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Executive Summary

The Natural Resource Condition Assessment (NRCA) Program aims to provide documentation about

the current conditions of important park natural resources through a spatially explicikt, multi

disciplinary synthesis of existing scientific data and knowledgelifgs from the NRCA will help

Timucuan Ecological andistoric PreservéTIMU) managers to develop nearm management

priorities, engage in watershed or landscape scale partnership and education efforts, conduct park
planning, and report program perfammce (e. g . , Department of the 1In
healtho goals, Government Performance and Resul

The objectives of this assessment are to evaluate and report on current conditions of key park

resources, to evaluate critical data andvwedge gaps, and to highlight selected existing stressors

and emerging threats to resources or processes. For the purpose of this NRCA, staff from the

Nati onal Park Service (NPS) anG@eoSpatial ervicedar y0s Un
(SMUMNGSS)denti fied key resources, referred to as
components include natural resources and processes that are currently of the greatest concern to park
management atIMU. The final project framework containgneresource cmponents, each

featuring discussions of measures, stressors, and reference conditions.

This study involved reviewing existing literature and, where appropriate, analyzing data for each
natural resource component in the framework to provide summariesrehccondition and trends

in selected resources. When possible, existing data for the established measures of each component
were analyzed and compared to designated reference conditions. A weighted scoring system was
applied to calculate the current careh of each component. Weighted Condition Scores, ranging
from zero to one, were divided into three categories of condition: low concern, moderate concern,
and significant concern. These scores help to determine the current overall condition of each
resaurce. The discussions for each component, found in Chapter 4 of this report, represent a
comprehensive summary of current available data and information for these resources, including
unpublished park information and perspectives of park resource maragkepesent a current
condition designation when appropriate. Each component assessment was revi©AetAby

resource managers, NPS Southeast Coast Network staff, or outside experts.

Existing literature, shortand longterm datasets, and input from NR®lather outside agency

scientists support condition designations for components in this assessment. However, in some cases,
data were unavailable or insufficient for several of the measures of the featured components. In other
instances, data establishirgference condition were limited or unavailable for components, making
comparisons with current information inappropriate or invalid. In these cases, it was not possible to
assign condition for the components. Current condition was not able to be detefonfiour of the
eightcomponents due to these data gaps.

For those components with sufficient available data, the overall condition varied. Three components
were determined to be in good conditiapiand hardwood hammocks, salt marshes veater

quality. However, water qualitgnd salt marshesereat the edge of the good condition range, and

any small decline in conditions could shifeminto the moderate concern range. Of the components

XXi



in good condition, trends could not be assignedifdand halwood hammocks and water quality
andsalt marshes a@onsidered stabl®©necomponentdir quality) wasof high concern primarily

due to emissions from surrounding developments (e.g., power plants, transportation, irulustry)
with an improvingtrend.Detailed discussion of these designations is presented in Chapters 4 and 5
of this report.

Several parkvide threats and stressors influence the caidif priority resources imlMU, largely
related to the proximity of human development and climatagdd hose of primary concern
includeair and water pollution, habitat loss/fragmentation, and sea leveUmnskerstanding these
threats, and how they relate to the condition of park resources, can help the NPS prioritize
management objectives and beftarus their efforts to maintain the health and integrity of the park
ecosystem, as well as its historically significammtictures anthndscape.
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1. NRCA Background Information

Natural Resource Condition Assessments (NRCASs) evaluate current conditions for a subset of

natural resourcesdn r esour ce indicators in national par k
on trends in resource condition (when possible), identify critical data gaps, and characterize a general
level of confidence for study findings. The resources and indicatophasized in a given project

depend on the parkdés resource setting, status o
identifying highpriority indicators, and availability of data and expertise to assess current conditions

for a variety of potentiesstudy
resources and indicators.

NRCAs Strive to Provide)

NRCAs represent a relatively new 9 Credible condition reporting for a subset of

approach to assessing and important park natural resources and indicators
reporting on park resource
conditions. They are meant to
complemend not replacé
traditional issueand threabased
resource assessments. As distinguishing chaistats, all NRCAs:

1 Useful condition summaries by broader resource
categories or topics, and by park areas )

Are multi-disciplinary in scopé;
Employ hierarchical indicator frameworks;

Identify or develop reference conditions/values for comparison against current corfditions;

1
1
1
f Emphasize spatial evaluation of conditions and GIS (map) products;
f  Summarize key findings by park areas; and

)l

Follow national NRCA guidelines and standards for study design and reporting products.

Although the primary objective of NRCAs is to report on current conditions relative to logical forms
of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the
underlying data and methods support such reporting)etigwinfluences on resource conditions.
These influences may include past activities or conditions that provide a helpful context for

1The breadth of natural resources and number/type of indicatalisated will vary by park.

2 Frameworks help guideamuttii sci pl i nary selection of indicators and subseq
] conditions for indicatory condition summaries by broader topics and park areas

3 NRCAs must consider ecologicalbased refeence conditions, must also consider applicable legal and regulatory standards,
and can consider other managermgpecified condition objectives or targets; each study indicator can be evaluated against one
or more types of logical reference conditionsféRence values can be expressed in qualitative to quantitative terms, as a single
value or range of values; they represent desirable resource conditions or, alternatively, condition states that weidish to av
that require a follonupresponse (e.g.ceol ogi cal thresholds or management fAtrigger :

4 As possible and appropriate, NRCAs describe condition gradienifferedces across a park for important natural resources
and study indicators through a set of GIS coverages and map products.

5n addition to reporting on indicatdevel conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on dy-@e@ basis: 1) by park ecosystem/habitat types or
watershds, and 2) for other park areas as requested.



understanding current conditions, and/or presiytthreats and stressors that are best interpreted at
park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas
and naural resources beyond park boundaries). Intensive @nbeffect analyses of threats and
stressors, and development of detailed treatment options, are outside the scope of NRCAs.

Due to their modest funding, relatively quick timeframe for completiod rallance on existing data

and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an
informal synthesis of scientific data and information from multiple and diverse sources. Level of
rigor and statistical repeataibyl will vary by resource or indicator, reflecting differences in existing
data and knowledge bases across the varied study components.

The credibility of NRCA results is derived from the data, methods, and reference values used in the
project work, whichare designed to be appropriate for the stated purpose of the project, as well as
adequately documented. For each study indicator for which current condition or trend is reported, we
will identify critical data gaps and describe the level of confidencelaaat qualitative terms.
Involvement of park staff and National Park Service (NPS) subjatier experts at critical points

during the project timeline is also important. These staff will be asked to assist with the selection of
study indicators; recomemd data sets, methods, and reference conditions and values; and help
provide a multidisciplinary review of draft study findings and products.

NRCAs can yield new insights about current park resource conditiofjsn many cases, their

greatest value nyabe the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can help park managers as they think about
nearterm workload priorities, frame data and study needs for important park res@nrdes
communicate messages about current park resource conditions to various audiences. A successful
NRCA delivers sciencbased information that is both credible and has practical uses for a variety of
park decision making, planning, and partnership aiets/

[Important NRCA Success Factors \

1 Obtaining good input from park staff and other NPS subject-matter experts at
critical points in the project timeline

1 Using study frameworks that accommodate meaningful condition reporting at
multiple levels (measures ] indicators] broader resource topics and park
areas)

1 Building credibility by clearly documenting the data and methods used, critical
\ data gaps, and level of confidence for indicator-level condition findings j

However, it is important to note that NRCAs do not establish management targets for study
indicators. That process must occur through park planning and management activities. What an
NRCA can do is delier sciencebased information that will assist park managers in their ongoing,

longt er m ef forts to describe and quantify a park®o

2



targets. In the near term, NRCA findings asdisttegic park resource plannfrand help parks to

report on government accountability measuresaddition, although kdepth analysis of the effects

of climate change on park natural resources is outside the scope of NRCAs, the condition analyses
and data sets developed for NRCAs Wwel useful for parftevel climatechange studies and planning
efforts.

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the

NPS Natural Resources Inventory & Monitoring (1&M) Prograifor example, NRCAs can provide

current condition estimates and help establish reference conditions, or baseline values, for some of a
parkdés vital signs monitor i ne\NP$datdiobelptevaluate. They
current conditions for those same vital signs. In sorsex;d&M data sets are incorporated into

NRCA analyses and reporting products.

ﬂCA Reporting Product se \

Provide a credible, snapshot-in-time evaluation for a subset of important park
natural resources and indicators, to help park managers:

1 Direct limited staff and funding resources to park areas and natural resources
that represent high need and/or high opportunity situations
(near-term operational planning and management)

71 Improve understanding and quantification for desired conditionsfort he park 6 s
Afundamental 6 and fAother i mportanto nfjatur al |
(longer-term strategic planning)

1 Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public

Vﬁresource condition statuso repory

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately
270 parks served by the NPS I&M Program. For more informaignthe NRCA Program website

8An NRCA can be useful during the development of a parkos Res
act as a posRSS project.

7 While accountability reporting measures are subject to change, thal apdtreferencéased condition data provided by
NRCAs wi | | be useful for most forms of fAresource condition s
of the Interior, or the Office of Management and Budget.

8The I&M programconsist of 32 net wor ks nationwide that are i mplementing
condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources
across the Nati @amh a lsardgaessiet dbphgsicat amemicdl Vandt biological elements and processes of park
ecosystems that are selected to represent the overall health or condition of park resources, known or hydéthesiofed e
stressors, or elements that have intgairhuman values.


https://www.nps.gov/orgs/1439/nrca.htm




2. Introduction and Resource Setting

2.1 Introduction

2.1.1 Enabling Legislation

Timucuan Ecological and Historic Prese(VéMU) was established by Congress on 16 February
1988to protect the natural ecology of ov#8,700 ha (46,200 acof lands and waters along the St.
Johns and Nassau Rivers in northeast FIdiRS 2016c)The preserve was named in honor of the
native Timicua peoplevho inhabited the St. Johns River valley for thousands of yestisthe mid
18" century. As mandated in the enabling legislation, TIMU is administered by the staff at Fort
Caroline National Memorial, whiccommemorates the French ColorfylaCarolineon the St.

J o h n 6 YNPR RO16e)in addition to its diverse natural resources, TIMU prot&atgsley
Plantation(Figure 1), the oldest surviving example of an antebellum Spanish Colonial plantation
at leas200 archeological sitegflecing over6,000 years of continuous human histGWrS 2016c)

1
i

[ w__.'_hih

Figure 1. Kingsley Plantation, as seen from the Fort George River (NPS photo).

2.1.2 Geographic Setting

The TIMU boundary includes 18,722 ha (46,263 acres) of diverse ecological communities, primarily
within the city limits of Jacksonville, Florid@dNPS 2016c)As of 2017, approximately 16% of this

area was owned by the NPS and 40% was owned by other pntilies(NPS 2017a)There are

also around 7,733 ha (19,110 ac) of private property within the park boundary, including some
residential developments. Several state parks and a naval base fall within or adjacent to the park
boundary Figure?2).
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Figure 2. Location of TIMU and adjacent public lands in northeast Florida.

Typical of the southeastern U.S., TIMU has a humid subtropical cliiPateey et al. 2007)

Summer high temperatures are typically in the33°C (88i 92°F) range with winter lows arourgi
10°C (461 50°F) (NCEI 2011) Tropical storms frequently pass within 16 km (10 mi) of the park, but
hurricane impacts have been rare historic@lPS 2016c)However, Jacksonville did experience
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flood damage from Hurricane Irma in 2017, and from Hurricanghder in 201§ Thorbecke 2016,
Hong 2017) Temperature and precipitation normals from the nearestteongweather monitoring
station (Mayport) are shown fablel.

Table 1. 30-year climate normals (19817 2010) from the Mayport station (USW00003853), near the mouth

of the St. Johns River (NCEI 2011).

Average daily Average daily Average precipitation
Month temperature min °C (°F) temperature max °C (°F) incm (in)
January 7.9 (46.3) 17.7 (63.9) 7.6 (3.0)
February 9.5 (49.1) 19.2 (66.6) 6.6 (2.6)
March 12.3 (54.2) 21.8 (71.2) 9.1 (3.6)
April 15.4 (59.8) 25.1 (77.2) 5.8 (2.3)
May 19.8 (67.7) 28.9 (84.0) 6.0 (2.4)
June 22.9 (73.2) 31.6 (88.8) 12.7 (5.0)
July 23.8 (74.9) 32.9 (91.2) 12.9 (5.1)
August 24.1 (75.3) 32.2 (89.9) 13.4 (5.3)
September 23.1 (73.6) 30.2 (86.4) 16.6 (6.5)
October 19.3 (66.8) 26.9 (80.4) 11.6 (4.6)
November 14.2 (57.5) 23.0 (73.4) 5.2 (2.0)
December 9.7 (49.4) 19.0 (66.2) 6.4 (2.5)
Annual 16.8 (62.3) 25.7 (78.3) 113.9 (44.8)

2.1.3 Visitation Statistics

Over the pastiecade, TIMU has received ovemlllion annual visitorsearly every yeafNPS

2020a) Since 2005annual visitabn has ranged from 903,00itors (2005) to 124 million (2015),

with a mean ofL..09million visitors (NPS 2020a)There are two NPS visitor centers at the park, at

Fort Caroline and Kingsley Plantation, as well as an interagency visitor center at the Ribault Club on
Fort George Islan(NPS 2021) Common visitor activities include vigg historic sites, wildlife

watching, fishing, and kayaking through the marskégufe3).



Figure3. The outdoor exhibit at Fort Caroline (left) and vi
marshes (right) (NPS photos).

2.2 Natural Resources

2.2.1 Ecological Units and Watersheds

TIMUI i es within the Envir on seutheraCoaskRlIrP@inleecetli on Age |
Ecoregion. The Southern Coastal Plain is a diverse ecoregion that includes coastal marshes, lagoons,
barrier islals, and swampy lowlands along the Atlantic and Gulf coasts (EPA 2013). The region was
historically covered by a variety of pine, hardwood, and mixed forests, but much of the area is now in

less diverse secorgrowth forest, pasture for livestock, or hundavelopmen{EPA 2013) The

EPA divides Level Il Ecoregions into smaller Level IV Ecoregidrtse majority of TIMU falls

within the Sea Islands/Coastal MarBlcoregion, with small portions in the Sea Island Flatwoods

(Figure4).



Figure 4. EPA Level IV Ecoregions of TIMU (EPA 2010).

The parkfalls within two different watershedsr subbasins, the Lower St. Johns and the Nassau
(Figureb). The Nassau subbasin includes all park lands that drain into the Nassau and Fort George
Rivers,approximately the northern twthirds of TIMU. The southern third of the park, including the
marshes surrounding Clapboard and Cedar Point Creeks, falls in the Lower St. Johns subbasin.
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Figure 5. HUC 8 watersheds (subbasins) of TIMU (EPA 2010).

2.2.2 Resource Descriptions

While nearly half of TIMU consists of tidal salt marshes, the park also supports wooded swamps,
hardwood hammocks, pine flatwoods, and coastal scrub or shrub commi@itiese et al. 2020)

The wooded swamps, primarily in the northportions of the park, include tree and shrub species

10



such as sweetgunhifuidambar styraciflug swamp tupelo/blackguniN§ssa biflord, bald cypress
(Taxodium distichuin loblolly bay Gordonia lasianthus and swamp bayPgrsea palustris Pine
flatwoods support primarily slash pinRigus elliotti) with some longleafK. palustrig and pond
pine P. serotind (OHare et al. 2020Hardwood hammocks are dominated by oak speQasrtus
spp.), often draped in Spanish moBglgndsia usneoidgsand an understory of cabbage palmetto
(Sabal palmettp(Zomlefer et al. 2007)

The park is home to 620 confirmed vascular plant taxa, including subspecies and \(AliRSies
2020d) Thirteen of these species are considered threatened or endangere8thtetioé Florida,
four of which are endemic to Floridagble?2).

Table 2. TIMU plant species designated as threatened or endangered by the state of Florida (FDACS
2018, NPS 2020d).

Scientific name Common name State status Habitat

Platanthera ciliaris yellow fringed orchid threatened marshes, flatwoods

Spiranthes laciniata | acel i gresbea di e|threatened lake shores, flatwoods, marshes

lllicium parviflorum® yellow anisetree endangered bottomland forest

Opuntia stricta erect pricklypear threatened shell mounds, coastal areas

Drosera intermedia spoonleaf sundew threatened wet flatwoods, drainage ditches

Sideroxylon alachuense® Alachua bully endangered hammocks

Sarracenia minor hooded pitcherplant threatened flatwoods, bogs, ditches

Pinguicula caerulea blueflower butterwort threatened flatwoods, ditches, roadsides

Forestiera godfreyi Godfrey®& swampprivet endangered mesic calcareous woods

Lantana depressa® depressed shrubverbena endangered pine rockland, coastal strand

Calamovilfa curtissii® Florida sandreed threatened pinewoods, wet prairies,
marshes

Cheilanthes microphylla southern lipfern endangered ump(!irr:((jjsmlxed forest, shell

Agrimonia incisa incised agrimony threatened sandhills, woods and thickets

E7 Endemic to the State of Florida

Twenty-four mammal species have been confirmed within the park, 21 native and threatinen
(AppendixA) (NPS 2020d)Common terrestrial mammals include whigdded deer ©Qdocoileus
virginianug, raccoon Procyon loto), opossum@idelphis virginiang, gray fox Urocyon
cinereoargenteysand gray squirrelciurus carolinensjs Bottlenose dolphinsTrsiops truncatus
and Florida manatee$richechus manatuatirostris), the latter a federally threatened species, can
be found in (NBR20208)r k6s waters

The various ecosystems at TIMU provide nesting, stopover, and overwintering habitat for a diverse
array of songbirds, wading birds, and waterfowl. More than 300espkave been confirmed at the

park, many of which are migratory spec{B’S 2020d)Sixteen of these species are classified as
endangered or threatened by the U.S. government or the State of Florida, including the Piping Plover
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(Charadrius melodys WoodStork Mycteria americang and Red KnotQalidris canutus rufa
(Figure6) (FWCC 2018b)

Figure 6. The Wood Stork (left) and Red Knot (right) are two of the federally threatened bird species
found at TIMU (NPS photos).

TIMU also supports 23 amphibiamd 43 reptile species, including the state threatened gopher

tortoise Gopherus polyphemu@NPS 2020d)The park has served as a research and monitoring
location for the Carolina diamondback terrapa(aclemys terrapirtentratg Figure7), a species

that was previously undetudied(Butler 2002, Kolluri 2014)Diamondback terrapin numbers

declined in the 1and early 2t centuries as a result of overharvest and have not recovered since,
primarily due to continued human influence (etmbitat loss, bycatch in crab trafSpastellon

2017) Additional research is needed to determine if the entire species, or some of the five subspecies
that occur in Florida, may warrant protection as a state threatened {Qastsion 2017)

The markes, tidal creeks, and rivers in and around the park support a diversity of fish and aquatic
invertebrates, including some commercially important species. Oysters were historically important as
a food source, but shellfish harvesting has been closed ial Dawinty since 1996 due to water

guality concerngNPS 2016c)Aquatic invertebrates have not been closely surveyed or studied in the
park, despite their value to the food web as prey species. Macroinvertebrate taxa that are thought to
be present at TIMre listed inAppendixB.

