Volusia County Volusia County 12286
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Protected Area Management Primary Owner Acres
Mandel Parcel US Dept. of the Interior, National = Trustees of the Internal 1
Park Service Improvement Trust Fund
Margaret Buschman Parcel St. Johns River Water St. Johns River Water 23
Management District Management District
Matanzas State Forest FL Dept. Agriculture and Trustees of the Internal 4700
Consumer Services, Div. of Improvement Trust Fund
Forestry
Mercer Conservation Easement US Dept. of the Interior, National  Private Individual(s) 7
Park Service
*Moses Creek Conservation Area (GTM  St. Johns River Water St. Johns River Water 2173
NERR) Management District Management District
New Smyrna Sugar Mill Ruins Historic Volusia County Trustees of the Internal 17
Site Improvement Trust Fund
North Peninsula State Park FL Dept. of Environmental Trustees of the Internal 564
Protection, Div. of Rec and Parks  Improvement Trust Fund
*Pellicer Creek Corridor Conservation St. Johns River Water St. Johns River Water 3163
Area (GTM NERR) Management District Management District
Ponce Preserve Town of Ponce Inlet Town of Ponce Inlet 82
Port Orange City Forest City of Port Orange City of Port Orange 8642
*Princess Place Preserve (GTM NERR)  Flagler County Flagler County 1503
*River to Sea Preserve at Marineland Flagler County Flagler County 85
(GTM NERR)
*Roberts Property (GTM NERR) FL Dept. of Environmental Trustees of the Internal 186
Protection, Office of Coastal and  Improvement Trust Fund
Aquatic Managed Areas
Southeast Intracoastal Waterway Park St. Johns County St. Johns County 114
Spruce Creek Park Volusia County Volusia County 21
*Stokes Landing Conservation Area St. Johns River Water St. Johns River Water 286
(GTM NERR) Management District Management District
Three Chimneys Ormond Beach Historical Trust Trustees of the Internal 8
Inc. Improvement Trust Fund
Tiger Bay State Forest FL Dept. Agriculture and Trustees of the Internal 27396
Consumer Services, Div. of Improvement Trust Fund
Forestry
Tocoi Junction Conservation Area St. Johns County St. Johns County 19
Tomoka State Park FL Dept. of Environmental Trustees of the Internal 1620
Protection, Div. of Recreation Improvement Trust Fund
and Parks
Twelve Mile Swamp Conservation Area  St. Johns River Water St. Johns River Water 20711
Management District Management District
Vaill Point Park St. Johns County St. Johns County 24
Varn Park Flagler County Flagler County 8
*Washington Oaks Gardens State Park FL Dept. of Environmental Trustees of the Internal 426
(GTM NERR) Protection, Div. of Rec and Parks ~ Improvement Trust Fund
Wiregrass Prairie Preserve Volusia County Volusia County 1433

*Property is part of the Guana Tolomato Matanzas National Estuarine Research Reserve (GTM NERR)
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Vegetation:

In addition, we reclassified and examined the land cover data to quantify “natural vegetation,”
“semi-natural vegetation,” and “unnatural vegetation” within the subbasin study area and within
the monument boundaries (Appendix A). Castillo de San Marcos NM is composed of 62.1%
“semi-natural vegetation,” 30.2% “unnatural vegetation,” and a marginal 7.6% “natural
vegetation” (Table 8, Figure 5). This is in stark contrast to the subbasin study area, where
“natural vegetation” dominates the landscape at 73.7%. As mentioned before, Castillo de San
Marcos is a chiefly urban-centered park so this difference is not surprising. On the other hand,
“natural vegetation” dominates the relative land area of Fort Matanzas NM (Table 8, Figure 5).
Only 1.6% of this monument is in “unnatural vegetation,” while its subbasin study area is
composed of 16.8% “unnatural vegetation.”

Table 8. Comparison of natural, semi-natural, and unnatural vegetation (reclassified from CMI
classification and 2001 NOAA C-CAP) at Castillo de San Marcos National Monument, Fort
Matanzas National Monument, and in the subbasin study area. “CASA Acres” and “FOMA
Acres” are the number of acres of each vegetation type within CASA or FOMA as delineated by
the Conservation Management Institute at Virginia Tech (CMI). “Study Area Acres” are the
number of acres of each vegetation type within the subbasin study area as classified by the
NOAA. In each case, “%” refers to the percent of the total acreage of either CASA, FOMA, or
the subbasin study area.

CASA CASA FOMA FOMA Study Area  Study
Vegetation Classification Acres % Acres % Acres Area %
Natural Vegetation 1.5 7.6  212.0 97.8 313115.6 73.7
Semi-natural Vegetation 12.2 62.1 1.1 0.5 40086.9 9.4
Unnatural Vegetation 5.9 30.2 3.6 1.6 71529.5 16.8
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Figure 4. Land cover (from CMI classification in detailed insets and 2001 NOAA C-CAP) at
Castillo de San Marcos NM, Fort Matanzas NM, and in the subbasin study area.
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Figure 5. Vegetation reclass (from CMI classification in detailed insets and 2001 NOAA C-CAP)
for Castillo de San Marcos NM, Fort Matanzas NM, and in the subbasin study area.
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3.1.1.b Resource threats and stressors:
Threats and stressors to landscape dynamics are plentiful and often serve as primary threats to
other natural resource categories examined in this assessment. Several were mentioned in the

previous condition status and all are related. They include human population growth,

unstructured development, and overutilization of natural resources, all of which often lead to
habitat fragmentation and wetland loss.

Land cover changes have been evident throughout the subbasin study area (Table 9). There was
an 11% increase from 1996 to 2001 in developed areas within the study area. These changes will
directly impact Castillo de San Marcos and Fort Matanzas NMs as even relatively small
protected natural areas fall under increased pressure to accommodate much of their region’s
natural processes and biodiversity.

Table 9. Land cover change (from 1996 and 2001 C-CAP) in the subbasin study area containing
Castillo de San Marcos and Fort Matanzas National Monuments.

Percent
Study Area  Study Area  Study Area  Study Area Change
Land Cover Classification Acres 1996 % 1996  Acres 2001 % 2001 1996 - 2001
Palustrine Scrub/Shrub Wetland 16581 2.4 35659 5.1 115.06
Grassland 7692 1.1 12879 1.8 67.43
Palustrine Emergent Wetland 20820 3.0 29841 4.3 43.33
Bare Land 4956 0.7 6804 1.0 37.30
Estuarine Forested Wetland 90 0.0 112 0.0 23.89
Pasture/Hay 5646 0.8 6685 1.0 18.39
Developed Open Space 28515 4.1 32643 4.7 14.48
Low Intensity Developed 51279 7.4 56688 8.1 10.55
Medium Intensity Developed 9914 1.4 10774 1.5 8.67
High Intensity Developed 3751 0.5 4067 0.6 8.42
Deciduous Forest 466 0.1 498 0.1 6.97
Cultivated 713 0.1 759 0.1 6.59
Unconsolidated Shore 3895 0.6 4128 0.6 6.00
Mixed Forest 2011 0.3 2103 0.3 4.54
Estuarine Emergent Wetland 22165 3.2 22732 33 2.56
Estuarine Scrub/Shrub Wetland 1244 0.2 1269 0.2 1.98
Water 261062 37.5 260989 37.5 -0.03
Scrub/Shrub 36403 52 35046 5.0 -3.73
Evergreen Forest 121095 17.4 109517 15.7 -9.56
Palustrine Forested Wetland 98354 14.1 63460 9.1 -35.48

3.1.1.c Critical knowledge or data gaps:
To assess in-park landscapes, a more comprehensive, detailed-scale map of vegetation
communities would be an ideal addition to the broader scale land cover on which this analysis
was primarily based. National Park Service has a service-wide vegetation mapping initiative
(National Park Service 2008e). Current plans will have final maps available for Castillo de San
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Marcos and Fort Matanzas NMs in 2012 (Curtis 2008). We could also draw more thorough
conclusions with more recently acquired data (Table 10). The detailed classification we
performed used dated imagery, and was done relatively fast, with no fieldwork, verification, or
accuracy assessment. With that said, it was much more accurate than the NOAA C-CAP
classification (30 by 30 meter pixel resolution) at the more detailed park scale.

