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General Background

Tree islands, ra integral component ahe Evergladesn both the marl prairie and ridge and
slough landscapeaye complex ecosystemd.heyare sensitive tactivitiesassociated with the
Comprehensive Everglades Restoration Plan (CERP) authorized by the Water Resources
Development Act (WRDA) 2000 to restore the south Florida ecosystem. More specifically,
changes in hydrologic regimassociated with restoration prajgare likely to affect the internal

water economy of the islands, which in turn will influeri@®e islandplant community structure

and function. To strengthen our ability to
and predict how these hydogic alterations would translate into ecosystem response, an
improved understanding plant communitystructure and function, and their responses to major
drivers andstressors is important.Built on a baselinestudy of vegetation structure and
compositon and associated biological processeer three years (1992002) on three tree
islands in Shark River Slough (Ross and Jones 2004), a more extensivevatudhtiated in

2005 with initial funding from Everglades National Park and South Florida Waaagement

District (SFWMD) The studyhas been continued throu@®14 with funding from US Army

Corps of Engineers (USACOE). The comprehensive resfilisorks accomplishedhrough
2010are described in Shamblin et al (2008) and Ruiz et al. (2011).

This report describes the dynamics of vegetation structure and composition on tree istheds in
Southern Everglades, emphasizing thejor works accomplishedbetween 2011 and 2014
(Cooperative Agreement # W912HI®-2-0019). In 20122012 the field work included
vegetation surveys in the hardwood hammock of eight isJandabset of a 1@sland network
established for longerm monitoring and assessment in 2005 (Shamblin et al. 2008). Tsetsub
also included three ShaRiver Slough(SRS)tree islands, B.ck Hammock, Gumbo Limbo, and
Satinleaf which had been intensively studied in 20002 (Ross and Jones 2004n 2011
2012, permanent plotsstablished within thredistinct vegetatiorzones(hardwood hammock,
bayhead forest and bayhead swarajpng theN-S topographic gradienand three transects
perpendicular to the main axam each island were -gampled to assess the vegetation change
over a teryear period. In 2012 the scope of the project was broadened to include remote
sensing work, especialtp develop and assess tree island vegetation classification using spectral
signaturebased vegetation indices$:or this reason, vegetation was sampled alof§) gtadient

on nine tree islandsncluding five within Everglades National Park (ENP), two inawr
Conservation (WCA) 3A, and one in WE3B. The sampling sit® on these islands were
aligned with the pixels in the LandsBYl imagery.

The document is organized in two sectiddsction lintegrates two previous annual reports, Sah
et al. (2012) and Ruiz et al. (2018phd comprehensivelyescribeglecadal change in vegetation
composition along hydrologic gradientspresented byransects anghermanent plotsn three
SRS tree islandsMore specifically, thesection highlights the vegetatiahift andsuccessional
trend that occurredn response talifferences in hydrologic conditiona Shark River Slough
betweentwo decades Section 2exploresthe use ofspectralvegetation indices caldated from
Landsat TM imageryand evaluates the relative accuraifythe tree island plant community
classificatiors derivedfrom vegetation structural data collected in the field #melvegetation
indices.



Executive Summary

In the Everglades treislands, plant communjitstructureand composition vay on both spatial

and temporal scalesln these islands, where the communities are primarily arranged along
hydrologic gradierg temporal changes iflooding regimeoften result in a spatial shift in
community composition along the gradient and determine the trajectory of community
successionHowever, the direction, magnitude and rate of such a change in species composition
are determined by the extent of hydrotogiterationsprolonged and extreme wet events may
even result in the complete loss of upland woody vegetationcontrast, prolonged drying
conditions usually set an opposite trend, i.e. the vegetation trajectory proceeds toward an
expansion of woodyvegetationat the expense oherbaceous plants.In the Everglades,
establishment of historical hydrologic regimes is the primary goal of the ongoing restoration
efforts under the Comprehensive Everglades Restoration Plan (CE®RRhin the CERP,
changesn water management associated with restoration will likelgact the balance and
boundaries between herbaceous species and woody communities thighimdge-slough
landscape, while in tree islands, the proportion of flamdrant and floodntolerant wady
species will change, resulting in a shift in species assemblages and tree island fuflsgon.
climatological records and hydrologic data from the Shark River Slough region suggest that
water level during most of the last decade of the 20th centusywedl above the 3Qear
average.In contrast, both the mean annual rainfall and water level were relatively low during the
most recent decade (20@010). In this study, we examined the interaction between hydrology
and vegetation over a 4&ar periodpetween 1999/2000 and 2012 in three tree islands in Shark
River Slough. Additionally, we evaluated twelve vegetation indices calculatgidg Landsat

TM imagery and assessed the accuracy atéssification based ospectral vegetation indices
againsta classification based owegetation structural data collected the ground imine tree
islands We hypothesized thatlatively drier condition in recent decaduld result inan
increase inrelative dominance of woody plantsespecially flood-intolerant species,over
herbaceousand flood-tolerant woody species ultimately causinga shift in the boundaries
betweenplant communities on the islandsMoreover, we expected that a suite of vegetation
indices developed using Landsat TM specttaiawould successfullydistinguish amondree

island community types, and thus can befulsa detectinglong-term vegetation change on tree
islands.

In 2012012, field work included vegetation sampling on three tree islands, Black Hammock,
Gumbo Linbo and Satinleaf that were first studied in 2@002. On each of these islands,
vegetation was originally samplédtwo ways: (1)at 510 m intervalsalong four transects, one
along the main axjsnd thredransectperpendicular tthem and(2) within three plotsranging
from 225 nf to 625 nf in size, selected to represent hardwood hamiizayhead, and bayhead
swamp Along the transectsampling protools includedan estimate omaximum height and
cover class of trees and vines by species witnnaradius plgtandcover class of herbs and
shrubs by species within a 1 m radius pléi. the permanent plots, treand sapling of each
speciesvere censused, armaBH of eachindividual was measured.Additionally, the fieldwork

in next two years, 2AP-2014 included vegetationsamplingat 309 sites along hydrologic
gradients in nine islands, six within Everglades National Park (BEWB)in Water Conservation
Area (WCA) 3A, and one inWCA 3B. The sampling protocols on these islands included
visualestimate ofelative abundance of species in six growth fo(tree, vine, shrub, fern, forb,



and graminoi§l an estimate oplant canopy heightanda measure oforest canopy covausing
densiometewithin nested plots at each transect point

Speciesover data were summarized using the-puéht of the cover class, and both univariate

and multivariate techniques were used to examine the effects of environmental factors on
vegetation structure and composition. The split movimgdow (SMW) boundary aalysis was

used to identify boundaries between vegetation assemblages in the three tree islands. Diversity
indices were calculated to examine spatial and temporal species turnover along the gradient. In
addition, nommetric multidimensional scaling (NMDSbprdination was used to examine
relationship between environmental factors and vegetation composédimh aalysis of
similarity (ANOSIM) was applied to test differences in species composition betsasepling

years For assessing remote sensing andifoiEdta based classifications, #realysis included the
classification of sites using usdefined dichotomous key and cluster analysis based on
vegetation structure and Landsat TM spectral signatiotowed by an evaluation of the
different classificabnsusinga confusion matrix

Shark Slough tree islands revealed a more or less regular spatial pattern in plant species
composition that appears to be related to topography, hydrology, and soil characteristics. On the
three focal islands described in this Report, spatially diffextedi vegetation occurring along

the hydrologic gradient took the form of vegetation assemblages of contrasting species
composition and functional representation (life forms). When plotted along the length of the
transect, the boundary between adjacentetagpn assemblages varied from sharp, clearly
defined peaks atompositionabissimilarity to more gradual, diffuse transition zones. However,
over the last decade, the life form composition of some of these assemblages changed in
response tanteractingforces, including hydrology and disturbances (fire and storms). Tree
cover in the hardwood hammoc#iecreasedespecially in Black Hammock and Gumbo Limbo
Hammocks whereas the cover of graminoids, including sawgr&ad{um mariscus ssp.
jamaicensgincreased near the boundary between marsh and bayhead or bayhead swamp forest,
and within the bayhead swamps on all islantis most ofthe transects aridr plots in bayhead

forest and bayhead swamp portions of islamlis relative abundancef flood tolemant species

like Annona glabraandSalix carolinianadeclined,while that ofmoderately tolerant species like
Chrysobalanus icaco, llex cassjnand Ficus aureaincreased inten years Thus, vegetation
dynamicsdid not always involve a simple shift in thecation of fixed species assemblages, but
rather the emergence oew species compositional andmbinations. These results reinforce

the concept that tree islands are dynamic successional commuaiizese exparsion or
contracton over timedepend on the strength and duration of changes in hydrologic conditions

In general, shifts in boundaries among plant communities are presumed to initiate reductions in
ecosystem resilience, resulting in regime shifts. In these three islands, however, tseoéffec
annual variation in hydrology over the previo
resilience, hence a minimal shift in balamy was observecekspecially in the head, and bayhead
portion of island Furthermore,n this study, a combiniah of five vegetationindicescalculated

from Landsat imagery adequatelijferentiatecthe tree island plant communitie§he fiveplant
communities identifiedn this analysisdiffered in hydroperiod and mean annual water depth
though therewas considrable overlap between communitieis n their hydrol ogi
Despitetheseoverlaps in differentiating vegetation groups, a first order map of tree island
vegetation communities and estimation of temporal changextant seens plausible using



Landsat dataat broader scales andith moderatelevel of confidence. At the local level,

however, finer scale spectral data, such as world visioW\2 2) with 2 m resolution will be
neededor classifying vegetation in and around tree islarag] detettng small scale changes
within individual islands.

The correlation between tree island vegetation structure and hydrology sutgedtydrologic
modifications brought about through the CERP will affect tree island dynamics throughout the
Everglades. Depending on the magnitude of hydrologic alterations achieved by the CERP, the
balance between floetblerant and floodntolerant woody and herbaceous vegetation within tree
islands is likely to changeldeally, the CERP should strive to achieve systade hydrologic
conditions that result in a spatially balanced mosaic of tree islands with different successional
states, with no specific bias towards tree islands of one type or another or of a single successional
State.



1 Spatiotemporal pattern in plant communities along a gradient in tree islands in Shark
River Slough, Everglades National Park, E

1.1 Introduction

Plant communities arrangeslong a spatitemporalgradientare generallwiewed as a product

of functional process associated withunderlying physicechemical driverghat vary on both
spatial and temporal scalekikewise, when a community changes in species composition over
time, i.e. undergoethe successional process, the conditions of drivers also are subsequently
modified by tle species and their interactions, generating a complex environmental gradient
through time. Accompanyingchanges irthe underlying driverslong the gradienspecific sets

of the processes result in the formation of discontinuities or boundaries, rgjmrgdsansition

zones betweenadjacentdistinct selforganizing sructures (Allen et al. 2005)Structural and
functional characteristics of esownéh ian btoluendplr
community literature, usually depend on whethariation in the drivers is abrupt or gradual
(Wiens et al. 1985; van der Maarel 1990; Gosz 1993; Walker et al. 2008)persistence of the
position and attributes of the boundaries in space and time depends on the ability of these self
structured identies to withstand the effects ahanges irthe underlyingdrivers on functional
processes (Risser 1995; Forys and Allen 2008). general, selbrganizing structures that
maintain their functional integrity, even after some changes in their elementsually able to
persist within their prevailing spattemporal domain, and the boundaries between these
structural systems remain intact (Forys and Allen 2002)wever when there is a significant

loss of the functional processes or a change in tepiesentation within the structural system,

its boundary is likely to shift (Allen et al. 2005).

In the Everglades, tree islands are integral components of thestagghandother landscapes
(e.g.,pine rockland, marl prairie)They provide anetwork of refuges for forestwelling plants

and animalsand perform important biodiversity and nutrient cycling functions (Meskale
2002,Ross and Jones 200Manan and Ross 200%etzel et al. 201 As such, tree islands
serve as biological hapots andthey may beconsiderecas keystone habitatsdicative of the
overall health of the Everglade3he tree islands present withtime ridge and slough landscape

are complexspatially differentiate@cosystems their own rightoftenincluding different plant
communities arranged along topographic, hydrologic and soil nutrient gradients (Armentano et
al. 2002; Ross and Jones 2004; Espinar et al. 20hlthese islands, physieghemical drivers
produce a range ofegetationassemblageshat vary in species composition and lkferm
structure, represented in the proportion of plgrdwth forms. Vegetationin the hardwood
hammockgHH), which lie on the most elevated portion of the islands and are rarely flooded, are
mostly dominated by floothtolerant trees, whereas the surrounding marsh has mostly flood
tolerant graminoids or broddaved submerged, floatingnd/or emergent speciesBetween

these two extremes, the proportion of woody plants and herbaceous species varies depending on
the unerlying drivers of plant community composition (Sab02). Wth changes insuch
drivers, together with periodic disturbances (fire, hurricane), species composition may change
over time, affecting the resilienad the plant communities(the capacity ofa systento absorb
disturbancéefore it shifts into a differergtate Holling 1973),and ultimately the persistence of
forest communities within the marstFigure 1.1). This study describedecadal changes
vegetation compositioaf Evergladedree slands and examines whether successional processes
influenced by shosterm changes in hydrologic conditions have impacted the structure and
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locations of boundaries betwethre different communitieshat may be distinguished ithe tree
islandecosystem

Paleoecologicatvidence suggesthat tree island nucleation, formation, and development in the
Everglades began between 500 and 4,000 years before present in response to global and regional
multidecadal fluxes in the periodicity and duration of floodiamgd drought events, which
permitted the establishment and proliferation of woody vegetatigawgrass marshes on

ridges during periods of sustained drought (Willatdal. 2002, Willardet al. 2006, Bernhardt

2011). Over time, soil accretionesulting from higher productivity rates within these incipient

tree islands led to higher surface elevations and shortened hydroperiods, which in turn promoted
the esthlishment of shrubs and trees. Several mechanmas be responsible fancreased
productivity, and thusthe expansion and maturation of the woody vegetatimeluding
translocation and accumulation of nutrients from the adjacent marsh into the incipient tree island
through increased transpiratiateposition of nutrients, mainjyphosphaous, in the form of bones

and fecal matteof birds and mammalsnd subsequent leakage of nutrients to the adjacent land

in the downstream have been considered responsible (Wetzel et al. 2005; Ross et al. 2006;
Givnish et al. 2008) As recently as 300 ADmany Everglades tree islanasre not fully formed

and exhibited many of the characteristics of a transitional community consisting of sawgrass and
weedy annuals with a minor woody component (Willard et al. 2002, Stone and Chmura 2004).
However, by arond 1400 AD, following several extensive and prolonged local and regional
drought episodes, the modern vegetation structure and hierarchy on most large treaisitends
southernEvergladeshad been initiate{Willard et al. 2002, Bernhardt 2011).ikewise, @lec
ecological studies also suggest ttia location of boundaries between tree island communities
and surrounding lovstature marsh vegetation might have shifted in the past, depending on
hydrology, climate, or fire induced changes in surface &é@mvgdStone and Chmura 2004), or,
since the 28 century, as a result of water management (Willard et al. 2006; Bernhardt and
Willard 2009).

Hydrology is one of the major drivers of species differences along topographic gradients within
individual treeislands, or among various types of tree islaimdthe Everglades (Armentano et

al. 2002; Wetzel 2002; Ross and 8sr2004; Espinar et al. 2011jlence, substantial changes in
hydrologic conditions, whether natural or managennetiiced are likely tocause quantitative

and qualitative changda plant community structure and compositi@md with extreme and
prolonged changes even leading to complete degradation of forest structure and ectangjee

in ecosystem functionHistorically, such changes imydrologic conditions werdriven mainly

by annual or decadal variation iretiprecipitation. However,during the latter part of the 19th
century and continuing through the 20th century, anthropogenic alterations to the Greater
Evergladesmpacted varios elements of the landscape, including tree islé8kkar and van der

Valk 2002). For instance, managemeglated extreme and prolonged high water level caused
loss of tree island number and coverageWmater Conservation Areas (Brandt et al. 2000;
Paterson and Finck 1999, Sklar and van der Valk 200&mockel et al. 2008 In contrast,
shorter hydroperiod thaprevailed duringhe predrainage era resultad the continued rapid
development and successiof tree islands into wetleveloped forestedommunitiesin other
regions(Johnson 1958, Kolipinski and Higer 1969, Willard et al. 20C&ihce both adjacent tree
island and marsh vegetation communities are hydrologically connected (Troxler et al. 2005; Ross
et al. 2006; Saha et al. 2010; Sullivan 2011), prolonged and extreme dry or wet events may also



affect the boundary of tree islandsThe climatological records and hydrologic data from the
SharkRiver Slough(SRS)region suggest that water level during most of the last decade of the
20" century was wll above the 3@ear averageln contrast, both the mean annual rainfall and
water le\el were relatively low during the most recent decade (ZI2) (Figure 1.2). Such a
difference in water conditions has provided an opportunity to assess the response of vegetation to
the shift in hydrologic regime on thr&RStree islands that were $ir surveyed in 2062002,

and then in 201-2012

Tree islands are also likely to bffected bythe restoration efforts currently under way as part of

the Comprehensive Everglades Restoration Plan (CERP) authorized by the Water Resources
Development Act(WRDA) of 2000. Within the CERP, changes in water management
associated with restoration will result in changes in the internal water economy of tree islands.
Depending on the extent of hydrologic alterations achieved, the balance betweetol&cmut

and floodintolerant woody and herbaceous species within tree islands is expected to change,
resulting in a shift in species asseag#s and tree island functioBuch change mighesultin a

regime shift, i.e., large, abrupteleteriousand longterm danges to the structure, composition,

and function of a system or community (Biggs et al. 2009), and the further degradation and loss
of tree islands.However, CERP activities are just as likely to lead to the formation of new tree
islands in areas whetkey recently disappeared or, at minimum, prevent any further degradation
or loss of tree islands from the Everglades.

Drying conditions usually promote the establishment and growth of woody plants in wetlands.
In the Everglades, where vegetation is aged along a hydrologic gradient from open water
sloughs dominated by water lilieslfmphaeasp.) and spikerustE(eocharis cellulospto dense
sawgrass ¢ladium mariscussp jamaicensg and finally to woody communities (Gunderson
1994; Todd et al. 2010), a decrease in water level in the landscappected toaccelerate
succession with ahift of marsh species composition toward a more sawglassnated
community; and the expectatidor tree islands include higher overall dominance of trees over
herbaceous plants, and emergeatéess flood tolerant treesThis study examines the spatio
temporal variation in vegetation compositiomer a 1-year periodbetween2001 and 2012
within three SRSree islanddy; i) quantifying the species and growth form distribution along
the environmental gradient, ii) assessing the response of species composition and life forms to
the changes in hydrologic regime over timg,quantifying changesni relative importance of
woody species,and iv) evalating the effects of change ispecies abundance and the
representation of different lforms on the location and structure of boundaries between
vegetation assemblage¥Ve hypothesize thatydrologicdifferences betweetwo census dates

will result in, i) an increase in dominance of woody plants over herbac@&duscrease in
relative abundance of floeidtolerant woody species over flodolerant species, and iii)
concomitantthange in the boundas between different communities on the island®reover,

both increase in dominance of woody species over herbaceous species, afdtdlecaht
species over flootblerant species will suggest thake island growth, development, and
succession isependent on hydrologic fluxes, particularly during periods of prolonged droughts
or below average hydroperiod.