Despite their small size, insects play a vital role in terrestrial and aguatic ecosfisteaysand
Vaughan 2006, Macadam and Stockan 20EB) example, pollinators are critical in producing food
for both humans and wildlife, vile decomposers (e.g., beetles, flies) are key in nutrient cycling
(Losey and Vaughan 200@)Jowever, insects are often undgudied, and relatively little is known
about their diversity, abundance, and distribution on most NPS (AR 2015a)Severalesearch
projects to help address these gaps have occurred at TIMU during the past decade.
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Figure 7. A Carolina diamondback terrapin (Malaclemys terrapin centrata; North Florida Land Trust
photo, left) and gopher tortoise (Gopherus polyphemus) with burrow (Jacksonville University photo, right).

In 2009, a nationwide study was initiated to document baseline mercury levels in dragonfly larvae
(EaglesSmith et al. 2020)As predators relatively high on the aquatic food chain, dragonfly larvae
can serve asidicators of mercury contamination risk and overall ecosystem H{&g#imato 2015,
EaglesSmith et al. 2020)Three ponds at TIMU were sampled in 2014 as part of this study, and two
additional sites were surveyed to generate a preliminary checklistgufrdeand damselfly species
(Order Odonata) for the paf(RéAmato 2015 AppendixC). One site, Spanish Pond, was also
sampled annually frorB016 2019as part of the Dragonfly Mercury Projg&aglesSmith et al.

2018) Based on 2014 results, mercigyels in TIMU dragonfly larvae were lower than those at the
other 33 parks sample#igure8). At Spanish Pond, mean mercury levels in dragonfly larvae have
varied from 19.2 ppb to 113.7 ppb between 2014 and 2019 with no clear trend, but have stayed well
below 300 ppb, the level that may cause toxicological risk to organisms that consume the larvae
(EaglesSmith et al. 2018, NPS 2020b)
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Figure 8. Geometric mean of dragonfly larvae total mercury (THg) concentrations by park (bars) and by
site within parks (dots), 2014 (reproduced from Eagles-Smith et al. 2016). Error bars represent standard
error. TIMU is the second bar from the right.
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vegetated inland sand dw@&PS 2015a)Twenty-four bee species were found at TIMU, including a
rare saneassociated leafcutter bedé€gachile pruinjand a rare lkeptoparasiticspecies Epeolus
carolinug. A full list of bee species documented during this study can be foukgbendixD.
Although no research into other pollinators at TIMU has been published, the Kingsley Bird Club
documented butterfly and moth species observed in 2006; this list is incluApgersdixE.

Two bee species found at TIMU: Megachile mendica, a common leaf cutting bee (left) and Agapostemon
splendens, a sand-associated sweat bee (right) (USGS photos).
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2.2.3 Resource Issues Overview

Nornrnative Species

Non-nativeinvasive species pose one of the greatest threats to biodiversity and ecostesiaty in
worldwide, with the potential to impact ecological community composition, structure, and function
(Mooney et al. 2005, Beard and App 20IB)ese species can compete with native plants and
animals and disrupt ecosystem processes such as nutcéng@nd disturbance regimes (e.g., fire,
flooding). Eighteen of the nenative plant species that have been documented at TIMU are
considered invasive by the State of Floridialfle3) (FLEPPC 2019)The park has coordinated with
theNPS Florida and Cdrbean Invasive Plant Management Team (FLC IPMTemove and

control invasive plants at Kingsley Plantation, Thomas Creek and the Theodore Roosevelt/Fort
Caroline AreagNPS 2016c)Species targeted include Chinese talldwadica sebifery, Chinese
wisteria Wisteria sinensjs camphortreeGinnamomum camphayaandair potato Dioscorea
bulbiferg) (NPS 2016d)Non-native animals occurring at TIMU that may negatively impact native
plant and wildlife communities include feral ho@ué scrofpand feral ats Eelis catu (NPS

2020d) Feral hogs are found in every county in Florida, in habitats ranging from hardwood
hammocks to salt marshes and pine flatwd&®#8C 2021b) Rooting by feral hogs disturbs soils and
native vegetation, exposing them to erosaod nonnative plant invasion@JSDA 2013)

Table 3. Non-native, invasive plant species documented within TIMU (NPS 2020d) with Florida
invasiveness category (FLEPPC 2019).

Invasiveness
Scientific name Common name category 2
Albizia julibrissin silktree, mimosa 1
Alternanthera philoxeroides alligatorweed 2
Ardisia crenata coral ardisia 1
Asparagus aethiopicus Sprenger® asparagus fern 1
Cinnamomum camphora camphortree 1
Dactyloctenium aegyptium Durban crowsfoot grass 2
Dioscorea bulbifera air potato 1
Eichhornia crassipes water-hyacinth 1
Landoltia punctata dotted duckmeat/duckweed 2
Lantana camara largeleaf lantana 1
Ligustrum lucidum glossy privet 1
Lonicera japonica Japanese honeysuckle 1
Ludwigia peruviana Peruvian primrose-willow 1
Lygodium japonicum Japanese climbing fern 1

aCategory 1 = Invasives that are altering native plant communities by displacing native species, changing
community structures or ecological functions, or hybridizing with natives; Category 2 = Invasives that have
increased in abundance or frequency but have not yet altered Florida plant communities to the extent shown by
Category 1 species. These species may become Category 1 if ecological damage is demonstrated.
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Table 3 (continued). Non-native, invasive plant species documented within TIMU (NPS 2020d) with
Florida invasiveness category (FLEPPC 2019).

Invasiveness
Scientific name Common name category 2
Melia azedarach chinaberry 2
Pueraria montana kudzu 1
Triadica sebifera Chinese tallow 1
Wisteria sinensis Chinese wisteria 2

aCategory 1 = Invasives that are altering native plant communities by displacing native species, changing
community structures or ecological functions, or hybridizing with natives; Category 2 = Invasives that have
increased in abundance or frequency but have not yet altered Florida plant communities to the extent shown by
Category 1 species. These species may become Category 1 if ecological damage is demonstrated.

Climate Change

Climate is a key driving factor in the ecological and physical processes influencing park ecosystems
throughout the Southeast Coast Network (SE@N)vey et al. 2007)As a result of global climate
change, temperatures are projected to increase across theastertn U.S. over the next century

(Carter et al. 2014)Warmer air temperatures will increase evaporation rates and plant transpiration
(i.e., plant water use), meaning that even if annual precipitation remains constant or slightly
increases, overall cditions could still become drier in the futui@arter et al. 2014 Higher air
temperatures will lead to higher water body temperatures, which will impact sensitive aquatic
ecosystemgHoeghGuldberg and Bruno 20100 the marine and estuarine environtsefor

example, many species are adapted to a particular temperature range and are negatively impacted if
temperatures fluctuate too far or too frequently outside that range. Some organisms rely on
temperature cues to initiate behaviors such as migratiogproduction; climate changes may disrupt
the timing of these vital processgtawkes et al. 2009, Hoegbuldberg and Bruno 201Q)Varmer

waters also hold less dissolved oxygen, which is necessary for most aquatic organisms, than cooler
waters(USGS 206b). In addition, warmer ocean waters can intensify storm impacts, including
hurricanegHoeghGuldberg and Bruno 2010, IPCC 2013)

Warming temperatures will trigger sea level rise (SLR), due to both the thermal expansion of water
and the melting of contental ice(IPCC 2013) Between 1993 and 2010, global SLR averaged 3.2
mm/year (0.13 infyea)PCC 2013) At Mayport, FL, SLR has averag@d’2 mm/year (0.11 in/yr)

from 1928 2019 which is equivalent to a rise of approximately 27.1 cm (0.9 ft) over 186G ye
(Figure9). The SLR rate is expected to increase over the remainder of this century, so that total SLR
by 2100 will be between (B20.98 m(0.9i 3.2 ft) (IPCC 2013) Sea level rise results in the loss of
coastal lands, as rising waters inundate additiareas along the shore. In some cases, accretion
(sediment accumulation) may keep up with the rate of SLR, but models project that higher rates of
SLR (-1 m [3.3 ft] by 2100) may result in the conversion of tidal wetlands to open(&ekepp

2015, Alizad et al. 2016a)

16



8720218 Mayport, Florida 2,72 +/- 0.26 mm/yr

0.60

— Linear Relative Sea Level Trend
0.45 | |~ Ypper 95% Confidence Interval
— Lower 95% Confidence Interval

Monthly mean sea level with the
average seasonal cycleremovedf - - - - - - - - - - — — — — — — — — — — — — — — — — — — — — — — — —

0.30

Meters

045 — - - — — — m m m e mm— — ———— - - -

-0.60 - : : : ; ; ;
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Figure 9. Mean sea level trend for Mayport, FL (NOAA 2020).

Development

Duval County, where TIMU is located, has been among the fastest growing counties in Florida, and
the City of Jacksonville has experienced one of the highest overall population increases in the

country(U.S. Census Bureau 2018etween 2010 and 2019, Jacks v i | | e 6 s

popul ati on

nearly 11%, from approximately 822,000 to 911,80(5. Census Bureau 202@evelopment and
urban expansiorHgure10), which typically accompany population growth, can increase air and
water population, contribute to Ihigat loss and fragmentation, and increase exposure to invasive

speciegByrd 2007, NPS 2016c¢, UNF and JU 201R9r examplethe increase in impervious

surfaces associated with development (e.g., roads, driveways, parking lots) has intensified storm

runoff, which often carries contaminants from developed areas into wetlands and waterways
(Anderson 2005, Shehane et al. 200%)is includes excess nutrients such as nitrogen and

phosphorous that contribute to eutrophication, which can decrease dissolved lexgi®ein surface

waters and trigger harmful algal bloofi$SGS 2016a, 2017a)

Human modification of rivers and estuarine systems often threaten salt marshes and aquatic wildlife.

Dredging to maintain shipping channels has impacted river and coastaldgydacross northeast
Florida by altering water levels, salinity, and sediment dispersal/acc(ggmmish 2001, Dix et al.
2017, UNF and JU 2019predging is likely to continue on the St. Johns River in the future to
maintain depth and channel stalilior commercial and naval shippifgNF and JU 2019)
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Figure 10. Areas in red above experienced landcover change from undeveloped to developed, or from
lower intensity to higher intensity development, between 2001 and 2019, according to the National Land
Cover Database (NLCD) (USGS 2021).
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2.3 Resource Stewardship

2.3.1 Management Directives and Planning Guidance

According to TIMUOGsSs original Gener al thrdigmaa g e me n t
process of cooperation among landowners, regulatory authorities, and others with jurisdiction or an
interest in the @serveé (NPS 1995)The objective of park management is

€ promoting environmental awareness and sound land stewardship practices, while
providing for visitor understanding and appreciation of preserve resources and $tdHSs
1995)

Aswaterandaquati ¢ resources are Vi tpEelpetuate suiffaceMhd, par k
ground waters as integral components of park aquatic and terrestrial eco8ystenmaintaif the

natural quality of surface and ground waters in accordance with aitaiplel federal, state, and local

laws and regulatio@g NPS 1996)Specific management objectives related to water resources

include:

1 To achieve and maintain Florida Class Il (edible shellfish) water quality standards within the
preserve in order to pronwbiodiversity and to protect the estuarine ecosystem;

1 To coordinate with agencies responsible for regulating the development of uplands within the
preserve to ensure that current and future uses di nit impair significant natural habitats, water
quality, a a healthy estuarine ecosystem;

1 To strenuously foster no net loss of wetlands in the preserve;

1 To preserve the natural dynamics of the surface water and tidal hydrologic regimes which are
critical to the biological systems of the preserve;

1 To manage, in@operation with other agencies, boating, boat&lgted activities, fishing
and hunting to allow the public to experience the various wetsed resources and values of
the preserve in a manner which wilVelopepbt &€ 1 mp
and undisturbed estuarine system;

1 To educate the general population and visitors about the impacts and relationships between
human use and natural resources, and the wetlands and upland dynamics of a saltwater
estuary complexand

1 To ensure the pxasion of land and watdbased access to allow visitors to have a visual and
sensory understanding of the wetlands eco(®{#3S 1996)

2.3.2 Status of Supporting Science

The SECN identifies key resources netwuarikle and for each of its parks that can bedito

determine the overall health of the parks. These key resources are called Vital Signs. In 2008, the
SECN completed and released a Vital Signs Monitoring @aivivo et al. 2008)Table4 shows

the SECN Vital Signs selected for monitoring in TIMU.
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Table 4. SECN Vital Signs selected for monitoring in TIMU (DeVivo et al. 2008).

Category

SECN Vital Sign

Categ|{ Categ

1

2

Categ

Air and Climate

Ozone

X

Wet and Dry Deposition

X

Visibility and Particulate
Matter

Air Contaminants

Weather and Climate

Geology and Soils

Coastal Shoreline Change

Salt Marsh Elevation

X | X

Water

Groundwater Dynamics

Surface Water Dynamics

Water Chemistry

Biological Integrity

Invasive/Exotic Plants

X | X

Marine Invertebrates

Fish Communities

x| X

Amphibians

Breeding Forest Birds

X | X

Small Mammals

Plant Communities

Shorebirds (T&E species)

T&E Species

Human Use

Fisheries Take

Visitor Use

X [ XX

Landscapes
(Ecosystem Patterns and Processes)

Fire and Fuel Dynamics

X

Land Cover and Use

X

a Category 1 represents Vital Signs for which the network will develop protocols and implement monitoring.

b Category 2 represents Vital Signs that are monitored by the park, another NPS program, or by another federal

or state agency using other funding.

¢ Category 3 represents priority Vital Signs for which monitoring has been deferred.

Since2008, the University of North Florida (UNF) and Jacksonville University (JU) have

collaborated to produce an annual StatthefLower St. Johns River Basin report for the City of

Pr o tpercatidressesti®@ o ar d
condition of resources such as fisheries, wetlands, aquatic invertebratestinerspecies, water
chemistry, and contaminants (metals, hydrocarbons, pesticides, etc.). These reports provide some
insight into the condition of aquatiesources within the St. Johns Basin portion of TIMU (See

Figureb). The City of Jacksonville collects water quality data from 12 locations within or near TIMU
approximately every 2 months (Hynds and Starkey 2019). These data are a useful supplement to the

Jacksonvill eobs

Environment al
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NPS water quality monitoring and have been included in SECN monitoring reports (Wright et al.
2012, Wright and Mockus 2015, Hynds and Starkey 2019).
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3. Study Scoping and Design

This NRCA is a collaborative project between the NPS and SMUMN GSS. Project stakeholders
include theTIMU resource management team, &iCNInventory and Monitoring Program staff.
Before embarking on the project, it was necessary to identify #wfisproles of the NPS and

SMUMN GSS. Preliminary scoping meetings were held, and a task agreement and a scope of work
document were created cooperatively between the NPS and SMUMN GSS.

3.1 Preliminary Scoping

A preliminary scoping meeting was held @i 23 January 220. At this meeting, SMUMN GSS and
NPS staff confirmed that the purpose of the TIMU NRCA was to evaluate and report on current
conditions, critical data and knowledge gaps, and selected existing and emesginge condition
influences of concern to TIMU managers. Certain constraints were placed on this NRCA, including
the following:

1 Condition assessments are conducted using existing data and information;

1 Identification of data needs and gaps is driven bytbgect framework categories;

1 The analysis of natural resource conditions includes a strong geospatial comaondent;
1 Resource focus and priorities are primarily driven by TIMU resource management

This condition as s e sstnemeauatmn af the cdndittion af a delechsatpfs h o t
park natural resources that were identified and agreed upon by the project team. Project findings will
aid TIMU resource managers in the following objectives:

1 Develop neaterm management priorities (how toaadate limited staff and funding

resources);

Engage in watershed or landscape scale partnership and education efforts;

Consider new park planning goals and take steps to further traeke;

Report program performance (e.g., Department of Interior Strategic® A | a godls heal t h
Government Performance and Results Act [GPRA]

= =4 -4 =2

Specific project expectations and outcomes included the following:

1 For key natural resource components, consolidate available data, reports, and spatial
information from appropriateosirces including IMU resource staffthe NPS Integrated
Resource Management Application (IRMA) websiterentory and Monitoring Vital Signs
andavailablethird-party sources. The NRC#eport will provide aesource assessment and
summary of pertinent da evaluagéd through this project;

1 When appropriate, define a reference condition so that statements of current condition may
be developed. Thetatementsvill describe the current state of a particular resource with
respect to an agreed up@ierence point;

T Clearly identify (mes thesgdatmelavant to thd keyiresauices). d at a
This will drive the data mining and gap definitiprocess;
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1 Where applicable, develop GIS products that provide spatial representation ofeelsday
ecological processes, resource stressors, trends, or other valuable informatantbat
better interpreted visuallgnd
T Utilize Agray I|literatureo and reports from t

3.2 Study Design
3.2.1 Indicator Framework, Focal Study Resources and Indicators

Selection of Resources and Measures

As defined by SMUMN GSS in the NRCA process, a
preserve. This framework is a way of organizing, in a hierarchical fadfimgeophysical resource

topics considered important in park management efforts. The primary features in the framework are
key resource components, measures, stressors, and reference conditions.

AComponent so in this pr oc éeg.sbirds)eeolodilfpiocessesoras nat
patterns (e.g., natural fire regime), or specific natural features or values (e.g., geological formations)

that are considered important to current park management. Each key resource component has one or
mo r e fersed beatdafinghe current conditiorof a component being assessed in the NRCA.
Measures are defined t®se values or characterizations that evaluate and quantify the state of

ecological health or integrity of a component. In addition to meastuggnt condition of
components may be influenced by certain fistress
A fistressoro is defined as any pdspdvarseehhngesbi ol og
within acomponen(EPA 2016a) Theseaypically refer to anthropogenic factors that adversely affect

natural ecosystems, but may also include natural processes or disturbances such as floods, fires, or
predation.

During theTIMU NRCA scoping procesggey resource components were identified\BS staff

and are represented as fc owhjedhiséshof coraporiemsisnota NRCA
comprehensive list of all the resources inphek it includes resources andopesses that are unique

to the park in some wagr are of greatéxoncern ohighestmanagement priority imIMU . Several

measures for each component, as well as known or potential stregsoalsoidentifiedin

collaboration with NPS resource staff.

Selection of Reference Conditions

A Areference nccohmtairtki amod wihss cah bceurrent values of
can be compared to determine the condition of that component. A reference condition may be a
historical condition (e.g., flood frequency prior to dam construction on a river), an established

ecological threshold (e.g., EPA standards for air quality), or a targeted management goal/objective
(e.g., a bisomerdof at least 200 individualgbtoddard et al. 2006)

Reference conditions in this project were identified during the scoping procegsmymihfrom NPS
resource stafiin some cases, reference conditions represent a historical refbegacshuman
activity and disturbance was a major driver of ecological populations and processes,ipueffires
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suppressi on. 0 -reviewed litehature anc acslegieal thrgskokls helped to define
appropriate reference conditions.