3.1.1.d Condition status summary

The land cover comparison to subbasin study area condition status for Castillo de San Marcos
NM is fair because this monument is protecting a smaller percentage of forest cover types than
the subbasin study area (Table 10). Developed open space and general developed areas compose
the largest land cover class at Castillo de San Marcos NM. The open space and small tree lots
offer some benefits. Fort Matanzas NM is good for comparison to the subbasin because the
monument is protecting a larger relative area of evergreen forest than the subbasin study area.
This monument is also protecting a large percentage of wetlands (Table 11). Compared to other
conservation areas, Castillo de San Marco NM is protecting a higher relative make-up of mixed
forest, but no wetland or evergreen forest (the 2 highest land cover classes in conservation areas),
so this monument received a fair status for this category (Table 10). On the other hand, Fort
Matanzas NM is in the good range compared to other conservation areas because it is protecting
a greater relative area of evergreen forest and estuarine emergent wetland (Table 11). Castillo de
San Marcos NM is protecting a marginal 7.6% natural vegetation, so it is rated poor for
comparison to the subbasin study area (Table 10). Natural and semi-natural vegetation make up
the bulk of the relative land area of Fort Matanzas NM, so vegetation comparison to subbasin
study area received a good condition status (Table 11).

Table 10. Landscape dynamics condition status summary within Castillo de San Marcos National
Monument. Data quality was rated based on thematic (1 = best source; 0 = not the best source),
spatial (1 = inside park boundary; 0 = outside park boundary), and temporal (1 = recent; 0 =
older than 5 years). The colors green, yellow, and red refer to good, fair, and poor scores
respectively (see Table 1).

iti Data Quali
Category Condition Midpoint : Q_ y
Status Thematic ~ Spatial ~ Temporal
Land cover comparison to 0 1 0
subbasin study area Fair 0.5 1 out of 3
Land cover comparison to 0 1 0
conservation areas Fair 0.5 1 out of 3
Vegetation comparison to 0 1 0
subbasin study area Poor 0.17 1 out of 3
. 0 3 0
Landscape dynamics total .
Fair 039
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Table 11. Landscape dynamics condition status summary within Fort Matanzas National
Monument. Data quality was rated based on thematic (1 = best source; 0 = not the best source),
spatial (1 = inside park boundary; 0 = outside park boundary), and temporal (1 = recent; 0 =
older than 5 years). The colors green, yellow, and red refer to good, fair, and poor scores

respectively (see Table 1).

iti Data Quali
Category Condition Midpoint : Q_ y
Status Thematic  Spatial ~ Temporal

Land cover comparison to 0 1

subbasin study area Good 0.84 1 out of 3
Land cover comparison to 0 1

conservation areas Good 0.84 1 out of 3
Vegetation comparison to 0 1
0 3

Landscape dynamics total
Good 0.84

3.1.1.e Recommendations to park managers:
Landscape scale initiatives take collaboration from all parties involved. Continuing to build on
partnerships with other conservation organizations and land managers (Table 12) will promote

broad-scale collaboration efforts.

Table 12. List of protected areas, organizations, and contact information.

Protected Area

Management

Phone number

Addison Blockhouse Historic State Park
Anastasia State Park

Betty Steflik Memorial Preserve
Bings Landing
Bulow Creek State Park

Bulow Plantation Ruins Historic State Park

Canopy Shores Park
*Deep Creek State Forest (GTM NERR)

Doris Leeper Spruce Creek Preserve
*Faver-Dykes State Park (GTM NERR)
Fort Mose Historic State Park

Gamble Place

Gamble Rogers Memorial State Recreation
Area at Flagler Beach

Graham Swamp Conservation Area
*GTMNERR - Guana River Site (GTM
NERR)

Guana River Marsh Sanctuary

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

Flagler County

Flagler County

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

St. Johns County

FL Dept. Agriculture and Consumer Services,
Div. of Forestry

Volusia County

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

City of Port Orange

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

Flagler County

FL Dept. of Environmental Protection, Office
of Coastal and Aquatic Managed Areas
Florida Audubon Society, Inc.

386-676-4075
904-461-2000
386-446-7658

386-446-7658
386-676-4040

386-676-4075

904-209-0326
904-825-5082

386-740-5261
(2092)
904-794-0997
904-461-2000

386-985-5047
386-517-2086

386-446-7658
904-823-4500

407-539-5700
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Protected Area

Management

Phone number

*Guana River Wildlife Management Area
(GTM NERR)

*Guana Tolomato Matanzas National
Estuarine Research Reserve (GTM NERR)
Hand Avenue Mitigation

Herschel King Senior Park
Larson Tract

Lehigh Greenway
Lighthouse Point Park
Longleaf Pine Preserve

Mandel Parcel

Margaret Buschman Parcel
Matanzas State Forest

Mercer Conservation Easement

*Moses Creek Conservation Area (GTM
NERR)

New Smyrna Sugar Mill Ruins Historic Site
North Peninsula State Park

*Pellicer Creek Corridor Conservation Area
(GTM NERR)
Ponce Preserve

Port Orange City Forest

*Princess Place Preserve (GTM NERR)
River to Sea Preserve at Marineland (GTM
NERR)

*Roberts Property (GTM NERR)

Southeast Intracoastal Waterway Park
Spruce Creek Park

*Stokes Landing Conservation Area (GTM
NERR)

Three Chimneys

Tiger Bay State Forest

Tocoi Junction Conservation Area
Tomoka State Park

Twelve Mile Swamp Conservation Area
Vaill Point Park

Varn Park

*Washington Oaks Gardens State Park
(GTM NERR)

Wiregrass Prairie Preserve

FL Fish and Wildlife Conservation
Commission

FL Dept. of Environmental Protection, Office
of Coastal and Aquatic Managed Areas
Volusia County

Flagler County
St. Johns County
Flagler County
Volusia County
Volusia County

US Dept. of the Interior, National Park Service

St. Johns River Water Management District
FL Dept. Agriculture and Consumer Services,
Div. of Forestry

US Dept. of the Interior, National Park Service

St. Johns River Water Management District

Volusia County

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

St. Johns River Water Management District

Town of Ponce Inlet

City of Port Orange
Flagler County
Flagler County

FL Dept. of Environmental Protection, Office
of Coastal and Aquatic Managed Areas

St. Johns County

Volusia County

St. Johns River Water Management District

Ormond Beach Historical Trust Inc.

