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EXECUTIVE SUMMARY

Vegetation mapping by hand digitizing using aerial photography and gtauthchgwere
conductedy the Institute for Regional Conservation. Vegetation data layeresreaed for
1940 and 2010tdhe discharge locations of the most important water control or canal features
thatenterthe Northern portion dRookery Bay National Estuarine Research Reserve. The
differences between 1940 and 2010 are summarized with possible causes suggestethieelow.
2010 maps will be utilized to assess future changes.

Mapping Area

Vegetation Trends from 1940 to 2010

Suspected Causes

Lely Main Canal
(405 acres)

Freshwater and brackish (already tidally
influenced in 1940) marshes changed to
mangrove and buttonwad dominated
wetlands. Remnants of the end of the cypre
strand destroyed by the Lely canal excavatio
changed to mangrove forest. Large areas of
slash pine dominated areas in lower elevatio
were replaced by buttonwood.

Sea level rise, increased
inland access by tides from
downstream ditches, and
shortened freshwater
hydroperiods upstream with
less sheet flow.

Lely Manor
Canall2_1 (155
acres)

Freshwater and brackish marshes changed {
mangrove and buttonwood dominated
wetlands. A large freshwaterréssted wetland
trended towards freshwater shrub or
buttonwood and mangrove dominated
wetlands. The end of the cypress strand
converted to shrub wetland. Of the small
amount of pineland mapped, the edges chan
to buttonwood.

Sea level rise, minor increa
in tidal access from
downstream ditching, altered
or shortened freshwater
hydroperiod at end of cypres
strand

Lely Manor Canal
01-2 (139 acres)

Cypress strands shifted to mixed pine and
cypress wetland. Although most of mapped
area was above diretitial influence in 1940,
cypress and pineland shifted to cabbage pal
and in some cases buttonwood in the lowest
elevations downstream.

Shortened freshwater
hydroperiod and only minor
influence of sea level rise at
the most downstream
locations.

Lely Mana
Canall3 (431
acres)

The bggest change in acreage observed was
cypress strand shifting to mixed pine and

cypress wetlandFresh and brackish (already
tidally influenced in 1940) marshes shifted to
mangrove and buttonwood dominated areas
The ends oftte cypress strands and some lov
edges of pineland converted to cabbage palr

and freshwater shrub dominated wetlands.

Shortened freshwater
hydroperiod and influence of
sea level rise at the most
downstream locations.




Mapping Area

Vegetation Trends from 1940 to 2010

Suspected Causes

C-4_CANAL-00
(Eagle Creek and
Fleisher Parcels)
(62 acres)

Direct human impacts already evident in are
in 1940 from farminghumanhabitation, and
dredging of Eagle Creek wetlands. Dredging
soon followed along Henderson creek.
Freshwater and brackish marsh changed to
buttonwood and mragrove dominated areas.
Pineland shifted to buttonwood or cabbage
palm woodlands. Cypress died off at the en(
of the strands which were cut off by
development just upstream (off site).

Direct human impacts
changed physiography of site
Sea level riserad elimination
of freshwater sheet flow from
upstream

BelleMeade7 and
HendersonCreek
(407 acres)

Cypress wetlands shifted to waxyrtle or
mixed cypress and slash pine dominated arg
suggesting shortened hydroperiods. Organi
soil loss evident. Mangwes confined to
ditches thus far.

Shortened freshwater
hydroperiod. Direct human
impacts from development
south of U.S. 41.

Belle Meade 9
(Fiddler's Creek)
(385 acres)

Reduction in fresh and brackish marsh with
increase in buttonwood and mangrogtash
pine shifting to buttonwoadButtonwood areas
along edge of development with whitevine
thickets and abundant cattail in the marshes
suggesting potentially high nutrient inputs.

Sea level rise, altered
distribution of freshwater
inputs with elimination
sheet flows, constricted or
partially obstructed tidal flows
downstream. Possible
increased nutrient inputs fron
upstream housing
development.