1.2 Methods

1.2.1 Study Area

The study was conducted on three SHisler Slough(SRS)tree islands, Black Hammock (BL),
Gumbo Limbo (GL) and Satinleaf (SL), within Everglades National PEN®P) (Figure 1.3).

The three islands, BL, GL and SL are situateth@eastern, central and northwestern portions of
the slough, respectivelyLike most largeSRStree islands, these islands are organized around
slightly elevated (~2 m) limestone outcrops, with characteristic shape and zonatsuth
islands are characterized by well-defined 6 h e astariated with a topographic high or
limestoneoutcrop that rises well above the marsh surface (Olmsted and Armentano 1997, Stone
and Chmura 2004, Armentano et al. 2002, Ruiz et al. 2011) and -alefiekd extended 'tail’
(~1-3 km long) aligned with the prevailing surface water flow direction (Logel&59, Snyder

et al. 1990). The 'head' of these tree islandsrarely flooded, andupportsa mixture of tree
species, mostly of tropical origifArmentanoet al. 2002, Ruizet al.2011). In contrasta t i | 6
portion of these landscapas dominated at its upper end by a mixguecies assemblage of
flood-tolerant trees, and ferngines and graminoidsand further downstream by tall sawgrass.
These teardrophaped tree islanashibit a consistent decrease in surface elevation, and canopy
height from the rarely flooded heads to the seasonally flooded swamp forests and marshes in the
far tail region of the island€Q(msted and Armentano 199Armentano et al. 2002; Ross and
Jones 2004)The subtle decrease in elevatisusuallyassociateavith decreasing productivity,
lower canopy heightandincreased hydroperiodin addition, soil characteristics vary along the
gradient from head to tail.Soils in the hardwood hammock aaékaline, mineral soils with
extremely high P concentratignw/hile soils in the seasonaljooded tail communities are
mostly organic,with decreasing P concentrat®from the proximal to disteénds of woody
plantdominated vegetatiofdaychandran et al. 2004; Ross et al. 2006).

Three distinct vegetation units assemblagegrade into one another in the tail portion of SRS
tree islandsBayhead Fore¢BH), Bayhead Swam(BHS), and Sawgrass TaBG). These three

tail units maybe thought of aphases in @hronsequencewhere theSG represergthe earliest
successional tree island community, analogous to the primordial marsh prior to tree island
formation, followed by th&HS zone that represents a transitional phase between the primordial
marsh and aBH climax community typifying tree island aturation in the absence oh a
elevated,tropical Hardwood HammockHH) head. In general, theSG tends to be the most
dynamic and least stable of the three tree island 'tail' vegetation assemblages associated with
many of the larger tree islands found hiit the EvergladesSawgrass Tailsrei) sensitive to
hydrologic changes which can lead to shifts in species composition and/or woody plant
encroachmentii) highly pyrogenic and susceptible to fires, which may consume all standing
biomass(Wade et al1980) andiii) prone to episodes of decadence oraffethat lead to the
complete collapse, mortality, and loss of sawgrass within this zone for several yearse{\&lade
1980, Alexander and Crook 1984).

The current composition and community structusedetermined to a large exit by recent
hydrology. The hydrologic regimes that impact the ecology of these islands are influenced
primarily by annual rainfall, augmented by the southerly flow of water delivered from the Water
Conservation Areas by pumpsrayed along the eastest trending Tamiami Trail (Reed and
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Ross 2004) Disturbances such as hurricanes and fire have also played a large role in the ecology
of SRStree islands(Loope et al. 1994; Armentano et al. 1995, 2002; Ruiz et al. 2011).

1.2.2 Data Collection
Vegetation sampling along transects

Vegetation was sampled along four transectsawh ofthree tree islands, BL, GL and SlOne

transect followed the | ong axis of the 1islan

three transectwere laid in weseast direction (hereafter, WE transects), at right angles to the
long transec{Figure 2.2). Out ofthreeNEt r ansect s, one traversed
and the other two crossed the middle and lower portions of the islandsathese n alHHbd a's
BHO aBHHE 6t ransect s, respectivel vy, based on
transect.All four transects were sampled in 202@02, but only the three WE transects were re
sampled in the spring of 201The length otransects and the number of sites sampled in-2001
2002 and 201bn each transect are givenTiable 1.1, and the coordinates #ppendix A.1.1

On each transect, vegetation was sampled ev&fyrs, and theampling protocols included, (1)

an estimate of maximum height and cover class of trees and vines by species withiadizs

plot; and (2) an estimate of cover class of herbs and shrubs by species within a 1 m radius plot
around each transect poinfthe cover classes used to estimate species @oveach stratum

were: 1, 01%; 2, }4%; 3, 416%; 4, 1633%; 5, 3366%; and 6, >66%Soil depth was
determined by probing to bedrock with a metal rod at each surveyed location.

Table 1.1: Length of transels and number of sites sampled on each transect in three Shark Slough tree islands.

Island Transect Length of the # of sites # of sites
transect (m) sampled in sampled in
2001/2002 2011
Black Hammock (BL) NS 560 72 -
WE-1 115 24 24
WE-2 135 28 28
WE-3 205 41 42
Gumbo Limbo (GL) NS 1000 107 -
WE-1 230 47 47
WE-2 280 57 57
WE-3 470 48 48
Satinleaf (SL) NS 500 55 -
WE-1 135 28 27
WE-2 110 23 23
WE-3 115 24 24

Vegetation sampling in plots

Between 2001 and 2002, permanent plot85ok 25 (625 if), 20 x20 m (400 ri) and 15 x 15 m

(225 nf) were established in théH, BH and BHS respectively, on each of the three study tree
islands Figure 1.2). Each plot was gridded into 5 x 5 m cells, whose corners and midpoint were
mar ked by 30 c¢m Ificedtgthd goounBRh€certer af &aehsgridded cell was
given a cell number while the cell corners were marked based on their locd#bwveto the
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exterior SW corner (0,0) of the plofhe plot and cells were set up using a compass, measuring
tape, sighting pole(s), and rigkdngle prism. These plots were revisited, reestablished, and
censused in 2012.

During the 2001/02 plot census trees (O 5 c¢cm)
aluminum tags, and their diameter (cm) at breasthhgidBH) measured and recorded.he

location of each tagged tree was recorded to the nearest 0.1 meter using the SW corner of the
plot as a reference (0,0 ur t her mor e, i f a tree had mul tipl e
tagged with a unique ID thatlowed it to be cross referenced back to its 'parditte DBH (cm)

of these offshoot stems was measured and recorded asTelldensity and species of all tree
saplings (stems O 1 and < 5.0 c¢cm in DBHI with
one of two DBH size classes: 1 to 2.9 cm or 3 to 4.9 cm. Saplings with multiple stems between 1
and 4.9 cm DBH originating from the base of a sapling were treated as individuals but assigned

or grouped to the largest sapling stem category, e.g., 29%ta@m or 3 to 4.9 cm, for that
grouping. During the 2012 census, all plots werecemsused t@ssesschanges in tree and

sapling densities as well as tree ingrowth and mortalitgrowth of new individuals or sprouts

from existing trees were tagged and added to the database.

Hydrology

The ground surface elevation was determinedHl & intervals along each transeatdall plot
cornersof the permanent plotgy surveying viaautelevel from a USGS benchmark of known
elevation. We estimated hydroperiod (number of days per year of surface inundation) and
annual mean water depth at each surveyt foation along the transects and within the
permanent plotsising elevation dat&dom topographic surveys in conjunction with long term
water level records at a stage recorder situated in the open marsh at 0.5 to 1.5 km distance from
the head of each islandlhe three stage recorders used to calculate hydrologic parameters for
BL, GL and SL were P33, NP203, and G620, respectivBigily water level at the survey sites

was estimated assuming a flat water surfacater, mean annual water depth (cm), aathual
average hydroperiod (daysjefined as theumber of days per year thaetlground surface of

the plot was inundatedvere calculated for each plofhese statistics were calculated overa 7
year period, based on previous studies of tree island dynamidsle ¥éveral authors have
estimated a vegetation response time-6fygars in marshes (Armentano et al. 2006, Zweig and
Kitchen 2009), in tree islands a strong correlation was found between variation in vegetation
composition and -gear annual average hydroperiod and water depth (Sah 2004; Espinar et al.
201% Ruiz et al. 201). We thereforeapplieda mean annual hydroperiod (days) and water level
(cm) averaged over 7 contiguous water years (May 1 to April 30) prior to samplings in
20012002 and 2012012 respectively

1.2.3 Data Analysis
Transect data
Species cover data wesemmarized using the mjabint of the cover class, and both univariate

and multivariate techniques were used to identify the vegetation assemblages along the
environmental gradient, and change in vegetation structure and composition over time.
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Split MovingWindow Boundary AnalysisWe used a split movingvindow (SMW) boundary
analysis \WWhittaker 1960;Ludwig and Cornelius 1987; Cornelius and Reynolds 1991) to
describe variation in vegetation composition and to identify boundaries between vegetation
assemblges along the surveyed transects in the tree islamdgie SMW method, the position

of boundaries, defined as the location of maximum variance in spedumieslance based
dissimilarities between adjacent groups of sampling plots, was identified thioeidgbllowing

steps: i)A window of eveanumbered size (the number of plots) was introduced at the beginning
of the transect, (ii) The window was then divided into two-haffdows, iii) The cover value of
each species was averaged over the plots within kakf window, iv) A species abundance
based BrayCurtis (B-C) dissimilarity was calculated between each pair of adjacent half
windows, v) The window was then moved one plot further along the transect, repeating steps 2
and 3 until the end of the transeeas reached, and vi) finally, dissimilarity profile diagrams
were created by plotting dissimilarity against location of the window-puidt along the
transect. In the dissimilarity profile diagram, the peaks (sharp or gradual) in dissimilarity were
idenified as boundaries between adjacent communitigssults of the SMW boundary analysis
are scale dependent, and are affected by the choice of windowJsigeof a small window size
often creates noise, resulting in many peaks that representssal@hariation in species
composition. In contrast, a wide window results in fewer peaks, overshadowing the fine scale
variation. First we explored the pattern using windows of different sizes (2, 4, 6, 8, 10 and 12)
and from these we selected larger windo{@s 8, 10, and 12) because these resulted in
boundaries which appeared to be ecologically meaningfwiltiple window sizes were selected

to reduce the scaldependency of SMW results.

We used a Monte Carlo method to test whether a boundary identifiegl the SMW method

has a significantly higher value than expected under a null hypothesis that no distinct boundary
exist between adjacent communities (Cornelius and Reynolds 19®ilthe Monte Carlo
method, we randomized the position of each site wstlspecies data vector intact, and repeated
the calculations of SMW dissimilarities, as outlined above, for each of the selected window
sizes. We repeated the randomization 1000 times, and calculated expected mean dissimilarity
and standard deviation beden each pair of windoWwalves for a given window widthThen we
calculated overall mean dissimilarity and standard deviation for each window width following
Cornelius and Reynolds (1991)Since our purpose was to use multiple windows in order to
reducethe scale effects, we pooled the dissimilarity value of-paioht from different window

sizes. However, as dissimilarities from different window sizes are sgdefendent, we first
standardized the observed dissimilarity values by calculatisgoZes foreach window width.

The Zscore for each migoint for a given windowvidth was calculated by subtracting
observed dissimilarity value from overall expected mean dissimilarity and dividing by the overall
expected standard deviation (Cornelius and Reyndlel81). We averaged &cores for each

site from four window sizes (6, 8, 10 and 12 sites), and plotted them against site positions along
each transectWe considered the peaks that corigif one or more contiguous sites with Z
scores equal of great¢han 1.65 (the value in onailed test: 95% confidence limit) as
significant and distinct boundary between adjacent communities (Boughton et al. 2006).

In a separate analysis, species were grouped according to théarri® (i.e., trees, shrubs,

graminoids, forbs, ferns, vines, seedlingglhe mean cover of these groups at each sampling
point was then used to calculateCBdissimilarity.
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Habitat heterogeneity andpecies turnoverSpecies turnover along the transect was represented

by the BC dissmilarity between two adjacent segments of sites in SMW boundary analysis.
examine the relationship between the degree of species turnovewaaiadion in the
environmental gradient, habitat heterogeneity was calculated as the mean absolute difference
values for elevation (and its covariates hydroperiod and water depth) and soil Deptiaintain
consistency between normalized@dissimilarity (Zscore) and habitat heterogeneity, we first
calculated absolute mean difference in the values of emaeatal gradient variables averaged

over the sites present in each of four window sizes (6, 8, 10 and 12 sites), and then averaged the
values for each migoint for the four window sizes.

Bet a di v e r,whereoy= tofabnumber of/species on ansect, and) = mean species
richness per sampling plot on the transegas also calculated to represent overall species
turnover along the gradient on each trans@at.quantify overall habitat heterogene#ipng the
transect, we calculatetie coeffident of variation (CV) for elevation, hydroperiod, water depth,
and soil depth.We finally used multipleegression to quantify the relationships between species
turnover and variability in elevation, hydrologic parameters, and soil depth within and acros
transects.

NMS Ordination: Non-metric multidimensional scaling (NMDS) ordination was used to
examine the relationship between species composition and environmental variables representing
hydrology and soil depthThe hydrologic variables included the analysis were-year annual

mean hydroperiod (days) and water depth (cfife relationship was examined usingextor

fitting procedure incorporated in the computer program DECQOBWnchin 199§. Vector

fitting is a form of multiple linear regressiothat finds the direction along which sample
coordinates have maximum correlation with the fitted variable within the ordination sphee.
significance of the environmental vectors was assessialg a MonteCarlo procedure
permutation test with 10,0Q@ermutations of the species dada,samples in the given ordination
space are not independent (Minchin 1998)nalysis of similarity (ANOSIM) was used to
examine the differences in vegetation assemblages between two sampling years, 2001 and 2011.

Plot data

Tree and Sapling Dynamicg:or each plot, the total tree density was estimated by summing the

total number of ‘parent' trees per plot and then dividing by the total area sample pEotplot

stand basal area was calculated by adding the totaldasad a of al | stems O 5
plot. Sapling densities and basal area were similarly calculated but all shoots were treated as
individuals, for density purposes, even if they were members of a-sterti clonal group.

Finally, species' importance ke (IV) was calculated by summing the relatdensity (R) and
relativebasal area (R) of each species, within each péotd dividing by 2
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1.3 Results

Between 1991 and 2011, daily mean marsh water elevations at the three stage rec@®lers (P
NP203, &G620) used in this study closely paralleled each other within and across years, with
very little variation among stage recordéfggure 1.4). Annual mean water levels at the three
stage recorders during both census periods, 2001/0204ri®012, were \or belowthe 21year
average However, during the severear period that preceded the 2001/02 cersusjalmean
water levelsat stage recorders were near or above theezik average.In contrast, for the
sevenyear period that preceded tB8112012census, annual mean water levels were generally
at or below the 2year averageHigure 1.5). The #year average annual mean water level prior
to 2011/2012 sampling was 13.8 cm lower at G&2012.5 cmlower at both P33 and NP203
than prior to 2001/2008ampling This difference in the lonrterm, e.g., sevegear, annual
mean water levels between censuses resulted in signifiqgatived ttest; p<0.05)decreased
hydroperiods acrosall transects and plo{&igure 1.6). On averageannual meatydroperiods
averaged over 7 years prior to samplaigngthe HH, BH and BHS transect$ecreased by 45,

64 and 48 days respectively, and that in those threts plecreased b, 94 and 0 days,
respectively, between the two census dad@péndix A.1.2).

1.3.1 Vegetation assemblages

Vegetation composition i8RStree islands follows the topographic gradient, primarily oriented
along the long axis (NS transect) parallel to the direction of the water flow, but also along the
transectsalignedperpendicular tahe long axis. The SMW boundary analysis of the 262002
species cover data along NS transects identifi@ds@nificant peaks,epresented byelatively

high normalized BC dissimilarity (zscores > 1.65)resulting in 34 distinct vegetation
assemblages, including the marsh vegetation at the far end of each treitgeet 1.7). The

peaks representing higher@dissimilarity between adjacent sample segments were identical in
both species and lifflorm abundance dataThe number and sharps® (relatively narrow and

tall) of significant peaks, however, differed among islanéist instance, in GL, three significant
peaks in normalized & dissimilarity differentiation among four communities HH, BH, BHS
and Swgrasswvere clearly identifiabl€Figure 1.7). In SL, only SMW boundary analysis based

on life form abundance data revealed three significant peaks denoting the same four
communities. In BL, however, the boundary separating two types of swamp forests was not
distinct in either the compi®nal or life form analysis. Moreover, the sharpness of peaks
separating adjacent vegetation assemblages was more distinct in GL than in BL and SL islands.

Plant communities identified along the NS transects were strongly associated with the hydrology
gradient as evidencedin significantly high correlation (r = 0.81; p < 0.001) betwdbe
hydroperiod vector and site positions in the ordina(Bigure 1.8). Among the hree forest
communities on the islanddHH were dominated byBursera simaruba Celtis laevigata,
Coacoloba diversifolia, Eugenia axillaris, Ficus aureand Sideroxylon foetidissimurBayhead
forests which were more diverse total plantspecies compositiomnyerecomprised of a mixture

of trees Chrysobalanus icaco, Pexs borbonig Morella cerifera,and Magnolia virginiana,

Salix caroliniana),shrubs Cephalanthus occidentalignd ferns(Acrostichum danaeifolium,
Blechnum serrulatunand Thelypteris interrupta BHS were comprised ofone or two flood
tolerant tree speciedinona gabra, Salix carolinianaanda suite of graminoids and forb$he
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marsh, dominated by sawgra€dgdium mariscussp.jamaicensg was present at the end of the
transect. In general, iee cover decreased towards the lower end of the bayhead forestasand

less than 5% in the adjacent bayhead swamp forests, where low shrubs and forbs were most
abundant. Graminoid cover increased towards the tail of the island, where sawgrass constituted
>80% of the total plant coverSimilar to tree cover, canopy hetghin all three tree islands
exhibited a strong positive association (.54, p < 0.001) with surface elevatiotdardwood
hammocks that occupied the head of the island had the tallest canopies, followed by bayhead
forest, and finally bayhead swamp fdré<gure 1.7).

The vegetation assemblages identified along the NS transects were also distinguishable on the
WE transects, established in three forest zones on each iskémgever, the SMW analysis
revealed that the boundaries between identifiablectatign assemblages were not always
distinct. The peaks representing the transition admetween adjacent communities were more
distinct onHH and BH transects than oBHS transects (i.e., marsh afHS are more similar

than other adjacent pairs), and madlistinct in BL and GL than SLF{gure 1.9). For instance,

on the hammock transects, the peaks separatiigand BH were generally significant.
However, unlike on the NS transect, where three forests zones were identifiable, the bayhead
forests on botliHH and BH transects transitioned directly into marsbn these transectBHS

were either absent or, if present, occupied a very narrow zone that was indistinguishable in the
selected window sizes in the SMW boundary analyaiselatively narrow or alentBHS along

the gradient suggests a sharp drop in tree island elevation in the direction perpendicular to the
axis of the tree island.