FL Dept. Agriculture and Consumer Services,
Div. of Forestry

St. Johns County

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

St. Johns River Water Management District
St. Johns County

Flagler County

FL Dept. of Environmental Protection, Div. of
Recreation and Parks

Volusia County

904-825-6877
904-823-4500

386-740-5261
(2092)
386-313-4185
904-209-0792
386-437-7474
386-736-5953
386-740-5261
(2092)
904-829-6506
(221)
386-329-4404
904-824-4564

904-829-6506
(221)
904-529-2380

386-736-5953
386-517-2086

386-329-4883

386-322-6711
(345)
386-506-5750
386-446-7658
386-446-7658

904-823-4500

904-209-0324
386-736-5953
904-529-2380

386-677-7005
386-226-0250

904-209-0792
386-676-4075

904-529-2380
904-209-0326
386-313-4185
386-446-6780

386-740-5261
(2092)
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3.1.2 Fire and Fuel Dynamics

Fire exclusion practices have drastically changed the natural fire processes that took place in
many ecosystems across the United States (U.S. Geological Survey 2000). Fire is now being
used more actively in managing natural landscapes such as historical prairies and pine savannahs
in the Coastal Plain of the Southeastern U.S. (Waldrop et al. 1992, U.S. Geological Survey
2000). Chinese tallow and other Southeastern invasive exotic species may also be controlled with
appropriately timed controlled burns (Zouhar et al. 2008).

3.1.2.a Current condition:

Despite the Southeastern Coastal Plain having an active fire regime and history, fire has not been
a major concern at Castillo de San Marcos and Fort Matanzas NM. There have been 7 fires
recorded at Castillo de San Marcos NM since 1972 (Table 13). There have been no fires
recorded at Fort Matanzas NM. Due to incomplete data, it is difficult to estimate the size and
scope of the fires, although the most recent fire incident at Castillo de San Marcos NM covered
only a fraction of an acre. There have been four fires within 20 miles of Castillo de San Marcos
and Fort Matanzas NM reported by the Geospatial Multi-Agency Coordination Group (GeoMAC
2008) since 2000 (Figure 6).

Table 13. Wildfires reported at Castillo de San Marcos National Monument from 1/1/1972 to
12/31/2007, at the National Fire and Aviation Management Web Application (National Wildfire
Coordinating Group 2008).

WFMI NPS

ID Fire Name ID Protection Type Date Acres Cause Owner

226660 Wilema 2222 NPS land under NPS 8/25/1993 N/A  N/A NPS
protection

226661  Gnatcatche 2 Support actions by NPS 6/12/1993  N/A N/A FWS
resources

226662  Squaw Peak 1 Support actions by NPS 7/30/1994 N/A  N/A USFS
resources

226663  Chamberlain 2 Support actions by NPS 8/7/1994 N/A  N/A USFS
resources

226664  Bitter Nez 3 Support actions by NPS 8/15/1994 N/A N/A USFS
resources

226665 Fomanogo 1 NPS land under NPS 5/7/1995 N/A  N/A NPS
protection

226666  Kaboom 2 NPS land under NPS 5/20/1995 0.1 Natural NPS
protection
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Figure 6. Wildfire sites and the dates they occurred, from 2000 to 2007 (GeoMAC 2008), within
20 miles of Castillo de San Marcos and Fort Matanzas National Monuments.

According to a simulated historical fire severity model (USDA Forest Service 2006), low

severity fires accounted for a majority of fire occurrences on essentially all of the acreage at
Castillo de San Marcos NM. Low severity fires accounted for a majority of fire occurrences on
roughly half of the Rattlesnake Island portion of Fort Matanzas NM (Figure 7). Replacement
severity fires accounted for a majority of fires on roughly half of Rattlesnake Island and nearly
all fire occurrences on Anastasia Island (Figure 9). Low severity fires cause less than 25%
average replacement of dominant biomass, medium severity fires cause between 25 and 75%
replacement, and replacement severity fires cause greater than 75% average replacement of
dominant biomass. Castillo de San Marcos NM is rated entirely as urban or agriculture and
therefore does not have a qualifying fire regime condition class. The majority of the Rattlesnake
Island portion of Fort Matanzas NM is in the Fire Regime Condition Class I, meaning there is
moderate departure from historic vegetation, and the majority of the Anastasia Island portion of
Fort Matanzas NM is in the Fire Regime Condition Class III, meaning there is high departure
from historic vegetation (Figure 10). These data are intended to be used at a landscape scale
(USDA Forest Service 2006), so caution should be taken with analysis of these data at a larger
more detailed scale within Castillo de San Marcos and Fort Matanzas NM boundaries.

29



Legend

CASTILLO DE SAN MARCOS
NATIONAL MONUMENT

Park Boundaries 56-60%
(- (|

r

— Roads

I___I Counties

B 5-10%
[6165%

Percentage of Fires [_]66-70%

B 0=

Bl 11-15%
Bl 16-20%
Bl 21-25%
B 26-30%
I 31-35%

B 71-75%
B 75-80%
B 51-85%
B 5-90%
B o195%
I 95-100%

[ 36-40% I Barren
[ 4145% [_1Indeteminate
[]4650% I 1o Data

[ ]5155% I vater

FORT MATANZAS
NATIONAL MONUMENT

4 Miles

rk

Figure 7. Simulated historical percent of low severity fires according to LANDFIRE (USDA
Forest Service 2006) in the region of Castillo de San Marcos and Fort Matanzas National
Monuments.
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Figure 8. Simulated historical percent of mixed severity fires according to LANDFIRE (USDA
Forest Service 2006) in the region of Castillo de San Marcos and Fort Matanzas National
Monuments.
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Figure 9. Simulated historical percent of replacement severity fires according to LANDFIRE
(USDA Forest Service 2006) in the region of Castillo de San Marcos and Fort Matanzas National
Monuments.
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3.1.2.b Resource threats and stressors:

Fuel types (Figure 11) and fuel loads are an existing threat and stressor that should be monitored
at Castillo de San Marcos and Fort Matanzas NMs. As dead and dry plant materials build up, the
risk of more catastrophic fire events increases (U.S. Geological Survey 2000).

3.1.2.c Critical knowledge or data gaps:

As mentioned before, there is a data gap since there are no detailed, large-scale vegetation maps
available for Castillo de San Marcos and Fort Matanzas NMs. With a current vegetation map, we
could more thoroughly assess the role of fire in the vegetation communities.

3.1.2.d Condition status summary

Fire and fuel dynamics received a good condition status for both monuments because there were
very few recorded fires at the monuments or in the region (Table 14). If fires were to occur a
large portion of both monuments and the region are predicted to be low severity. In addition, the
majority of Fort Matanzas NM and the surrounding region exhibits moderate departure from
historic vegetation, placing it in Fire Regime Condition Class II.

Table 14. Fire condition status summary for Castillo de San Marcos and Fort Matanzas National
Monuments. Data quality was rated based on thematic (1 = best source; 0 = not the best source),
spatial (1 = inside park boundary; 0 = outside park boundary), and temporal (1 = recent; 0 =
older than 5 years). The colors green, yellow, and red refer to good, fair, and poor scores
respectively (see Table 1).