Finalizing the Framework

An initial framework was adapted from the organizational framework outlined by the H. John Heinz
I'l'l Center for Sat eanéé$sEGaéG&bagng @eatenR00TKaW 8 bl
resources for the paxrkereadaptedrom the TIMU State of the Park RepaNPS 2016c)This

initial framework was presented parkresource staff to stimulate meaningful dialogue about key
resources that should be assesSaghificant collaboration between SNMIN GSS analysts and NPS
staff was needed focus the scope of the NRCA project and finalize the framework of key resource
to be assessed.

The NRCA frameworkvas finalizedby the end ofebruary 2@0 following review andacceptance

from NPSresource staffThe frameworlcontains a total aofightcomponentsTable5) and was used

to drive analysis in this NRCAT his framework otlines the componen{sesources), most

appropriate measures, known or perceived stressors and threats to the resources, and the reference
conditions for eackomponenfor comparisorio current conditions.
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Table 5. Timucuan Ecological and Historic Preserve natural resource condition assessment framework.

Communities

Salt marshes

plant species richness of
estuarine/brackish wetlands (3),
elevation of saltwater marshes,
using sediment elevation tables (3),
water quality (3)

preventing marsh migration, climate
change related sea level rise, boat
wakes, storm events, dredging and
related spoil island creation, siltation
and changes in hydrologic flows

Category Component Measures (Significance Level) Stressors Reference Condition
Palm bronzing, redbay disease, Use current veg map as a point of
Upland Hardwood Acreage (3), species richness (2), invasive species, development, comparison for future assessments.
Hmeocks invasive species presence/absence | climate change and range No loss or degradation from current
(3), redbay presence/persistence (2) | expansion of non-natives, storm condition (e.g., no increase in
Biotic events (surge, winds, etc.) number of invasive species).
Composition/ Extent (acreage) of Mangrove migration north, armored |\ o
Ecological estuarine/brackish wetlands (3), surfaces on private inholdings g map P

comparison for future assessments
for extent. Could use comparable
salt marshes to north (CUIS) and
south (GTM) for species richness.
State standards for water quality.

Biotic
Composition/
Wildlife

Amphibian species richness (3),
reptile species richness (3), number

Chytrid fungus, development and
habitat loss/fragmentation, traffic

Tuberville (2005) for species

Herpetofauna of gopher tortoise burrows (3), . . ) richness. Baseline for terrapins and
. . . strikes, climate change, predation, . .
diamondback terrapin nesting . . . tortoises will be current data.
air quality/pollution
numbers (2)
Species richness (3), species .
. . o lim han velopment, feral
Birds abundance (3), species distribution Climate change, development, fera Byrne et al. (2011)

(3), wading bird nesting numbers (3)

cats, boat traffic (wake issues)

Saltwater Fish Community

Species richness (3), indices of
abundance for age classes (3)

Water quality degradation, loss of
nursery habitat as a result of
development and hardened/armored
surfaces, climate change, possible
overharvest

No further deterioration or loss in
community

Oysters

Change in oyster bed extent (3),
recruitment (3), contaminant levels

3)

Boat wakes, channel manipulation,
climate change/sea level rise, water
quality changes

No net loss (extent, recruitment);
NOAA Mussel Watch& flowo
contaminant ranges for oysters
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Table 5 (continued). Timucuan Ecological and Historic Preserve natural resource condition assessment framework.

Category

Component

Measures (Significance Level)

Stressors

Reference Condition

Environmental

Quality

Water Quality

DO (3), salinity (3), total nitrogen
(3), total phosphorus (3), indicator
bacteria (3), water clarity (3),
chlorophyll a (3), total organic
carbon in sediment (3), sediment
contaminant rating (3)

Wastewater/septic discharge,
agricultural runoff, dredging
projects, adjacent land development
(including fertilizer runoff from
residential areas), gas/oil spills from
recreational boats/marinas

Criteria used by the SECN water
quality monitoring program; salinity
reference is undefined

Air Quality

Atmospheric deposition of
sulfur/nitrogen (3), Ozone (3),
atmospheric deposition of mercury
(3), visibility (3)

Development, vehicle traffic, local
power plant, wildfires, rural trash
burning, possibly operations at
Naval Station Mayport

NPS ARD established standards
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3.2.2 General Approach and Methods

This study involved gathering and reviewing existing literature and data relevant to each of the key
resource components included in the framework. No new data were collected for this study; however,
where appropriate, existing data were further analyzed to provide summaries of resource condition or
to create new spatial representations. After all dadditarature relevant to the measures of each
component were reviewed and considered, a qualitative statement of overall current condition was
created and compared to the reference condition when possible.

Data Mining
The data mining process (acquiringnagch relevant data about key resources as possible) began at

the initial scoping meeting, at which tiniéMU staff provided data and literature in multiple forms,
including: NPS reports and monitoring plans, reports from various state and federal agencies,
published and unpublished research documents, databases, tabular data, and charts. GIS data were
provided by NPS staffr downloaded from IRMAAdditional data and literature were also acquired
through online bibliographic literature searches and inquorevarious state and federal government
websites. Data and literature acquired throughout the data mining process were inventoried and
analyzed for thoroughness, relevancy, and quality regarding the resource components identified at
the scoping meeting.

Data Development and Analysis

Data development and analysis was highly specific to each component in the framework and
depended largely on the amount of information and data available for the component and
recommendations from NPS reviewers and sourcegprtise including NPS staff fromiMU and

the SEQN. Specific approaches to data development and analysis can be found within the respective
component assessment sections located in Chapter 4 of this report.

Scoring Methods and Assigning Condition

Significance Level
A set of measures are useful in describing the condition of a particular component, but all measures
may not be equally i mportant. A ASignificance L
scale fromli 3) of the importance of each measureingassd ng t he componentds co
Significance Level is defined ihable6. This categorization allows measures that are more important
for determining condition of a component (higher significance level) to be more heavily weighted in
calculating an werall condition. If a measure is given a Significance Level of 1, it is thought to be of
low importance when determining the overall condition of the component. For this reason, measures
with a Significance Level of 1 are not discussed in detail in thee@uCondition and Trends section
of a componentds chapter. Significance Levels w
assessment through discussions with park staff and/or outside resource experts.
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Table6.Scal e for a me aableveldnddsterrining a dormhpore@aowerall condition.

Significance Level (SL) | Description

1 Measure is of low importance in defining the condition of this component.

2 Measure is of moderate importance in defining the condition of this component.
3 Measure is of high importance in defining the condition of this component.

Condition Level
After each componertssessmelig completedincluding any possible data analysiSMUMN GSS
analysts assign a Conditior\el for each measuom a Oi 3 integer scaléTable 7. This is based on
all the available literature and data reviewed for the component, as welhasunications with park
and outsideexperts

Table 7. Scale for Condition Level of individual measures.

Condition Level (CL) Description

0 GOOD CONDITION. No net loss, degradation, negative change, or alteration.
1 Of LOW concern. Signs of limited and isolated degradation of the component.
5 Of MODERATE concern. Pronounced signs of widespread and uncontrolled

degradation.

Of SIGNIFICANT concern. Nearing catastrophic, complete, and irreparable
degradation of the component.

Weighted Condition Score
After the Significance Levels (SL) ar€bndition Levels (CL) are assigned, a Weighted Condition
Score (WCS) is calculated via the following equation:

I_I (3 ”n wr ”"n
B YuZ0 U

gz B" YO

The resulting WCS value is placed into one of three possittégories: resource is in good

condition (WCS = 0.@o 0.33); condition warrants moderate concern (WCS =@ 8466); and

condition warrants significant concern (WCS = 0.67 to 1.08ples 8 and9 displayand describe the

symbology usetb represend ¢ o mp camditionin dhis assessmerthe olored circles

represent the categorized WGE& circles signifya significant concernyellow circlesamoderate

concernand green circleare in good conditim White circles are used to represent situagion

which SMUMN GSS analysts and park staff fiflerewascurrently insufficient data to make a

statement about the condition of a componérit.te bor der of the circles r ej
confidence inhie assessment of current condition; bold borders indicate high confidence, normal

borders indicate medium confidence, and a dabloeder indicates low confidencéhe arrows
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inside the circles indicate the trend of the condition of a resource comphbessd on data and

literature from the pa&ii 10 years, as well as expert opiniédm upwardpointingarrowindicates the
condition of the component has been improving in recent tikrearrow that points to the left and

right indicates a stable conditionrarendand an arrovpointing down indicatea decline in the

condition of a component in recent times. These are only used when it is appropriate to comment on
the trend of condition of a component Ampty circle with narrowis reserved for situations

which t he tr e ngslcongifionis ¢tueently onkmpvenn e nt 0

Table 8. Description of symbology used for individual component assessments.

Condition Status Trend in Condition Confidence in Assessment
Condition Condition Icon Trend Trend lcon Confidence Confidence lcon
Icon Definition Icon Definition Icon Definition

Resource is in Good Condition is High
Condition Improving 9
Resource warrants Condition is .
. Medium
Moderate Concern Unchanging
Resource warrants Condition is ll' \\ Low
Significant Concern Deteriorating '\ ,/'

Table 9. Example indicator symbols and descriptions of how to interpret them in WCS tables.

Symbol
Example | Verbal Description

Resource is in good condition; its condition is improving; high confidence in the assessment.

assessment.

Condition of resource warrants significant concern; trend in condition is unknown or not applicable;
low confidence in the assessment.

@ Condition of resource warrants moderate concern; condition is unchanging; medium confidence in the

’ v | Current condition is unknown or indeterminate due to inadequate data, lack of reference value(s) for
comparative purposes, and/or insufficient expert knowledge to reach a more specific condition
Seoo” determination; trend in condition is unknown or not applicable; low confidence in the assessment.
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Preparation and Review Gfomponent Draft Assessments

The preparation of draft assessments for each component was a highly cooperative process among
SMUMN GSS analystandTIMU andSECNstaff. ThoughPSMUMN GSS analystsety heavily on
peerreviewedliterature and existing data in conducting the assessment, the expertise of NPS
resource staff also plays a significant and invaluable role in providing insights into the appropriate
direction for analysis and assessment of each component. This sfegcially importantvhen data

or literatureare limited fora resource component.

The process of developing draft documentssfirthcomponent began with a detailed phone or
conference call with an individual amultiple individuals considereldcal expertson the resource
components under examination. These conversations were a way for analysts to verify the most
relevant data and literature sources that should be aisédlso to formulate ideas about current
condition with respect to tHePS staffopinions.Upon completion, draft assessments were forwarded
to component expert®f initial review and comments.

Development and Review of Final Component Assessments

Following review of the componemtraft assessmentanalysts used the review feedback from
resourceexperts to compile the final componerssessmenté\s a resulbf this processand based
on the recommendations and insights provided by TIMU resource staff and other ¢xpdins)|
component assessments represent the most relevant and dataesnailabléor each component
and the sentiments of park resource staff and resource experts.

Format of Component Assessment Documents
All resource component assessments are presented in a standard format. The format and structure of
these assessmeirsdescribed below.

Description
This section describes the relevance of the resource component to the park and the context within
which it occurs in the park setting. For example, a component may represent a unique feature of the
park, it may be a key peess or resource in park ecology, or it may be a resource that is of high
management priority in the park. Also emphasized are interrelationships that occur among the
featured component and other resource components included in the NRCA.

Measures
Resource&omponent measures were defined in the scoping process and refined through dialogue
with resource experts. Those measures deemed most appropriate for assessing the current condition
of a component are listed in this section, typically as bulleted items.

Rderence Conditions/Values
This section explains the reference condition determined for each resource component as it is defined
in the framework. Explanation is provided as to why specific reference conditions are appropriate or
logical to use. Also inclugt in this section is a discussion of any available data and literature that
explain and elaborate on the designated reference condlfitimsse conditions or values originated
with the NPS experts or SMUMN GSS analysts, an explanation of how theylexesi®ped is
provided.
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Data and Methods
This section includes a discussion of the data sets used to evaluate the component and if or how these
data sets were adjusted or processed as alfggmlanalysis. If adjustment or processing of data
involved an etensive or highly technical process, these descriptions are included in an appendix for
the reader or a GIS metadata file. Also discussed is how the data were evaluated and analyzed to
determine current condition (and trend when appropriate).

Current Condiion and Trend
This section presents and discusseddpth key findings regarding the current condition of the
resource component and trends (when available). The information is presented primarily with text
but is often accompanied by detailed mapplates that display different analyses, as well as graphs,
charts, and/or tables that summarize relevant data or show interesting relationships. All relevant data
and information for a component is presented and interpreted in this section.

Threats and Séssor Factors
This section provides a summary of the threats and stressors that maytimapesburce and
influence to varying degrees the current condition of a resource component. Relevant stressors were
described in the scoping process and are odtiiméhe NRCA framework. However, these are
elaborated om this sectiorto create a summary of threats and stredsased on a combination of
available data and literature, and discussions mgburceexperts andNPSnatural resources staff.

Data Need/Gaps
This section outlines critical data needs or gaps for the resource component. Specifically, what is
discussed is how these data needs/gaps, if addressed, would provide further insight in determining
the current condition or trend of a given compdneriuture assessments. In some cases, the data
needs/gaps are significant enough to make it inappropriate or impossible to determine condition of
the resource component. In these cases, stating the data needs/gaps is useful to natural resources staff
seking to prioritize monitoring or data gathering efforts.

Overall Condition
This section provides a qualitative summary statement of the current condition that was determined
for the resource component using the WCS method. Condition is determined aftgntfilaeview
of available literature, data, and any insights from NPS staff and experts, which are presented in the
Current Condition and Trend section. The Overall Condition section summarizes the key findings
and highlights the key elements used iredmining and justifying the level of concern, if any, that
analysts attribute to the condition of the resource component. Also included in this section are the
graphics used to represent the component condition.

Sources of Expertise
This is a listing of tk individuals (including their title and affiliation with offices or programs) who
had a primary role in providing expertise, insight, and interpretation to determine current condition
(and trend when appropriate) for each resource component. Sourdstedralphabetically by last
name.
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4. Natural Resource Conditions

This chapter presents the background, analysis, and condition summariesefghtkey resource
components in the project framework. The following sections discuss the key resources and their
measures, stressors, and reference condifldressummary for eaatomponents arranged around

the following sections:

1. Description

2. Measures

3. Reference Condition

4. Data and Methods

5. Current Condition and Trend (including threats and stressor factors, data needs/gaps, and
overall condition)

6. Sources of Expéise

The order of components follows the project framewdikb{e5):

4.1 UplandHardwood Hammocks
4.2 Salt Marshes

4.3 Herpetofauna

4.4Birds

4.5 Saltwater Fish Community
4.6 Oysters

4.7 Water Quality

4.8 Air Quality
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4.1 Upland Hardwood Hammocks

4.1.1 Description

Upland hardwood hammocks are a wooded coastal community type with xeric (dry) to mesic

(moderate) soils, dominated by oaks and other hardwood trees and(8heGlhsng 2004, Zomlefer

et al. 2007) Forested hammocks are considered a tagesof succession, occurring in landscapes

that have not recently experienced serious disturbances such as fires and {Bpdirkp07,

Zomlefer et al. 2007)Most hammocks have dense tree or shrub canopie$d8%), with tree

branches supporting epigies such as Spanish moss and resurrection Péengeltis polypodioidgs
(Zomlefer et al. 2007, Cottenetal. 2019) F1 ori dads hardwood hammocks p
for wildlife, particularly for migrating birds after transoceanic or trgo¥ flights (Bezanilla 2002)

A maritime hardwood hammock at TIMU (NPS photo by R. Rasmussen).

At TIMU, upland hardwood hammocks are common at Cedar Point, Fort George Island, Talbot
Island, and the Theodore Roosevelt Area (TRZmMlefer et al. 2007, @lare et al. 2020)n these
areas, dominant woody species include live @kercus virginiang sand live oak Q. geminaty
southern redcedadniperus virginianavar. silicicola), and cabbage palmet{Gity of Jacksonville
1998, Bezanilla 2002, Zomlefer et al. 200F)r the purposes of this NRCA, eight land cover classes
(as mapped by ®lare et & 2020)will be included as hardwood hammock vegetation communities.
These classes, along with their common tree and shrub species, are preSeaibéil D
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Table 10. Hardwood hammock vegetation types at TIMU and their common plant species, as described
by OdHare et al. (2020).

Land cover class Common tree/shrub species

Live oak (Quercus virginiana), pignut hickory (Carya glabra),
southern redcedar (Juniperus virginiana var. silicicola), southern
Maritime Live Oak Hammock magnolia (Magnolia grandiflora), Darlington oak (Q. hemisphaerica),
cabbage palmetto (Sabal palmetto), redbay (Persea borbonia),
yaupon (llex vomitoria)

Cedar - Live Oak - Cabbage Palmetto Southern redcedar, live oak, cabbage palmetto, sugar hackberry
Marsh Hammock (Celtis laevigata)

Sand live oak (Q. geminata), slash pine (Pinus elliottii), water oak
Southeastern Florida Maritime Hammock | (Q. nigra), Darlington oak, myrtle oak (Q. myrtifolia), saw palmetto
(Serenoa repens), blueberries (Vaccinium spp.)

Live oak, cabbage palmetto, red maple (Acer rubrum), slash pine

Pal - Li k Hydric H k . o . L
almetto - Live Oak Hydric Hammoc (Pinus elliottii), loblolly pine (P. taeda), laurel oak (Q. laurifolia)

Cabbage palmetto, live oak, red maple, sweetgum (Liquidambar

Cabbage Palmetto Hydric Hammock styraciflua), water oak (Q. nigra)

Red maple, sweetgum, southern magnolia, live oak, cabbage

Temperate Hydric Hammock
P yan palmetto

Northeast Florida Coastal Scrub Sand live oak, myrtle oak, saw palmetto, redbay

Sand live oak, myrtle oak, Ch a p ma n 6G chapan&nii),(redbay,

Xeric Oak Shrubland devilwood (Osmanthus americanus)

4.1.2 Measures
1 Acreage
1 Species richness
1 Invasive plant species presence/absence
1 Redbay presence/persistence

4.1.3 Reference Condition/Values

There is no appropriatéstorical reference condition available for this resource at TIMU. Park
management 6s goal is to see no |l oss or degradat
measures in this assessment. Thus, the information presented in this component wsedidasea

reference point for future assessments.

4.1.4 Data and Methods

Duever (1996¢onducted a rare plant survey of TIMU, concentrating on several areas considered
undersurveyed by the NPS: Cedar Point, the Broward Islands, and Burton Island. Thalaatho
described the vegetation communities observed and noted invasive plant presence. Field surveys
were conducted or2i13 June 1995.