1.3.2 Environmental heterogeneity and species turnover

The environmental underpinnings of the withemd amongsland variability in composition and
structure illustrated ifrigures 17 and 19 were sought through regression analysis with metrics

of habitat heterogeneity.Calculated as the mean absolute aefiéhces in elevation, or its
covariates hydroperiod and water depth, habitat heterogeneity was positively correlatedowith B
dissimilarity along both NS and WE transedtg(re 1.10; Table 1.2. On the NS transects,

many of the significant peaks-groe > 1.65) that represented relatively high species turnover
co-occurred with absolute differences in elevation of 48 cm or more, corresponding to a
di fference i n mean an nufMohg the WE trangeets, howaver, siich O 1 8
values were muchigher in the transect through the tree island head, where the sharp decreases
in elevation occued In contrast, in th&H andBHS zones, high species turnover could occur

in association with just 280 cm difference in elevation, i.e. a differencénydroperiod of <100

days Appendix A.1.3).

Considering t he -tivemitydifeered sgnifiagamntly EOnamali ANOVA: F, 6=

5.7, p = 0.03) among the three habitat zon#ld,(BH and BHS$, and was higher on thdH

transects than oBHS transects Figure 1.11). b-diversity onBH transects was not significantly

different from that on eithadH or BHS transects.Speci es turnover (b) 1in
2011, was positively correlated (r = 0.83 and r = 0.84, respectively) with habitatgesteity,
represented by CV of elevatiofrigure 1.12). However, the relationship between species
turnover and soil depth was not signifitamd thus, not presented helk.cr oss al | tran
diversity was significantly (pairedtest: t = 7.0, p < 001) higher in 2011 than in 2001,
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suggesting greater microhabitat heterogend@ith.e mean (N SE) b val ues
7.56 (x 0.56) in 2001 and 2011, respectively.

Table 1.2: Pearson Correlation coefficient (r) andiglues for theelationship between mean normalized B€&wyrtis dissimilarity (ZScore) and
difference in (a) hydroperiod, and (b) water depth on nine transects, three each in Black Hammock, Gumbo Limbo anttetsistdealfs. HH
= Hardwood Hammock, BH = Bayhead, BE®ayhead swamp.

2001 2011
Tree Island Transect n Hydroperiod Water depth Hydroperiod Water depth
r p-value r p-value r p-value r p-value
Black Hammock
HH (WE-1) 19 0.68 0.001 0.47 0.040 0.60 0.007 0.16 ns
BH (WE-2) 23 079 <0.001 0.81 <0.001 0.82 <0.001 0.80 <0.001

BHS (WE3) 37 0.79 <0.001 0.76 <0.001 0.57 <0.001 0.50 0.002

Gumbo Limbo

HH (WE-1) 42 0.47 0.002 0.37 0.014 0.51 <0.001 0.53 <0.001

BH (WE-2) 52 0.27 0.050 0.43 0.001 023 ns 0.10 ns

BHS (WE3) 43 0.13 ns 0.18 ns 0.55 <0.001 0.60 <0.001
Satinleaf

HH (WE-1) 22 061 0.002 0.47 0.023 0.67 <0.001 0.55 0.009

BH (WE-2) 18 0.76 <0.001 0.73 <0.001 0.81 <0.001 0.74 <0.001

BHS (WE3) 19 010 ns 0.13 ns 0.36 ns 0.35 ns

1.3.3 Vegetation change (2001/2062011/2012)
Vegetation dynamicsalong transects

Over the period of a decade (26BQ11), the degree of change in plant community composition
varied within and amon@RStree islandsMuch of the change was either near the boundary
between forest and marsh communities alongHHedransct, or within theBH andBHS forests

on other transectsAnalysis of similarity (ANOSIM) reveals that, in general, vegetatiorHbh
transect on all three islands was not significantly different between 2001 andTztlé 1.3.
Moreover, the change ioverall vegetation composition was highertiire BHS forest than in
BH, and in GL and SL than in BLThe effect of hydrology on vegetation composition also
varied among community types as well as among islafidsie 1.13). While HH vegetation
showed arying trend in all three islands, changes in vegetation compositiBRl$:showeda
wealer relationship to hydrology, suggesting that factors other than-amewal hydrologic
variation were also responsible for change in swamp forest composition. Auslehange was

in the BHS of GL where two types oBHS forest became more distinct in 2011 than they had
been in 200XFigure 1.13.The mean dissimilarity between these two assemblages was 70.6%,
and the characteristic species in the eastern portioBHS forest were sawgrassCladium
marsicusssp.jamaicensg willows (Salix caroliniang and cattail Typha domingensiswhereas
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the assemblage covering the western-thirel of BHS forestwas primarily dominated by
Cephalanthus occidentalisngan cove#6%).

Table 1.3: Global R andp-values from analysis of similarity (ANOSIM) testing for differences in vegetation
composition between two sampling years, 208nd 2011.

Transects
Tree island Hardwood Hammock Bayhead Bayhead swamp
R-statistic ~ p-value R-statistic ~ p-value R-statistic ~ p-value
Black Hammock 0.011 0.272 0.071 0.024 0.131 0.001
Gumbo Limbo 0.009 0.218 0.055 0.007 0.384 0.001
Satinleaf 0.009 0.292 0.114 0.006 0.348 0.001

The temporalchange in vegetation composition, particularly the chaimmgéotal cover of
different life-forms on nine WE transects surveyed in ten years ,apastimmarizedn Table

1.4. Along the surveyed transects in the tree islands, the change in tree cover showed mixed
results. Tee coversignificantly decreaseith the BH transect of BL (pairediest: t = 2.23, df =

27; p =0.03), and in both the hammock (pair¢est: t = 4.85, dE 46; p < 0.001) and bayhead
(paired ttest: t = 2.51, df = 56; p =0.015) transects of Gn the GL hammock transect, mean

tree cover in 2011 (46.2+40.7%) declined by@dirhalf from 2001 (79.2+68.7%n contrast to

the trend in BL and GL, tree covar SL showed an increasing trertlough not statistically
significant(Table 1.4. In this island, the increase in tree cover was mostly concentrated in the
western half of the transects.

Tree layer vegetation on the Shark Slough islands included loatth intolerant and tolerant
species.Hence, change in total tree coong the transectsas confounded by the differential
response of tree species, which depended on their tolerances to flo@bhgeen 2001 and
2011, while the mean (= S.E.) covefr pond apple Annona glabry a flood tolerant species,
decreased significantly from 11.1 (£1.23) to 6.53 (x0.78) percent (patiestt t = 4.3, df = 318,
p<0.001), mean cover of cocoplu@hrysobalanus icagp a moderately flood tolerant spezie
incresed from 9.1% to 12.3% Among other woody species, shrub cover increaseghost
transects, though the increase was statisticagjgificant (paired-test, p < 0.05pnly in the
BHS transect of BL Table 1.4. Most of the increase in shrub coveBhS of BL and GL was
due to an increase in the cover @éphalanthus occidentalisyhose mean (+ S.E.) cover
increased from 0.8 (x 0.3) in 2001 to 14.7% in 201WMoreover, cover of woody vines
significantly increased oHH transects in BL and GL, arigH tramsect in GL.

By far the most striking change in vegetation composition in all study islands was an increase in
the cover of graminoids, particularly sawgrasSlaflium mariscusssp. jamaicensg and
spikerush Eleocharis cellulosp The increase in gramimis was statistically significant
(pairedt test; pvalue < 0.005) in all transects except the SL hardwood hamni@dke( 1.4).

Mean graminoid cover was 1.5 to 8.0 times higher in 2011 than in 2@&lvgrass cover
increased throughout the thrBélS transets. However, in the forested portion biH andBH
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transects, the increase in sawgrass cover was limited todlgns, i.e. in the BH&nd marsh
zones Figure 1.14), suggesting that sawgrass was respondingdeceeasén marsh water level
in recent years in comparison to the late1990s.

Table 1.4:Mean cover of different life forms in plots along transects sampled in 2001 and 2011 in three tree islands.
The value in bold are significantly different (Wilcoxon Matched&thtest, p < 0.05).

WEL1 - Hammock Transect
Black Hammock  Gumbo Limbo Satinleaf
2001 2011 2001 2011 2001 2011

Epiphyte 0.04 0.74  1.96

Fern 5.88 5.08 15.13 12.26 3.84 7.52
Herb/Forb 4.54 9.71 5.45 5.55 4.34 6.35
Herb/Graminoid 1050 2354 2282 3334 1554 18.98
Shrub 0.00 1.04 5.28 0.54 0.04 0.19
Seedling 6.63 10.65 18.70 13.81 3.57 6.56
Vine/Herb 0.13 6.65 2.21 0.39 6.98 3.67
Vine/Shrub 2.50 3.94 1.18 6.20 9.45 4.72
Tree 68.40 5492 79.23 46.24 4459 4954

WE?2 - Bayhead Transect

Epiphyte 0.27 0.04

Fern 9.21 9.05 26.85 2489 10.74 15.72
Herb/Forb 3.16 7.07 10.82 13.37 3.78 3.35
Herb/Graminoid 8.30 29.63 1342 3855 2059 6141
Shrub 0.11 141 2.40 4.29 4.09 1.52
Seedling 2.34 3.89 11.25 2.96 0.70 3.91
Vine/Herb 1.41 13.52 6.03 0.57 0.28 0.54
Vine/Shrub 0.23 4.00 1.34 1.49 0.43 0.46
Tree 58.89 46.59 38.03 23.62 26.67 36.13

WES3 - Bayhead Swamp Transect

Epiphyte 0.02 0.06

Fern 5.48 8.19 12.63 7.98 3.65 13.29
Herb/Forb 19.54 23.32 19.40 28.28 9.38 9.79
Herb/Graminoid 23.09 48.32 8.20 64.90 20.79 80.06
Shrub 0.82 14.99 3.65 9.96 14.50 1.25
Seedling 10.35 4.95 5.28 0.27 2.25 0.15
Vine/Herb 0.35 0.75 4.28 2.38 0.23 1.04
Vine/Shrub 0.16 0.37 1.02
Tree 21.35 19.25 7.74 11.24 6.46 12.00

Besides thegr ami noi ds, sever al ot her herbaceous spe

increased or decreased over the course of the stymbe(dix A.1.4). Among them, the change
in cover of cattail Typha domigensjsvas of special interestln ten years, cédil increased in
cover on the three transects where it was present in 200BH.end BHSIin BL andonly BH
in SL. Furthermore, it was recorded for the first time on three other trang&d&ig BL and
GL, andHH transect in SL) in 2011 The increas in cattail was most evident in tB#S and
marsh of GL, where its cover reached 50% at some(§itgsre 1.15).
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Tree and Sapling Dynamics in plots

In the HH plots, in which only tree layer wassampled in 2012meantree density and basal
area,averaged over all three islands increased by 7.3% and 5.1%, respectively. However, the
pattern of temporal change in both tree density and basal area differed among Kigunds (

1.16. While both the density and basal aredahe HH plot of GLdecrease during thetenyear

period tree density increased by 7.3% and 23.5% in BL and SL, respectively. Moreover, the
basal area decreased in BL by 6.5%, but increased in SL by 37.4%, from®3&5 tm 50.1 ni

ha. In both BL and SL plots, density &ugena axillaris and Chrysobalanus icacincreased,
whereas the density @eltis laevigata decreased across all islands. Especially, in GL plot, the
density ofC. laeviegatain 2011 dropped to one third of the density in 2001, from 240 steths ha

to 80 stems ha(Figure 1.16)

Average tree densities most of BHand BHSplots increaseth ten yearsbetween 2001/02 and
2012. In BH plots, increase in tree density ranged between 18% and 55%, and-Bid¢ Blbt

had the greatest increase in tree densityure 1.17). Moreover, whilehe BHS plot of GL did

not have any treeduring eithersurvey, tree density increasbgl morethan 100% inthe BHS

plots of BL, from no tree in 2001 to 89 stem @ 2012 inSL. In contrast to an increase in
woody density in tree layer, the sapling densities decreased in BH plots by an averaye of 64
over a decade, andha greatest decreaseas in theBL BayheadForest plot Nonetheless,
sapling densities in BHS plots showed mixed results. While in ten years the saplinigsiensit
BHS plots of BL and GL increasedy 7% and 186, respectively, the number of saplings
decreased by B2in theSL Bayhead Swamp pl¢Figure 1.17).

Increase in tree and sapling density was not always paralleled with an increase in the basal area,
especially in BH plots. For instance, tree basal area increasedbari2210%6 in GL and SL,
respectively. But, inhe BL Bayhead Forest plpin which tree density increased by 53%asal

area decreased by 14% from 19.7 to 16°hat(Figure 1.18). In contrast, together with the

tree density,ree basal arealso increaseth the BHS plots of both BH and SL Saplingbasal

areain all threeBH plots decreasedver ten years by an average o#&8The BL-BH hadthe
sharpestecline (790) in basal area In contrast, sapling basal areas increased acros&ll

plots by an average of 3d (Figure 1.18). The greatest increase occurriedthe GL plotin

which thesapling basal aredgoubledin ten yeargrom 2.5 to 4.9m*ha”.

Across allBH plots, the average IV of most tree species declined between 2001/02 and 2012
(Table 15). However, the IV of threerée speciedlex cassine,Salix caroliniana and
Chrysobalanus icacmcreased during this periofihe nost notable increase was in the IV value

of the intermediatty flood-intolerantC. icacq whose IV increased across 8H plots and in

one of theBHS plots Figure 1.19). In the sapling layer, whilé/ of C. icacoremainedalmost
unchangedn two islands, BL and GLSL showed an increase iits importance valu¢Figure

1.19. In contrast to the increase in IV Gf icacq the floodtolerant specieé. dabra which was
dominant or cadominant in all plotsdecreased in mo€BH plots, but remained relatively
unchanged in the thr&HS plots.
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Table 15: Mean (+ 1 S.E.) tree importance value (IV) for the three Bayhead Forest and Bayhead Swan
between 2001/02 and 2012.

Species Bayhead Forest IV (%) Bayhead Swamp IV (%)
2001/02 2012 2001/02 2012
Annona glabra 44.0+13.4 34.3+4.0 13.8+13.8 50.1 +£28.7
Chrysobalanus icaco 4.4+4.4 18.9+9.8 20+£20
Ficus aurea 11.7+11.7 9.5+£9.0
llex cassine 28118 35122 42+4.2
Magnolia virginiana 149+ 9.5 10.6 £5.7 6.7+6.7
Morella cerifera 3.1+£1.38 25107 41+4.1 43+4.3
Persea borbonia 0.7+£0.7
Salix caroliniana 17.0+ 3.6 20.2+0.2 155+ 15.5
Sambucusgigra ssp.canadensis 1.5+£0.8 0404 0.0+0.0

The IV of sapling species showed much greater variability between plots and census dates than
did those of the tree speciebor example, in th&H plots, IV of flood-tolerantspecies likeA.
glabraandMorella ceriferadecreaseth 10 yearqTable 16). In contrastless dominant sapling
species likeP. borbonia Sambucus nigrasp. canadensis and Ficus aureaincreased in IV
between 2001/02 and 20Ithis pattern, however, was not observed inBRS plots, in which

the average IV of the three dominant sapling spedlesylabra Magnolia virginiang andS.
caroliniana, remained unchanged between census dates, as did most of the other sapling species
(Table 16).

Table 16: Mean (+ 1 S.E.) saplingnportance value (1V) for the three Bayhead Forest and Bayhead Swamg
between 2001/02 and 2012.

Species BH Sapling IV (%) BHS Sapling IV (%)

2001/02 2012 2001/02 2012
Annona glabra 23.6£10.8 10.7+£2.9 49.6 + 18.8 51.7+18.0
Chrysobalanuscaco 37.2+26.2 50.7 £ 23.7 0.2+0.2 0.8+0.8
Ficus aurea 0.2+0.2 144 £14.4 0.1+0.1 0.1+0.1
llex cassine 3.3+28 26120 0.5+£05
Magnolia virginiana 8.0+8.0 94+6.4 149 +13.8 11.7 +10.5
Morella cerifera 21.3+12.6 31+£19 6.1+4.2 7.8+5.0
Persea borbonia 41+4.1 0.2+0.2 0.4+0.3
Salix caroliniana 6.2+1.8 28.8+27.8 27.1+27.1
Sambucus nigrasp.canadensis 0.2+0.2 51+37

Vegetation change and boundaries

In general, even after ten yeabmundaries between two forest types or between a forest and
marsh in the head region of the islands remained distinct, suggesting that the underlying factors
that define the forest zones on elevated ground elevation in these islands were resistant to small
scale annual variation in hydrologyHowever, the sharpness of peaks separating forest and
marsh communities was more distinct in 2011 than in 2001, especially in the transition between
marsh andBH or BHS forests Figure 19). Despite a general trend iresistance by these
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communities from expansion and contraction in spatial extent, there was some noticeable change
in community composition at the boundarieé. few sites located at the boundaries between
marsh andBH were marstBHS type in 2001, but kh changed tdBBHS/BH type by 2011
indicating an increase in woody components at the boundékagendix A.1.4). Those
changes occurred mostly the eastern portions of the GL and $lH transects, suggesting a
drying trend in the arealn contrastthe siteslocatedat the boundargf the western portion of
thetwo transects, BindBHS in BL and GL were more characteristic of marsh in 2011 than in
2001, mainly resulting frm an increase in sawgrass cover.

1.4 Discussion

In the fixed, tearshaped ree islands within the ridge and slough landscapetloé Everglades,
vegetation assemblages th#ter in both species composition and functional representation (life
forms) arearrangedalong a topographic andhydrologic gradient. These assemblages are
dynamic, having changed over time in response to interacting forces, including hydrologic
conditions and distbances (hurricanes and fire). Our results showpaodicfluxes in the
hydrologic regime, resulting in below average water levels and shorter kydidpover a
period as short as onelecade promots the growth of sawgrass in the marsh, atite
establishment and growth of woody plaiisthe hydric woody communities of the islands.
These changes in vegetation composifilive successional processesultingin the growth,

and maturation ofthe treeislands.However, @spite these internal changes, we found minimal
alteration in the position of the boundary between adjacent assemblages over the period between
2001 and 202, with theexception othefar tail regiors of the islands

Vegetation characteristics of the thi@RStree islands are in accord with patterns described for
6fixed tree i sl an-daugh lapdscape ehmoughouticéntral and soutlileg e
Everglades (Loveless, 1959; awthers). Four distinct vegetation assemblagesardwood
hammock, bayhead, and bayhead swamp forests, and tall sawgrass marsh were expressed most
clearly along the primary axi the islandgarallel to the direction of water flow, but also were
evidentalong secondary axes in the direction perpendicular to flow.these secondary axes,

their relative areal extent varied consistgmtepending on the location dfe transect along the

length of the islandRigure 1.9). Ultimately, vegetation zonatiowithin tree islands is a result

of water flow patterns and associated ecological processes, including biotic feedbacks that alter
the local topographyln the Everglades, proposed models for the development ofsldggh

tree island landscape have engihad the role of water flow and the distribution of nutrients
(Wetzel et al 2005; Ross et al. 2006; Bazante et al. 2006; Givnish et al. 2008, Cheng et al. 2011,
Lago et al. 2011).According to these models, evapotranspiratimuced convergent flow of

water is one mechanism that causes the accumulation of nutrients (mainly phosphorus) and the
formation of a tree island head on topographically high groukidwever, it is the strong
regional water flow gradient that causes the nutrient to spread dommsimethe direction of

flow and to form longitudinally arranged vegetation zones (Ross et al. 2006; Givnish et al. 2008;
Cheng et al. 2011)A similar process operating in directions perpendicular to flow appears to
create nutrient gradients betweemi¢h forests on relatively high ground telifited marshes

along the flanks of the tree islanddowever, in those directions, tiggadients are concentrated
within a relatively short distance, resulting in narrow vegetation zofreshe tree islands we
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studied, relatively narrow vegetation zones were present near the ends of the transects, especially
in theHH andBH regions.