Catedor Condition Data Quality
gory Status Thematic Spatial Temporal
. . 0 1 1
Fire dynamics Total Good 2 out of 3

3.1.2.e Recommendations to park managers:

Castillo de San Marcos and Fort Matanzas NM should continue to record fire occurrence
information with the National Wildfire Coordinating Group. There have been only seven
recorded fires, from 1993 to 1995. A formal fire management plan may also be an appropriate
addition.

The Wildland Fire Assessment System (USDA Forest Service 2008) has a Fire Danger Rating
website: http://www.wfas.net/content/view/17/32/

A daily observed (current) fire danger class and a forecasted fire danger class can be viewed for
the United States as well as regional subsets (Figure 12).
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Figure 11. Wildfire fuel types according to LANDFIRE (USDA Forest Service 2006) in the
region of Castillo de San Marcos and Fort Matanzas National Monuments.
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Figure 12. A recent observed fire danger class map for the United States (USDA Forest Service
2008).

3.2 Human Use

3.2.1 Non-point Source Human Effects

In the region of Castillo de San Marcos and Fort Matanzas NMs, human population and resulting
development pressures are growing. This encroachment of human population and development is
arguably the most important threat or stressor the monuments must consider. Development may
lead to increasing point and non-point source pollution, affecting air and water quality. Increased
vehicle emissions can occur as more people move to the area. In-park biological integrity may
also be stressed from these outside influences.

3.2.1.a Current condition:

We examined two factors to assess the current condition of human effects in the Castillo de San
Marcos and Fort Matanzas NM area. First, census data was obtained from the U.S. Census
Bureau and trends were analyzed. The second factor we examined was relative impervious
surfaces within the Castillo de San Marcos and Fort Matanzas NM boundaries and in the broad,
subbasin study area.
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Human Population:

Although seemingly intuitive, several studies have quantitatively researched the relationship
between human population and the degradation of the world’s natural resources (Jones and Clark
1987, Forester and Machlist 1996, McKinney 2001, Parks and Harcourt 2002, Cardillo et al.
2004). In a 2001 study, nonnative plant and fish diversity were negatively correlated with human
population (McKinney 2001). Parks and Harcourt (2002) found that the probability of species
extinction around western U.S. National Parks was significantly correlated with the surrounding
human population density.

Castillo de San Marcos and Fort Matanzas NMs are situated in the city of St. Augustine, the
county seat of St. Johns County, Florida. St. Johns County is part of the Jacksonville, Florida
Metropolitan Statistical Area (MSA). The 2007 population estimate for the Jacksonville, Florida
MSA was 1.3 million people, ranking 40™ out of 363 MSAs nationwide (U.S. Census Bureau
2009c¢). Significant population increases from U.S. Census Bureau (U.S. Census Bureau 2009a)
data were evident in this region, particularly in Flagler and St. Johns counties, the two fastest
growing counties in the subbasin study area (Figure 13 and Figure 14). Flagler County
experienced the most precipitous growth rate, with a 208% increase in population between 1990
and 2007. St. Johns County grew from 83,829 to 175,446 individuals between 1990 and 2007, a
109% increase. Volusia and Duval counties, the two remaining counties in the subbasin study
area, each experienced more moderate population increases between 1990 and 2007. Volusia
County population expanded nearly 35% while Duval County population increased by 26%.

Along with population change, a good indicator of human effects on natural resources is
population density. Duval County totaled by far the highest population density in the study area
in 2007 with 357 people/square km. Volusia County is the second highest with 135
people/square km, while St. Johns and Flagler have respective population densities of 83 and 60
people/square km (Figure 15).

37



Legend
Yo Major Cities
|| Park Boundaries

[ stuayArea
E Counties

Population Growth
B Low (= 33%)

[ | Medium (34 - 56%)
I Hioh (= 67%)

5t Johns

1990 - 2000 Change

CASTILLO DE SAN MARCOS
MATIONAL MONUMENT

3L St Augustine

NATIONAL MONUMENT

FORT MATANZAS

.4 Daytona Beach

40 Miles

CASTILLO DE SAN MARCOS
MATIONAL MONUMENT

FORT MATANZAS
NATIONAL MONUMENT

3.0 Daytona Beach

[2000 - 2007 Change|

Figure 13. Human population change in counties surrounding Castillo de San Marcos and Fort
Matanzas National Monuments, 1990 — 2000 and 2000 — 2007 (U.S. Census Bureau 2008).
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Impervious Surface:

Studies have shown that increased impervious surface leads to degradations in water quality,
hydrology, habitat structure, and aquatic biodiversity (Schueler 2000, Hurd and Civco 2004). In
a review of eighteen studies that related stream quality to urbanization, Schueler (2000) suggests
using three management categories (Table 15) to group streams by percent impervious surface.

Table 15. Schueler (2000) related percent impervious cover to management category.

Impervious Cover Management Category
1 to 10% impervious Sensitive streams
11 to 25% impervious Impacted streams

26 to 100% impervious  Non-supporting streams

We used these groups to find the potential quality within Castillo de San Marcos and Fort
Matanzas NMs and within the subbasin study area (Table 16, Figure 16). The Daytona-St.
Augustine (HUC 03080201) subbasin contains Castillo de San Marcos and Fort Matanzas NMs
and has a fairly high amount of impervious surface (Table 16, Figure 16). It is not surprising that
the highest concentration of impervious surface in the subbasin occur in urbanized areas
surrounding the cities of St. Augustine, Palm Coast, and Daytona Beach. The subbasin study area
exceeds the 10% impervious threshold, with 23.2% impervious cover, and was therefore
classified as impacted. Castillo de San Marcos NM was classified as non-supporting due to
nearly 76% impervious surface cover, while Fort Matanzas NM was classified as sensitive, with
slightly more than 9% impervious surface cover.

Table 16. Impervious surface totals for Castillo de San Marcos and Fort Matanzas National

Monuments and each watershed/subbasin within the study area. Management category from
Schueler 2000.

Pervious  Impervious Total Percent Management
Watershed/ Subbasin (acres) (acres) (acres)  Impervious Category
Daytona-St. Augustine
(03080201) 358339 108120 466459 23.2 Impacted streams
Castillo de San Marcos NM 5 15 20 Ry Non-supporting
streams
Fort Matanzas NM 271 28 300 9.4  Sensitive streams
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3.2.1.b Resource threats and stressors:

The condition assessments for human effects, described in the previous section, are threats and
stressors to several natural resources within the monument. We started with these broad-scale
conditions so they can be applied as threats and stressors to several of the following natural
resource categories. Rapid population increases can lead to unstructured, unplanned
development, higher population densities, and overutilization of natural resources.

According to the U.S. Census Bureau (2009b), two of the top five counties in Florida with the
highest population change between 2000 and 2008 are in the subbasin study area. Flagler County
ranks number one with an 83.1% population increase and St. Johns County ranks number three
with a 47.4% population increase. Additionally, Flagler County and St. Johns County are
expected to continue growing, with respective population increase projections of 28.3% and
20.3% from 2008 to 2013. Similarly, the number of households in these counties are projected to
increase over the same five-year period: by 31.2% in Flagler County and by 19.8% in St. Johns
County between 2008 and 2013 (St. Johns County Chamber of Commerce 2009).