Ot her known early surveys of hardwood hammocks
surveys or mapping efforts of smaller areas on Cedar Raitytof Jacksonville 1998nd
Halfmoon IslandBezanilla 2002)Figure11). TheCity of Jacksonville 1998)conducted vegetation
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and wildlife surveys at Cedar Point between January 199%anch 1996 Methodology for
vegetation surveys was adapted fromAlney Corps of Engineers Wetland Delineation Manual
(USACE 1987)Bezanilla (2002used aerial photaand field surveys to map and describe the
vegetation communities of Halfmoon Island. The report noted the major plant species present,
dominant overand understory species, canopy cover, and tree heights. Community type
determinations were based thre Quide to the Natural Communities of Flori(laNAI 1990)

IR
Halfmaogn
Island
4
as
@ Sohn
Purchase
@ Kingsley
f Plantation
Cedar
Point
Fort George
Island
-

"] Park boundary ‘ Q7
—— Interstate highways ~% Theodore

. Roosevelt

‘@‘ Area
T T T T - e, S 2 |
0 -
km

Figure 11. Approximate locations of hardwood hammock study areas within TIMU.

McClung (2004)xonducted a resource assessment of marsh islands in the TIMU area owned by the
NPS and The Nature Consancy (TNC) AppendixF). Field inventories, including vegetation
surveys, were conducted betweéday 2003 and January 2004lands under 2 ha (5 ac) in size were
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completely inventoried, while larger islands were surveyed with line transects at appriyxiate
(33 ft) intervalg(McClung 2004) All common plant species (i.e., those comprising at least 10% of
total species composition) were recorded. Maritime hammock was the most common vegetation
community on both TNC and NR&vned islands.

Zomlefer et al (2007)completed amntensivefloristic surveywithin selected areas diMU,

resulting in an annotated plant species list with information on general community type (i.e., habitat)
and relative abundance. Surveys were conducted in April, Jun8epteimb&rOctober of 2005.
Theresearch team focused on five N&Bned areas of the parkhomas Creek, Cedar Point, Fort
Caroline National Memorial/Theodore Roosevelt Area, Kingsley Plantation, and Sohn Purchase
(Zomlefer et al. 2007)Figure11).

Fraedrch et al. (2008assessed redbaldrsea borbonipmortality rates in a hardwood hammock
area on Fort George Island within TIMU. In July 2005, fv@8-ha (0.2 ac) circular plots were
established along a 1.1 km (0.7 mi) stretch of park road with deadliking redbays. All redbays
within each plot (132 total trees withameter at breast heigf2BH] >2.5 cm [1 in]) were rated for
crown condition every 3 months through December Z6@&edrich et al. 2008)

In 2009, the SECN initiated an interim vegeiatmonitoring project at TIMU as part of the Vital

Signs monitoring prograrfByrne et al. 2012b)Data collected include species composition, canopy
cover, herbaceous cover, atahopyspecies seedling frequendyf the 26 plots sampled at TIMU,

nine werewithin hardwood hammock communities. In 2019, the SECN modified the vegetation
monitoring protocol, established new sampling locations, and collected baseline data for those plots.
The primary object i ve etettmeahirgfulechmesantsgedespr ot oc ol i
composition and vegetation structure within natural and-saoiral vegetation communities of

SECN parké and determine whether these changes are correlated with trends in key stressors
(Boyle et al. 2019, p. 155eneralized randortessdition stratified (GRTS) sampling methodology
(Stevens and Olsen 2004as usedo create a spatiaHipalanced, random set of monitoring siftes

each park; plots are resampled every 4 years. Of 23 monitoring plots at TIMU, ten fell within
hardwood hammdgs; six within the TRA, and four at Cedar PaiBbyle and Rico 2021)

With NPS support, theniversity ofGeorgidd s Cent er f or reppedandt i al Rese
described vegetation at TIMU usiigtional Vegetation Classification Syst¢hVCS) standards

(OiHare et al. 2020Mapping was based on May 2012 color infrared aerial photography of the park

ata 1:12,000 scale. Field verification was conducted #0fa 2016 Over 40 different vegetation
associations were identified within park bounda@8iare et al. 2020)

From 20@i 15, the NPS Florida and Caribbean Invasive Plant Management Team (FLC IPMT) has
been visiting TIMU annually to detect and treat infestations of selected invasive plant species within
the park. GIS data for the treatment locasi@uring these years by species was provided by the NPS
for this assessme(MPS 2016d) These data points were overlaid with vegetation mapping data from
OdHare et al. (2020 identify invasive species detected within hardwood hammock communities.
More recently (2018), tw@eoscientistén-the-parks interngonducted informal surveys for targeted
invasive plants in selected park arébardona 2019)
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4.1.5 Current Condition and Trend

Acreage
As mentioned previously, early vegetation surveys within Tibundaries focused on smaller,

specific areas. For example, the City of Jackson{i#®8)identified 41.4 ha (102.2 ac) of coastal

maritime hammock vegetation on Cedar Point as of 1B8%anilla (2002napped 5.7 ha (14.2 ac)

of maritime hammockonHatioon | s| and 1 n (20040a2s.s elsns mcnGl uonfg OTsl ML
marsh islands, a total of 41.3 ha (102 ac) of maritime hammock habitat were identified: 23.8 ha (58.9

ac) on islands owned by NPS and 17.5 ha (43.3 ac) ondwit@d islands.

More recent vegetain mapping in TIMU has been more detailed and has had broader coverage.
OdHare et al. (2020glassified 1,660.4 ha (4,102.9 ac) or 9.4% of TIMU as hardwood hammock
vegetation Figure12, Figure13). The majority of this vegetation (62%) was classified asifilne

Live Oak Hammock, wittCedar- Live Oak- Cabbage Palmetto Marsh Hammd8Ro) a distant

second Table11). According to a 1991 delineation by thlorida Game and Fresh Water Fish
Commission4.7% of the park was hardwood hammock at that (MRS2018) While it is

uncertain whether the difference in percent coverage of hardwood hammock between 1991 and 2012
represents an actual increase in hammock communities or differences in mapping and classification
methodologies, given the lack of fire anth@t major disturbances in these areas, it is likely that
hardwood hammock acreage has at least remained stable and has possibly increased.

Table 11. Extent/acreage of hardwood hammock vegetation types at TIMU based on 2012 aerial
imagery. As reported in OdHare et al. (2020).

Land cover class Areain ha (ac) % of park area
Maritime Live Oak Hammock 1,030.7 (2,546.9) 5.8
Cedar - Live Oak - Cabbage Palmetto Marsh Hammock 138.2 (341.5) 0.8
Southeastern Florida Maritime Hammock 67.0 (165.6) 0.4
Palmetto - Live Oak Hydric Hammock 105.4 (260.4) 0.6
Cabbage Palmetto Hydric Hammock 73.4 (181.4) 0.4
Temperate Hydric Hammock 24.0 (59.3) 0.1
Northeast Florida Coastal Scrub 104.7 (258.7) 0.6
Xeric Oak Shrubland 117.0 (289.1) 0.7
Total 1,660.4 (4,102.9) 9.4
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Figure 12. Extent of hardwood hammock communities in the northern portion of TIMU, as mapped by Od&are et al. (2020).
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Figure 13. Extent of hardwood hammock communities in the southern portion of TIMU, as mapped by
OdHare et al. (2020).

Plant Species Richness
Various studes over time have documented hiderenttaxainfT | MU6 s har dwood hammo
(AppendixG). Sixteen of these species (8%) are considerechative. In theiintensivefloristic
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surveyof selected areas within the padkamlefer et al. (2007igentified 100 plant species in
maritime hammock communities. For comparison, in similar floristicests of the nearby
Cumberland Island National Seashore (CUIS) and Fort Matanzas National Monument (FOMA),
Zomlefer et al(2004, 2008documented 57 and 45 plant species, respectively, in comparable
maritime vegetation communities. However, it should blech¢that FOMA is a very small park, and
is only 1% of the size of TIMU.

During 2009 SECNegetation communitynonitoring,Byrne et al. (2012a, 2012dpcumented 56

plant species in nine hardwood hammock plots at TIMU, and 69 species in 16 oak maritgna¢ plot
CUIS. These richness numbers are relatively similar, and the lower number for TIMU could be partly
due to the smaller number of sampling plots (9 vs. 16). Most recently, 2019 SECN monitoring at
TIMU documented 14 planttaxaacross the ten new hardwbbammock plotéNPS 2020f)

Invasive Plant Species Presence/Absence

Non-native invasive species pose one of the greatest threats to biodiversity and ecosystem integrity,
as they can compete with native plants and disrupt ecosystem processes sucmasyulitnge and
disturbance regimg®looney et al. 2005, Beard and App 20M\&hile there has not been a
comprehensive invasive plant survey of TIMU, some information can be gleaned from various
vegetation surveys over time. For exampeClung (2004)did not detect any invasive plants on
NPSowned maritime hammock islands, but did report three invasive plants on orewind

island (TNC58 Little Marsh Island): Japanese honeysucklenijcera japonicy, lantana l(antana
camarg, and mimosaAlbizia julibrissin; one tree, removed by survey team).

Duever (1996had noted Japanese honeysuckle in several
including on Sugarberry Islandomlefer et al. (2007Jlid not report Japanese honeysuckle in their

maritime hammock stly areas, but did obserdapanese climbing feXbygodium japonicumin the

Theodore Roosevelt/Fort Caroline arBgrne et al. (2012band 2019 SECN monitoring efforts

(NPS 2020fdid not report any invasive plants in hammock sampling plots.

According toFLC IPMT data for the park, ten invasive plant species were identified in hardwood
hammock habitatéas mapped by @lare et al. 20204cross six locations within TIMU between
2008 and 2018NPS 2016d)Table12). No invasive plant species were notedhie hardwood
hammock areas visited in 2015. In 2018, NPS interns documented sworddphrdlepis

cordifolia) and air potatodioscorea bulbiferpon Fort George Island near Kingsley Plantation
(Tardona 2019)
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Table 12. Invasive plant species treated by FLC IPMT, by year and location (NPS 2016d).

Location Species Name 2008 2010 2011 2012 2013 2015
Theodore Roosevelt Triadica sebifera i i i i X i
Area
Dioscorea bulbifera T X T T i i
Nephrolepis cordifolia T X X X X T
Wisteria sinensis T T T X X i
Northern Fort George [—
Island Cinnamomum i i i X X ;
camphora
Lonicera japonica T ) T T X T
Hedera helix X X T X X i
Albizia julibrissin T X i i T T
) Hedera helix T T T X T T
Cedar Point —— -
Wisteria sinensis ) ) ) X ) )
Asparagus densiflorus T T i X T T

Sawpit Creek Cinnamomum

(off northern Talbot ) ) T X T T
camphora

Island)

Island between

Sisters Creek and Lygodium japonicum X T i i T T

Mud River

Thomas Creek

(hydric hammock) Triadica sebifera X i i i i i

Redbay Presence/Persistence

Redbay is a key native componentafdwood hammockand other wooded coastal vegetation
communities thaprovides habitat for a variety @fildlife (Byrne et al. 2012b)The fruits are eaten

by numerous birds and the plant serves as a primary host for the larva of the Palamedes swallowtail
(Papilio palamedes(Fraedrich et al. 2008A decline in redbay along the southeastern Atlantic

Coast was first noted in 2003 and was traced to laurel wiagde (LWD), a lethal funguBRdffaelea
lauricola) spread by a nenative beetldShearman and Wang 201®edbay decline wdgst

observed atIMU on Fort George Island in 2004 and at Cedar Point in 2ZB6&lefer et al. 2007,
Fraedrich et al. 2008)

Conprehensive, parwide surveys for redbay have not occurred at TIMU. However, some

information can be gleaned from literature and SB€detatiormonitoring data. In a survey of

TIMU islands,McClung (2004 )noted redbay asm@imary canopy species on 10 29 TNGowned

maritime hammock islands, and nine of 27 NR@hed islands. During 2009 SECN monitoring,

redbay was noted in the shrub and groundcover layers of two of the nine sampling plots in hardwood
hammock communities but not in the canopy of any adefmotgByrne et al. 2012b)Redbay trees

were documented in other vegetation community plots (e.g., pine flatwoods) at TIMU in 2009, but
73% of those trees (43 of 59) were standing dead.
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During 2019 SECN monitoring, redbay was present in all ten hadiammock sampling plots

(NPS 2020f) However, only one plot at TRA contained a ts&ged (>10 cm [3.9 in] diameter)

redbay. Redbay seedlings and/or saplings were recorded in nine of the ten hardwood hammock plots
(Table13). In three of the plots, redbayas represented by just a single individual in one size class.

Table 13. Presence of redbay seedlings and saplings in TIMU hardwood hammock sampling plots by size
classes (height for seedlings, dbh for saplings) (NPS 2020f). No seedlings or saplings were documented
in one Cedar Point sampling plot.

Seedlings (height in cm) Saplings (dbh in cm)
Plot 5i 15 151 30 301 50 501 137 01 1125 2515 51 10
Cedar Pt-7 T T T T X ) T X
Cedar Pt-12 T T T T X X T T
Cedar Pt-16 T T T X T T T T
TRA-2 N | | | | | | |
TRA-3 ; | | | | N . .
TRA-4 X X X T X T T T
TRA-6 T T T T X X T T
TRA-7 T T T T X X X T
TRA-8 X T T X X X X T

In a study of redbay mortality on Fort George Isldfdedrich et al. (2008pund a dramatic

increase in mortality of trees from 2005 to 2006. Of the 132 redbay trees (>2.5 cm [1 in] diameter)
monitored, mortality increased from 9.8% in July 2005 to 92.4% in October E@i6€14). By

December of 2006, all redbay trees >10.3(drm) in diameter were dead. However, among 222

smaller redbay stems (<2.5 cm diameter) first surveyed in July 2006, only one had died by January of
2007 (Fraedrich et al. 2008)
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Figure 14. Cumulative percent redbay mortality by diameter class on Fort George Island at TIMU.
Reproduced from Fraedrich et al. (2008).

Threats and Stressor Factors

Threats to Tl MUb6s hardwood hammock communities
in palms, climate change, storm evedsyelopmentand invasie species (see discussion in

Al nvasi ve Pl ant S pAsméentosed preveuslg, redbay@EMd keas heéno n ) .
severely impacted by LWD, a fungus transmitted by amative ambrosia beetlXyleborus

glabratug. According toFraedrich et al. @08, p. 219) L WD w a s in arbam mesigential,

and natural areas on a range of sites including swamps, mesic flatwoods, and xeric dune and upland
coast al p Tha first sigh of LVEDsig often wilting of branch tips or entire branches; this
wilting then spreads throughout the entire crowntages typically die soon aftéfFraedrich et al.

2008) Larger trees are more likely to be affected than small treesSiw@ghrman and Wang (2016)
finding a 5% increase in the likelihood of mortality evéach icm (0.4in) increase in tree diameter.

At TIMU and across the southeastern coast, soraproaiting has occurred from stumps of redbay
trees killed by LWD (Fraedrich et al. 2008, Merten 2015). Some of the sprouts grow into the forest
mid-story, but others succumb to herbivory, intense canopy shading (particularly by saw palmetto
[Serenoa repeiy or renewed LWD infectionRigure15) (Merten 2015). In LWBEmpacted plots

across Georgia and South Carolina, Shearman and Wang (2016) found thategebegdrmuch of

the basal area lost to LWD mortality approximately 10 years after the initial infection. However, the
stand structure had changed, with the majority of redbay stemsinStwm (047 2.0 in) diameter

size class. This suggests that redivay not be at immediate risk of extirpation, butigunclear

whether the species will ever fully recover from the disease (Shearman and Wang 2016).
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Figure 15. The photo on the left shows redbay re-sprouting from the trunk of a tree killed by LWD
infection. On the right, this re-sprout has wilted, indicating the continued presence of LWD (Merten 2015).

Al ong Floridads coast s, meavtadbyaldthalbrpneicgidiseaseof pal m

(LBD), caused by a phytoplasma identified in the Tampa area in(Ba0@ler and Helmick 2019)

This phytoplasma lives in the phloem tissue of the plant, where sap is transported, and is spread
between plants by piercingsects that feed on the sap, such as planthoppers and leafhoppers.
Symptoms include premature fruit drop, rotti
central growth point of the planEigure16) (Bahder and Helmick 20197 he disease isow

confirmed in 31 Florida counties, with the Jacksonville area currently representing its northernmost
extent. LBD has been found in 16 different palm species, only one of which (cabbage palmetto)
occurs at TIMU. Once symptoms develop, the palm cannotvee@nd should be removed to reduce
the risk of spread to other palrf@ahder and Helmick 2019)
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Figure 16. The progression of lethal bronzing disease (LBD) from an earlier stage when only older leaves
are discolored (left) to 3 months later when more leaves are discolored and the spear leaf has collapsed
(right) (photos by Brian Bahder, University of Florida/IFAS).

Climate is a key driving factor in the ecological and physical processes influencing vegetation in
parks throughout the SEC®avey et al2007) Climate also affects the spread of invasive plant
species and pests, which also thredftdnMU 6 s h ar d w q@adey ét al.rAG0D)As ka esult

of global climate change, temperatures are projected to increase across the southeast over the next
century (Carter et al. 2018)Warming temperatures will likely allow invasive plants and forest pests

to expand their ranges and potentially their impact, as well as altering the habitat suitability of certain
areas for some tree species (Fisichelli et@l42. Temperature changes may also alter weather
patterns, resulting in more storms with fordatmaging high windgCarter et al. 2014)As the

impacts of climate change and related stressors compound over time, forests will experience more
widespread chages in tree species composition, with cascading effects on other plants and wildlife
(Fisichelli et al. 2014)In an effort to estimate the magnitude of potential change that forests on
eastern national park lands may experiertgchelli et al. (2014assessed the percentage of tree
species expected to show large decreases or large increases in habitat suitability under climate
change scenarios. Across 121 national park properties in the eastern U.S., estimated potential forest
change ranged from2R77% The estimated forest change TdMU (i.e., percent of tree species
expected to experience large increases or decreases in habitat suitabilit9yw&sghelli et al.

2014) Habitat suitability projections for several DiMUG s Harelwood hammockee species are
shown inTable14.
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Table 14. Potential change in habitat suitability by 2100 for select TIMU hardwood hammock tree species

based on two future climate scenarios (the Al east chan
gas emissions and modest climatic changes, the fimajor
increasing emissions and rapid warming). Reproduced from Fisichelli (2015).

Scientific name Common name Least change scenario Major change scenario
Prunus serotina black cherry large decrease large decrease

Quercus virginiana live oak small increase large increase

Quercus laurifolia laurel oak no change small increase

Pinus taeda loblolly pine small decrease no change

llex opaca American holly large decrease large increase
Diospyros virginiana common persimmon no change large increase

Magnolia grandiflora southern magnolia small increase small increase
Magnolia virginiana sweetbay no change large increase

Ulmus alata winged elm new potential habitat new potential habitat

Due to its location just off the Atlantic Ocean, TIMU is regularly impacted by tropical storms and
hurricanegNPS 2016c)While the effects of these storms on hardwood forest types are rarely

catastrophic, they can influence forest structure and compasiti by cr eating Al i ght
canopy(Horvitz et al. 1995, Harcombe et al. 200@}hile the creation of some canopy gaps is a

natural forest process, large gaps may create opportunities for invasive plant species to become
establishedqHorvitz etal. 1995) As a result of global warming, the intensity of hurricanes is

projected to increase over the next cenfputson et al. 2010which may in turn increase storm

impacts on vegetation communities near the coast.