Within a tree island, boundaries between adjoining plant communities were not always distinct.
While the transition betweeklH and BH was weltdefined in the study tree islands, the
transition fromBH to BHS to tall sawgrass marsh was subtle, and boundaries were sometimes
difficult to distinguish. While several flood tolerant tree species that occuBlh are also
present irBHS, eg., Morella cerifera, Magnolia virginianaandSalix caroliniana their growth

is stunted in the l&gr. Similarly, sawgrass, whose hydrologic range is very wide, grows together
with flood-tolerant tree species iBHS. Thus, a boundary betwed8HS with high cover of
sawgrass in the understory and adjacent sawgrass marsh may not always be distinct, and changes
over time depend upon the change in cover of sawgrass and other associated §sguis.
changes in sawgrass cover were largely responsible ftiaage in boundary characteristics
along theBHS transect in GL and SLOnN this transect in GL, none of the peaks were significant

in 2001, whereas in 2011 three significant peaks were identffigdre 1.9).

The physical factors that influence thesition of boundaries among adjacent communities are
likely to be the same that affect the disitions of individual speciesA related concept, the
spatial heterogeneity hypothesis, suggests that greater habitat (resource) heterogeneity allows the
coistence of more species (MacArthur and MacArthur 1961; Davidowitz and Rosenzweig
1998; Kumar et al. 2006)Thus, along an environment gradient, a positive relationship between
habitat heterogeneity and degree of species turnover is expétthe SRStree islandslsq we
observed a positive relationship between normaliz&gi @ssimilarity and habitat heterogeneity

in all transectgFigure 1.10), suggesting thathe processes that enhance habitat heterogeneity
along the gradient will result in shamter-community boundaries, which represent zones of
high species turnoverMoreover,b-diversity was higher in 2011 than in 2001, suggesting that
habitat resource heterogenedigoincreasedn the tree islandever theten yearsGenerally, in
periodially flooded ecosystems, such as floodplains, continuous flooding and high water level
are known to form homogeneous habitat, whereas during the low water level habitat
heterogeneity increases (Thomaz et al. 2007 kontrast, a fluctuating water levelttv periodic
dry-down is likely to increase habitat heterogeneity, especially in topographically heterogeneous
areas. In the SharlRiver Slough, annual mean precipitation and water level varietein the

last ten years thatturing the previouslecade. Thus we conclude thatelatively dry conditions

and interannual variability in water deptim recent decade resulted imcreased-diversity in

SRS tree islands

Tree island vegetation responds to managemamd naturallydriven forces e.g.hydrology,
disturbance (fire and storms), or internal ecological feedbalcksontrast to our expectation of
ubiquitous increase in woody plant cover, the change in woody cover along the transects showed
mixed results. In fact, in theHH of BL and GL isands and in th&H of GL, tree covereven
decreased.This finding may be the result of several interacting phenomena, including
disturbances.In 2005, the study islands were hit by two hurricanes, Hurrgc&agrina and

Wilma. The latter brought relately high wind speeds (Knabb et al. 2006; Pasch et al. 200b)
caused significant tree damage on the study islanBer three years after the hurricane,
cumulative tree mortality values were 17.5% and 6.2% inHhkeforests of GL and BL,
respectively. The high tree mortality on these islands in gastricane years could also be the
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result of interaction of multiple disturbances, which are capable of impacting the resilience of
forests, resulting in surprise outcomes (Buna and Wessman 20h&)droughthat prevailed

for 1-3 years (200&008) after Hurricane Wilma might have accentuated tree mortality on these

islands. In drought years, particularly during the dry season when hammock plants use regional
ground water (Saha et al. 2010), water level figlire than 70 cm belowhe groundsurface

which might have reduced access to ground water, causing high mortality in husticssed

trees.

Our resultsreinforce the concept that tree islands are dynamic successional communities that
expand and contchover time in response to hydrologic fluxes. Between 2001/02 and BbI12,

and BHS plots saw increases in tree densityd basal area as well as significant canopy
development, e.g., increases in canopy volume and hei§hthe same time, while sapling
densities decreased in tB&IS plots, possiblyin response to intraand interspecific competition

for nutrients and light availability resulting from canopy closure and forest maturatioBH®e

plots saw both an increase in the number of trees, of whdast were saplings a decade ago, and

a new cohort of saplings indicating a slow but steady progression in the successioBléSthe
plots into aBH forest. Temporal changes in species importance values (IV), further reinforce the
concept of a successionatodel of tree island development oviéme, though a precise
interpretation of changes in IV between 2001/02 and 2012 is difficult because of SpeuHis
differences in their hydrologic tolerancasd life historieover time. Once established, maitu

trees may persist at the extremes of their hydrologic range with no apparent deleterious effects.
In general, however, flood tolerant species BkeglabraandS. carolinianasaw their IV decline

while moderately flood tolerant species l&eicacq I. cassing andF. aureaincreased.

Olmsted and Armentano (1997) postulated that a prolonged high water level during the mid
1990s foll owed by brief dry peorfifodd waa sp rroensoput
spatially extensive, and episodic deqazke observed in mordominant stands of sawgrass in
some areas of Shark Sloughm our 2001 sample, opening in the herb layer due to sawgrass die
off was most evident iBHS transect of GL Figure 1.20), where the mean cover of sawgrass
was only 5.5%, on#éourth of the value observed in the equivalent transect in Bi.the
Everglades, researchers have often reported sawgrass decameinpestulatedariouscauses,
including reduced fire frequency, nutritional imbalance, fungal infection, a boringa larv
(Scirpophaga perstrialjs and hurricane caused periphyton deposition (Hofstetter and Parson
1975; Wade et al. 1980; Alexander and Cook 1984; Olmsted and Armentano 1997; Clark et al.
2009). In the present study, we have not thoroughly investigdtedause of sawgrass dadf.
However, it could have occurred due toanbinationof reasons, includinthe extreme flooding

of the mid1990s(Figure 1.5).

In an area of sawgrass daf, the succession of plants may start within months (Alexander
1967), lut years may pass before full vegetation recovery is achieved. In parts of Shark Slough
where open water sites due to sawgrassoffiprevailed in 2002001, sawgrass was still very
sparse in 2007 (Ross et al. 20Kline et al. 2007). Wade et al. (198bBad reported that
extensive aremof sawgrass decadence observed in early 1970s werdistioiguishablefrom
unaffected healthy sawgrass stasith 1980. These studies suggest that vegetation recovery in
the area of sawgrass e could occur within 710 years. In the present study wel| areas

within those transects that were affected by sawgrasefieere fully vegetated with dense tall
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sawgrass ten years later. While these areas of sawgrasff deem to have recovered to
something approaching their previous conditions, periodic sawgrassdfdigents within the
ridge-slough landscape have important implications. In general, sssvglieoff on ridges
negatively impad long-term viability of the ridgeslough mosaic through shrinkage of the
elevation difference between these two important features (Clark et al. 2009). Likewise,
sawgrass dieff near tree islands may have effects island development through various
mechanisms. For instance, in sawgrassoffieareas,especially if that are adjacent to the
wooded communitywater flow velocity is usually higher than in adjacent sawgvagetated

area (Bazante et al. 2006). Slowadp of soil accretion process associated with greater floc
transport mediated through increased flow and reduced biomass production might also
exacerbate the elevation difference betweenmbeded portion of amsland andthe sawgrass
dominatedmarsh. Suc an increase in the elevation difference then could accentuate positive
feedback for differential transpiration and -&-cumulation, a mechanism suggested by
researchers for the devel opment and persister
realting elevation difference between island and adjacent marsh then would sharpen the
boundary between these components of the landscape. This may be the reason the boundaries
betweenwooded communitandsawgrassnarsh inBayhead Swamp region &L were $arper

in 2011 than in 2001. Nonetheless, in coming years the recent increases in sawgrass may disrupt
such feedback, resulting in more diffuse boundaries.

In the Everglades, expansion of cattail in existing sawgrass marsh is widespread, especially in
thenorthern and central EvergladeSattail usually spreads into areas of prolonged hydroperiod,

if nutrient conditions, especially phosphorus levels, are relatively high (Newman et al. 1998;
Hagerthey et al. 2008).They largely spread into adjacent savegraareas by underground
rhizomes, but usually do not penetrate dense vegetation until something like a peat fire or a
senescent patch of sawgrass creates an operinghis study, increase in cattail in GL was
possibly associated with sawgrass-dit which was evident as early as in late 1990s in the area
adjacent to the bayhead swamp zone of the iskigdire 1.15).

Much of what is known about the distribution or function of tree species in Everglades tree
islands, or of tree island loss in the Eylades, has been viewed in relation to hydrologic fluxes
resulting in prolonged high water conditions. However, tree islands are also susceptible to the
direct and indirect effects of fire, particularly during drought conditieiresnot only kill trees

but consume the rich organic soils, in the process altering water regime by loweringabe sur
elevation (Zaffke 1983). Under these circumstances, immediate {bost flooding can be
detrimental to tree island recovery, and may lead to their recession or complete loss (Ruiz et al.
2013). Furthermorefire is also known to sharpen the edges of both ridges and tree islands
(Givnish et al. 2008; Wetzel et al. 2008h the last ten years, two fires, the Airboat fire of 2006

and the Mustang Corner fire of 2008 burned the marshes close toHHauock These fire

might have not only killed woody plants, if any were growingnmarshes in reduced flow
conditions, but alsanight have consumed the peat layer, thus causing a greater difference in
elevation and sharpening the boundary between forest and marsh.

A shift in theboundary among plant communities occurs whenacharmge pmst e més ecol o

processes cause reduction of its resilience, resulting in regime shifts (Folke et al. 2004;
Hagerthey et al. 2008)in the study islands, change in hydrology over a decade probably has not
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affected each community enough to exceedfits i ppi ng poi nt o, hence
boundary was observedn a recent study, macrofossil analysis of a tree island in V8&Aas

shown that the island habitat expanded in response to the dry conditions in late 1980s, followed
by a reduction duringvet conditions in the 1990s (Brock et al. 201Zhis implies that extreme
hydrologic events are more important than average annual hydrologic conditions in shaping tree
island vegetation.Moreover, h plant communities arranged along an ecologicalignachigh

species turnover usually occurs at the edge of discontinuiase there is high variability in
composition within the transition zone, the turnover appears to be adagdewee, communities

that have low turnover at the boundary, paradylwhen the boundary is diffuse, may héittée
adaptive capacity and relatively low resilience (Allen et al. 2008)the study islands also,
species turnovewas lower at the boundaries betwd®HS and adjacent marshnd thus the
boundaies betweenthem would be prone to shift, especially when impacted by extreme
instancs of flooding or drought.

The strong correlation between tree island vegetation structure and hydrology discussed above is
highly suggestive of how hydrologic modifications broughbut through the CERP will affect

tree island dynamgthroughout the EvergladesDepending on the magnitude of hydrologic
alterations achieved by the CERP, the balance betweenttiteydnt and floodntolerant woody

and herbaceous vegetation withired islands is likely to change.Biogeochemical and
biogeomorphological processes, i.e., nutrient cycling and soil accretion and development, will be
impacted as well. The magnitude and direction of such changes is likelyaly spatially in
response toegional differences in tree island reference conditions and the extent of hydrologic
modfication achieved by the CERPLhus, it is not unrealistic to think that lotgrm hydrologic
changes brought about by the CERP could lead to the degradatiorsaraf teee islands from

the system if the hydrologic chang#sat areimplemented significantly alter the hydrologic
regime within tree islands smuch that thewater regimeexceeds the tolerance of the situ
vegetation. At the same time, however, tréegands currently under hydrologic stress or in a
highly degradative state, e.g., ghost islands (Ewe et al. 2009), could see a recovery if hydrologic
conditions conducive to woody plant establishment and growth is achieved and sustained.
Ideally, the CERPshould strive to achieve system wide hydrologic conditions that result in a
spatially balanced mosaic of tree islands in different successional states with no specific
preference to tree island type or successional state. System wide homogeneity staricke i
structure, composition, and type should be discouraged, since it is likely to lead to both the floral
and faunal extirpation of rare species, which will likely result in a reduction in the overall species
diversity of tree islands. At the same tilsgstem wide homogeneity in tree islands significantly
increases the chances of a system wide or regional perturbation event having catastrophic
consequences.

In summary, in the ShamRiver Slough tree islandspatially differentiated vegetation occugin

along the hydrologic gradient consists of vegetation assemblages of contrasting species
composition and functional representation (life form@yer the last decadepver ofthe flood

tolerant tree specieédnnonaglabra decreasedand was accompanidxy anincrease in the cover

of the moderatelyflood-tolerantChrysobalanus icacbetween 2001/02 and 20&alongtransects

as well as in hydric foresplots Furthermore, transects crossiBiHS plots saw a marked
increasein shrub cover, particularly it€ephalanthus between 2001/02. Thiecrease in the

cover and IV ofC. icacoalongtransects aneh the hydricplots respectivelyis animportant
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finding, as the paleoecological recosliggests that this specigandicative of the latter phase of

tree isla development and maturationBél forest While the life form composition of some of

these assemblages changed in response to interacting forces, including hydrology and
disturbances (fire and stormeih only a few transects, such changes in the mixture of growth
forms exactly paralleled the changes in the boundary between adjacent assemblagges.
vegetation changes do not always involve a simple shift in the location of fixed species
assemblages, buather the emergence of new species and structural combinatioggneral,

shifts in boundaries among plant communities are presumed to initiate reductions in ecosystem
resilience, resulting in regime shiftsln these three islands, however, the dffeaf annual
variation in hydrology over the previous dec
resilience, hence a minimal shift in boundary between vegetation assemiégebserved on

most transects.
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2. Developing Spectral Signaturebased Tree I$and Vegetation Classification

2.1Introduction

Tree islanddevelopment and maintenance is ofierimaryinteress in restoration othe Greater
Everglades. Researchers have demonstrated thadr the last half centurythere has been
reduction in tree island number and areabwth Water ConservationAreas (WCASs) and
Everglades National ParkENP), mainly due to altered hydrology and/or increased fire
frequency(Patterson and Finck, 1999; Brandt et al. 20BKar et al. 2018 In contrastin some
regionswherehydroperiodswvere shortein recent decades thauringthe predrainage era, the
total area of tree islands increas@tandt et al. 2000; Sklar et al. 2013However the
regionally specific increases in tree iglanabitat were considered much less than the losses in
other portions of Shark River Slough (Sklar et al. 2018)those studieshefocus of study was
thewhole tree island as a unandthe complex nature of tree islasthcluding their constituent
plant communitiesand quality of tree island habitat including canopy height, tree demagy
virtually unaddressed Furthemore the transition amongdifferent communities differing in
habitat qualitywithin an island vasnot considered.

Within the rdge and slough landscapéthe Evergladeghe plant communityon a largesized
tree islands characterized by a change in structure and composifthndecreasing elevation
from the upstream head to the downstream t&il change in hydrologiadegime, including
magnitude, duration and timing of water depth and flei not only affect the size oh tree
island (Brandt et al. 2000), buhay also causea shift in relative proportion of different
communitieswithin it; in fact internal shifts in composdn may occur in the absence of changes
in the absolute size of the tree islarfuch a shift in communitypes will affect the health and
performance ofa tree island, as the ecosystem services provided by the tree island may
considerably be alteredFor instance,n the phosphorubmited Everglades ecosystem, tree
islands are considered hot spots for phosphacgsmulation(Ross and Jones 200Wetzel et

al. 2005 Ross et al. 2006 However, phosphorus accumulationa tree islandoil is considerd

to be afunction of hydrologic conditionsasthe soil phosphorus content gradually increases
from marsh to tall sawgrasandincreaseslramatially within the forested communiti§Ross et

al. 2006). Hardwood hammodakhavethe highestoncentration®f phosphorus3 to 114 times

of that found in Himited marsh (Rosand Jone2004; Wetzel et al. 2009\ny shift in relative
proportion of these communitiedong the gradient an islandwill influence accumulation and
spatial distribution ofphosphous, ultimatelyaffecting the total phosphorus budgeithin the
island. Wildlife specializedto different vegetation typesn a tree island and its surroundings
will also be affected.For instancein an unimpacted aremore species dbirds are foundin
bayhead than in willoivead and sawgrass (Gawlik and Reoe 1998) thus any shift in between
communities will affect the bird populatianThus, it is important to detette spatiectemporal
variation in plant communities in response riatural or managmentinducd changes in
hydrologic regime, and other related drivers.