3.2.1.c Critical knowledge or data gaps:

U.S. Census Bureau population data is a good source of information, but assigning resource
thresholds to these data was a challenge that was not easily supported with current literature for
the Southeastern U.S. We used somewhat arbitrary thresholds for population growth and density
in assigning low, medium, and high impacts to the natural resource. These thresholds can easily
be changed as more quantitative relationships are formulated for this area of the U.S.

Broad, small-scale remotely sensed data were a good source for this assessment category.
Unfortunately they may be less accurate at the larger scale (more detailed) park level. This was a
continual challenge in several of our assessment categories since Castillo de San Marcos NM (20
acres) and Fort Matanzas NM (298 acres) are fairly small parks. When spatial scale was
questionable, we gave thematic a zero for data quality (Table 17).

3.2.1.d Condition status summary

Human population condition status is in the fair range because St. Johns County is growing
relatively fast and population density is fairly substantial for the region (Table 17, Table 18).
Impervious surface coverage for Castillo de San Marcos NM was above the 26% cut-off so it is
rated as poor for this category (Table 17). Fort Matanzas NM was below the 10% threshold so it
received a good rating (Table 18). It is important to note that the subbasin containing the
monuments fell in the fair (impacted streams) range, at 23.2% impervious cover. This may lead
to greater impacts from outside the monument boundaries to streams and other resources within
the monuments.
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Table 17. Human effects condition status summary for Castillo de San Marcos National
Monument. Data quality was rated based on thematic (1 = best source; 0 = not the best source),
spatial (1 = inside park boundary; 0 = outside park boundary), and temporal (1 = recent; 0 =
older than 5 years). The colors green, yellow, and red refer to good, fair, and poor scores
respectively (see Table 1).

Category Condition Midpoint : =2 anlity
Status Thematic ~ Spatial ~ Temporal
Human population Fair 0.5 : 3 ou‘: of 3 :
. 0 1 1
Impervious surface Poor 0.17 2 out of 3
1 2 2
Human effects total Fair 0.34 5 out of 6

Table 18. Human effects condition status summary for Fort Matanzas National Monument. Data
quality was rated based on thematic (1 = best source; 0 = not the best source), spatial (1 = inside
park boundary; 0 = outside park boundary), and temporal (1 = recent; 0 = older than 5 years).
The colors green, yellow, and red refer to good, fair, and poor scores respectively (see Table 1).

" Data Quali
Category Condition Midpoint . Q. y
Status Thematic ~ Spatial ~ Temporal

1 1 1

Human population i 05 3 out of 3
I ' X : 1

mpervious surface Good 0.84 2 out of 3
1 2 2

Human effects total
Good 0.67 S outof 6

3.2.1.e Recommendations to park managers:

Higher population densities have been correlated with a myriad of environmental impacts.
However, focusing development and human population growth restrictions on high population
centers may not be the most productive course. Studies have found that nonnative species
introductions (McKinney 2001) and species extinctions (Balmford 1996) occur more rapidly in
fast-growing lower human populated areas as opposed to highly populated areas. Thus, it may be
prudent to focus structured development, nonnative species, and other natural resources
education campaigns on low population centers with a high potential for growth.

Although human population increase and development is, in most cases, an outside threat
unmanageable by the park, there are instances in which park interpretation and education can
play a large role in surrounding resource protection. In addition, focusing efforts on sustainable
development and limiting impervious surfaces within park boundaries is important for in-park
resource management. These campaigns may also increase the knowledge and perceived
importance of structured development within surrounding locales.
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3.2.2 Visitor and Recreation Use

The National Park Service was established to provide for its visitors. The NPS mission is to
"preserve unimpaired the natural and cultural resources and values of the national park system
for the enjoyment, education, and inspiration of this and future generations.” In fact, the top
guiding principle to accomplish this mission is excellent service for park visitors and partners
(National Park Service 2008c). Visitors are no doubt the primary reason the NPS exists and
continues to be an important part of this country.

Visitor and recreation use, however, has been shown to negatively affect the other half of the
NPS mission, which is to protect natural and cultural resources. Several studies have shown a
negative correlation between outdoor recreation and the various natural resources covered in this
assessment (Taylor and Knight 2003, Wood et al. 2006, Park et al. 2008). As visitation to parks
increases, these two parts of the mission often work against each other.

3.2.2.a Current condition:

The number of visitors per year at Castillo de San Marcos NM was steadily on the rise and
experienced a peak in visitation in 1992. For the past 20 years, however, visitor levels have been
on an overall decline (Figure 17). The number of visitors per year at Fort Matanzas NM has also
been steadily increasing, with a peak of over 1 million visitors in 2005. Unlike Castillo de San
Marcos, however, Fort Matanzas NM has seen a steady increase in visitor levels over the past 20
years (Figure 18). Visitation to Castillo de San Marcos NM is relatively constant throughout the
year, with peaks occurring in March, April, and July (Figure 19). Likewise, visitation to Fort
Matanzas NM is relatively constant throughout the year, with peaks in July and August (Figure
20). Castillo de San Marcos NM was fifth out of 21 in the number of visitors to NPS Forts in
2007 (Table 19) and eighth out of 68 National Monuments visited in 2007. Fort Matanzas NM
was second out of 21 in the number of visitors to NPS Forts in 2007 (Table 19) and third out of
68 National Monuments visited in 2007.
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Figure 17. Number of visitors per year to Castillo de San Marcos National Monument from 1934
to 2007. Data from NPS (2008d).
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Figure 18. Number of visitors per year to Fort Matanzas National Monument from 1938 to 2007.
Data from NPS (2008d).
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Figure 19. Average monthly visitors (from the past 10 years, 1998 — 2007) to Castillo de San
Marcos National Monument. Data from NPS (2008d).
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Figure 20. Average monthly visitors (from the past 10 years, 1998 — 2007) to Fort Matanzas
National Monument. Data from NPS (2008d).
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Table 19. Number of National Park Service Fort visitors in 2007 in ranked order.

% of Fort

Park Visitors visitors Rank
Fort Point NHS 1,552,141 21.8 1
Fort Matanzas NM 830,672 11.7 2
Fort Sumter NM 788,838 11.1 3
Fort Vancouver NHS 682,645 9.6 4
Castillo de San Marcos NM 632,048 8.9 5
Fort McHenry NM & HS 574,924 8.1 6
Fort Necessity NB 353,296 5.0 7
Fort Raleigh NHS 321,717 4.5 8
Fort Pulaski NM 317,349 4.5 9
Fort Frederica NM 264,586 3.7 10
Fort Caroline NMEM 250,616 35 11
Fort Donelson NB 233,205 33 12
Fort Smith NHS 83,850 1.2 13
Fort Stanwix NM 59,643 0.8 14
Fort Davis NHS 51,435 0.7 15
Fort Laramie NHS 40,263 0.6 16
Fort Larned NHS 30,471 04 17
Fort Scott NHS 22,314 0.3 18
Fort Union Trading Post NHS 12,405 0.2 19
Fort Union NM 10,534 0.1 20
Fort Bowie NHS 10,027 0.1 21
Fort Total 7,122,979 100.0

3.2.2.b Resource threats and stressors:

Visitor and recreation use is itself a threat and stressor to the natural resources of Castillo de San
Marcos and Fort Matanzas NMs. With that said, visitor use statistics and current data do not
indicate that this is a large threat to natural resources within the parks’ boundaries.