In the early 2000s, the landsjacent to TIMU experienced some of the most rapid development in

the state of FloridéByrne et al. 2012b)A 2003 North Jacksonville Vision and Master Plan by the
cityds Planning and Zoning De pfamilyhomesinthareal | ed f o
between the Trout River, Nassau River, and the Atlantic O@é#ier Sellen Conner & Walsh

2003) This area of Jacksonville, just west of TIMU, is expected to be home to over 112,000 people

by 2025. This increase in development and urbanizatiorewplbse park vegetation communities to

additional internal stressors, such as habitat fragmentation, invasive species, hydrological alterations,
and herbicide usgyrd 2007)

Data Needs/Gaps

Additional information is needed regarding the presence and abcadf invasive plant species

across TI MUG6s har dwo OAtso, furthen nesearéh isceedecthto better i e s .
understand LBD and its impacts on Floridads veg
(i.e., transmitting insects) and altetina hosts for the phytoplasma and vectors have not been

identified (Bahder et al. 2018])t is also unclear how LBD was introduced to Florida and what the

current and potential rates of spread may be.
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Overall Condition

Acreage
The project team assignedsimeasure &ignificance Leveadf 3. Based on 2012 aerial photos,
OdHare et al. (202Qlassified 1,660.4 ha (4,102.9 ac) or 9.4% of TIMU as hardwood hammock
vegetation. Given the lack of historic paskde vegetation mapping, it is unclear whether the extent
of hardwood hammocks within TIMU has changed over time. However, given the laekarid
other major disturbances in these areas, it is likely that hardwood hammock acreage has at least
remained stable and has possibly increased. Therefore, this measure is asSmmitian Levebf
0, indicating no concern at this time.

Plant Speies Richness
This measure was assigne8ignificance Levedf 2. Over time, 196 unique platsixahave been
documentein TI MU6s har dwood hammocks, -natée @pgendix®). ch ar e
During 2009 SECNegetatiormonitoring,Byrne et al. 2012a, 2012bjlocumented similar numbers
of species in hardwood hammocks at TIMU (56) and in comparable habitat at CUIZaie®fer
etal. (2007) dent i fi ed more plant species in Tl MUG6s ma
habitat at CUIS (57) andOMA (45) (Zomlefer et al. 2004, Zomlefer et al. 2008he plant species
richness measure is assignedandition Levebf O for no current concern.

Invasive Plant Species Presence/Absence
A Significance Levedf 3 was assigned for this measure. Whileeanformation on invasive plant
presence was available for selected areas of TIMU, aviakk survey of invasive plants or of
hardwood hammocks specifically has not been completed. Most of the available data is from more
than 5 years ago. As a resulCandition Leveilvas not assigned for this measure at this time.

Redbay Presence/Persistence
A Significance Levedf 2 was assigned for this measure. TIMU has experienced a significant decline
in treesized redbays, witRraedrich et al. (2008gporting 10% mortality of redbays >10.3 cm (4
in) in diameter in their Fort George Island study area. However, the species appears to be persisting
in smaller sizes classé@sraedrich et al. 2008, Boyle and Rico 2QZl)ggesting it is nait
immediate risk of extpation although impacts to stand structure may be significant. Therefore, this
measure is assignedCandition Levebf 3 for high concern.

Weighted Condition Score
The Weighted Condition Score for hardwood hammocks at TIMU is 0.29, indicating goodarondit
(Tablel15). Given the limited available data for most measures, a trend was not assigned and a
moderate confidence border was applied. Continued monitoring and additional invasive plant surveys
should allow future assessments to assess trends arasmcanfidence.
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Table 15. Current condition of hardwood hammocks at TIMU.

Significance Condition
Measures Level Level WCS =0.29
Acreage 3 0 T
Plant Species Richness 2 0 T
e . |
Redbay Presence/Persistence 2 3 T

Overall

4.1.6 Sources of Expertise

1 Forbes Boyle, SECN Botanist

49




4.2 Salt Marshes

4.2.1 Description

Wetlands, including salt marshes, perform critical ecosystem functions, including nutrient cycling,
pollutant filtration, shoreline stabilization, and flood con(tdNF & JU 2008, 2019)In addition,

salt marsheprovide valuable feeding, bré@g, and nursery habitat for birderpetofaundish, and
invertebrategUNF & JU 2019, @Hare et al. 2020)T'he salt marshes at TIMU are part of the largest
remainingestuarine marsh system on the east coast of FIfMIES 1996, Dix et al. 2017 stwarine
systemdhave a connection to the ocean but also receive freshwater (@pagory et al. 2011)This
mixing of salt and fresh water often contributes to high biological producf{Réyman et al. 2012)
Estuarine wetlands within TIMU below the meéde line are claimed under sovereignty by the State
of Florida, with the City of Jacksonville having jurisdiction over zoning and landArserson

2005)

Salt marsh within the Theodore Roosevelt Area of TIMU (SMUMN GSS photo).

Thevegetation in salinarshes must be adapted to salinity eeglilar tidal inundatiofZomlefer et

al. 2007) At TIMU, marsh areas with higher salinity are often dominated by smooth cordgrass
(Spartina alterniflorg, while areas with lower salinity (often glightly higher elevations) tend to be
dominated by eedlegrass rusldyncus roemerian)sThe major salt marsh vegetation types found at
TIMU and the common plant species in each type are preserifedlgl6.
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Table 16. Salt marsh vegetation types at TIMU and their common plant species. As described by O&Hare
et al. (2020).

Vegetation Class Common Plant Species

Smooth cordgrass (Spartina alterniflora), Carolina sealavender

Southern Atlantic Coast Salt Marsh . . . . . .
(Limonium carolinianum), chickenclaws (Sarcocornia perennis)

Needlerush High Marsh Needlegrass rush (Juncus roemerianus), smooth cordgrass

Chickenclaws, smooth cordgrass, turtleweed (Batis maritima),

Glasswort-Saltgrass-Saltmarsh . N .
g Carolina sealavender, saltgrass (Distichlis spicata)

4.2.2 Measures
1 Extent of estuarine/brackish wetlands
1 Plant species richness
1 Elevation of saltwater marsh@ssing dimentelevation tables
1 Water quality

4.2.3 Reference Condition/Values

Similar toupland hardwood hammocks, there is no known appropriate historical reference condition
available for salt marshes at TIMU. The recent park vegetation@@fare et al. 20203an serve as

a point of comparison for future assessments of salt marsh eXtenparisons to plant species

richness at similar salt marshes in nearby parks may provide some insight regarding conditions at

TIMU. Similarly, changes in marsh elevations at nearby areas may such as the Guana Tolomato
Matanzas National Estuarine ResedRcb s e r v e, south of TIMU in St. J
compared to elevation changes at TIMU in future assessments.

4.2.4 Data and Methods

Several of the data sources utilized for the Hardwood Hammock component in this NRCA were also

used in this componernticludingZomlefer et al. (2007and vegetation mapping lyHare et al.

(2020) Several baseline surveys or park reports provided additional information on the species
composition of TIMUG6s salt mar shes . (NPEh®) par kds

|l i sted typical pl ant speci es CityofiJacdsonville (1998 )MUOG s s a
conducted baseline vegetation and wildlife surveys at Cedar Point in 1995 that included salt marshes.

Fox and Montague (2008pmpared aerial photos ofi@arsh study area within TIMU-{gure17)

from 1943 and 1999 to estimate marsh loss over time. Photos were scanned and georectified in a
GlI'S, then 13 sample areas were comnoesar tAead Vti @ wg r i
program was used to calate change in area over the time pefieox and Montague 2003)
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Figure 17. Fox and Montague (2003) marsh change study area. The orange arrow shows the location
where construction of the Heckscher Drive causeway blocked tidal creek mouths.

SteinwayRodkin and Montague (2004pnducted vegetation and soil sampling throughout TIMU

salt marshes to better characterize these tidal
database and maps. Eiglige randomly selected sites were visited, withcaigoon lower salinity

and higher elevation marshes, as well as nearly monotypic s@paldifa alternifloraor Juncus

roemerianuy Plant species composition, height, and percent cover were documented along a 50 m x

1m (164 x 3 ft) belt transect at eagite (SteinwayRodkin and Montague 2004)

The NPS Water Resources Division (WRD) used GIS databjedtbased image analysis to

classify and quantify thigypes of salt marsh in TIM(ICantor 2017)The primary focus was on the

two most dominant types, smih cordgrasslominated marshes and needlegrass-dashinated

marshes, but seven other land cover classes were also mapped. The analysis utilized aerial imagery
taken by the U.S. Geological Survey (USGS) in 2012 and elevation data (LIDAR) collectedin 200
Following mapping and classification, the results were compared to National Oceanic and
Atmospheric Administration (NOAA) land cover data from 4 yea@96, 2001, 2006, 201@o

assess changes in marsh type over (@ator 2017)

The SECN initiated a saltwater marsh elevation monitoring program that includes six sampling
locations with three replicate datallection stations spread throughout TIMEIgure18) (DeVivo

et al 2015) The program utilizes a reslrface elevation table (RSET) technid@ahoon et al.

2002) which offers a nomlestructive process to precisely measure sediment elevation over a long
period of time relative to a fixed subsurfaéeglre19) (Asper ad Curtis 2013)With repeated
measurements over time, a rate of change can be calculated to detect any shifts or trends of concern.
The sampling locations at TIMU were installed in 2014, and sampling occurre@@tii2018
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(NPS 2020e)At each station, sasurements were taken in four directions (at right angles) around a

central point using nine different measuring pins along the rod arm. At some TIMU stations, the

same directions/angles could not be sampled during each visit due to challenges innmp#ion

RSET equipment (Lisa Cowart Baron, SECN Coastal Ecologist, pers. comm., 12 January 2021). For

the purpose of this assessment, SMUMN GSS analysts excluded any measurements taken at an angle
that differed by O9A f r oaoeelevat®nsmayialgoibaimpactedarmp ! i ng
skewed by natural features or activities (e.g.,
measurements were influenced by these features, as noted in the SECN dataset, SMUMN GSS

analysts excluded these mea&suents.

¢ Tide Stations —— Roads
® RSET Site -===- Transect

@ Boat Ramp D Park Boundary

Figure 18. Sediment elevation table monitoring locations within TIMU (reproduced from DeVivo et al.
2015).
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Figure 19. Detailed drawing of the rod-surface elevation table measuring equipment (reproduced from
DeVivo et al. 2015).

4.2.5 Current Condition and Trend

Extent of Estuarine/Brackish Wetlands

Fox and Montague (2008pmpared 1943 and 1999 aerial images of a marsh study area within
TIMU, north of the St. Johns River and west of Fort George Island~{gae17). Over this time,
approximatey 12% of salt marsh area (~500 ha of 4h200ha study area) converted to open water.
Marsh loss varied across the study area, with some sampling areas experien6irk§fusiss,

while other areas declined up to 25Ftgure20) (Fox and Montague 2003)
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Figure20.Mar sh | oss (%) between 1943 and 1999 in selected
(2003) study boundary. Red numbers indicate extreme high and low values, with the highest losses
underlined.

Based on 2012 aerial imagery, the NPS WRD identified 7,850 ha (19,398 ac) of salt marsh: 4,701 ha
(11,617 ac) of cordgrastominated marsh and 3,149 fa781ac) of needlegrass rush ma(§lantor

2017) This accounted for 42.4% of the park area at the time. When compared to land cover maps
from 1996 and 2010, the authors observed very little change in cover over time and no notable loss of
salt marshegCantor 2017)

According to the TIMU vegetation mapping rep(@Hare et al. 202Q)stuarine/brackish wetlands

(i.e., salt marshes) cover 8,878 ha (21,938 ac) of the park, which accounts for approximately 48% of
t he par k 6Tablei7p Tha Vast eajorgyaf this area is split betwe&outhern Atlantic

Coast Salt Marsfb0%) and\eedlerush High Marsf#2%). These were the two most prevalent
vegetation classes in the pd@dare et al. 2020)The extent of salt marsh communities at TIMU is
shown inFigure21 andFigure22.
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Table 17. Extent of salt marsh vegetation types at TIMU based on 2012 aerial imagery, as reported in
OdtHare et al. (2020).

Vegetation Class Areain ha (ac)
Southern Atlantic Coast Salt Marsh 4,417.2 (10,915.1)
Needlerush High Marsh 3,742.4 (9,247.7)
Glasswort-Saltgrass-Saltmarsh 718.5 (1,775.5)
Total 8,878.1 (21,938.3)

Plant Species Richness

Over time, various surveys of TIMU have documen
salt marshesAppendixH). Only two of these species (4.7%) are considereenatine (Mexican tea
[Dysphania ambrosioid¢snd New Zealand spinachdtragonia tetragonioid¢s Due to

differences in methodology (e.g., opportunistic observations vs. scientific sangsishgurvey
locations (e.g., smaller study area vs. partie), the various studies over time cannot be accurately
compared to determine if there are any trends in species richnassnti@ensivefloristic survey

within selected areas 31MU (Thomas Crek, Cedar Point, Fort Caroline National
Memorial/Theodore Roosevelt Area, Kingsley Plantation, and Sohn Puychasgefer et al. (2007)
documented 24 plant species in salt marshes. For comparison, in similar floristic surveys of the
nearby Cumberland hd National Seashore (CUIS) Zomlefer e(2008, 2011Hdocumente®6

plant species in comparable salt marsh communities.
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Figure 21. Extent of salt marsh communities in the southern portion of TIMU, as mapped by OdHare et al.
(2020).
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Figure 22. Extent of salt marsh communities in the northern portion of TIMU, as mapped by OdHare et al.
(2020).

Elevation of Saltwater Marshédsing Sediment Elevation Tab)es

Surface elevation is a key factor in determining the presence, density, and composiigetation
in estuarine environmen{€ooper and Waits 1973, Hagen et al. 2013, Cahoon et al.. Zd®)evel
rise and subsidence reduce saltmarsh elevation while sediment accretion increases @&&tion
2017b) If accretion rates do not match or exdesea level rise, a marsh becomes submerged and
may eventually transition from a vegetated wetland to a mud flat or shallow oper{MREer
2017b) In Atlantic coastal marshes, cordgrass often dominates estuarine wetlands at lower
elevations, while needjeass rush dominates at slightly higher elevatidfcManamay 2017,
OHare et al. 2020)

Data were collected at six sampling locations with three replicate RSET stations between 2015 and
2018; these data have not been reviewed or qtaiggked, and aréérefore considered provisional

(NPS 2020e)To estimate surface elevation change, the change (in mm) across all nine pins at each
angle/direction can be averaged, and the mean for each of the four directions can be averaged for an
overall station mean. Aoss the six TIMU locations, some sampling stations showed a loss in
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elevation between 2015 and 2018 while others showed akggur€23, Appendixl). The greatest

elevation loss was 7 mm (0.3 in) and the greatest gain was 50.8 mm (2 in). Two loGdMinS4

and TIMU78) experienced elevation gain at all three sites, with gains fE#36 mm (Q2i 1.7 in)

(NPS 2020e)Due to the low number of sampling periods, large gaps between sampling periods, and
inconsistent sampling (ségpendixl), it is not recommended that the change in elevation data

shown inFigure24 be used for planning purposes. Further, because of the time between last

sampling and this report, the calculated elevation change may not reflect the current elevation change

forr TI MU at the time of this report (William ACh
communication, March 2021).

50 1

40 -

30 A

10 A SLR

Mean elevation change (mm)

Figure 23. Mean change in sediment elevation table, 20157 2018, at TIMU salt marsh sampling locations
(NPS 2020e). The gray dashed line represents three years of average sea level rise (8.1 mm). Note that
TIMUBGS is not included because it was only sampled in 2015 and 2016.
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Figure 24. Spoil islands (outlined in blue) created from dredged material along northern Clapboard
Creek, part of the Intracoastal Waterway (reproduced from SIRWMD 2012).

Water Quality

Water quality influences the vegetation and aquatic organisms present within a \(t@Ndifel

2008) Degraded water quality could reduce the biodiversity and productivity of wetlands, which can
impact their ability to perform ecosystem services. Important parameters idgdgdézed oxygen,

nutrients, salinity, clarity, and contaminants. Available iinfation on the water quality GiIMUG6 s
wetlands is discussed in detail in Chapter 4.7 of this assessmganeral, most water quality

parameters (dissolved oxygen, nitrogen, phosphorus) were found to be in good or moderate condition
in the majority of he park, although water clarity has recently become a concern in some areas of
TIMU (Starkey et al. 2019Puring 2018 monitoring, the areas of highest concern were on the

Nassau River in the northern portion of TIMSBtarkey et al. 2019)
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Threats and Stesor Factors

Threats to the par kdés s aelated seedaved rise (SLR), stocnm evehts,
mangrove migration, boat wakes, dredging and related spoil island creation, armored surfaces on

private inholdings, and siltation or otherpacts from hydrologic flow alteration.

As discussed in Chaptero2 this NRCA temperatures are projected to increase across the

southeastern United States over the next century as a result of global climate(Claategest al.

2014) Sea level rise iscourring around TIMU, averaging 2.7 mm/yr (0.1 in/yr) fra828 2019
(seeFigure9in Chapter 2YNOAA 2020) As a result of global climate change, the rate of SLR is
expected to increase during the remainder of the 21st century, with an overall risenb@®ie0.98

m (09i 3.2 ft) by 210QIPCC 2013) Salt marshes can naturally gain elevation through accretion of
sediment and plant matter, but if accretion rates do not keep up with acceleratinglSL$alt

marshes may become permanently inundatelihdibff the wetland vegetatiofHagen et al. 2013,

Linhoss et al. 2015Modeling suggests that SLR will have more of an impact on mean high water

t han Tadedd) (Alizaoleat wat er

l evel s (i .e.,

Ahigh tideod)

c |

al. 2016b) These high water levels would trigger a loss in biomass (e.g., plants) density, particularly
along the edges of tidal cregl&izad et al. 2016h)

Table 18. Estimated increase in mean low and high water levels within a TIMU marsh study area under

two modeled SLR scenarios (Alizad et al. 2016b).

Projected SLR

Est. increase in mean low water

Est. increase in mean high water

15cm

6 (£5) cm

19 (1) cm

30cm

17 (#9) cm

32 (x2) cm

Warming ocean temperatures due to climate change are projected to increase the intensity of Atlantic
hurricanes, with more precipitation and higher wind spéiédd et al. 2009)For every 1°C (1.8°F)
increase in ocean surface temperatures, hurricarfalf@mounts are likely to increase Biy16%,

along with wind speed increasesldB% (Gutowski et al. 2008)Flooding and increased wave

energy from hurricanes can contribute to salt marsh erosion and shoreline modildati@s et al.