While in situ measurements of biophysical and structural characteristics that document
vegetation type and functional health of vegetated community are important for ecosystem
managemet, remote sensing offers a promising tool to monitor variaiiossich characteristics

at different spatial and temporal scaleSpectral egetation indicegVIs) that areusually
dimensionlessre used asurrogates for biophysical characteristics ofjetation The indices
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have been successfullysed to correlate remote sensed spectral data to plant community
biophysical parameters such as biomass, leaf area index, percent green cover, and transpiration
(Broge and Leblanc 20Q8laboudane et al. 200Weiss et al. 2004, Nagler et al. 200&scovo

& Gianelle 2008).T ree island [ant communities arranged along hydrologic gradieliffer in

canopy cover, canopy height, and relative cover of different life forms, including trees, vines,
shrubs, ferns, ftvs, and graminoids. These differences in structurgnd composition of
vegetationare likely to affect the spectral signature recorded by the sensors, and thus the
different communities will have different signatgrenaking the indices more usefidr tree

island study

This study combinedield compositional and structural plant data along with Landsat TM
imagery to: 1) characterize tree islarefetatiorcommunities?2) develop a relationship between
tree island community types and remote sersgesgttal indices;and 3)track long term, mult
decadal,changes in tree islandegetationusing spectral indices abiophysical indicators of
community typeandstructure

2.2 Methods

2.2.1 Study Area

The study was conducted amine large fixed? tree islands locateih the Everglades National
Park (ENP) and Water Conservation A8€¢4/CAs) 3A and 3B Six tree islandsarein the ENP,

two in WCA 3A,andone in WCA 3B(Figure 2.1). In ENP, four tree island8lack Hammock,
Gumbo Limbo, Johny Buck and Satinleafre in the Central Shark Slough €S9, andtwo
islands Chekika and Hartleaf, are inthe Northeast Shark Slough (NESSYhekika is within the
Blue Shantyflow-way, 1-mile south of the planned 21@ile bridgealong the Tamiami Traibnd
Heartleaf iswithin 0.7 mileto thesouth of thenewly constructe@nemile Bridge (Figure 2.1)
Among thethree islands in the conservation area®WCA3A-266 is in the southern part of
WCAS3A, where the water levek relatively high due to impoundmemissociated withthe
Tamiami Trail TI-66 is in the central WCA3A, and the third islandWCA3B-12 is in the
central part of the WCA3BWhile all tree islands in as well as in both water conservation areas
will be impacted by the hydrologic changes resulted from the nggeater managements and
future project activities under Central Everglades Planning Project (CEPP), Chekika and
Hearteafislandslocated immediate downstream from fh@miami Trailbridgesarelikely to be
directlyimpacted byncreased water flow from WA into theENP (USACOE 2014)

All nine tree islandshave atopographic high or limestone outcrop, at fndr e a d 0 , whi ch
well above the marsh surfacand a weldefinedcharacteristiovegetatedi t apiaralléling the

regional surface water flowlirectionand extending sever al hundr ed
(Armentanoetal. 2002)T he Aheado portion of al/l t 2, study
consiss of a closal-canopy intact or nearly intacttropical hardwood hammodypified by a

species assemate of tropical and temperate hardwood trees (€&gunbo Limbo Bursera

simarubg, Southern HackberryQeltis laevigaty, Satinleaf Chrysophyllum oliviformg Pigeon

2 The term fixed tree islands is used by some to describe tree islands that have a characteristic topographic bedrock
outcrop |l ocated at the top or fAheado of a tree island.
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plum (Coccoloba diversifolip White stopper Eugenia axillarig, Stranglerfig (Ficus aureg, Wild
mastic Sideroxylon foetidissimumand Paradise treeSimaruba glaucg. At WCA3B-12, the
exceptiont he upl and hadd eexrydliltle tpe® cover and showed signs of recent
anthropogenic actities. All nine tree islandshowever, exhibitedhe distinctive downstream
woody vegetativeswamp foresfi t aterrhirating ina sawgrass marsh communitiy all of the
study tree isl|l ands, charhcterizédtbghe preSenceoh floaditoeramne nt  w
trees(e.g., Pondgple (Annona glabrd, Cocoplum (Chrysobalanus icagp Dahoonholly (llex
cassing, Sweet bay Magnolia virginiang, Wax Myrtle (Morella ceriferg, Red bay Persea
borbonig, and Willow (Salix caroliniang, ferns €.g., Acrostichum danaeifolium, Blechnum
serrulatum Osmunda regalisThelypteris interrupta and Thelypteris palustrisvar. pubescens
vines, forbs, and graminoids

Fixed tree islanglwithin the Greater Everglades ({5Bave had a long history of anthropogenic
habitation and use. Archeologiclinds and historical accountdepict a long history of
indigenous peopl e, as wel |l as Europeans visit
fixed tree islandsvithin the Everglade$Willoughby 1898 Carr 2002. Furthermore, historical
aerial photography dating back to tnamyfixedat e 19
tree island aseither being devoid of trees or a postabandonment recovery pha¥#ith this

history of human use, they may beconsir ed -fsewbohd forests.

2.2.2 Field Sampling
Vegetation data

Tree islandand marstvegetation datavere collectedhlong the longest axisf @ach tree island

Plots were spaced at approximately 30 to 42.2 meter intervals coinciding with the centroid
coordinate of Landsat TM 30 x 30 meter pix@ppendix A. 2.1 7 tree island plot coordinates)

Sampling plots for all tree islandsr i gi nat ed i n the marshand ust n
continuedthrough the swamp forest t aand idto theterminal downstreamsawgrass marsh

(Figure 2.1). A total of 309 plots were sampled betwe&dctober2012 and Februarg014

(Table 2.7).

Table 2.1 Tree islands, their locations (NAD 1983 UTM R17) and the number of plots sampled

Tree Island Region Easting Northing ’g?ggg Sgr‘?]tsg d
Black Hammock ENP 531300 2832630 18 10/18/2012
Gumbo Limbo Hammock ENP 526020 2834820 42 10/12/2012
Heartleaf Hammock ENP 547620 2848170 29 1/18/2013
PSU 66 TI WCA3A 523710 2867430 50 2/11/2013
SatinleafHammock ENP 524490 2838030 20 11/1/2012
WCA3B-12 WCA3B 546300 2857380 49 12/7/2012
Chekika Island ENP 534360 2847510 40 11/14/2013
Johnny Buck ENP 528270 2834700 41 11/27/2013
WCA3A-266 WCA3A 518070 2853150 20 2/28/2014
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Using a nested plot desigtine presencef plant species present within a plot was recorded.
each plotyelativeabundancef speciesn each ofsix growth form typestree, vine, shrub, fern,
forb, and graminoidand the total cover of each growth form were estimatéde overstory
trees,defined here as woody individuals with a heighbve two meter and woody vines were
sampled within a 2.5 m radius plot and ranked using an ordinal scale where species with the
greatest abundan cShrubyfem,dorbaasdgsamigaoidesgecies wdrelsonilarly
sampled and ranked within a 1 m radius plot centered within the 2.5 mLgalt#r, these ranks
were used to estimate the abundance of each speltiethree tree islands (Chekika, Jolgn
Buck, and WCA3A266), however, albste cover of each species in different lifeform greup
was estimatedh situ using a modified BrauBlanquet scale based on the following six cover
categoriesi: <1%; 2: 14%; 3: 416%; 4: 1632%; 5: 3266%; & 6: >66%.

Plant @anopy height (m) withireach2.5 mplot wasestimated andategorized intmne of nine
height categorie€at 1 0, 2: 0-1, 3: 1-2, 4: 2-3,5: 3-5, 6: 5-7, 7: 7-10,8: 10-15,and9: >15. At

each plot center, ean forest overstory density (canopy cowsgs estimated by taking do
densiometer readindgacing ineach of the four cardinal directions (i.e., North, East, South, and
West) (Lemmon 1956)The densiometer hagconvexmirror, engraved with 24 squares in t.

was héd at breast height, and canopy closure was estingtedlculating the number of squares
(or quarters of each square) covered by the image of the cafdytotal number was then
multiplied by 1.04 and averaged ovénefour readinggo calculate percent canopy covereach

plot.

Hydrology data

Within each vegetation plptthree representativevater depth measurements were taken by
measuring the distance between the ground surface and the water table surface above the ground.
At the few plots vkere the water table was below the ground surfasepall 3cm radius hole

was dug and allowed to equilibrate while the vegetation sampliihgnvthe plot was completed.

The water table elevation, at these plots, waa #stimated by measuring down from the soil

surface to the top of the water table. e measurements were recorded as negative values to
indicate that the water table was below gineund surface. No water deptieasuremestwere

taken at the fAheadod o fof the difficulty to digithroughrthe bedrock.l a n d s
Waterdpt hs at t he @ he aaebecoodédagszeroh tree i sl and w

In conjunction withEDEN (Everglades Depth Estimation Network, http://sofia.usgs.gov/eden)
water surface elevation datéield water depth measuremsnivere usedto estimate the
hydrologic condions at each sampling siteDEN acquires water level data from a network of
stage recorders throughout the Everglades, prmdluces interpolated daily water surface
estimates Ralaseanand Pearlstine 2008) Tree island plot ground elevation was estied by
subtractng the mean water depth from the EDEN water surface eleviatidhe marsh adjacent

to each tree island on the day it was samplEdr the plots on the head of seven tree islands
within ENP and WCA3B, the ground elevation was based endlative elevation survey from
the water edge in the marsh to five locationthe hammocks (Ross and Sah 201ldikewise,

the ground elevatiodatafor tree island hammock plots in WCA3A were obtained fieuandi
andVolin (2007). Mean annual water depth, addcontinuousydroperiod (i.e., the number of
days per year when the location had water depth > 0 cm for each plotherestimated based
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on the calculateglot ground elevation and a time series data (220D3) of water grface
elevation available from the EDEN databasBrevious studies have found that tree island
vegetation composition are well correlated wihle previous ~7 years of hydrologic conditions
(Ross and Jones 2004; Sah 20@d12 Ruiz et al.2013. Thus,we averaged hydroperiod and
mean annual water depth for the seven water years (MayAksil 30th) prior to each sampling

event to examine the relationships between hydrologic parameters and tree island plant
community types.

2.2.3 Image Processing & Vegetatin Indices
Atmospheric Correction & Image Rectification

Three cloud and haze free Landsat TM images with near identical solar elevation angles (2
November 1985, 8lovember 1998, and 10 November 2011) spanningyea6 period between

1985 and 2011 wereekected for this study. The 10 November 2011 imagery was the only
Landsat TM image available that best matched our field sampling season for this project (Table
2.1).

All three Landsat TM imagery were atmospherically correcte@RDAS Imagine using the
imagebasedatmospheric transmittance (COSifodel developed by Chavez (19%6)The

COST modelwhich takes int@account the multiplicity effect of atmospheric transmittamncan
improvement on the dark objection subtraction (DOS) m@eavez 1996 The COST model,
however, has been found to underperform under high relative humidity (Wu et al. 2005). Thus,
to further reduce any variance in pixel reflectance between the images resulting freorface

factors, the 1985 and 1998 images were rectifiethe 2011 image (Wilson and Sader 2002,
Jensen et al. 1995). Image rectification was achieved by regressing the spectral reflectance of
pseudoinvariant bright (sand, concrete) and dark (water) pixels from each band in the target
image (1985 and 1998) the corresponding pixel in each band of the reference image (2011).

Vegetation Indices (Evaluation)

A spectral vegetation index,cuantitative measuremetitatindicatesvegetation characteristics,

is generated using mathematical combinations of aieflee values from different spectral
bands. Vegetation indices (VIs) are largely used to enhance the vegetation signal in remote
sensing data (Jensen 2005). TVWiks that extractthe unique spectral signature of green
vegetationare useful for differenditing vegetation from thepectral signatures of other earth
materials discriminating among vegetation types from each other, and determining different
biophysical characteristics of vegetation. More than two dozens of VIs are available for studying
various aspects of vegetation (Bannari et al. 1995; Jensen 2005). The indices that were evaluated
for their ability to accurately classify five vegetation communities within tree islands in the
Florida Evergladesre listed inTable 2.2 In order to assess the ability of each index to detect
and classify the vegetation communities, we extracted the VI values for each vegetation plot on
nine tree islanddom the 2011 Landsat imagery. We then calculated the me3B)(VI values
averagd overall tree islandlots, and plotted thenmagainstthe target vegetation types identified

® An ERDAS Imagine model iavailable from thdRS/GIS Laboratory at Utah State University
(http://earth.qgis.usu.edu/imagedtd/
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using the dichotomous keyThe indices were evaluated based on their ability to differentiate
between the five classes. If spectral signatures overlappedidices were considered to be
unable to accurately distinguish between communities. From the VIs considered good enough to
differentiate each vegetation class, we plotted those indices against each individual island in
order to see which index performsteeton an island by island basis. This allowed us to narrow
down the best spectral vegetation indices to use in classifying vegetation based on spectral
signatures. Once a group of ViIs was selected, we then calculated the values of the selected
indices br each vegetation plot also from 1985 and 1998 Landsat imagery of three tree islands
(Black Hammock, Gumbo Limbo and Satinleaf), for which ground vegetation data from multiple
surveys weravailable.

Table 2.2:List of vegetation indices (VIs) used imig study

Vegetation Index Formula Reference
DV!: Difference DVI = Ruir - R Broge and Leblanc 2000
Vegetation Index ~ TNir” Red g
EVI: Enhanced EVI = 2.6(Ruir 2 Reea) / (Rnir + 6(Rred) + 7.5(Reiue) Nagler et al. 2005
Vegetation Index +1.0)

GRVI: GreenRed
Vegetation Index GRVI = RyreenZ Rred/ Rareent RRed Motohkaet al 2010
IPVI : Infrared Percentage IPVI = Rur / (R + Rred) Crippen 1990

Vegetation Index
MCARI1 : Modified
Chlorophyll Absorption ~ MCARI1 = 1.2[2.5(Riir Z Rred) Z 1.3(Rnir Z Rareen)] Haboudanet al 2004
Ratio Index

MSR: Modified Simple

Ratio MSR= 2 712 p M2 12 p Haboudanet al 2004
NDVI: Normalized

Difference Vegetation NDVI = Ruir Z Rred/ Rnir + RRred Rouseet al 1973

Index

PPR: Plant Pigment Ratic PPR = Reen/ Raiue Warren & Metternicht2005
PVR: Photosynthetic _ .

Vigor Ratio PVR = Rsreen/ RRed Warren & Metternicht2005
RDVI: Renormalized

Difference Vegetation RDVI = 2 2 m?2 2 Haboudanet al. 2004
Index

RDVI-LAI:

Renormalized Difference _

Vegetation Index Leaf RDVELAI = 0.0918 exp(6.0002 * RDVI) Haboudanet al. 2004
Area Index

SLAVI: Specific Leaf SLAVI = Riir/ (Rred+ Rwir) Lymburneret al 2000

Area Vegetation Index

2.2.4 Tree Island Vegetation Classification

Dichotomous Key

Tree island vegetation composition and structure, including canopy height and relative cover of
different life forms, such as trees, shrubs, vines, ferns and graminoids, vary along hydrological

gradients (Sah 2004). Based on hydrologic position, vegetagoght and relative cover of
different life forms along the gradient, a dichotomous key was developed to classify each
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vegetation plot sampled (Table 2.3). Classification of woody vegetation followed the
nomenclature used in Armentano et al. (2002), red® the herbaceous vegetation was

di stingui shed mainly into two types: O0sawgras
this study had a topographic high or l i mesto
hardwood species, followed bygaadual decrease in woody cover and vegetation height towards

the Atail o of the island. The vegetation 1in

dominated by sawgrass and/or other herbaceous species. Some plots, for which the structural
data were missing, were not classified using the dichotomous key. That constituted only 4% of
the data.

Table 2.3: Dichotomous key for the classification of vegetation plots within tree islands in Shark River S
Florida.

la. Treesor shrubsoia mest one outcrop or topographic high:

éééééeecececeéeéeeeeeeceéééé. éeé Hardwood Hammock

1b. Trees, shrubs, or graminoids not 2n a | i mes
2a. Tree and shrub cover >10%: ééééééFrééceéeééeeceécé
2b. Tree and shrub cover < 10%: éééécégé. .. eéécécé
3a. Mean vegetationheighd mé . .. éééééééééééééééeéédégo to
3b. Mean vegetation height < 4 mé... éééeéééeéééeé
4a. Mean vegetation heigh4 m and tree coved4 0 %: é &€ . . é d@ayhead Forest.

4 b . Mean vegetation height O 4 Bayread®wamp.ee cover

5a. Mean vegetation height < 4 m, tree cover < 40% and shrub cover betwt@dr4a0

5b. Meanvegetasin hei ght < 4, tree and shrub cover < 10

6a. Mean vegetation height between 1.5 @3db5 m, tree & shrub coved 1 0 %: and sawgr as

,,,,,,,,,,,,,,,,,,,,,,,

4b. Mean vegetation heightls5 meters, tree and shrub cover < 1% and sawgrass cover

< 50%: éé. .. . ééééééeeeececéceeceeeceé Marghé é é é . .

Structural Classification

Vegetation plots were classified using the structural data collected in the field. Five structural
parameters werased; mean canopy cover, plant canopy height, total woody cover (shrubs and
trees) , graminoid cover, and dryness (wet Vvs
plot that had dry conditions year round, and all other sites where there wasgtaathr at the

time of sampling were given a value of 0. This was based on the prior findings that have shown
that the head of these islands is rarely flooded, whereas the vegetation communities at low
elevation is flooded for varying period within aayedepending on their location along the
elevation gradient. Cluster analysis was carried out using Euclidean dissimilarity as the distance
measure coupled with Warddéds | inkage met hod.
were missing, and thwgere not included into cluster analysis. Those plots were located on three
tree islands (Gumbo Limbo (1),-66 plots (11), and WCA3B2(14)), and they constituted 8%

of the total plots. The vegetation plots were classified into a maximum of fiveslaased on

the resulting cluster groupings of the analysis.
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Spectral Signature Classification

Vegetation plots in all three year s i mages (
spectral signatures of best spectral vegetation indices (Migh in turn were determined

following the procedure described in 2.3.2. Cluster analysis was performed using Euclidian

di stance as the similarity measur ement coupl
vegetation indices were used to calculateliflaan distance. Each plot was initially labeled

with the dichotomous key classes which were helpful in visually identifying the clusters.
Vegetation plots were classified into a maximum of five classes based on the number cluster
groupings chosen a prio

2.2.5 Temporal Change in Vegetation

Vegetation classification results obtained using the three different methods described above were
crosstabulated against each other, and percent agreement between classifications was calculated.
Finally, a temporal chege in vegetation types over 26 years, at 13 year intervals, were examined
by comparing the same sites classified using selected vegetation indices calculated from 1985,
1998 and 2011. The change in vegetation types were assessed only for three SR Bislekd
Hammock, Gumbo Limbo and Satinleaf).

2.2.6 Vegetation Hydrology Relationship

Mean annual water depth and hydropeneete calculated foreachplot, and then summarized

by five community types (hardwood hammock, bayhead, bayhead swamp, sawgrasssimyd mar
identified usingthe dichotomous key described abovBiscrimination among tree island plant
communities alonghe hydrologic gradient across all islands was assessed using skewed normal
distribution pattern of these communities against the hydrolpgrameters. Skewed normal
probability distribution is an extension of the normal distribution that allows forzeom
skewness. It is used in the Everglades Vegetation Succession Model (ELVeS) and has been
demonstratedto be successful in discriminatinthe herbaceous community types in the
Everglades (Pearlstine et al. 2011)/e used the utility software, ELVeSkew ver. 1, developed

by Ecological Modeling Team of South Florida Natural Resources Center (SFNRC), Everglades
National Park, to get a besttiesate of four parameters of skewed normal distribution from the
frequency histogram values for the five community types.

2.3Results

Evaluation of Spectral Vegetation Indices

The use of vegetation indices, derived from Landsat imagegfassifyingtree island plant
communitiesrevealed mixed resultsjncenot all spectral vegetation indicgsoved adequate in
discriminating among the targeee islandolant communities Amongthetwelve Vis evaluated

for differentiating the target communitidsve indiceswerebetter suitedhan others. Tosefive
indices were EVI, MSR, RDVIRDVI-LAI, and SLAVI, andthe mean values of these indices
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significantly differed(Oneway ANOVA; p <0.05)amongtarget vegetation typgigure 2.2).
Exceptfor one or twoindices and in fewndividual islands, the results were consistehether
data analyzedverefrom all islands together or for individual islands the case of all islands
together, the most difficult to differentiate were hardwood hammock and baybeadhich the
mean values oEVI, MSR, and RDVIdid not significantly differ(Figure 2.2). Likewise, when
analyzed for individual islandsne or more of these indices were not adequately ditiatieig
between bayhead swamp and sawgrass in SatiatehfJbnny Buck, bayhead and bayhead
swamp in Chekika and WCA3B2, and hardwood hammock and bayhead in Chekika and
Johnny Buck Appendix A.2.2).