3.2.2.c Critical knowledge or data gaps:

An examination of in-park degradation due to visitor use would be a good addition to these
analyses. On-the-ground surveys of visitor impacts and trail spatial data would help quantify the
effects of visitor use on the natural resources. These data were not available (Table 20 and Table
21).

3.2.2.d Condition status summary:

Visitor use is in the good range for condition status at both monuments because statistics do not
indicate a sharp increase in visitors and there is no additional data to indicate a negative
correlation between visitor use and natural resource condition (Table 20 and Table 21).

48



Table 20. Visitor use condition status summary for Castillo de San Marcos National Monument.
Data quality was rated based on thematic (1 = best source; 0 = not the best source), spatial (1 =
inside park boundary; 0 = outside park boundary), and femporal (1 = recent; 0 = older than 5
years). The colors green, yellow, and red refer to good, fair, and poor scores respectively (see
Table 1).

Catedor Condition Data Quality
gory Status Thematic Spatial Temporal
- 0 1 1
Visitor use total Good 2 out of 3

Table 21. Visitor use condition status summary for Fort Matanzas National Monument. Data
quality was rated based on thematic (1 = best source; 0 = not the best source), spatial (1 = inside
park boundary; 0 = outside park boundary), and temporal (1 = recent; 0 = older than 5 years).
The colors green, yellow, and red refer to good, fair, and poor scores respectively (see Table 1).

Catedor Condition Data Quality
gory Status Thematic Spatial Temporal
. 0 1 1
Visitor use total Good 7 out of 3

3.2.2.d Recommendations to park managers:

We recommend continuing to collect visitor use statistics and identify and monitor trends in
recreation. Collecting additional visitor statistics and recreation use parameters, such as percent
trail degradation would be a useful addition to data and analysis.

3.3 Air and Climate

3.3.1 Air Quality

The U.S. Environmental Protection Agency (EPA) requires the monitoring of six pollutants
considered harmful to human health and the environment. The six “criteria” pollutants are listed
below (U.S. Environmental Protection Agency 2008b). The first two are considered problematic
in hundreds of counties across the U.S., and the last four are of concern only in a handful of
locations at most.

Ozone (O3) is "good up high but bad nearby." Ozone high in the atmosphere protects us from
ultraviolet (UV) radiation, but ozone at ground-level can negatively affect plant populations and
can cause respiratory irritation when humans or animals breathe it. Symptoms include coughing,
wheezing, breathing difficulties, inflammation of the airways, and aggravation of asthma. Ozone
is not directly emitted; rather it is formed from reactions involving volatile organic compounds
and nitrogen oxides in the presence of sunlight.

Particulate matter (PM) is subdivided into two categories by size:

Fine particulate matter (PM, s5) consists of particles smaller than 2.5 micrometers. For
comparison, the average human hair is 70 micrometers in diameter. Fine particles can be inhaled
deeply into the lungs and can cause respiratory irritation and, over the long term, are associated
with elevated levels of cardiovascular disease and mortality. Particles also obscure visibility and
affect global climate. Fine particles are generated by combustion; major sources include industry
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and motor vehicles. Such particles can also be formed in the atmosphere through reactions
involving gases.

Coarse particulate matter (PM ) consists of particles smaller than 10 micrometers. They may
cause respiratory irritation. Coarse particles stem from grinding and other mechanical processes
and include wind-blown dust.

Sulfur dioxide (SO,) originates mostly from coal combustion and causes respiratory irritation. It
also contributes to acid rain and particle formation.

Carbon monoxide (CO) is a colorless, odorless gas that is formed during incomplete combustion
of fuels. Its major sources include vehicles and fires. Exposure to high levels of carbon
monoxide can cause dizziness, headaches, confusion, blurred vision, and ultimately coma and
death.

Lead (Pb) is a metal found in particles and can adversely affect the nervous system, kidney
function, immune system, reproductive and developmental systems and the cardiovascular
system. In children, it has been found to lower IQ. Lead originates mainly from the processing of
metals in industry.

Nitrogen dioxide (NO;) is a brownish gas that is generated during high-temperature combustion.
It is a member of a family of chemicals called nitrogen oxides, or NOy. Major sources of NOy
include coal-fired power plants, industrial boilers, and motor vehicles. Like ozone, it causes
respiratory irritation. It is also important because it can react to form ozone and particles,
contribute to acid rain, deposit into water bodies and upset the nutrient balance, and degrade
visibility.

The National Ambient Air Quality Standards are levels not to be exceeded for each pollutant
(U.S. Environmental Protection Agency 2008a). Air quality is summarized for the public in
terms of the Air Quality Index (AQI, Table 22), a scale that runs from 0 to 500, where any
number over 100 is considered to be unhealthy (AirNow 2008a). Based on measurements or
predicted levels of pollutants, an AQI is calculated for each of the criteria pollutants, and the
highest value is reported to the public.
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Table 22. The Air Quality Index (AQI) is a cross-agency U.S. Government venture whose
purpose is to explain air quality health implications to the public.

Air Quality Index Numerical

Levels of Health Concern Value Meaning

Air quality is considered satisfactory, and air pollution

0-50 poses little or no risk.

Air quality is acceptable; however, for some pollutants
there may be a moderate health concern for a very small
number of people who are unusually sensitive to air
pollution.

Moderate 51-100

Members of sensitive groups may experience health

101-150 effects. The general public is not likely to be affected.

Everyone may begin to experience health effects;
Unhealthy 151-200 members of sensitive groups may experience more
serious health effects.

Health alert: everyone may experience more serious

Very Unhealthy 201-300 health effects.

Health warnings of emergency conditions. The entire
population is more likely to be affected.

Hazardous

Environmental effects

In addition to health, air pollution has also been shown to impact visibility, vegetation, surface
waters, soils, and fish and wildlife at National Park Service sites in the Southeast Coast Network.
In 2003, the National Park Service conducted an Air Quality Inventory and Monitoring
Assessment of the Southeast Coast Network that reported on atmospheric deposition of
compounds that can affect acidity, nutrient balances, and wildlife in surface waters; air toxics;
surface water chemistry in the context of acidification due to atmospheric deposition; fine
particulate matter and ozone; and ozone-sensitive plant species (National Park Service 2003).
The report concluded that although only two of the seventeen parks have monitors on-site,
existing monitors within ~100 miles are sufficiently representative. Only two parks, Congaree
Swamp NM and Moores Creek NB, were deemed extremely sensitive to acidification from
atmospheric deposition. Ozone concentrations were high enough in all parks to potentially cause
plant damage.