2010, Dix et al2017)

The northeastern Florida coast is an ecotone or transition zone betweetiognassted salt

marshes, common north of Florida, and mangrove forests to the(Stenkns et al. 2006, McGinley
et al. 2016)However, these forests have been migratioigh as a result of milder winters with

fewer freezes and extreme cold events (days coldei tH8[25°F]) (Stevens et al. 2006,
Rodriguez et al. 2016Between 1984 and 2011, mangrove forests expanded greatly, doubling in area

at the northern end ofeir range in FloridgRodriguez et al. 2016Dbservations suggest black
ajs may be migrating north al

4.5 km/yr (2.8 milyr Williams et al. 2014)In 2006, the northern extent of maoge forests was
between Cape Canaveral and St. Augustine, over 64 km (40 mi) south of(SisNéns et al. 2006)

mangrove Avicennia germin

Fl

As of 2019, the northernmost population was near Fort George Inlet, at the southern edge of TIMU

(Cavanaugh et al. 201%alt marsh plant spes cannot compete with the taller mangrove trees for
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light and will be shaded out if mangroves invéddangas and Lugo 1990, Stevens et al. 2006is

shift in habitat will impact wildlife communities in the area and may trigger changes in species
compasition (McGinley et al. 2016)If global warming continues as expected, mangrove migration is
likely to continue and may even acceler@edriguez et al. 2016, Cavanaugh et al. 20B@fed on
current climate projections and species distribution models, mangrove forests could expand into
Georgia and South Carolina by 21@sland et al. 2013, Cavanaugh et al. 2019)

Waves generated by boat wakes can significantly disturb shorelbmestisies contributing to the
erosion and loss of salt marsh vegetation and oyster(té¢efsert et al. 2018Boat wakes may also
re-suspend sediment, increasing turbidity and potentially transporting sediment out of the estuarine
system, where it is need for accretion to maintain marsh elevatibierbert et al. 2018)

Recreational boat traffic is increasing in estuaries worldwide and demand for waterfront access,
including new marina construction, is high in Flor{@f@azel 2009, Dix et al. 2017, Herbet al.

2018)

Human modification of rivers and estuarine systems often threaten salt marshes, including those at
TIMU. To stop or prevent shoreline erosion, landowners and managers may install bulkheads,
seawalls, or other armored surfaces; howeverethgactures often just shift erosion to other areas
and can prevent the natural upslope migration of salt mafBirest al. 2017, Herbert et al. 2018)
Dredging to maintain shipping channels has altered river and coastal hydrology in northeast Florida
(Frazel 2009, Dix et al. 2017lpredging can modify water levels, salinity, and sediment
dispersal/accretion, threatening the survival of salt marsh vegetgonish 2001, UNF and JU

2019) Historically, dredge spoil was sometimes used to create ishdtids the tidal salt marshes,
essentially replacing wetlands with upland habitgiire24) (Anderson 2005)Human development

and activities can also reduce freshwater inflow to estuarine marshes; the loss of this input can
elevate salinity levels, whitmay harm marsh vegetati¢urako et al. 1988, Alizad et al. 2016b)

Data Needs/Gaps

Addi tional monitoring data are needed to assess
salt marshes. SECN scientists have found that current R®EKoring stations at the park are not

suitable for consistent and reliable letegm data collectionL{sa CowartBaron, pers. comm., 12

January 2021). New stations were established in 2020 and data collection will bedt (ni28

CowartBaron, perscomm., February 2021). At least 5 years of data are recommended for analyzing
trends in elevation changeynch et al. 2015)In addition, further study of river and creek hydrology

within the park will help managers better understand the processesathatimt ai n TI MU6s s al
marshes (e.g., freshwater inflow, tidal regime, sedimentation/accré@ilB®®y 1996, Dix et al. 2017)

McGinley et al. (2016)ecommends monitoring of mangrove migration, as the advance is happening
relatively quickly. At TIMU, thiscoll consi st of an fiearly detection
for exotic invasive species. This will allow managers to determine when and where mangroves first

arrive at TIMU and whether any management action should be taken.
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Overall Condition

Extent d Estuarine/Brackish

Wetlands

The project team assigned this measuségaificance Levedf 3. While evidence suggests that the
extent of salt marsh within TIMU has declined since the 1986s and Montague 2003narsh area
has been relatively stableenthe past two decad@Santor 2017, @Hare et al. 2020)As a result,

this measure is assignecandition Levebf 1 at this time, indicating low concern.

Plant Species Richness

This measure was also assignesignificance Leveadf 3. Over time, 43 diérent plant species have
p ar knatise @p@ehdixH).hmmar s he s,

been document
intensivefloristic survey

ed across the

research

t eams

(Zomlefer et al. 2007and 26 plantecies in similar marshes at CUBomlefer et al. 2008,
Zomlefer and Kruse 2011J herefore, species richness is assign€drdition Levebf 1 for low

concern.

Elevation of Saltwater Marshes (Using Sediment Elevation Tables)
was assigned

A Significance Leved f 3

for

t hi

S

measur e.
marshes show mixed results; some locations gained elevation while others lost elevation. However,

given the short timeframe for this datas2@15 2018 and its provisional nature, monclusions can
be drawn regarding condition at this time ar@amdition Levehas not been assigned.

Water Quality

This measure was assigne8ignificance Leveadf 3. As detailed in Chapter 4.7 of this report,
estuarine water quality parameters are gahein good or moderate condition at TIMU, although
some concern has arisen over water clarity during recent sampling. As a result, this measure is

assigned &ondition Levebf 1.

Weighted Condition Score
The Weighted

Condi t i oshes$®.83, a thd upper thfeshulddi the geaal | t

condition range, but very close to the moderate concern condition (fEedgle 19). The current trend

appears to be stable.

Table 19. Current condition of salt marshes at TIMU.

Significance Condition

Measures Level Level WCS =0.33
Extent of Estuarine/Brackish .

3 1 |
Wetlands
Plant Species Richness 3 1 T
Elevation of Salt Marshes 3 n/a T
Water Quality 3 1 i

Overall
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4.2.6 Sources of Expertise
91 Lisa Cowart Baron, SECN Coastal Ecologist
T William ACheso Vervaeke, USGS Ecol ogi st
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4.3 Herpetofauna

4.3.1 Description

Herpetofauna (i.e., reptiles and amphibians) are vital components of ecosystems in the southeast;
because they are often both predators and prey,
ecosystemgTuberville et al. 2005, p. 538Amphibiars in particular are considered indicators of
environmental quality, given their sensitivity to environmental change and degra@atimville et

al. 2005, Smrekar 2012yonsequently, amphibian communities have been identified as a priority for
SECN monioring efforts(Byrne et al. 2010)

To date, 43 reptile and 22 amphibian species have been confirmed as present &XPB/2020d)
These include several species of conservation concern, with the American alAdiagatdr
mississippiens)deing federallylisted as threatened due to its similarity in appearance to the
American crocodile@rocodylus acutys and the eastern indigo snakaymarchon coraisouper),
which is a federally listed subspecies of the indigo snBkedraig. Two additional species are
listed by Florida as state threatened species (eastern pine Bitakelis melanoleuclisgopher
tortoise [Gopherus polyphem))§FWCC 2018b)

Herpetofauna species of particular concern for additional monitoriitMk) include the gopher

tortoise and the Carolina diamondback terraMaléclemys terrapin centrajgFigure25). The

gopher tortoise has become a species of management interest due to its decline in the majority of its
range and its status as a statestiitened speci€bloover and Clarke 2004, Henderson et al. 2018)
Historically, gopher tortoises were found throughout longleaf pine communities along the southeast
coastal plain; the loss and fragmentation of this habitat has likely contributed tore dgedttirtoise
populations of up to 80% during the 20th centidignes and Dorr 2004) he burrows of this lorg

lived reptile provide habitat for numerous other species, including many species of conservation
concern, from invertebrates and amphibiansiatkes and lizards. As a result, the gopher tortoise is
considered a keystone speciesmitheastern sandy upland ecosystérwover and Clarke 2004,
Henderson et al. 201.8)s of 2019, TIMU boundaries contained an estimated 4,006 ha (9,900 ac) of
suitablehabitat for gopher tortoise conservatigioover and Clarke 2004, Kidd 2019)
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Figure 25. A gopher tortoise (left, JU photo) and a Carolina diamondback terrapin hatchling (right, North
Florida Land Trust photo).

The diamondback terrapis the only North American turtle adapted to brackish water, and can be
found in salt marsh and mangrove habitats from Massachusetts to the Tex@dadattal. 2014,
Castellon 2017)There are five known subspecies in Florida, but only the Carolina diamondback
terrapn occurs in northeastern Florid@utler 2002) Diamondback terrapin numbers declined
significantly across their range in the™#nd early 2t centuries due to overharvest for human
consumptior{Castellon 2017, Parks 2019Yhile harvest has been greatly reduced, the species has
not recovered, likely due to a combination of habitat loss, predation, and drowning in crab traps
(Castellon 2017, FWC 2021a)

4.3.2 Measures
1 Amphibian species richness
1 Reptile species richness
1 Numbe of gopher tortoise burrows
9 Diamondback terrapin nesting numbers

4.3.3 Reference Condition/Values

The NPS requested unique reference conditions that will vary between meashegsille et al.

(2005) an intensive herpetofaunal survey, will serve asaference condition for the amphibian

species richness and reptile species richness measures. The reference condition for the number of
gopher tortoise burrows measure and the diamondback terrapin nesting numbers measure will be
represented by the mostrcu ent data. Given the information on
populations, the current condition of these two measures will be useful for future assessments to

serve as a baseline.

4.3.4 Data and Methods

In an effort to complete a baseline wildlgarvey of Cedar Pointesearcher€City of Jacksonville
1998)constructed a series of funnel traps and bucket traps that were then attached to drift fences in
order to sample the amphibian and reptiles of the TIMU area between January 1995 and March 1996
Arrays of traps were located in three unique areas to sample a broad range of different habitat types.
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Array 1 was located in a young hardwood hammock with sparse ground cover vegetation. Array 2
was located on a small island with a salt marsh thatwsudex it. The vegetation of the island was
predominantly southern redcedar and varibersspp. Array 3 was located in an area of mature oak
and hickory hammocks that transitioned into saw palmetto/pine/cedar habitats.

Tuberville et al. (2005¢onducted arpetofaunal surveys of the 16 SECN parks, including TIMU,
from 2001 to 2003. Field surveys included a variety of sampling techniques such as terrestrial drift
fences, coverboards, aquatic traps, aquatic dip netting, automated recording of anurag @ed fr
toad) calls, roadruising, and opportunistic visual searches. These results were supplemented with
searches of museum records, literature accounts, and personal collectiong/Tepertslle et al.

2005)

In 2009, the SECN conducted a pilot anig@dan community monitoring program at TIMU, with the
objective to identify trends in species occupancy, distribution, diversity, and community composition
(Byrne et al. 2010)The protocol incorporated two survey techniques: a-tand areaconstrained

visual encounter survey (VES) and automatecbrding devices (ARDs) programmed to capture
anuran callg¢Byrne et al. 2013)Thirty locations were sampled in 2009; ARDs were deployed from

91 19 April and VESs conducted from 24 June through 29 Jigu(e26). ARDs were programmed

to record for 1 minute every 10 minutes from dusk to dawn once every 3 days during deployment
(Byrne et al. 2010)Monitoring for anurans (frogs and toads) with ARDs was repeated in 2015 and
2020 but data have not been fully processad analyzed (Michael Parrish, SECN Wildlife

Biologist, written communication, 16 April 2021).

Hoover and Clarke (2004pmpleted a gopher tortoise burrow survey as part of their gopher tortoise
management plan for TIMU. Gopher tortoise burrow surveys were completed in TIMU during the
summer months (June to August) of 2003. Surveys focused on areas of known tortotye activi

(based on communication with NPS staff) and areas that contained potentially suitable tortoise
habitat based on aerial imagery and previously published soil surveys (ER@Hoover and

Clarke 2004)When a burrow was discovered, researchers documented the location via GPS,
classified the burrow as active or inactive, and recorded the height and width of the burrow entrance.
The vegetation that surrounded each burrow was sampled by using a quduhiguts and the

percent cover, density, frequency, and relative importance value of each plant species was
documenteqHoover and Clarke 2004)

Gopher tortoise burrow surveys were also conducted in 2013, 2017, and 2018. The 2013 results were
not publishedut were incorporated into the 2017 and 2018 refgdetedona et al. 2017, Henderson

et al. 2018)In 2017, surveys were conducted at four locations: TIMU headquarters, Kingsley
Plantation, Fort Caroline (FOCA) and Ribault Column, and American B@actona et al. 2017)

Due to the small size of each location, surveyors were able to walk each entire site searching for
burrows, rather than sampling along transects. In 20&Bderson et al. (2018pnducted burrow

surveys in the same locationsTegdona eal. (2017)and atfour additional sites: Cedar Point, the

Bennett House property near Cedar Point, Crabtree House near Kingsley Plantation, and the northern
portion ofthe Theodore Roosevelt Ar€BRA) (Figure28). Each site was visited at least threpes

67



betweenJuneandAugust typically in the morning. Entire sites were searched again, with the
exception of Cedar Point, where surveys were conducted along trails and fire lines from a slow
moving vehicle, due to the large area to be covered and Ioweruof tortoisegHenderson et al.
2018) A burrow camera was used to determine occupancy, either by tortoises or other species.

Figure 26. 2009 herpetofauna sampling locations at TIMU/FOCA (reproduced from Byrne et al. 2010).
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Figure 27. 2003 burrow survey locations (green outlines around yellow dots) within TRA (reproduced

from Hoover and Clarke 2004). TR1 is the park headquarters area. Surveys were also conducted at
Kingsley Plantation and on Cedar Point.
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Figure 28. Gopher tortoise burrow survey locations (Tardona et al. 2017, Henderson et al. 2018).

Montgomery et al. (2015)sed burrow cameras and remote game cameras to estimate the population
size and study activity patterns of gopher tortoises at two TIMU locatimerican Beach and

TRA. At each location, there was a humarpacted site and a more isolated site. Burrow counts and
occupancy searches with burrow cameras were conducted in early summer and again in December
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(Montgomery et al. 2015¥5ame cameras wedeployed from June to September to record activity
at active burrows.

An expansion of the work completed Bytler (2000) Butler (2002)completed both a mark

recapture study, and a general survey of diamondback terrapins that took place almostretiteely i
TIMU area Figure29). The objectives of the survey were to estimate the population levels and sex
ratios of diamondback terrapins in northeast Florida, as well as to observe terrapin movement via
radio transmitters attached to the animals. Samglumgéying completed bgutler (2002)took

place somewhat intermittently betweE®97 2001, a two field season hiatus occurred frb698

200Q Most terrapins were captured at nesting beaches; the methods used to capture included hand
capture, modified crapots, and cast netting. From May through October in 1997 and 2000,
researchers monitored a nesting beach on Sawpit
following those crawls to search for nests. When nests were found, they were marked and
subsequently revisited to check for depredation or other damage and for hatchling emergence. If
nests were depredated, efforts were made to identify the predator species using tracks or other signs
(Butler 2002)

The North Florida Land Trust (NFLT), in gaership with the Florida Department of Environmental
Protection (FLDEP), has conducted terrapin nest surveys on the Sawpit Island beach annually since
2009(Simmons 2016, Dunn 2018urveys are conducted by a group of trained volunteers known as
ATeaem rTapi ndo, f ol | owi nButler (R082) Suesey hesuttssfor 20020171 ned by
were found irDunn (2018)yand more recent data (2028921) were provided by NFL2021)
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Figure 29. Diamondback terrapin study area of Butler (2002). Efforts primarily focused on Deep and
Garden Creeks in the southern portion, as well as Pumpkin Hill and Back River marshes in the northern

portion.

4.3.5 Current Condition and Trend

Amphibian Species Richness
The earliest known herpetofaunal survey at TIMU was on Cealat id 1995 1996(City of
Jacksonville 1998)These surveyors recorded eight amphibian species, all anurans. However, this

included t he CDrgophytes clyysasce)iswhickehasfnot begn dpocumented by
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subsequent surveys, and may hbgen a misidentificationf@ble20). An extensive parkvide
survey and museum/literature searche3 llyerville et al. (2005from 2001 to 2003 identified 21

amphibian species occurring at TIMU. Sixteen of these were documented by a field survey, three by
museum specimens only, and two by personal communication (e.g., anecdotal reports). One of the

species documented during the field survey, the greenhousd&feagherodactylus planirostrjsis
considered nomative(Tuberville et al. 2005)

Table 20. Amphibian species documented at TIMU by various surveys over time. For Tuberville et al.
(2005), S = documented by field survey, M = museum specimen, P = personal communication (P! =
historical report, not found in contemporary surveys). For Byrne et al. (2010), A = audio recording, V =

visual survey.

City of
Jacksonville Tuberville et | Byrne et
Order/Group Scientific Name Common Name (1998) al. (2005) al. (2010)
Acris gryllus southern cricket « s, M AV
frog
Anaxyrus quercicus | oak toad i i \%
Anaxyrus terrestris | southern toad X S, M \%
Dryophytes Cope& gray « i i
chrysoscelis treefrog
Dryophytes cinerea | green treefrog X S, M AV
D h .
'yop ytes pine woods treefrog i S AV
femoralis
Dryophytes gratiosa | barking treefrog i P i
Drygphytes squirrel treefrog X S AV
squirella
Anurans cutherod I
(frogs & toads) Eleutherodactylus greenhouse frog i S v
planirostris 2
Gast.rophryne eastern i S, M Vv
carolinensis narrowmouth toad
Lithobates capito gopher frog i M T
L|thobat§ S American bullfrog T S \%
catesbeianus
Lithobates .
clamitans ? green frog I S AV
Lithobates grylio pig frog T S AV
Lithobates southern leopard X S AV
sphenocephalus frog
Pseudacris crucifer | spring peeper T S AV

@ non-native species

b Records for the bronze frog (formerly Lithobates clamitans clamitans) from Byrne et al. (2010) have been
combined with the green frog (Lithobates clamitans), as the bronze frog is no longer recognized as a distinct

subspecies.
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Table 20 (continued). Amphibian species documented at TIMU by various surveys over time. For
Tuberville et al. (2005), S = documented by field survey, M = museum specimen, P = personal
communication (P! = historical report, not found in contemporary surveys). For Byrne et al. (2010), A =
audio recording, V = visual survey.

City of
Jacksonville Tuberville et | Byrne et
Order/Group Scientific Name Common Name (1998) al. (2005) al. (2010)
Anurans Pseudacris ocularis | little grass frog X S, M AV
(frogs & toads) Scaphiopus
(continued) holbrookii eastern spadefoot X M \%
Ambystoma mole salamander T S, P 1
talpoideum
Eurycga} . dwarf salamander i S \Y
quadridigitata
Salamanders Notop_hthalmus striped newt i pt T
perstriatus
N hthal
_qtop thalmus eastern newt i S, P i
viridescens
Plethodon grobmani southeastern slimy i M T
salamander

@ non-native species

b Records for the bronze frog (formerly Lithobates clamitans clamitans) from Byrne et al. (2010) have been
combined with the green frog (Lithobates clamitans), as the bronze frog is no longer recognized as a distinct
subspecies.