Four indices DVI, IPVI, MCARI1 and NDVI, were good enough to differee five target
vegetation types irall islands togetherexceptfor a considerable overlap bet®n hardwood
hammock and bayheadrigure 2.2. Nonethelesswhen the analysis was extended to the
individual islands,these four indicesproved to beinadequatein differentiating the five
commurities, and therewvas significant overlap among communities with respect to the indices
(Appendix A.2.2). Similar results were observed when the valf@sanother threeindices,
GRVI, PPR,and PVR were examined.While GRVI and PVR failed to different@tamong
three wet communities,aphead swamp, sawgrass and marsh, also between hardwood
hammock and bayhead?PR proved to have lowest power in discrinimg the target
communities, asnean valuegor most ofthe pairwise comparisanbetween communitiesere
not significantly differen{Oneway ANOVA; Bonferroni testp > 0.05. These three indices
also performed very poorlywhen the data were analyzed for individual islandppendix
A.22).

Classification Comparison

The vegetation in tree islands and adjacent plots was broadly classified in five categories,
hardwood hammock, bayhead, bayhead swamps, sawgrass and iiaeshtility of structural
parameters and spectral vegetation indices (VIs) in differentiating tta®enunities were
examined by comparing theructural and spectralassification results against ticemmunity
classification carried out using experdeveloped classification key. The classifications
developed at both scales, nine islands togethemainddual islandswere compared.

Plant communities along the hydrologic gradient on tree islands eviderityl ramean canopy
cover, plantcanopy height, total woody cover (shsuénd trees) and granoid covery resulting

in structuralparametebased cluster analyssher eaf t er 06 st r tesultsuerya | cl a
similar (percent agreement = 85%) to the classification achisieedhe expertdeveloped
classification keyTable 2.4). This resultsuggedst that the structural paranegs consideredn
cluster analysis were adequate in differentiating the target communitiesontrast, the \&
based classification across all islands had slightly lower agreementheitlichotomous key
and structural classificationThe overall pezent agreement between-Wased classification and
dichotomous key classification, and between structural adoaséd classification were 79.4%
and 78.0%, respectivelyThe errors in agreemenbetween Vibased classification and others
mostly centeredon hardwood hammocak which were not well differentiated inVI-based
classification(Figures 2.3-2.5).

36



Table 2.4: Summary of assification omparisorresults(percent agreement)

Black Gumbo | Johnny | Satinleaf | Chekika | Heartleaf | WCA3A- T1-66 WCA3B- All
Hammock Limbo Buck Hammock Island Hammock 266 12 Islands
Dichotomous
83.33 90.24 | 82.93 80.00 87.50 82.14 85.00 74.36 9429 | 84.75
vs. Structural
Dichotomous| g4 55 80.49 | 78.05 80.00 77.50 92.86 90.00 58.97 8571 | 79.43
vs. Spectral
Structural 88.89 8293 | 70.73 90.00 70.00 82.14 85.00 69.23 80.00 | 78.01
vs. Spectral

The agreement betweethe VI-based classificatiomnd the other two classificationswas not
consistenthroughout the study aredhe ayreement among the classifications was mostly above
80% for the islands within the ENP and WCAZ3Bigures 2.3-2.5, Appendix A.2.3). Only in

two islands, Chekika and Johnny Bugkere agreemerstamong classificationkwer, between
70% and 80%Appendix A.2.3). However, he tree islandqTi-66) in the southeriWCA3A,
where the water levalemainsrelatively highthroughout the year, showegteatdiscrepancy
between Vibased classification anthe others. For TI66, the agreement of Mbased
classification with dichotomous key and structural classification wadg 59% and 69%,
respectively(Appendix A.2.3).

Vegetationchange(19852011)

The vegetation types identified in the plots usingbdbed classification for 1985, 1998 and
2011 were almostdenticalin two islands,GL and & (Figure 2.6). In BL, there were fewer
sites classified as marsh or sawgrass in 1985 and 1998 than in 20h,pdoidwvas classified as
bayhead swamp ithe earlier two years.In all three islands, howevdH was notidentified in
VI-based classification of sites in 198®98 or 2011 Moreover, @er the period of analysis
(19852011) theseislandsshowedslight changs in vegetation types along their major axis.
in the direction of water flow In GL and SL, where the changes were minimafew sites
changed from éyhead swamp anarshto sawgrassype at the head end of the islands.BL,
however several sites changed freawgrasso marshtype in the tail portion of the islandn
addition, 30640% of sites that were identified as bayhead in 1985 and 1998 etialaghe
bayhead swamp type 2011

Vegetation:hydrology relationships

The vegetation communitielffered significantlyin hydroperiod and mean annual water depth
(Table 2.5), thoughthe skewed normagbrobability distribution(SNPD)results showed that there

was someoverlapamongcommunities along the hydrologic gradi€rtgure 2.7). The SNPD
parameters for five communities for both hydroperiod and mean annual water depth are given in
Table 2.6. The four parameters are locationake, shape and max. Location signifies the shift of

the distribution from the horizontal origin, scale is the statistical dispersion of the distribution,
and shape determines the skewness of the distributiee. is simply the maximum value of the
distribution, and is used to standardize height of the distribution curve between 0 (community
type not found) and 1 (community type most frequently foun#)ost of overlapsalong
hydrologic gradientvere betweebayheadswamp, sawgrass and marsh communities
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Table 2.5: Two hydrologic metrics (hydroperiod and annual mean water depth) values for five community types
Different letters in the superscript (mean values) indicate significant difference between community types.

Hydrologic Community N M edian Mean SD Minimum Maximum
metrics type
HH 8 0.0 3.3 9.2 0.0 26.0
. BH 91 194.0| 187.2 50.1 53.0 307.0
(Hg’g;gfe“f’d BHS 67 2400| 2350| 581 99.0 321.0
s 23 278.0| 284.4 30.4 238.0 349.0
M 9 321.0| 317.7 20.4 282.0 341.0
HH 8 -66.3| -68.3 19.8 -92.2 -31.6
Annual Mean | BH 91 10| -0 6.5 -20.4 17.8
Water Depth | BHS 67 6.5 6.6° 9.3 -13.0 28.3
(cm) S 23 132 15.6 9.0 3.8 39.6
M 9 22.0 22.2 6.4 12.6 31.3

Table 2.6: Parameter estimates of skewed normal distribution from the frequency histogram values for the tree
island community types

:)é(tjrrit():lsoglc ggrenmumty Location | Scale Shape Max
HH 19.995 360| -165.00 0.798
_ BH 239.995 80 -4.99 0.721
Hydroperiod
(Days) BHS 309.995 80 -4.99 0.700
SG 239.995 50 5.01 0.666
M 349.995 40| -370.00 0.704
HH -54.995 30 -16.00 0.755
Annual Mean | BH 15.005 20 -8.00 0.713
Water Depth | BHS -4.995 20 3.00 0.657
(cm) SG 15.005 10 0.00| 0.399
M 15.005 20 8.00 0.704

2.4Discussion

Tree island plant communitigbat arecomplex anddynamicvary in spectral signaturewhich

are correlated with their composition canopy density standing biomass,and other
characteristics A suit of vegetation indicegVIs) that extract seful information based otine
spectral signaturef vegetationvereevaluated irdistinguishingtree islandcommunitiesagainst

the classificatios basedon in situ measurement®f vegetation structuraparameters The
resemblancemongclassificationswas satisfactory (~80%)thoughit varied amongindividual

islands and theegiors of their occurrence Our results suggest theg¢rtain Viswere suitabldo
distinguish different plant communities in and around tree islands, and thus can be used to detec
vegetatiorchanges over time.
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In this study,twelve spectralvegetation indiceqVIs) were evaluated fopotential use in
classifying vegetation in and around tree island$owever, not all indices weresuitablein
discriminating vegetation categoriegross all islands and region general, he use of
vegetation indices calculated as a rafimormalized differencefrom only visible bands drom
nearinfrared (NIR) and visible bandespecially the red banid,in common practicen studying
different aspects ofvegetation(Bannari et al. 1995) In our studyas well| threeof the five
vegetation indicethat performed beste., MSR, RDVI and RDViLAI, wereeither simple ratio

or normalized differences betee redand NIR bandgNagler et al. 2005; Haboudane et al.
2004). The red and NIR bands primarily contain more than 90% of vegetation related
information (Bannari et al. 1995 and VIs based on these two bandsmmonly differentiate
vegetation types basexh their cover density.e. biomass Tree island egetation communities
arranged along hydrologic gradieRidure 2.7), also vary in productivity and biomggsom the
low stature unproductivemarsh commury to thehighly productivehardwood hammock with
thetallest trees (Ross and Jones 2004; Sah 20B¥).and SLAVI, two otherindicesthat were
relatively efficient in discriminating target vegetation categomésoinclude both the red and
NIR bang. However, they includan additional ban@s well EVI usesthe blue band while
SLAVI includesMIR. EVI hasthe ability to enhance the vegetation signature with improved
sensitivityin high biomass regioanda reduction in atmospheric influend@&agler ¢ al. 2005.
SLAVI, designed for estimating specific leaf area (SL#i$0 accounts for MIRsensitivity to
varying canopy structuren heterogeneous plant communiti@symburner et al. 2000)thus
makingit efficient in differentiating target vegetation types in this stublyaddition, SLAVI
showsa strong relationship with wood volume in fore¢Baruah et al2006. In tree islands,
changes in tree basal ara@® common, as a result sficcessionaugmentedy shat or long
term below average water conditions, or disturbances like tropical storms and fire (Ruiz et al.
2013;see also Chaptet in this repor). Thus, presencef SLAVI in composite indicesisel to
classify tree island plant communities miag an advatage inmonitoring vegetation change
over time.

We weresurprisel to find that anongthe NIR andred banebasedvegetation indices, NDVI
performed poorly. NDVIis considered a surrogate measure of biomass and is widely used in
vegetation studiefRouse et al. 1973; Bannari et al. 1998nsen 2005put did notdo wellin
differentiating target vegetation categories in individual islanddn six o the nine islands
studied, NDVI was not sufficiently discriminatingamong forest types orbetweensawgrass
marshandbayhead swampNDVI is known to beomesaturated in casef dense multlayered
canopiesand also hsa nonlinear relationship with LAI In Evergladedree islands, biomass
increases along thieydrologic gradient,as does the depth ahe canopyprofiles that include
varying degrees ofunderstory vegetation, all contributing ®@n increase in LAIl. The
performanceof the other two NIR and red bantbased indices, DVI and IPYwas also
unsatisfactory DVI is differencebasedwhile IPVI is a ratio-based indexand both are
consideredcomputationally efficientversiors of NDVI (Crippen 1990; Broge and Lkinc
2000). Thoughthese indicehave frequently beensedin vegetation studigsthey did not
discriminatewell amongtargetvegetationcategoriesn the tree islandsIn contrast, improved
indices like RDVI and MSR linearize their relationships with vegetation biophysical variables.
RDVI combines the advantages of the DVI and NDAAJMSR isa furtherimprovement over
RDVI (Haboudaneteal. 2004) and thus both of these VIs were better cleioenclude in the
group of indices used for classifying the vegetation into target groups.
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In this study, four vegetation indice§RVI, PPR, PVR,and WI performed very pody in
distinguishingvegetation typesAmong them, GRVI, PPR and PVR u$e green bangdandthe

red or blue barsl Neither of them includes NIROther researchers have found that the spectral
vegetation indices that use the gremmd redbands have a limited capabiliip retrieving
vegetation information at full canopy cou&escovo & Gianelle 2008), a condition common in
tree islands where canopy cover can be well above (82# 2004; Ruiz et al. 2011However

the indices comprised of only the green band and the MiRl lbould be usefuh differentiating
vegetation typesThe green band is sensitive to chlorophyll content, while the MIR can produce
agood relationship with biomass (Everitt et al., 1989), and is sensitive to both water content and
LAl; MIR reflectances inversely related to leaf water contéHaboudanest al. 2004) In our
study,this index was not includethstead MCARI1 uses green, red and NBands,andshows

a strong relationship with LAlandis considered useful for vegetation stuéhalboudae et al.
2004). Its performance in our study was better than the four pgutjormingindicesdiscussed
above

The variation inthe performance ofegetation indices iglassifyingtree island vegetation was
not unusual, as the germance and suitality of a vegetation indexare generally determined by
the sensitivity of the index to a characteristic of intered3ésidethe sensos and atmospheac
elements the spectral signature of vegetated araB® depends on a complex mixture of
vegetation, soitolor andbrightnesssoil moisture contenkeaf distributionpatternin the canopy
cover, leaf water contentamong othergBannari et al. 1995; Haboudane et al. 2004; Jensen
2005) In this study, targetegetation communities used to evaluate vegetation indices ranged
between graminoid marshasdbroadleaved sufropical hammocks, covering a wide range of
hydrologic conditions(Figure 2.5), and both peat and minemath soils (Jaychandran et al.
2004; Ross and Sah 2011)In addition, percentage of different lifeforms, canopy cover, and
biophysical characteristics of leaf, including LAvater content and nutriengdso vary among
these vegetation typdSah 2004; Ross et al. 200Buiz et al. 2011) Most importantly, he
patchiness of vegetation and scaleoplay crucial rolein performance of a vegetation indéx

this study, we used Landsat TM bands for calculating vegetation indiceglsat TM imagery
hasa pixel size of 30 m, whiclmay cover anixture of vegetation typeas well asther ground
elements in the same pixehaking an index less efficient in discriminating vegetation types
Moreover, the regional differences in tree island vegetation structure and compasigbh
have also inflenced the sensitivity of a vegetation ind&xee islands in ENP and WCAs differ

in vegetation composition, eveamong hardwood hammockgRoss et al. manuscript in
preparatior).

The scale of vegetation analysis also impacted the results of vegetation change over time. The
analysis at the 30 x 30 m seem to bedoarsefor theassessment of a change in vegetation type

on the tree islandssit did notcapturethe finer scalede@dalscalevariationrecorded along the

E-W transects or within plst(seeChapter1). While within plot changes in woody abundance
might nothave resulted a change in vegetation typesadly categorized in this study, the shift

in speciescomposition bng the transects, primarily due to an increase in sawgrass, tma&er

also captured inVI-basedanalysis, especially in GL and SL, primarily because an increase in
sawgrass cover over 10 years was noticeable in these isl&nfleer scale imagery thdtas
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more bandsand schematic classification trained oweelarge dataset coveringan extensive,
heterogeneous environment withprove the classification of sites

The use of beeasonal (wet and dry season) atmospherically and geometrically corrected WV 2
(World Vision 2) datahasbeen found more efficient for the detection of plant assemblages
Everglades marsheassing the spectral signatures of vegetation (Gatnal. 2012 The WV 2

data have a spatial resolution of 2m a spectral resolution of 8 bands in the wavelength range of
4007 1040 nm (WV 3: 8 additional bands in the 8 shortwave infrared wavelength range of 1195
T 2365 nm). Finally, the use of WV 2 foclassifying vegetation in and around tree islands,
followed by an evaluation of classification process usiggrousaccuracy assessment processes

is also recommendedAn accurateclassificationof tree island vegetatiocan serve aa strong
foundationfor monitoring changeamong treevegetation typesnd between tree islands and
marsh vegetatiom response to hydrologic changesultingfrom various retoration efforts that

are underway as the part of CERP activities.
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Figure 1.20: Images of Gumbo Limbo in 1994 and 1999, showing the area of sawgras$ die
present in 1999.
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Figure 2.3: Sites on three tree islands (Black Hammock, Gumbo Limbo and Johnny Buck)
located within Evergldes National Park showing the vegetation types classified aspmf-
developed classification key, structural parambtesed cluster analysis, and spectral vegetation
indices (Vl}based cluster analysis. The VIs were calculated from the 2011 Landsatagjdry.
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Figure 24: Sites on three tree islands (Satinleaf, Chekika and Heartleaf) located within
Everglades National Park showing the vegetation types classified egip@t-developed
classification key, structural paramet&sed cluster analysiand spectral vegetation indices
(VI)-based cluster analysis. The VIs were calculated from the 2011 Landsat TM imagery.
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Water Conservation Areas 3A, 3B showing thegetation types classified usirexpet-
developed classification key, structural parambteed cluster analysis, and spectral vegetation
indices (Vl}based cluster analysis. The VIs were calculated from the 2011 Landsat TM imagery.
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Figure 2.6: Sites on three tree islands (Black Hammock, Gumbo Limbo and Satinleaf) located
within Everglades National Park showing the temporal pattern in vegetation types classified
using spectral vegetation indices (\dased cluster analysis. The VIs were calculatethfthe
Landsat TM imagery from three different years, 1985, 1998 and 2011.
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Appendices

A.1.1: Coordinates (NAD1983, UTM, Zone 17) for transects and plots in three tree islands (Black Hammock,
Gumbo Limbo, and Satinleaf) in Shark River Slough.

Transect
Island Transect/Plot Begin (West) End (East)
Easting Northing Easting Northing
Main-Axis (N-S) 531349 2832694 530963 2832288
Black Hammock [Hammock (WE1) 531247 2832665 531340 2832595
Bayhead (WE2) 531206 2832640 531312 2832557
Bayhead swampWE-3) 530965 2832455 531123 2832323
Main-Axis (N-S) 526089 2834954 525721 2834033
Gumbo Limbo Hammock (WEL) 525910 2834842 526127 2834760
Bayhead (WE2) 525828 2834772 526090 2834674
Bayhead swamp (WB) 525422 2834227 525864 2834069
Main-Axis (N-S) 524537 2838128 524319 2837619
Satinleaf Hammock (WEL) 524432 2838038 524558 2838013
Bayhead (WE2) 524400 2837949 524505 2837922
Bayhead swamp (WB) 524377 2837861 524481 2837815
Plot (Centroid)
Easting Northing
Hammock 531291.3 2832644.9
Black Hammock f5 head 531245.9 2832597.8
Bayhead swamp 531052.6 2832372.2
) Hammock 526021.7 2834815.7
Gumbo Limbo 15 ead 525985.8 2834723.6
Bayhead swamp 525740.7 2834101.3
_ Hammock 524491.8 2838035.2
Satinleaf Bayhead 524453.8 2837942.5
Bayhead swamp 524420.7 2837834.3
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A.1.2: Mean & SD),Min and Max hydroperiod and water depth on the transects sampled in 2001 and 2011 in three

tree islands. Mean was calculated over 7 years prior the samiplitng. HH, BH &BHS Plot, values were averaged
of supplots within each plot.