The NPS Air Resources Division (ARD) has developed methods and target values to evaluate air
quality conditions important for natural resource planning and management. The ARD approach
to air quality assessment includes thresholds for ozone, atmospheric (wet) deposition in the form
of nitrogen and sulfur, and visibility (National Park Service 2007a). Based on certain criteria,
these categories are given a score of “good,” “moderate,” or “significant concern.” Although
Castillo de San Marcos and Fort Matanzas NMs do not have any air quality monitoring stations
on-site, the ARD interpolates data from all available monitors in the region into five-year
averages. This document utilizes the most recent data interpolations from the 2003 — 2007 period
for ozone, wet deposition, and visibility.

51



3.3.1.a Current condition:

Monitoring sites.

Florida's state environmental agency operates twelve air quality monitoring sites in Duval
County, ranging between 40 and 100 km from Castillo de San Marcos and Fort Matanzas NMs.
They measure Oz, PM; s, PM o, SO,, and CO. Table 23 and Figure 21 show the air quality index
in 2007 for each of the pollutants measured. Blank cells mean that the pollutant was not
measured at the site.

Table 23. Air quality index in 2007 at monitoring sites near Castillo de San Marcos and Fort
Matanzas National Monuments. Blank cells mean that the pollutant was not measured at the site

Site ID Common name  State County City Latitude  Longitude Oj; PM,s PM,;, SO, CO NO,
120310032 Bennett St. FL  Duval Jacksonville 30.356111 -81.635556 12
120310053 Buckman St. FL  Duval Jacksonville 30.352222 -81.628333 64
120310081 Cedar Bay Rd. FL  Duval Jacksonville 30.422222 -81.621111 28
120310097 Fort Caroline Rd. FL  Duval Jacksonville 30.367222 -81.594167 16
120310089 Georgia St. FL  Duval Jacksonville 30.328889 -81.639722 65
120310077 Lanier St. FL  Duval Jacksonville 30.477500 -81.587500 104
120310080 LaSalle St. FL  Duval Jacksonville 30.308889 -81.652500 7 16
120310098 Mandarin Rd. FL  Duval Jacksonville 30.135556 -81.634167 82
120310099 Merrill Rd. FL  Duval Jacksonville 30.355833 -81.548056 88
120310084 %g;seelgfl da“d FL  Duval Jacksonville 30.320278 -81.687778 62 24
120310083 SO MEPUE B puval Jacksonville 30.305000 81705556 20
120310100 WiliamDavis g bt Jacksonville 30.261000 -81.454000 129

Parkway
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Figure 21. Air quality monitoring sites near Castillo de San Marcos and Fort Matanzas National

Monuments. Green indicates "good" air quality, yellow indicates "moderate,” and orange
indicates “unhealthy for sensitive groups” at these sites in 2007.

There are multiple standards, over varying averaging periods, for some criteria pollutants. In
some cases, the standard is based on the annual average while in others, it is based on a
maximum (or 4th-highest or 98th percentile) in a year. Furthermore, some standards are based on

averages over multiple years. The exact details are provided in the footnotes of the National
Ambient Air Quality Standards table (U.S. Environmental Protection Agency 2008a). For each
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of the pollutants, we selected the traditionally more problematic averaging period, extracted the



relevant average or high concentration from the EPA's Air Quality System Data Mart (U.S.
Environmental Protection Agency 2008d), and converted it to an Air Quality Index value using
the AQI calculator (AirNow 2008b). The values shown in Table 23 correspond to metrics
described below.

Os;: 8-hour average, 4th highest in a year

PM, s5: 24-hour average, 98th percentile in a year
PMy: 24-hour average, maximum in a year
SO,: 24-hour average, maximum in a year

Air quality trends:

Trends in ozone and fine particulate matter, two pollutants posing a serious risk to health, are
shown in Figure 22 and Figure 23. The figures show the number of times the national standard
was violated in a year, known as "exceedances," on the left axis and an indicator of the highest
concentration in a year on the right axis. The air quality standards are based on the 4th highest
concentration in a year for ozone and the 98th percentile concentration for PM; s. Ignoring the
very highest concentration in a year allows for unusual events that may cause anomalies.

The ozone measurements are from the Lanier Road site (Figure 22). Ozone exceedances have
been consistently around 4 for the last few years with a noticeable spike in 2006. The EPA
standard for 8-hour ozone is based on the 4th highest measurement in a year. The measurements
have stayed consistently around the standard of 0.075 ppm.
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Figure 22. Eight-hour ozone for Castillo de San Marcos and Fort Matanzas National Monuments.

The PM, s measurements shown in Figure 23 are from the Merrill Road site. PM, s exceedances
have not been an issue until recently in 2007 when 6 occurred. The EPA standard for 24-hour
PM, 5 is based on the 98th percentile of measurements in a year, and this metric has fluctuated
between 20 and 35 micrograms per cubic meter, compared to the standard of 35.
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Figure 23. 24-hour PM, s for Castillo de San Marcos and Fort Matanzas National Monuments.

Air quality forecast:

The location nearest Castillo de San Marcos and Fort Matanzas National Monuments with a

daily air quality forecast is in Jacksonville, FL, which is approximately 60 km to the northwest of
Castillo de San Marcos NM and 90 km to the northwest of Fort Matanzas NM. The AQI forecast
(AirNow 2008c) is provided for both ozone (O3) and fine particulate matter (PM; s). The
Jacksonville forecast is a reasonable indicator for the monuments, but because of the moderate
distance between the locations and the comparatively urban setting in Jacksonville, the forecast
may not always apply.

Ozone (03):

The ARD criterion for ozone utilizes the newly revised 2008 national standard for ozone air
quality as a baseline. The national standard requires that the 3-year average of the fourth-highest
daily maximum 8-hour average ozone concentrations measured at each monitor within an area
over each year must not exceed 75 parts per billion (ppb) (U.S. Environmental Protection
Agency 2009). In assessing air quality within national parks, the ARD mandates that if the
interpolated five-year average of the fourth-highest daily maximum 8-hour average ozone
concentrations is greater than or equal to 76 ppb, then ozone is classified as a “significant
concern” in the park. If the interpolated five-year average is between 61 ppb and 75 ppb,
concentrations greater than 80-percent of the national standard, then the park is classified as
“moderate.” To receive a “good” ozone rating, a park must have a five-year average ozone
concentration less than 61 ppb (concentrations less than 80-percent of the national standard).
Table 24 illustrates how ARD uses the five-year average concentrations to classify ozone air
quality conditions in national parks. The ARD mandates for ozone air quality are designed to
reflect the idea that simply meeting the national standard does not guarantee “unimpaired” parks
for future generations.
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Table 24. Air Resources Division ozone air quality condition classifications and corresponding
condition status. The 5-year average ozone concentration at Castillo de San Marcos NM was
79.67 ppb; Fort Matanzas NM was 72.40 ppb.