Byrne et al. (2010locumented 16 amphibian species at TIMU; nine were observed both visually
and through audio recordings while seven were only observed vistiableQ0). Species visually
observedncluded the nomative greenhouse frog. The most frequastialy observed species were
the squirrel treefrogdryophytes squirellg green treefrog¥ryophytes cineréaand the eastern
spadefoot$caphiopus holbrooki(Parrish, written communicatiohlovember 2021§Figure 30).

Figure 30. Three of the most common amphibian species in TIMU were (left to right) the squirrel treefrog,
southern leopard frog, and eastern spadefoot (NPS photos).
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Reptile Species Richness

The City of Jacksonville (1998urvey of Cedar Point documented 11 resgecies: four snakes,

four lizards, and three turtle$dble21). The survey and museum/literature searchdiyerville et
al. (2005)identified 43 amphibian species occurring at TIMU. Twesight of these were

documented by a field survey, and 15 by nimsespecimens and/or personal communications only.

Two of the species observed during survdyswn anolgAnolis sagreiandpond slider
[Trachemys scripfy as well as one museum specimen (Texas horned liR2argrijosoma
cornutuny), are considered nemative (Table21).

Table 21. Reptile species documented at TIMU by various surveys over time. For Tuberville et al. (2005),

S = documented by field survey, M = museum specimen, P = personal communication (P1 = historical
report, not found in contemporary surveys). For Byrne et al. (2010), V = visual survey.

City of
Jacksonville Tuberville et | Byrne et
Order/Group Scientific Name Common Name (1998) al. (2005) al. (2010)
- Alli . . . ,
Crocodilians .'g?t".r S American alligator i S I
mississippiensis
A.gkl.strodon cottonmouth X pt \Y
piscivorus
Cemp phora scarlet snake T S,M T
coccinea
Coluber constrictor | racer X S T
eastern
I .
Crotalus diamondback T S, M \Y
adamanteus
rattlesnake
Diadophi .
adophis ring-necked snake T S T
punctatus
Drymarchon corais | indigo snake T pt T
Haldea striatula rough earth snake T S T
Lampropeltis getula | common kingsnake T pt T
Snakes ) "
famprope s milk snake T M, P T
triangulum
Liodytes pygaea black swamp snake T S T
Nerodia fasciata southern water T S, M T
snake
Opheodrys aestivus | rough green snake X S \%
Pantherophis corn snake X M \Y,
guttatus
Panth hi
antherophis Texas ratsnake i S \Y
obsoletus
Pi hi .
ituophis eastern pine snake T pt T
melanoleucus
Rhadinaea flavilata | pine woods snake T S T

@ non-native species
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Table 21 (continued). Reptile species documented at TIMU by various surveys over time. For Tuberville
et al. (2005), S = documented by field survey, M = museum specimen, P = personal communication (P1 =

historical report, not found in contemporary surveys). For Byrne et al. (2010), V = visual survey.

City of
Jacksonville Tuberville et | Byrne et
Order/Group Scientific Name Common Name (1998) al. (2005) al. (2010)
Sistrurus miliarius pygmy rattlesnake i pt T
Storeria dekayi brown snake i pt \%
i(t:(():ireirtlgmaculata red-bellied snake T S T
Snakes (continued) P
. . t ibb
Thamnophis saurita eastern rbbon T M, P T
snake
.. | common garte . .
Thamnophis sirtalis ng ' | S, P i
snake
Anolis carolinensis | green anole X S, M \Y
Anolis sagrei @ brown anole i S \Y
Cnemidopho - .
. 'dophorus six-lined racerunner | S, M \Y
sexlineatus
Eumeces southeastern five-
. . . X S Vv
inexpectatus lined skink
Eumeces laticeps broadhead skink X S \%
Lizards Ophisaurus slender glass lizard T p? T
attenuatus
Ophisaurus . .
P . eastern glass lizard i S, M \%
ventralis
Ph .
rynosoma Texas horned lizard T M T
cornutum 2
Scel .
celoporus eastern fence lizard i S i
undulatus
Scincella lateralis ground skink X S \%
Apalone ferox Florida softshell i S i
turtle
. common shappin
Chelydra serpentina ppIng X S i
turtle
Goph .
Opherus gopher tortoise T S,P T
polyphemus
Turtles & . - .
ur e.S Kinosternon baurii | striped mud turtle X M T
Tortoises
.| di dback
Malaclemys terrapin |amo.n ac T M, P T
terrapin
Pseudemys nelsoni Florida red-bellied ; S i
cooter
Pseudemys .
.u y peninsula cooter i S T
peninsularis

@ non-native species
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Table 21 (continued). Reptile species documented at TIMU by various surveys over time. For Tuberville
et al. (2005), S = documented by field survey, M = museum specimen, P = personal communication (P1 =
historical report, not found in contemporary surveys). For Byrne et al. (2010), V = visual survey.

City of
Jacksonville Tuberville et | Byrne et

Order/Group Scientific Name Common Name (1998) al. (2005) al. (2010)

Sternotherus minor loggerhead muisk T M )

turtle

Turtles & Sternotherus . .
Tortoises odoratus common musk turtle i S i
(continued) -

Terrapene carolina | common box turtle X M \%

Trachemys scripta 2 | pond slider T S T

@ non-native species

Byrne et al. (2010dlocumented 14 reptile species during visual surveys at TIMU: seven lizards
(including the nomative brown anole), six snakes, and one turtle spetasg21). The most
numerous species were the green amdimls carolinensiy ground skink $cincellalateralis), and
southeastern fivéined skink(Eumeces inexpectajué-igure31). The green anole was also the most
frequently encountered speci@yrne et al. 2010)

Figure 31. Common reptiles at TIMU include (clockwise from top left): green anole, ground skink, and
southeastern five-lined skink (NPS photos).

Gopher Tortoise Burrow Numbers

Gopher tortoises dig burrows to provide refuge during daily inactive and seasonal dopedody
(Jones and Dorr 2004Burrows can be up to 13.7 m (45 ft) long and 3.6 m (12 ft) deep, with size
and shape varying with the size of the tortoise occupying (riEaver and Clarke 2004, Henderson
et al. 2018) Tortoises may utilize more than onartow, and on rare occasions, more than one
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tortoise has been observed in a single buiddantgomery et al. 2015, Tardona et al. 2017)
Therefore, burrow numbers are not necessarily equivalent to population size.

In the earliest known TIMU gopher tortoibarrow survey byHoover and Clarke (200477 burrows
were documented across TRA, Kingsley Plantation, and Cedar Pabie22). The majority of
these burrows (77%) were found at five locations within TRA (TIR5), and 66% of these TRA
burrows were casidered active. Across all sites, adsited burrows were most common (38 total)
and juvenile burrows were least common (10 tqtdover and Clarke 2004)

Table 22. TIMU Gopher tortoise burrow survey results, 2003 (Hoover and Clarke 2004). See Figure 27 for
sampling area locations within the Theodore Roosevelt Area (TRA).

Location Total burrows Active burrows Burrow size distribution
TRA (total) 59 39 26 adult, 10 subadult, 9 juvenile
TR1 17 10 11 adult, 3 subadult, 2 juvenile
TR2 2 1 1 adult, 1 subadult

TR3 2 0 i

TR4 20 14 5 adult, 2 subadult, 7 juvenile
TR5 18 14 9 adult, 4 subadult
Kingsley Plantation 12 7 6 adult, 3 subadult, 1 juvenile
Cedar Point 6 6 6 adult

Montgomery et al. (2015jocumented 33 total burrows (18 occupied) at TRA and 53 burrows at
American Beach (34 occupied)dble23). Occupancy, as determined by burrow camera, was 60%

or higher at three sites, with only the TRA woodland location showing a lower occupancy of 38%. At
TRA headquarters, two burrows were found to contain two tortoises, an adult and a juvenile. While
at American Beach, two burrows contained both a male and a female t¢Moisegyomery et al.

2015)

Table 23. Gopher tortoise burrow survey results for the Theodore Roosevelt Area (TRA) and American
Beach, 2014 (Montgomery et al. 2015). The TRA woodland and American Beach dune sites were more
isolated while the TRA headquarters and American Beach ocean sites are impacted by humans.

Location Total burrows Occupied burrows Tortoise age distribution
TRA woodland 8 3 3 adults

TRA headquarters 25 15 9 adults, 3 subadults, 2 juveniles
American Beach dune 28 19 15 adults, 2 subadults, 4 juveniles
American Beach ocean 25 15 9 adults, 3 subadults, 5 juveniles

Gopher tortoise burrows were surveyed at TIMU by NPS staff and/or interns in 2013, 2017, and
2018(Tardona et al. 2017, Henderson et al. 20EB)r locations were visited in all three surveys:
Headquarters, FOCA and Ribault Column, Kingsley PlantatiahAsnerican Beach. Total burrow
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numbers across these four locations were 81 in 2013, 117 in 2017, and 214 in 2018. In 2018, four
additional locations were searched, yielding 76 more burrows, for anpaektotal of 290 burrows
(Henderson et al. 2018\meiican Beach has consistently had the highest number of burrows,
increasing from 30 in 2013 to 136 in 20H8gure32). Headquarters had the second highest number

of burrows, consistently increasing across surveys to a total of 40 burrows in 2018. Amodg2018
newly sampled sites, northern TRA had the most burrows with 34, followed by Bennett House (near
Cedar Point) with 24, Cedar Point with 13, and Crabtree House (near Kingsley Plantation) with five
burrows(Henderson et al. 2018)
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Figure 32. Total gopher tortoise burrows at four TIMU locations in 2013, 2017, and 2018 (Tardona et al.
2017, Henderson et al. 2018).

From 2017 to 2018, the number of active burrows increased at all four locations visited in both years,
and nearly all of the burrows at the nexdtions were activel' ble24) (Tardona et al. 2017,

Henderson et al. 201.8n 2018, occupancy (i.e., a tortoise found in the burrow) ranged from 13% at
FOCA and Ribault Column to 77% at Cedar Point. At most sites, the greatest propobtioroofs

were adulisized, with subaduisized burrows in the majority at two locations (FOCA and Ribault
Column, Bennett Houselrigure33). Burrow size was nearly evenly distributed at Headquarters and
American BeacliHenderson et al. 2018)
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Table 24. TIMU gopher tortoise burrow survey results, 2017 and 2018 (Tardona et al. 2017, Henderson et al. 2018). 2018 occupancy rates were
determined by burrow camera.

2017 Burrows 2018 Burrows

Location Total Active Total Active Occupancy Rate |Burrow size distribution
Headquarters 31 17 40 24 18% 34% adult, 31% subadult, 34% juvenile
FOCA & Ribault Column 7 2 15 5 13% 9% adult, 73% subadult, 18% juvenile
Kingsley Plantation 26 16 23 17 39% 58% adult, 37% subadult, 5% juvenile
American Beach 53 50 136 95 40% 33% adult, 31% subadult, 36% juvenile
Bennett House T 1 24 24 50% 29% adult, 50% subadult, 21% juvenile
Cedar Point T 1 13 12 77% 69% adult, 31% subadult

Crabtree House T 1 5 4 40% 60% adult, 20% subadult, 20% juvenile
Northern TRA i T 34 34 53% 61% adult, 24% subadult, 15% juvenile

.-',* B ek i —
S o :
: 4 '-N}ZMM‘*?\M’;\ 2%, e

Examples of an active burrow (left, note the half-circle shape) and two inactive burrows, one partially covered by spider webs and litter and
another that has been rounded due to use by a different animal (armadillo, fox, etc.) (NPS photos).
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Figure 33. Burrow size distribution across TIMU locations in 2018 (Henderson et al. 2018).

Diamondback Terrapin Nesting Numbers

The first survey of the diamondback terrapin nesting beach at Sawpit Island in 1997 found and
marked 114 nes{8utler 2002) A total of 32 depredated nests were documented, including 40 of
the marked nests. The 2000 survey marked 112 nests; 411 depredated nests were documented,
including 57 of the marked nests. The majority of nests were laid during May and June, with
depredation primarilpccurring in June and July. Each year, in addition to depredation,
approximately a dozen nests were washed away by storms or hig{Bitles 2002)

Since 2009, terrapin nest numbers on Sawpit Island ranged from 194 in 2010 to 588 in 2018
(Figure34) (Dunn 2018, NFLT 2021 However, through August of 2021, 683 nests had already been
recorded. Annual nest numbers were lowest (below 250) 2@ 2015but have remained above

300 since 2016. The number of nests depredated each year since 2009 rang8@ fma61, with

an annual average of around 235 nests depre@ateoh 2018, NFLT 2021)
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Figure 34. Total number of terrapin nests laid on Sawpit Island beach, 20091 2021 (Dunn 2018, NFLT
2021).

Threats and Stressor Factors

Threats to TIMUOGs herpetofauna include habitat
traffic strikes, and chytrid fungus. Diamondback terrapins are also vulnerable to drowning in crab
pots(Butler and Heinrich 2007)

Habitat lossfragmentatia, and degradatioare considered a primary threat to herpetofauna
populationgHoover and Clarke 2004, Cushman 2006)North America, losses in area of
freshwater wetlands have been substa(ifiahl 2000) A reduction in these important aquatic
habitat, along with an increase in landscape fragmentation, have been implicated in declining trends
in aquatic biodiversity, particularly aquatic reptile and amphibian (Bates et al. 2008Habitat
fragmentation by roads or other development has partigulapgacted amphibians by creating
barriers to juvenile dispersgCushman 2006 Habitat reduction and fragmentation can also expose
herpetofauna to increased predatimmes 2009, Munscher et al. 2012mong reptiles, habitat loss
and degradation is aipary threat to the gopher tortoise, as their habitat has been destroyed for
human development, altered by the timber industry (e.g., depkeited pine plantations), or lost to
natural succession due to fire suppressgidoover and Clarke 2004, JonexleDorr 2004, Innes

2009) While prescribed burning can be a valuable tool for maintaining and improving tortoise
habitat, controlled burning is typically not feasible at TIMU due to its proximity to thedegkity
human developments surrounding Jackdtn{Hoover and Clarke 2004, Henderson et al. 2018)

Traffic strikes (i.e., roadill) can be a major source of mortality for herpetofaunal spébedd Jr.

et al. 2004, Glista et al. 2008, Moore 201&lpng a single 3.&km (2-mi) stretch of highway tlmugh

a central Florida state preserve, a total of 833 frogs, 623 snakes, 187 turtles, and 12 alligators were
struck and killed in a single yeémith and Dodd Jr. 2003After the construction of a barrier wall
culvert system to reduce wildlife mortali@yong this stretch of highway, herpetofauna mortality was
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still high, including 1,647 frogs, 149 snakes, and seven tBledd Jr. et al. 2004Roadkill is a

leading cause of mortality for gopher tortoises, who may be attracted to open roadside areas to
forage, and also impacts diamondback terrafimge et al. 2006, Crawford et al. 2013, Moore

2016) Over a 4year study, 613 adult female terrapins were struck and killed along a single coastal
Georgia causewaiCrawford et al. 2013)Gibbs and Shriver2002)concluded that road mortality

may be a Akey |l imiting factoro in |l and turtle
disproportionately impact female turtles, as they migrate for nesting and roadsides can be attractive
nesting habitatSteen et a2006)

Nest and hatchlingrpdationare major threats to both gopher tortoises and diamondback terrapins in
the TIMU area and throughout their rar{@aitler and Sowell 1996, Butler 2002, Munscher et al.

2012) Several studies have found that less than @bgbpher tortoise hatchlings survive their first
year, with predation being the primary source of mortéit§ord 1980, Landers et al. 1980h a

study of tortoise predation on the UNF campus in Jacksonville, none of the 20 monitored hatchlings
survived longer than 21 months, and the majority died within a {@atter and Sowell 1996)

Predation was confirmed as the cause of death for 80% of hatchlings, with raccoons alone
responsible for 58% of mortality. Other known gopher tortoise predators irelogalillos

(Dasypus novemcinctysopossums, coyote€énis latran$, bobcatsI(ynx rufug, snakes, and feral
cats(Butler and Sowell 1996, Montgomery et al. 2015, Moore 2016)

Predation of diamondback terrapin nests is known to be high on Sawpit Island within TIMU; over
half of nests are depredated in most years, with depredation occasionally reaching over 85% between
2009 and 2012Simmons 2016, NFLT 2021Butler (2002)foundthat most nests were depredated
within 24 hours of being laid, and that raccoons were the primary predator. Other nest predators
included armadillos and crow€@rvusspp.), while ghost crab©¢ypode quadrafeand fire ants
(Solenopsis inviclawere foundo prey on hatchling@Butler 2002, Munscher et al. 201Raccoons

are also known to prey upon adult terragiasigel 1980, Feinberg and Burke 2Q08unscher et al.
(2012)found that removing raccoons from Sawpit Island beaches decreased terrapieadetsin,

but only for one season. Human activity, such as urban and suburban sprawl, have been shown to
increase raccoon populatiofirange et al. 2003, Munscher et al. 20%#)ich could in turn increase
predation on both diamondback terrapins and gofrtoises.

With many of TIMU6 s her pet of aunal species dependent on
cycles, drought is a major threat to these populations. Climate change has been implicated in
widespread drought events, which are interspesstddelugegBates et al. 2008Y his results in

huge amounts of runoff, erosion, and occasional flooding that have damaged riparian areas and other
important aquatic habitats, as well as degrading water qBhtyes et al. 2008 An overall increase

in global temperatures associated with climate change, which contributes to extended periods of
drought, will have a combined effect on biota by causing temperature and watefBstesst al.

2008) In addition, sea level rise related to climate chasgesignificant threat to diamondback

terrapin nesting habitéHunter et al. 2015, Castellon 2017, Woodland et al. 200@yming

temperatures associated with climate change may also impact reptile species with teraperature
dependent sex determinati@lanzen 1994, Mitchell and Janzen 201Dhe temperature of the nest
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environmendetermines the sex of alligataad some terrestrial turtle hatchlingscluding gopher
tortoise and diamondback terraglnnes 2009, Simmons 2018)/armer ambient temperatgrenay
unnaturally skew the sex ratio in these species.

Chytrid fungus, specificallfdatrachochytrium dendrobatidiss a pathogen of amphibians that could
potentially affet amphibian populations at TIMU he pathogen has been identified as the cause of
severe population declines on several continents, including North Anferateowski et al. 2004,
Skerratt et al. 2007 Amphibians infected bi. dendrobatidiglevelop chytridiomycosis, an
infectious norhyphal zoosporic fungus that causes rougheningeakening of the skin,
convulsions, ulcers and hemorrhages, and sporadic death. Not all amphibians infedBed with
dendrobatidigdevelop chytridiomycosis or die; environmental factors, such as pH of the
environment, drought, and temperature at time fefcitron, may affect mortality rates. Some research
indicates that the fungus growth is inhibited by high temperatures (28°C [82°F]) and exposure of
infected individuals to high temperatures may kill the funMeodhams et al. 2003, Raffel et al.
2015) If this is the case, the warm summer temperaturéBvill may somewhat alleviate thiereat

of chytrid to the par& s a mp Khytoid fuengus infectios havenotbeen detected &MU to
date(Byrne and Moore 2011put they may greatly impact amphibiarpptations if the diseases
reach the park.