2001

2011

N Mean = SD Minimum Maximum Mean + SD Minimum Maximum

Island Transect Hydroperiod (days)
Black Hammock Hammock 24 177 +128 0 365 114 + 109 0 346
Bayhead 28 24779 81 365 160 + 92 21 344
Bayhead swamp 41 310+ 66 26 365 243 + 81 1 357
Gumbo Limbo  Hammock 47 245+ 150 0 365 210 + 140 0 362
Bayhead 57 325+39 231 365 273+ 62 142 358
Bayhead swamp 94 355+ 14 313 365 321+31 246 359
Satinleaf Hammock 28 182142 0 357 136 + 118 0 324
Bayhead 22 292+61 138 354 225 + 67 69 315
Bayhead swamp 24 31929 233 354 254 + 33 148 314
Water depth (cm)
Black Hammock Hammock 24 -11.8+38. -91.0 33.3 -24.3+38.« -103.5 20.8
Bayhead 28 95+11.8 -11.8 33.0 -3.0+11.8 -24.3 20.5
Bayhead swamp 41 19.9+11.2 -25.0 385 7.4+112 -375 26.0
Gumbo Limbo  Hammock 47 10.1+36 -60.7 61.8 -24+359 -73.1 49.3
Bayhead 57 27.3+104 7.8 49.8 14.8+10.4 -4.7 37.4
Bayhead swamp 94 352+7.0 222 51.0 228+7.0 97 38.5
Satinleaf Hammock 28 -6.2+346 -64.6 37.7 -20.0+34.¢ -78.4 23.9
Bayhead 22 19.4+107 -7.9 345 56+10.7 -21.6 20.7
Bayhead swamp 24 23.6+4.7 105 34.0 99+47 -32 20.3
Island Plot Hydroperiod (days)
Black Hammock Hammock 0+0 0 1 0+0 0 0
Bayhead 180 +15 160 204 79 +18 56 108
Bayhead swamp 254 +26 209 276 167 +30 116 196
Gumbo Limbo  Hammock 0+1 0 2 0+0 0 0
Bayhead 198 +27 161 250 111 -28 77 167
Bayhead swamp 327+6 321 339 283+ 8 277 302
Satinleaf Hammock 0+1 0 3 0+0 0 0
Bayhead 206 +27 150 247 113+19 74 148
Bayhead swamp 283+28 232 312 205+41 130 246
Black Hammock Hammock -78.1+14}' -94.1 -44.3  -90.1 +14.F -106.1  -56.3
Bayhead 20+x26 54 2.6 -140 £2.¢ -17.4 9.4
Bayhead swamp 10.3+3.8 3.8 13.7 -1.7 £3.8 -8.2 1.7
Gumbo Limbo  Hammock -55.7+6.3 -65.4 -446 -66.9 +6.. -76.6 -55.8
Bayhead 0.3.0+5.2 -6.8 9.6 -10.9 +5. -18 -1.6
Bayhead swamp 26.4+1.4 24.9 29.5 151+14 136 18.3
Satinleaf Hammock -58.7+7.1 -67.8 -45.1 -74.0 +7.. -83.1 -60.4
Bayhead 42+54 -6.7 12.1 -11.1 5.« -22.0 -3.2
Bayhead swamp 17644 94 21.9 23 44 59 6.6
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A.1.3 Linear regression eefficient, coefficient ofvariation ¢?), and pvalue for the relationship
between hydrological parameters-y@ar average hydroperiod and mean water depth) and
normalized BrayCurtis dissimilarity (ZScore). NS = North South, HH = Hardwood hammock,
BH = Bayhead, BHS = Bayhead swg ns = not significant N-S transects were not sampled in
2011.

Hydroperiod
Tree island Transect 2001 2011
a b r? p a b r? p
Black Hammock N-S -1.201 0.016 0.637 <0.001
HH -0.502 0.014 0.460 0.001 -0.063 0.012 0.361 0.007
BH -0.964 0.023 0.621 <0.001 -1.483 0.023 0.68 <0.001
BHS -1.191 0.043 0.626 <0.001 -1.160 0.022 0.325 <0.001
Gumbo Limbo N-S -1.747 0.019 0.471 <0.001
HH -0.714 0.009 0.222 0.002 -0.925 0.012 0.26 <0.001
BH -0.618 0.019 0.073 0.052 ns
BHS -0.748 0.056 0.304 <0.001
Satinleaf N-S -1.195 0.014 0.514 <0.001
HH -0.561 0.009 0.376 0.002 -1.013 0.014 0.454 <0.001
BH -1.212 0.033 0.576 <0.001 -1.002 0.036 0.659 <0.001
BHS ns ns
Water depth
Black Hammock N-S -1.041 0.054 0.652 <0.001
HH 0.346 0.021 0.225 0.040 ns
BH -1.052 0.156 0.663 <0.001 -1.468 0.175 0.635 <0.001
BHS -1.889 0.244 0.580 <0.001 -1.095 0.154 0.25 0.002
Gumbo Limbo N-S -1.757 0.081 0.518 <0.001
HH -0.705 0.033 0.141 0.014 -1.002 0.048 0.284 <0.001
BH -0.998 0.139 0.188 0.001 ns
BHS -1.061 0.365 0.364 <0.001
Satinleaf N-S -1.012 0.050 0.451 <0.001
HH -0.296 0.026 0.223 0.023 -0.773 0.034 0.301 0.008
BH -1.154 0.189 0.526 <0.001 -0.858 0.219 0.551 <0.001
BHS ns ns
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A.1.4 Mean species cover dhe transects in three Shark Slough tree islands sampled in 2001/2002 and 2011. Three transects are: HH =

Hammock, BH = Bayhead, and BHS = Bayhead Swamge species in the seedling (height <1 m) layer are listed separately.

Black Hammock Gumbo Limbo Satinleaf
Species SPCODE| WE1l WE2 WES3 WEL1 WE2 WE3 WE1 WE2 WE3
(HH) (BH) (BHS) (HH) (BH) (BHS) (HH) (BH) (BHS)

2001 2011| 2001 | 2011| 2001 | 2011| 2001| 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011
Acrostichundanaeifolium ACRDAN 2.06| 1.04| 5,59/ 1.89| 0.01] 1.19| 7.28/ 3.00| 12.78| 6.80| 2.48| 0.31 2.26| 1.07
Aeschynomene pratensis AESPRA 0.10 0.30 0.02| 0.22 0.19| 0.02 0.02| 0.10
Ampelopsisirborea AMPARB 0.02| 0.52 0.35/ 0.53| 1.30| 0.02 0.39
Andropogan glomeratus ANDGLO 0.54
Annonaglabra ANNGLA 11.63| 3.58| 20.30| 4.95| 12.67| 9.82| 18.19| 11.48| 17.32| 6.73| 0.01| 0.08| 1.59| 4.94| 8.43| 12.65| 4.35 4.27
Annonaglabra_seedling ANNGLA-S | 0.67| 1.15| 0.54| 1.00| 4.95 3.74| 190 0.05| 2.25| 0.21| 0.44 0.39| 0.02| 0.15| 0.24| 1.73| 0.13
Apiosamericana APIAME 6.33 13.23 0.04
Aster carolinianus ASTCAR 0.09 1.13| 0.02 0.09| 0.52| 0.48 0.02
Aster dumosus ASTDUM 0.46
Bacopa caroliniana BACCAR 1.69| 1.96| 045 2.82| 2.82| 226/ 0.85 053] 1.55 1.57 0.52| 1.07 1.26| 1.41| 0.77| 1.77
Baccharis halimifolia BACHAL 0.05
Bacopa monnieri BACMON 0.46 0.94
Blechnum serrulatum BLESER 3.27| 1.65| 2.38] 3.95| 545/ 7.00| 5.11| 551| 9.26] 9.72| 9.88| 7.61| 3.20| 4.94| 8.20| 11.11| 3.65| 13.29
Boehmeriacylindrica BOECYL 0.17| 2.58| 0.48| 0.71| 0.04| 0.55| 0.16| 0.07f 1.17| 0.02| 0.22| 0.10f{ 0.21| 0.19| 0.07 0.02
Burserasimaruba BURSIM 12.17| 3.50 12.38| 7.37 4.41| 3.48
Burserasimaruba_seedlimng BURSIM-S 0.05| 0.01
Caesalpiniabonduc CAEBON 4.45
Celtislaevigata CELLAE 3.00f 1.02 14.18| 0.73 0.73| 0.37
Celtislaevigata_seedling CELLAE-S 0.02| 0.52 0.10{ 0.12
Cephalanthus occidentalis CEPOCC 0.94| 0.11| 1.41| 0.82| 14.69| 1.50| 0.48| 2.40| 4.29| 3.63| 9.69 4.07| 1.52| 14.48 1.15
Chrysobalanuscaco CHRICA 20.83| 27.71| 23.02| 27.41] 0.30| 4.00| 13.15| 11.61| 2.08| 2.56 15.23| 15.17| 5.76| 14.65
Chrysobalanuscaco_seedling CHRICA-S 479 248 1.77| 2.00| 4.80 7.99| 2.16| 3.89| 248 0.05| 1.45| 2.09| 0.48| 3.20
Chrysophyllurroliviforme CHROLI 11.80 9.83
Chrysophyllurroliviforme_seedling|CHROLI-S 0.09| 0.19
Cissusverticillata CISVER 0.94| 0.94| 0.13| 0.54 0.47| 0.89| 0.04| 1.47 5.86| 2.28
Cladium mariscus ssp. jamaicensqCLAJAM 8.65| 19.40| 7.88| 16.71| 20.80| 35.89| 12.65| 12.10| 10.54| 20.87| 5.51| 53.73| 11.20| 14.41| 17.09| 43.98| 10.10| 53.08
Coccolobadiversifolia COCDIV 3.11
Coccolobadiversifolia_seedling |COCDIV-S 0.36| 0.11
Cyperus haspan CYPHAS 0.24| 0.71| 0.06| 0.05| 0.06 0.21| 0.06 0.52
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Black Hammock Gumbo Limbo Satinleaf
Species SPCODE| WE1 WE2 WE3 WE1 WE2 WE3 WE1 WE2 WE3
(HH) (BH) (BHS) (HH) (BH) (BHS) (HH) (BH) (BHS)

2001 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011
Cyperus ligularis CYPLIG 0.04 0.04
Cyperus odoratus CYPODO 0.02 0.02
Dalbergiaecastaphyllum DALECA 2.84| 0.37| 0.43| 0.46
Dichanthelium commutatum DICCOM 0.05
Dichanthelium dichotomum DICDIC 0.02
Diodia virginiana DIOVIR 0.04 0.01f 0.21] 0.13 0.17 0.98 0.07 0.06
Echinochloa crusgalli ECHCRU 0.09 0.04
Eleocharis caribaea ELECAR 0.02
Eleocharis cellulosa ELECEL 0.35| 1.54| 0.11| 9.29| 0.06| 3.15| 9.01| 19.05 2.15| 13.91| 1.25| 7.79| 3.54| 2.74| 3.39| 13.65 9.40| 22.92
Eleocharis elongata ELEELO 0.51
Eleocharis interstincta ELEINT 1.46 0.51
Eugeniaaxillaris EUGAXI 8.65| 6.96 13.54| 8.47 3.71| 6.59
Eugeniaaxillaris_seedling EUGAXI-S 0.94| 4.08 6.64| 10.64 1.18| 3.13
Eupatorium leptophyllum EUPLEP 0.02
Ficus aurea FICAUR 0.36 0.21} 0.13 0.04 0.36
Ficusaurea_seedling FICAUR-S 0.21 0.01 0.02
Fuirena breviseta FUIBRE 2.25| 0.09| 0.32| 0.12| 0.76/ 0.11| 1.68/ 0.02| 0.37| 0.02 0.19| 044
Habenariasp. HABXXX 0.13
Hibiscus grandiflorus HIBGRA 0.04
Hydroleacorymbosa HYDCOR 0.52 0.05 0.11 0.42
Hymenocallis palmeri HYMPAL 0.01| 0.01
Hyptis alata HYPALA 0.09 0.10
llex cassine ILECAS 0.45 0.21| 2.93| 1.26
llex cassine_seedling ILECAS-S 0.02 0.06| 0.24 0.01| 1.39| 0.05
Ipomoea alba IPOALB 0.05
Ipomoea sagittata IPOSAG 0.02| 0.31 0.09 0.55| 0.07 0.12f 0.03| 0.02| 0.50| 0.02| 0.74| 0.04] 0.22| 0.04| 0.63
Ipomoeasp. IPOXXX 0.09 0.04 0.02 1.93
Justicia angusta JUSANG 0.02| 0.04 0.04/ 0.03] 0.03] 0.01f 0.24] 0.84| 0.02| 1.93| 0.04| 0.43| 167 054
Kosteletzkya virginica KOSVIR 0.05| 0.05
Leersia hexandra LEEHEX 0.02 0.18 0.65| 0.19] 0.36| 0.06| 0.01| 0.38] 0.01] 0.01 0.91] 0.02| 224 1.65
Ludwigia alata LUDALA 0.02 0.01| 2.05 0.04| 0.01 0.46| 0.04| 0.11 0.73
Ludwigia curtissii LUDCUR 0.04

82



Black Hammock Gumbo Limbo Satinleaf
Species SPCODE| WE1 WE2 WE3 WE1 WE2 WE3 WE1 WE2 WE3
(HH) (BH) (BHS) (HH) (BH) (BHS) (HH) (BH) (BHS)

2001 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011
Ludwigia repens LUDREP 0.52| 0.14| 0.02| 2.33] 0.65| 1.05| 2.82] 1.39| 0.01 0.01| 0.46 0.13
Magnoliavirginiana MAGVIR 0.02| 0.71| 1.04| 0.65| 2.06| 1.10| 3.22| 2.73 0.09| 0.91| 4.43| 7.41] 206/ 7.10
Magnoliavirginiana_seedling MAGVIR-S 0.09| 0.13| 0.01| 159 1.18| 0.11 0.02| 0.22| 0.52| 0.02
Melothria pendula MELPEN 0.02 0.08
Mikania scandens MIKSCA 0.06 0.05 0.33] 0.13| 0.01 0.18| 0.18/ 0.23| 1.57| 0.13 0.11] 0.11] 0.19] 042
Mitreola petiolata MITPET 0.01 0.11
Morella cerifera MORCER 2.60f 1.46| 2.73] 3.00/ 5.60| 4.13 0.95| 1.26| 3.12 0.51| 1.77{ 0.37{ 1.72| 0.98| 0.04
Myrica cerifera_seedling MORCERS 0.06| 0.02| 0.02| 0.16] 0.32| 0.35 0.05 0.46| 0.05 0.56] 0.04| 0.22
Myrsinefloridana MYRFLO 0.28| 0.52 1.86
Myrsinefloridana_seedling MYRFLO-S 0.06| 0.68 0.02
Nectandra coriacea_seedling NECCORS 0.05
Nephrolepisexaltata NEPEXA 0.42 0.09
Nymphoides aquatica NYMAQU 0.05
Nymphaea odorata NYMODO 0.05| 0.68
Oeceocladesmaculata OECMAC 0.10 0.13 0.01
Osmunda regalis OSMREG 0.04
Oxypolis filiformis OXYFIL 0.02
Panicum hemitomon PANHEM 1.67| 0.13] 0.46| 0.16| 4.23] 0.27| 0.12 0.02| 0.21| 0.28| 0.04| 0.46 1.02| 0.10
Panicum rigidulum PANRIG 0.09 0.05 0.02
Panicum virgatum PANVIR 0.06 0.83
Parietariafloridana PARFLO 0.06
Parthenocissuguinquefolia PARQUI 0.10| 2.38| 0.11| 2.23| 0.10| 0.24| 0.03| 0.33 0.75| 1.69
Paspalidium geminatum PASGEM 0.42 0.09| 0.01 0.22| 0.06| 0.11
Passiflora pallens PASPAL 1.00
Passiflorasuberosa PASSUB 0.02
Passiflora sp. PASXXX 0.06
Peltandra virginica PELVIR 1.17 0.73] 0.36| 11.39| 1.79| 0.12 0.05| 0.09] 152 0.36 0.04| 0.22| 0.08
Perseaborbonia PERBOR 0.02 0.90| 0.64| 0.70 0.24
Perseaborbonia_seedling PERBORS 0.02| 0.21 0.09| 0.06| 0.62| 0.01] 0.02] 0.61| 0.05 0.01f 0.07 0.02
Pluchea rosea PLUROS 0.02| 1.04| 0.02 0.09] 2.42 0.06] 0.01] 0.05| 0.01 0.02| 0.09| 0.26] 0.04| 0.17| 0.21
Polygonum hydropiperoides POLHYD 0.04| 0.21| 0.39| 0.09| 0.02| 0.30| 0.01| 0.02| 0.08 0.04| 1.45| 1.38 0.28
Pontederia cordata PONCOR 0.15| 0.10{ 0.14| 0.09| 1.77{ 1.54| 1.10[ 0.13| 1.05| 0.62| 2.27| 1.43| 1.00 157 0.13| 6.19| 0.85
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Black Hammock Gumbo Limbo Satinleaf
Species SPCODE| WE1 WE2 WE3 WE1 WE2 WE3 WE1 WE2 WE3
(HH) (BH) (BHS) (HH) (BH) (BHS) (HH) (BH) (BHS)

2001 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011| 2001 | 2011
Proserpinaca palustris PROPAL 1.44 0.13| 6.51| 0.01| 0.01| 0.13| 0.45| 0.53| 0.28 0.02 0.11| 0.06| 0.23
Psilotumnudum PSINUD 0.10 0.01 0.05
Pteridium aquilinunmvar. caudatum |PTECAU 0.38
Rhynchospora colorata RHYCOL 0.21
Rhynchospora divergens RHYDIV 0.88
Rhynchospora inundata RHYINU 0.42 1.23 1.83| 0.29| 1.27| 0.49| 1.11| 0.33| 0.05 0.09 1.41 0.52
Rhynchospora microcarpa RHYMIC 0.88 0.01 0.11
Rhynchospora miliacea RHYMIL 0.02
Rhynchospora tracyi RHYTRA 0.10 0.09| 0.07 0.02| 0.11| 0.01| 0.04 0.21| 0.11
Rivinahumilis RIVHUM 3.78| 0.06
Sabal palmetto_seedling SABPAL-S 0.04| 0.02 0.01
Sacciolepis striata SACSTR 1.46 0.02 0.89 0.02 0.03 0.29
Sagittaria lancifolia SAGLAN 0.04| 0.63 0.18| 0.02| 0.24 0.74 6.58| 0.02 0.33 221
Salixcaroliniana SALCAR 5.40| 4.50| 12.38| 10.16| 0.84 3.47| 1.57| 10.97| 7.18| 7.73| 10.65| 3.02| 4.67| 6.33| 0.43 0.63
Salixcaroliniana_seedling SALCAR-S 0.04| 2.06 0.55| 0.02 0.10 1.49 4.84| 021 0.02
Sarcostemmalausum SARCLA 0.04 1.36| 0.09| 0.02f 0.01f 2.11] 0.35] 5.55| 0.35| 4.03] 0.30| 6.84 0.13] 0.22
Saururus cemuus SAUCER 0.04| 1.13] 0.23| 0.45| 0.46| 150/ 0.83] 0.27| 1.46| 0.54 0.39| 1.00| 0.15 0.21
Setaria magna SETMAG 0.01
Sideroxylorfoetidissimum SIDFOE 4.10| 6.19 1.05| 1.32
Sideroxylorfoetidissimum_seedlin¢SIDFOES 0.04| 0.10 0.05
Simaroubaglauca SIMGLA 0.02| 0.09
Simaroubaglauca_seedling SIMGLA-S 0.46
Smilaxbonanox SMIBON 0.12
Smilaxlaurifolia SMILAU 0.06 1.02
Solanunmerianthum SOLERI 0.01| 0.79
Thelypteris interrupta THEINT 0.54| 1.88| 1.25| 3.13 1.69| 3.53| 4.81| 8.32 0.27| 2.57| 0.28| 3.54
Thelypteriskunthii THEKUN 1.05| 0.21 0.01
Thelypteris palustris var. pubescel THEPAL 0.27
Tillandsia balbisiana TILBAL 0.01
Tilandsia fasiculata TILFAS 0.01 0.10| 1.85
Tillandsia flexuosa TILFLE 0.05 0.18| 0.03
Tillandsia paucifolia TILPAU 0.06| 0.05
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Black Hammock Gumbo Limbo Satinleaf
Species SPCODE WE1 WE2 WE3 WE1 WE2 WE3 WE1 WE2 WE3
(HH) (BH) (BHS) (HH) (BH) (BHS) (HH) (BH) (BHS)
2001| 2011|2001 | 2011| 2001| 2011| 2001| 2011| 2001 | 2011 | 2001 | 2011| 2001| 2011| 2001| 2011| 2001 | 2011
Tillandsia recurvata TILREC 0.01| 0.06| 0.51| 0.05| 0.04
Tillandsia usneoides TILUSN 0.04 0.01 0.04
Tillandsia utriculata TILUTR 0.01
Typha domingensis TYPDOM 0.02| 0.45| 0.15| 0.24 0.04 5.42 0.37 0.02| 1.04
Utricularia foliosa UTRFOL 1.13 0.02| 1.77/ 0.30/ 2.00| 0.70| 0.11| 2.40| 2.22| 12.30| 5.77 1.74 0.21
Utricularia purpurea UTRPUR 0.10 0.02| 1.04| 1.31| 6.81 4.30 0.43 0.52
Vallisneriaamericana VALAME 0.05
Vitis sp. VITXXX 1.44| 0.10 1.23 0.01| 0.33
Unkown spl XXX001 0.02 0.01
Xyris sp. XYRO001 0.01 0.05 0.01
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A.1.4 A change in vegetation type at sites within the transition zone between vegetation
assemblages on the transects in three Shark Slough islatls: hardwood hammock, BH =
Bayhead, BHS = Bayhead swamp, M = Marsh. Species codes are according to App2adix A.