ARD Condition Condition Status Ozone concentration (ppb)
Significant Concern Poor

Moderate Concern Fair 61-75

Good Condition Good <60

Vegetation sensitivity to ozone is also taken into consideration when conducting air quality
assessments in national parks. A 2004 vegetation risk assessment indicated that there are no
ozone-sensitive species present at Castillo de San Marcos NM, but identified five plant species
present at Fort Matanzas NM that are sensitive to ozone (National Park Service 2004). This risk
assessment indicated that the risk of injury to plants is low at Castillo de San Marcos NM
because of the regular occurrence of mild to severe drought, which inhibits ozone uptake by
plants, during periods of elevated ozone levels. Similarly, the risk of injury to plants is low at
Fort Matanzas NM due to low levels of ozone exposure coupled with soil moisture conditions
which inhibit the uptake of ozone. Although none are present as Castillo de San Marcos NM, the
2004 report also identifies two bioindicator species that can be monitored at Fort Matanzas NM
to indicate increased ozone injury to vegetation. The ARD uses the vegetation risk evaluation to
modify the average ozone concentration air quality condition status when assigning parks a final
ozone condition rating. If a park is evaluated as a high risk of plant injury, the ARD would assign
that park the next more severe ozone condition status (i.e., reclassify “moderate” to “significant
concern”).

Atmospheric Deposition:

The ARD uses wet deposition in evaluating atmospheric conditions in national parks, primarily
due to the general lack of available dry deposition data. Using wet deposition data, however, may
be problematic for accurately assessing atmospheric deposition in parks situated in arid climates
where dry deposition data would prove to be more useful. In the continental United States, wet
deposition is calculated by multiplying nitrogen (N from nitrate and ammonium ions) or sulfur (S
from sulfate ions) concentrations in precipitation by a normalized precipitation value. The
precipitation values, obtained from the PRISM database, are normalized over a 30-year period to
minimize interannual variations in deposition caused by interannual fluctuations in precipitation
(Oregon State University 2008). The nitrogen and sulfur deposition concentrations used for
interpolation are obtained from the National Atmospheric Deposition Program (University of
[llinois at Urbana-Champaign 2009). The ARD takes natural background deposition estimates
and deposition effects on ecosystems under consideration when evaluating atmospheric
deposition conditions. Table 25 illustrates how the ARD rates atmospheric deposition conditions
according to the amount of estimated wet deposition at a park. Estimates of natural background
deposition for total deposition are approximately 0.25 kilograms per hectare per year (kg/ha/yr)
in the West and 0.50 kg/ha/yr in the East, for either N or S. For wet deposition only, this is
roughly equivalent to 0.13 kg/ha/yr in the West and 0.25 kg/ha/yr in the East. Although the
proportion of wet to dry deposition varies by location, wet deposition is at least one-half of the
total deposition in most areas. Certain sensitive ecosystems respond to levels of deposition on the
order of 3 kg/ha/yr total deposition, or about 1.5 kg/ha/yr wet deposition (Fenn et al. 2003, Krupa
2003).
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Table 25. Air Resources Division wet deposition condition classifications and corresponding
condition status. The wet deposition values refer to either nitrogen or sulfur individually, not the
sum of the two. Total wet nitrogen deposition at Castillo de San Marcos NM is estimated at 2.75
kg/ha/yr, and total wet sulfur deposition is estimated at 3.99 kg/ha/yr. Total wet nitrogen
deposition at Fort Matanzas NM is estimated at 2.83 kg/ha/yr, and total wet sulfur deposition is
estimated at 4.14 kg/ha/yr.

ARD Condition Condition Status Wet Deposition (kg/ha/yr)
Significant Concern

Moderate Concern Fair 1-3

Good Condition Good <1
Visibility:

Individual park scores for visibility are based on the deviation of the current Group 50 visibility
conditions from estimated Group 50 natural visibility conditions, where Group 50 is defined as
the mean of the visibility observations falling within the range between the 40™ and 60™
percentiles. Natural visibility conditions are those that have been estimated to exist in a given
area in the absence of anthropogenic visibility impairment. Visibility is described in terms of a
Haze Index, a measure derived from calculated light extinction, and expressed in deciviews (dv)
(U.S. Environmental Protection Agency 2003). Visibility worsens as the Haze Index increases.
The visibility condition is expressed as:

Visibility Condition = (current Group 50 visibility) —
(estimated Group 50 visibility under natural conditions)

As illustrated in Table 26, parks with a visibility condition estimate of less than two dv above
estimated natural conditions receive a “good” visibility condition classification. Those parks with
visibility condition estimates between two and eight dv above natural conditions are classified as
“moderate,” and parks with visibility condition estimates greater than eight dv above natural
conditions are classified as a “significant concern.” While the dv ranges for each category are
somewhat subjective, they reflect as nearly as possible the variation in visibility conditions
across the visibility monitoring network.

Table 26. Air Resources Division visibility condition classifications and corresponding condition
status. The current Group 50 deviation at Castillo de San Marcos and Fort Matanzas NMs is
12.20 dv.

Current Group 50 — Estimated
ARD Condition Condition Status | Group 50 Natural (dv)
Significant Concern Poor >8
Moderate Concern | Fair 2-8
Good Condition Good <2

Environmental effects:
Using the methods developed by the ARD discussed above, the air quality condition status at
Castillo de San Marcos and Fort Matanzas NMs takes into account ozone concentration, wet

57



atmospheric deposition, and visibility. The 5-year (2003 — 2007) average ozone concentrations
for Castillo de San Marcos and Fort Matanzas NMs were 79.67 ppb and 72.40 ppb, respectively.
As aresult, Castillo de San Marcos received a “significant concern” or “poor” ozone condition
rating; Fort Matanzas received a “moderate” or “fair”” ozone condition rating (Table 24). The
2004 vegetation risk assessment indicated that both parks are at low risk for plant injury, and the
ARD consequently maintained the original ozone air quality condition status of “significant
concern” for Castillo de San Marcos NM and “moderate” for Fort Matanzas NM.

Atmospheric deposition at Castillo de San Marcos NM is classified as a “significant concern” or
“poor” condition status (Table 25). Although wet nitrogen deposition, estimated at 2.75 kg/ha/yr,
fell within the “moderate concern” or “fair” condition status, the wet sulfur deposition, estimated
at 3.99 kg/ha/yr, was high enough to warrant an overall “significant concern” classification for
wet atmospheric deposition. Likewise, Fort Matanzas NM is classified as a “significant concern”
or “poor” condition status due to elevated wet sulfur deposition, estimated at 4.14 kg/ha/yr,
despite the “moderate” or “fair” condition status of wet nitrogen deposition, estimated at 2.83
kg/ha/yr. There is no current information to indicate whether ecosystems at Castillo de San
Marcos and Fort Matanzas NMs are sensitive to nitrogen or sulfur deposition, but deposition is
elevated. Nitrogen deposition, in particular, may affect the integrity of vegetation communities at
Castillo de San Marcos and Fort Matanzas NMs because excess nitrogen has been found to
encourage growth of invasive plant species at the expense of native species.

The visibility condition at Castillo de San Marcos and Fort Matanzas NMs is classified as a
“significant concern” because the current Group 50 visibility at both parks is 12.20 dv above
estimated Group 50 natural conditions (Table 26).

Trends cannot be evaluated from the interpolated 5-year averages utilized by the ARD. However,
the NPS ARD evaluates 10-year trends in air quality for parks with on-site or nearby monitoring.
Maps in the most recently available progress report show trends in ozone, deposition, and
visibility that can be used to discern regional trends (National Park Service 2007a). For the
period 1996 — 2005, ozone concentrations and nitrogen and sulfur deposition in the Southeast
appear to be decreasing, while visibility is relatively unchanged.

3.3.1.b Resource threats and stressors:

Threats to the monuments’ air quality include new point sources, such as