It has long been known that diamondback terrapins are incidentally caught and drowned by crab pots
(Davis 1942, Bishop 1983puring a 2004 terrapin biology workshop, researchers and state

biologists ranked crab pbycatch as the greatest threat to terrapins range (Butler et al. 2006)

Terrapin mortality estimates due to crab pots vary widely, for example, ranging $iai@% of the

population per year in Chesapeake Bagosenburg et al. 19971)ost or abandoned pots, called

Afghost potso, can be parRoosenbdrgeral. {99Humd seaghost | n Che
pot containing 49 dead terrapins, dbabsse et al. (200@)iscovered a ghost pot in a Georgia tidal

marsh containing 94 texpin carcasses. Scientists have recommended the use of bycatch reduction
devices (BRDs) on crab pots to reduce terrapin mori@ityler and Heinrich 2007, Center for

Biological Diversity 2020) These devices, consisting of a wire or plastic rectantglelad to the

funnel entrance of the pot, prevent the entrance of larger turtles without impeding crab capture. In a
study of BRD efficacy along Floridabds coast, fo
73% of terrapin captures in commercial cralbspwithout significantly reducing the catch of legal

sized crabgButler and Heinrich 2007)n December 2020, the FWC proposed a draft rule to require

5 x 15 cm BRDs on blue crab trag&chneider 2020\While commercial crabbers objected, arguing

that tre requirement would destroy the blue crabbing industry, the FWC voted to move the proposal
forward. If the proposed rule passes, Florida would join New York, New Jersey, Delaware, and

Maryland in requiring BRDs on commercial and/or recreational crab(@etser for Biological

Diversity 2020)

Data Needs/Gaps

The most recent survey data available for amphibians and reptiles (with the exception of the gopher
tortoise and diamondback terrapin) is now over a decade old. While anuran monitoring using ARDs
was onducted at TIMU in 2015 and 2020, these recordings have not yet been fully processed and
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analyzed. Results from the 2020 monitoring are expected to be published in 2022 (Parrish, written
communication, 16 April 2021) and will be helpful in identifying amanges in anuran populations
over time. This monitoring is currently scheduled to be repeated at TIMU in 2023.

The SECN monitoring protocol focuses on vocal anurans and only observes and documents reptile
species and neanuran amphibians opportunistigalByrne et al. 2010)A parkwide reptile survey

would help managers better understand the current condition of these populations and could update
the parkodés NPSpecies |ist. Several r €updrvild es on
etal (2005t hr ough fa reliable personal communication
cont empor ar yTabdeRly Mutine sutvey$ cowddegfocus on determining whether these

species still occur at TIMU or if they should be considered ticstidy present only.

Hoover and Clarke (2004¢commended studying recruitment rates of young and movement of
tortoises between the populations within TIMU, as well as with populations in adjacent areas. For
example, it is unclear whether there is intéoacbetween the various tortoises at TRA or whether

the populations are reproductively isolated. If these populations are isolated, it may be helpful to
study the possibility of creating habitat corridors to connect them, in order to promote gene flow and
to increase the overall available habitat for the spgEiesver and Clarke 2004¢ontinued

monitoringo f TI1 MUGs gopher tortoise population wil!/
to this keystone species over tirkenderson et al. (2018commendsvatching the following

areas:

1 The highdensity population at American Beach, to see whether the habitat can continue to
support a high number of tortoises.

9 Older populations, such as at Cedar Point and Kingsley Plantation, to see how they fare as
current tortoises continue to age.

1 The population at Bennett House, which currently includes grassy areas but is likely to
experience natural succession to a brushier, less open habitat.

Burrow surveys were planned for the summer of 2020 but were cande#ed Covidl9 pandemic
restrictions (Steven Kidd, TIMChief of Science and Resource Managemeritten
communication, 7 September 2021).

Butler (2002)recommendetbng-term monitoring of diamondback terrapins to identify and address

any population démes. Since observation and study is easier at nesting beaches, it may be helpful to
search for and monitor additional nesting beaches within TIMU boundBri#lsr 2002) For

example, a fieldnventory of islandsn the TIMU area byMcClung (2004 )discovered a terrapin nest

and egg shells on a spoil island along southern Sisters Creek, which could be investigated further. In
addition, further study of predator impacts on terrapins could help managers determine whether

predator control is needed to stamlcertain terrapin populatioButler 2002) Research into the

effects of crabbing and potential climate change impacts on diamondback terrapins in the TIMU area
may help managers better understand the species
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Overall Conditon

Amphibian Species Richness
The NRCA project team assigned this measuB@aificance Levedf 3. Across various surveys
over time, 22 total amphibian species have been documented at(Tiberville et al. 2005, Byrne
et al. 2010) The most recent survey Byrne et al. (2010¢onfirmed the presence of 17 of these
species. Although SECN monitoring was repeated in 2015 and 2020, those data have not yet been
processed and published; therefore, it is unknown whether amphibian sdriess has changed
over the past decade. As a resulfandition Levelvas not assigned for this measure at this time.

Reptile Species Richness
This measure was also assignefignificance Levedf 3. Over time, 43 different reptile species have
been @cumented at TIMU, including species of conservation con@erberville et al. 2005, Byrne
et al. 2010)However, the most recent survey was during 2009 SECN monitoring, when reptile
observations were opportunistic rather than systematic. Since no roen¢ irdormation is
available, aCondition Levelvas not assigned for reptile species richness.

Gopher Tortoise Burrow Numbers
A Significance Levedf 3 was assigned for this measure. Gopher tortoise burrows were first surveyed
at TIMU in 2003, and agaimi2013, 2017, and 20XBloover and Clarke 2004, Henderson et al.
2018) Burrow numbers have increased in recent years, but it is uncertain whether this represents an
actual population increase or is partly due to increased survey ¢Hertderson et aR018)
However, at this time the population appears to be at least stable with no immediate cause for
concern. Therefore,@ondition Levebf 1 is assigned, indicating low concern.

Diamondback Terrapin Nesting Numbers
This measure was assigne8ignificance Levebf 2. Nesting surveys have been conducted on a
single beach within TIMU, on Sawpit Islaibunn 2018) Since 2009, nesting numbers have
fluctuated widely, but were consistently below 250 fra@1Q 2015and remained above 300 from
2016 202Q peakng at 588 nests in 201Bigure35). However, a large percentage of terrapin nests
are lost to depredation each yéautler 2002, Dunn 2018Because nesting surveys have been
conducted on only one beach and nothing is known about terrapin nesting iaretteeof TIMU,
the Condition Levefor this measure is currently considered unknown.
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Figure 35. The Huguenot Park-Nassau Sound Globally Important Bird Area (red) and Fort George and
Talbot Islands State Important Bird Area (green). Boundaries are approximate and do not accurately align

with the provided basemap (reproduced from NAS 2020).

Weighted Condition Score
A Weighted Condition Scokas not <cal cul ated for TIMUG6s herpef
current data or parwide information Table25). Updated information will be needed in order to
determine the current condition of and any tren
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Table 25. Current condition of herpetofauna at TIMU.

Significance Condition

Measures Level Level WCS = N/A
Amphibian species richness 3 n/a T
Reptile species richness 3 n/a T
Gopher tortoise burrow numbers 3 1 T
Di - .

iamondback terrapin nesting 5 n/a i
numbers
Overall i i l j

\ ,I

4.3.6 Sources of Expertise

1 Stewen Kidd, TIMU Chief of Science and Resource Management
1 Michael Parrish, SECN Wildlife Biologist
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4.4 Birds
4.4.1 Description

Situated in high ecological positions in most food webs, fpopulationgepresent potential
indicators oftheire c 0 s y st e (WMo6rgsonhl @86, Hutth 1998, NABCI 2009, Byrne et al. 2011).
Birds areoftenhighly visible components of ecosystems, and bird communities often reflect the

abundance and distribution of other organisms with which thexist(Blakesle et al. 2010)

Avian populations may respond negatively to disturbances in their critical habitats (e.g., stopover,
wintering, and/or breeding areas), thus adverse changes observed in either migratory or non
migratory species may indicate a need to asssssgical conditions in one or more locatighiity

and Merenlender 2000, Zockler 2005)

The unique ecosystems and physical formations in TIMU provide bird species with ideal nesting,

stopover, and overwintering habitéar many northern bird specieBMU represents the southern

most breeding limi{Tardona et al. 2003Yhe salt marshes, coastal dunes, and upland hardwood

hammocks, combined with the many salt, fresh, and brackish waters provide ample habitat for the

many bird species that utilize taeea(Tardona et al. 2003)n fact, several avian species of
conservation concern, such as Biyging Plover (Charadrius melodys RedKnot (Calidris canutus

rufa), andWood Stork (Mycteria americang utilize a variety of habitats in TIMU throughout the

year.The greater TIMU area represents a critical area for breeding and roosting shorebirds and gulls,

and also hosts large numbers of migratory falcon species in tli A8l 2020) Accordingly, the
Soci
Important Bird Areas: Huguenot PaNassau Sound (Globally Important Bird Area), and Fort

Nati onal

Audubon

ety

has

designated

George and Talbot Islands (State Important Bird A(Egure35) (NAS 2020.

TIMU has confirmed the presence of more than 300 species of birds, many of which are migratory
speciegfNPS 2020d)Additionally, TIMU has confirmed the presence 6fliird species that are
either federally listed as threatened or endangered, or idery the Florida Fish and Wildlife

Conservation Commission (FWC) as sthteeatened, or endangeré&ichble26).

Table 26. State and federal bird species of conservation concern that have been documented in TIMU

(FWCC 2018D).

Common Name

Federal Status

Florida Status

American Oystercatcher

T

Black Skimmer

Burrowing Owl

Florida Scrub-Jay

T

Least Tern

Little Blue Heron

Piping Plover

T

a4l =a]|4

Red Knot

T (rufa ssp)

Red-cockaded Woodpecker E

Reddish Egret
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Table 26 (continued). State and federal bird species of conservation concern that have been
documented in TIMU (FWCC 2018b).

Common Name Federal Status Florida Status

Roseate Spoonbill i
Sandhill Crane T

Seaside Sparrow T

Snowy Plover T

Tricolored Heron T
Wood Stork T

A=A f~

TIMU is also home to a large concentration of breeding Painted Burtasg€rina ciriy. The

Painted Buntingccurs in two geographic breeding areas: a western range that extends across much
of south central and sdwestern U.S. and Mexico, and an eastern range that is limited to the coastal
areas from North Carolina to North Floriflaowther et al. 1999, Sykes and Holzman 2005, Delaney

et al. 2013) The eastern breeding population also extends inland to limitesl @r&eorgia and

South Carolina. While not designated by Florida or the Federal government as a threatened or
endangered species, tRainted Buntingvas historically listed as a high priority species for
conservation action on the Partners in Flight LamtdGonservation Pla(Rich et al. 2004)

Analyses of Breeding Bird Surveys (BBS) in the eastef indicated that the decliref Painted
Buntingsin Florida was the most severe out of all states irstipee ceastem éangéSauer et al.

2011) In the TIMU areaPaintedBunting breeding concentrations represent one of the largest
concentrations in northeast Florifeardona et al. 1997and manp f t he preser veds
the park for a chance to view this elusive and beautiful spdeigsré€36).

Figure 36. A male Painted Bunting (Passerina ciris) (NPS Photo/ Roger Clark).
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TIMU is located along the Atlantic Flyway, one of tim@jor migration flyways in North America
(Figure37), and many species, such as el Knot, pass througthe park or use the park as a
stopoveron their way from wintering grounds in the south to breeding grounds in the park or in the
north. The park atsacts as an important overntering area for several migratory spediestspend

the winter months in the various ecosystems of TIMU before returning to their breeding grounds in
the spring.

North American Migration Flyways Atlantic Flyway

(with Principal Routes) Mississippi Flyway
Central Flyway
Pacific Flyway

Figure 37. Major North American migratory flyways. TIMU is located along the principal route of the
Atlantic Flyway, as well as secondary crossover route that heads to the Gulf of Mexico (NPS 2016b).
Bolded, longer dashed lines indicate principal migratory routes, while shorter dashes indicate secondary
and crossover migration routes.

4.4.2 Measures
1 Species richness
1 Species abundance
1 Species distribution
1 Wading bird nesting numbers
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4.4.3 Reference Condition/Values

A historic reference condition was not assigned to this component during project scoping; instead,
parkmanagers requested to use the most recently published avifauna work by théByE@Net al.

2011) Byrne et al. (2011jepresents the pilot stage of SECN landbird monitoring in the park, and by
choosing this as a reference condition, researchers with TIMU and the SECN can compare future
surveys to the original moni torinlgndord f ort t o es
community. The SECN has completed additional landbird sampling in TIMU Byroe et al.

(2011) with sampling taking place in 2015 and again in 2020. The results of these sampling efforts

have not been summarized or published to date, but \klegrate they may be compared to the

reference condition dyrne et al. (2011yvhere appropriate to identify potential shtatm trends.

Byrne et al. (2011¢locumented richness, abundance, and distribution of landbirds in the park, but
does not focus onading bird nest numbers (i.e., active nest counts). For the wading bird nesting
numbers measure in this assessment, the best professional judgement of identified subject matter
experts and NPS staff will be used to assess current condition.

4.4.4 Data and Methods

The NPS Certified Bird Species List for TIMMPS 2020dwas used for this assessment, as this list
represents all of the confirmed bird species present in the park. The list was populated by the various
bird inventories and surveys that occurredit he par kés area, and in the
bird work, will likely resemble the overall species list of the primary bird inventory efforts for the
park.This source does not represent artlmground inventory or survey, but rather a compolat

of the various studies and reports in the park to create a list of species to be expected in TIMU.

TNC (1996) summarizes the results of bird censuses at Cedar Point (which was not yet part of

TIMU). These censuses paid particular attention to spdwsvere endangered, threatened, unique,

rare, or otherwise notable as species of concern in Florida. Eleven surveys were completed during the
spring migration AprilT June) of 1995. These surveys took place in the early morning and all birds
heard and visally observed were denoted. General survey methodology followed the standardized
BBS, with surveys in forested areas along the extensive trail system of the area. Other areas sampled
include the marshes and tidal channels that are associated with Homeg@edar Point Creeks.

Jones and Jones (1998presents a relatively informal, unpublished census point count conducted at
Cedar Point and the TRA by Betty and Ken Jones during the wilatieudryFebruary) of 1998.
Twenty-four point count locations werutilized in Cedar Point, while 18 were used in the TRA.

Specific methodology details such as count duration and route were not provided, and observers only
documented the species that were detected rather than abundance or distribution/sites detected. Th
results of this census are provided in this assessment, as they provide valuable insight into the winter
bird population of TIMU.

Landbirds were identified as a higanking Vital Sign by the SECN during the Vital Sign selection
procesgDeVivo et al. 208). Consequently, the SECN began a landbird monitoring program in all
network parks, with the specific objective of determining trends in landbird species occupancy,
distribution, diversity, and community composition in network péBgsne et al. 2011)Monitoring
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began inTIMU in 2010, and was conducted a8 @ i phase i order to develop and fine tune the

sampling protocol that would later be publishedBlyyne et al. (2014)Thirty sites were chosen

(Figure38) using a random, spatially balancedaithm, and each site was surveyed from April to
June using a variation of the varialgiecular plot (VCP) technique. Using this technique, observers

were stationed at the center point of a 0.5 ha (1.2 ac) macroplot and recorded all species observed

and reard during a I2ninute window. Birds that flew over the macroplot during sampling were
recorded as flyover species. When possible, observers documented the time frame that the bird was

recorded (e.gQi 3 minutes after star8i 6 minutes, etc.), and thésthnce of théird from the

observer. Distance was recorded in one of four inter@a5 m Qi 82 ft), i 50 m (&i 164 ft), Di

100 m (1@ 328 ft), and >100 m (328 ft).

Ocean

N
i g 1 2 —e®
N Ty Kilomelers ®

Atlantic

Figure 38. Landbird monitoring locations selected by the SECN for monitoring in the 2010 sampling
season (Byrne et al. 2011).

The data from the 2010 #fApiloto phase of

t he

available data from SECMd monitoring. Monitoring of the park has not concluded, however, as
visits have occurred in years prior but have not been summarize and published. The first official

round of sampling using ti&yrne et al. (2014protocol occurred in 2015. This methodology
93
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differed from what was used in 2010, as instead of field observers coglsatveys, automatic
recording devices (ARDs) were utilized. These devices were programmed to record audio for 12
minutes, once a day (08:00 hours) on an ewggrday basis. The devices were deployed at 30
locations across TIMU in 2015 (Michael ParfiSECN Wildlife Biologist, written communication
August 2020). Additional monitoring following the same protocol and sampling window was
completed in 2020 (with 28 locations sampled), but have not been analyzed or published. Future
sampling is planned inlMU in 2023, with continued plans to sample the park oryad rotation
(MichaelParrish, pers. comm., 2020).

eBird is a citizen science data collection portal that is managed by the Cornell Lab of Ornithology.
This application allows users to

fi édocumenbird distribution, abundance, habitat use, and trends through checklist data
collected within a simple, scientific framework. Birders enter when, where, and how they
went birding, and then fill out a checklist of all the birégs and heard during the ting
(eBird 2020)o

eBird allows users to input all species observed at any location worldwide, and these observations are
then compiled to create regional checklists. Internal verification processes are utilized when unusual
birds are entered for a regicend these entries are verified by regional experts during an external
review. While these data are not part of a rigorous survey effort and do not follow any sort of
methodology, they do prove useful when compiling expected species lists for an as&, and

especially useful to document transient or vagrant species as they pass through regions. For this
assessment, eBird regional checklists were downloaded for Kingsley Plantation, Cedar Point, the
TRA, and Fort Caroline and are current through Augus0202

An annual CBC is centered just northwest of the City of Jacksonville, approximately 1.6 km (1 mi)
north of Little Marsh IslandRigure39) and has been completed annually since 1949, although there
have been nenonsecutive counts dating as far back as 1910. The count circle near TIMU is part of
the International CBC, which started in 1900 and is coordinated by the Audubon Sdciéple
volunteers surveyed a 24n (15mi) diameter area on one day, typically between 14 December and
5 January, by foot, boat, or car. The center point of tHen2415mi) diameter was 30.4152010°N,

T 8.4877290°WKigure39). Unlike surveys that occur durinige breeding season (such as a
breeding bird survey), the CBC surveys overwintering and resident birds that are not territorial and

singing. The total number of species, individuals, and observers were recorded each year.
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Figure 39. Christmas bird count survey area for the Jacksonville CBC. The Jacksonville CBC has been
conducted annually since 1949, and dates back as far as 1910.

Data from the TIMU area CBC were obtained from
http://netapp.audubon.org/CBCObservation/Historical/ResultsByCountasjthe following edits
were made to the dataset:

1 All incomplete species identifications were ot (e.g, Buteospp.,Vireo spp.,
Greater/Lesser Scaup)

1 Observations of American Gresvinged Teal and Greewinged Teal were treated as one
category as both refer finas crecca

1 Similarly, observations of American Barn Owl were treated as observafidims Barn Owl
(Tyto albg.
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