Island Tran Meter Vegetation type Major change in species' cover
sect 2001 2011

Black Hammock | BW1 45 HH BH BURSIM & CELLAE decreased, SALCAR appeared
Black Hammock | BW1 75 HH BH BURSIM & EUGAXI not present in 2011
Black Hammock | BW2 10 BHS M ANNGLA decreased, CLAJAM, ELECEL 83%
Black Hammock | BW2 15 BHS M ANNGLA decreased, CLAJAM, ELECELincreased
Black Hammock | BW2 115 BH BHS | ANNGLA, SALCAR decreased, CLAJAM increased
Black Hammock | BW2 120 BHS M ANNGLA decreased, CIADIUM increased
Black Hammock | BW3 185 BHS M ANNGLA decreased, CLAJAM 83%
Gumbo Limbo Gw1l 30 M BHS | ANNGLA & CEPOCC increased, ELECEL also increased
Gumbo Limbo GW1 150 HH BH BURSIM, FICUS absent
Gumbo Limbo Gwi1 185 BHS BH Fern increased, MAGVIR increased
Gumbo Limbo GW1 190 BHS BH MAGVIR present

Gumbo Limbo GW?2 40 M/BHS CLAJAM increased
Gumbo Limbo GW2 45 M/BHS CLAJAM increased
Gumbo Limbo GWwW3 170 BHS/M M CLAJAM increased
Gumbo Limbo GWwW3 180 BHS BHS/M | CLAJAM increased
Gumbo Limbo GW3 190 BHS BHS/M | CLAJAM increased
Gumbo Limbo GWwW3 200 BHS BHS/M | CLAJAM increased , CEPOCC decreased

Gumbo Limbo Gwi1 195 BHS M MAGVIR decreased, CLAJAM & ELECEL increased
Gumbo Limbo Gwi1 200 BHS M CEPOCC decreased, CLAJAM & ELECEL increased
Gumbo Limbo Gwi1 210 BHS M ANNGLA decreased
Gumbo Limbo Gw1 220 BHS M ANNGLA decreased

M

M

Gumbo Limbo GW3 420 M BHS SALCAR & CEPOCC increased
Satinleaf SW1 100 BHS BH ANNGLA & CHRICA increased
Satinleaf SW1 105 BHS BH ANNGLA & CHRICA increased
Satinleaf SW1 110 BHS BH ANNGLA & CHRICA increased
Satinleaf Swi 115 BHS BH CHRICA increased

Satinleaf SW1 120 M BHS ANNGLA, SALCAR increased
Satinleaf SW1 125 M BHS DALECA, MAGVIR increased
Satinleaf SwW2 25 M BHS | ANNGLA increased

Satinleaf SW3 20 BHS BHS/M | High CLAJAM Cover- uniform
Satinleaf SW3 25 BHS BHS/M | High CLAJAM Cover- uniform
Satinleaf SW3 30 BHS BHS/M | High CLAJAM Cover- uniform
Satinleaf SW3 90 M BHS | CEPOCC decreased, CLAJAM & ELECEL increased
Satinleaf SW3 95 M BHS | MAGVIR increased
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A.2.1: Coordinates of the plots sampled along laxgs (NS) transect on nine islands in
Everglades National Park and Water Conservation 3A and 3B.

Tree Island Plot  Easting 83 Northing 83 Plot Easting_83 Northing_83
Black Hammock 1 531360 2832690 2 531330 2832660
Black Hammock 3 531300 2832630 4 531270 2832600
Black Hammock 5 531240 2832570 6 531210 2832540
Black Hammock 7 531180 2832510 8 531150 2832480
Black Hammock 9 531120 2832450 10 531090 2832420
Black Hammock 11 531060 2832390 12 531030 2832360
Black Hammock 13 531000 2832330 14 530970 2832300
Black Hammock 15 530940 2832270 16 530910 2832240
Black Hammock 17 530880 2832210 18 530850 2832180
Chekika Island 1 534420 2847690 2 534420 2847660
Chekika Island 3 534420 2847630 4 534390 2847600
Chekika Island 5 534390 2847570 6 534390 2847540
Chekika Island 7 534360 2847510 8 534360 2847480
Chekika Island 9 534360 2847450 10 534360 2847420
Chekika Island 11 534360 2847390 12 534330 2847360
Chekika Island 13 534330 2847330 14 534300 2847300
Chekika Island 15 534300 2847270 16 534300 2847240
Chekika Island 17 534270 2847210 18 534270 2847180
Chekika Island 19 534270 2847150 20 534240 2847120
Chekika Island 21 534240 2847090 22 534240 2847060
Chekika Island 23 534210 2847030 24 534210 2847000
Chekika Island 25 534210 2846970 26 534180 2846940
Chekika Island 27 534180 2846910 28 534180 2846880
Chekika Island 29 534150 2846850 30 534150 2846820
Chekika Island 31 534150 2846790 32 534120 2846760
Chekika Island 33 534120 2846730 34 534120 2846700
Chekika Island 35 534090 2846670 36 534090 2846640
Chekika Island 37 534090 2846610 38 534060 2846580
Chekika Island 39 534060 2846550 40 534060 2846520
Gumbo Limbo Hammock 1 526080 2834940 2 526080 2834910
Gumbo Limbo Hammock 3 526050 2834880 4 526050 2834850
Gumbo Limbo Hammock 5 526050 2834820 6 526020 2834820
Gumbo Limbo Hammock 7 526020 2834790 8 526020 2834760
Gumbo Limbo Hammock 9 525990 2834730 10 525990 2834700
Gumbo Limbo Hammock 11 525990 2834670 12 525960 2834670
GumboLimbo Hammock 13 525960 2834640 14 525960 2834610
Gumbo Limbo Hammock 15 525930 2834580 16 525930 2834550
Gumbo Limbo Hammock 17 525930 2834520 18 525900 2834520
Gumbo Limbo Hammock 19 525900 2834490 20 525900 2834460
Gumbo Limbo Hammock 21 525870 2834430 22 525870 2834400
Gumbo Limbo Hammock 23 525870 2834370 24 525840 2834370
Gumbo Limbo Hammock 25 525840 2834340 26 525840 2834310
Gumbo Limbo Hammock 27 525810 2834280 28 525810 2834250
Gumbo Limbo Hammock 29 525810 2834220 30 525780 2834220
Gumbo Limbo Hammock 31 525780 2834190 32 525780 2834160
Gumbo Limbo Hammock 33 525750 2834130 34 525750 2834100
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Tree Island Plot  Easting_83 Northing_ 83 Plot Easting_83 Northing_83
Gumbo Limbo Hammock 35 525720 2834070 36 525720 2834040
Gumbo Limbo Hammock 37 525690 2834010 38 525690 2833980
Gumbo Limbo Hammock 39 525660 2833950 40 525660 2833920
Gumbo Limbo Hammock 41 525630 2833890 42 525630 2833860
Heartleaf Hammock 1 547620 2848260 2 547620 2848230
Heartleaf Hammock 3 547620 2848200 4 547620 2848170
Heartleaf Hammock 5 547620 2848140 6 547620 2848110
Heartleaf Hammock 7 547620 2848080 8 547620 2848050
Heartleaf Hammock 9 547620 2848020 10 547620 2847990
Heartleaf Hammock 11 547620 2847960 12 547620 2847930
Heartleaf Hammock 13 547620 2847900 14 547620 2847870
Heartleaf Hammock 15 547590 2847840 16 547560 2847810
Heartleaf Hammock 17 547530 2847780 18 547500 2847750
Heartleaf Hammock 19 547470 2847720 20 547440 2847690
Heartleaf Hammock 21 547440 2847660 22 547410 2847630
Heartleaf Hammock 23 547380 2847600 24 547350 2847570
Heartleaf Hammock 25 547320 2847540 26 547290 2847510
Heartleaf Hammock 27 547260 2847480 28 547230 2847450
Johnny Buck 1 528300 2834790 2 528300 2834760
Johnny Buck 3 528270 2834730 4 528270 2834700
Johnny Buck 5 528240 2834670 6 528240 2834640
Johnny Buck 7 528210 2834610 8 528210 2834580
Johnny Buck 9 528180 2834550 10 528180 2834520
Johnny Buck 11 528150 2834490 12 528150 2834460
Johnny Buck 13 528120 2834430 14 528120 2834400
Johnny Buck 15 528090 2834370 16 528090 2834340
Johnny Buck 17 528060 2834310 18 528060 2834280
Johnny Buck 19 528030 2834250 20 528030 2834220
Johnny Buck 21 528000 2834190 22 528000 2834160
Johnny Buck 23 527970 2834130 24 527970 2834100
Johnny Buck 25 527940 2834070 26 527940 2834040
Johnny Buck 27 527910 2834010 28 527910 2833980
Johnny Buck 29 527880 2833950 30 527880 2833920
Johnny Buck 31 527850 2833890 32 527850 2833860
Johnny Buck 33 527820 2833830 34 527790 2833800
Johnny Buck 35 527760 2833770 36 527730 2833740
Johnny Buck 37 527700 2833710 38 527670 2833680
Johnny Buck 39 527640 2833650 40 527610 2833620
Johnny Buck 41 527580 2833590
Satinleaf Hammock 1 524520 2838120 2 524520 2838090
Satinleaf Hammock 3 524490 2838060 4 524490 2838030
Satinleaf Hammock 5 524490 2838000 6 524460 2837970
SatinleafHammock 7 524460 2837940 8 524460 2837910
Satinleaf Hammock 9 524430 2837880 10 524430 2837850
Satinleaf Hammock 11 524400 2837820 12 524400 2837790
Satinleaf Hammock 13 524370 2837760 14 524370 2837730
Satinleaf Hammock 15 524370 2837700 16 524340 2837670
Satinleaf Hammock 17 524340 2837640 18 524310 2837610
Satinleaf Hammock 19 524310 2837580 20 524280 2837550
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Tree Island Plot  Easting_83 Northing_ 83 Plot Easting_83 Northing_83

T1 66 1 523710 2867520 2 523710 2867490
T1 66 3 523710 2867460 4 523710 2867430
T1 66 5 523740 2867400 6 523740 2867370
T1 66 7 523740 2867340 8 523770 2867310
T1 66 9 523770 2867280 10 523770 2867250
T1 66 11 523800 2867220 12 523800 2867190
T1 66 13 523800 2867160 14 523830 2867130
T1 66 15 523830 2867100 16 523830 2867070
T1 66 17 523830 2867040 18 523830 2867010
T1 66 19 523860 2866980 20 523860 2866950
T1 66 21 523860 2866920 22 523860 2866890
T1 66 23 523860 2866860 24 523860 2866830
T1 66 25 523860 2866800 26 523860 2866770
T1 66 27 523890 2866740 28 523890 2866710
T1 66 29 523890 2866680 30 523890 2866650
T1 66 31 523920 2866620 32 523920 2866590
T1 66 33 523920 2866560 34 523920 2866530
T1 66 35 523950 2866500 36 523950 2866470
T1 66 37 523950 2866440 38 523950 2866410
T1 66 39 523950 2866380 40 523950 2866350
T1 66 41 523950 2866320 42 523950 2866290
T1 66 43 523950 2866260 44 523950 2866230
T1 66 45 523950 2866200 46 523950 2866170
T1 66 47 523950 2866140 48 523950 2866110
TI 66 49 523950 2866080 50 523950 2866050
WCA3A-266 1 518070 2853240 2 518070 2853210
WCA3A-266 3 518070 2853180 4 518070 2853150
WCA3A-266 5 518070 2853120 6 518070 2853090
WCA3A-266 7 518070 2853060 8 518070 2853030
WCA3A-266 9 518070 2853000 10 518040 2852970
WCA3A-266 11 518040 2852940 12 518040 2852910
WCA3A-266 13 518040 2852880 14 518010 2852850
WCA3A-266 15 518010 2852820 16 518010 2852790
WCA3A-266 17 517980 2852760 18 517980 2852730
WCA3A-266 19 517980 2852700 20 517950 2852670
WCA3B-12 1 546300 2857590 2 546300 2857560
WCA3B-12 3 546300 2857530 4 546300 2857500
WCA3B-12 5 546300 2857470 6 546330 2857440
WCA3B-12 7 546330 2857410

WCA3B-12 8.1 546300 2857380 8.2 546330 2857380
WCA3B-12 9 546330 2857350 10 546330 2857320
WCA3B-12 11 546330 2857290 12 546330 2857260
WCA3B-12 13 546330 2857230 14 546360 2857200
WCA3B-12 15 546360 2857170 16 546360 2857140
WCA3B-12 17 546360 2857110 18 546360 2857080
WCA3B-12 19 546360 2857050 20 546390 2857020
WCA3B-12 21 546390 2856990 22 546390 2856960
WCA3B-12 23 546390 2856930 24 546390 2856900
WCA3B-12 25 546420 2856870 26 546420 2856840
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Tree Island Plot  Easting_83 Northing_ 83 Plot Easting_83 Northing_83
WCA3B-12 27 546420 2856810 28 546420 2856780
WCA3B-12 29 546420 2856750 30 546450 2856720
WCA3B-12 31 546450 2856690 32 546450 2856660
WCA3B-12 33 546450 2856630 34 546450 2856600
WCA3B-12 35 546480 2856570 36 546480 2856540
WCA3B-12 37 546480 2856510 38 546480 2856480
WCA3B-12 39 546480 2856450 40 546480 2856420
WCA3B-12 41 546510 2856390 42 546510 2856360
WCA3B-12 43 546510 2856330 44 546510 2856300
WCA3B-12 45 546510 2856270 46 546540 2856240
WCA3B-12 47 546540 2856210 48 546540 2856180
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A.2.2: Box-plots showing differences in mean vegetation index values (12 indices) among five

vegetation types classified using the vegetation strutiased dichotomous key for nine tree

islands.
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RDVI-LAI Vs. Dichotomous Key (9 Individual Islands)
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A.2.3.Matrices showing the comparisbetween plant community classifications achieved via
the experdeveloped classification key, structural data based cluster analysis, and spectral
vegetation indicebased cluster analysis.

Black Hammock (18)
Structural Classification Spectral Classification
CLASS|HH BH BHS S8 M |HH BH BHS S M
95 HH 1 0 1
g '(*E BH 6 1 6 i
£& |BHS 3 1 3 1
c8 IS 5 5
0o M 1 0 1
_5 HH 0 1
g § BH 6
& = |BHS 4
a& |S 6 1
O M 0
Classification Comparison % Agreement
Dichotomous vs Structural 83.33
Dichotomous vs Spectral 83.33
Structural vs Spectral 88.89
Gumbo Limbo Island (41)
Structural Classification Spectral Classification
CLASS|HH BH BHS 8§ M| HH BH BHS S M
95 HH 2 0 2
g § BH 23 2 24 1
£2= |BHS 10 3 7
ca8 |S 2 0 1 0 1
oo M 2 2
_s HH 0 2
g *§ BH 23
B = |BHS 4 9 1
58 | 0
O M 2
Classification Comparison % Agreement
Dichotomous vs Structural 90.24
Dichotomous vs Spectral 80.49
Structural vs Spectral 82.93
Johnny Buck (41)
Structural Classification Spectral Classification
CLASS|HH BH BHS 8§ M| HH BH BHS S M
9 s HH 1 0 1
g § BH 10 9 1
£= |BHS 16 15 1
ca |S 2 T 3 6
oo M 5 0 1 2 2
o B HH 0 1
g *§ BH 9 1
I8 = |BHS 16 5 2
a8 |Is 3 4
O M 0
Classification Comparison % Agreement
Dichotomous vs Structural 82.93
Dichotomous vs Spectral 78.05
Structural vs Spectral 70.73
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Satinleaf Hammock (20)
Structural Classification Spectral Classification
CLASS[HH BH BHS 8§ M |HH BH BHS S M
wc HH 1 0 1
> O
g% |BH 6 6
[&]
£< |BHS 9 1 8
ca |S 2 0 2 0
ao M 2 0 2
_5 HH 0 1
% |BH 6
=R
o |BHS 1 10
58 | 0
O M 2
Classification Comparison % Agreement
Dichotomous vs Structural 80.00
Dichotomous vs Spectral 80.00
Structural vs Spectral 90.00
Chekika Island (40)
Structural Classification Spectral Classification
CLASS[HH BH BHS 8§ M |HH BH BHS S M
wc HH 2 0 2
> O
g% |BH 16 16
(o]
£= |BHS 1 0 1 0
ca8 |S 8 4 12
oo M 9 1 5 3
_ 5 HH 0 2
% |BH 17
E= R
c&= [BHS 0
0
58 IS 8
O M 1 9 &
Classification Comparison % Agreement
Dichotomous vs Structural 87.50
Dichotomous vs Spectral 77.90
Structural vs Spectral 70.00
Heartleaf Hammock (28)
Structural Classification Spectral Classification
CLASS[HH BH BHS § M | HH BH BHS S M
= HH 0 0
> O
g® |BH 14 1 13 2
g& |BHS 4 3 %
o w
ca8 |S 6
oo M 0 0
c |HH 0
= S
% |BH 13 9
S |BHS 4
oW
He |S 6
O M 0
Classification Comparison % Agreement
Dichotomous vs Structural 82.14
Dichotomous vs Spectral 92.86
Structural vs Spectral 82.14
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