US_41 OUTFAL
L SWALE_NO_2
-00 (Auto Ranch
Road) (148 acres)

Cypress and hardwood wetlands showed on
minor changes since 1940. Large areas of
marsh have become dominated by willow.
Cattail is very abundant, and it is suspected
have increased, but an increase since 1940
cannot be determined because of a lack of ¢
signature in 1940. This site has high alkswn
uplands, high relief, most of which seem mot
or less urchanged except for very long fire
suppressed and increased abundance of wo
vegetation.

Sea level rise, but tidal flows
obstructed and constricted by
downstream spoil features
Possible lenthened
freshwater hydroperiod and
possible increased nutrient
inputs from upstream
agriculture.

Bridge 37
(Collier-Seminole
State Park, South
Old Marco Road)
(846 acres)

Nearly half of the marsh areas became
mangrove or buttonwood dominated, as well
same cypress and hardwood swamp. Pinela
has shifted to buttonwood dominated
woodlands on West side. Cypress died back
the lower elevation center at theds of the
strands leaving hardwood or palm woodland
just above the mangrove ecotone. Cypress
died back along the outsiddges of the strand
swamp further upstream.

Sea level rise, increased
inland access by tides from
downstream ditches,
shortened freshwater
hydroperiods upstream,
freshwater sheet flow also
disrupted by spoil from road
featues, and suspected
increased nutrient inputs in
northwest corner of mapped
area.




Introduction

Explaining patterns of species distributions along environmental gradients has long been a
central and dominant focus in ecologyegetation in estuarine emonments exhibit distinct

patterns along horizontal and vertical gradients. These gradients are generally characterized by a
plants ability to tolerate sallirectly through the roots or from salt spray estuarine marshes

there is decreasing salipifrom the coast going inland which leads to a formation of salt,

brackish and fresh water marskaxh with distinct vegetation typeBlant distributions are

further subject to tidadtorm surges, andfluenced by thdérequency and duratioof flooding

along @ elevation gradient.

A complex nterplay between biotic and abiofactorsultimatelydetermines where a plant will grow.
Studies show that salt marsh (halophytes) species are excluded from tidal fresh water marches throug
competition with freshwater species (glygophytes), whereas glygashare excluded from salt

marshes by physiological stress (Creiral.2004; Engels & Jensen 2010)emporal oscillations in
vegetation boundaries are increasingly becoming obvious as sea level rigel@bagiical alterations

affect ecosystems adjacenttb@ ocean. Tidal wetlands such as salt, brackish, and freshwater marshes
are most affected by these changes, however, vegetationasifisogressively happening further

away from the coast.

In this study we look at vegetation changéRookery Bay National Estuarine Research Reserve
(RBNERR)f r om t he 19 4 0 Giadd work, gr@uddiridhing, dndirtetpeetation okerial
photography andatelliteimagery. This projectalsoestabliskesbaseline datéor futuredetailed
comparison®f vegetation anécosystemshanges.Because of the diversity of habitats and elevations,
the proximity to developed land, and the changes in hydrology, a detailed vegetation map is an
important tool for the @mplex issues involved in land management. RBNERRIs largely Estuarine,
mapping vegetation becomes essential to monitor long term expected cthaagesydrology
alterations associatedth theacceleration in sea level risad fresh water deliverySpecifically these
mapping efforts are focused on areas within and adjacent to the uppermost portions of RBNERR
around discharge locations of important water control or canal features. Several of these features wer
also recently altered in an effortreduce their historical negative impacts on adjacent habitats.
Therefore this mapping effort, focused on 2010 extents, will also function as a baseline to discern
future trends which may result from these efforts.

Study Site

The study is focused arodRBNERR(Figure 1) Rookery BayReservas located in Collier
County on the southwest coast of Florida, between Naplig® north and Everglades National
Park to the southCollier County is the second largest count¥iarida with approximately
2,025 square miles of landRBNERR is comprised adpproximatelyl 10,000 acres of open
water, mangrove wetlands, and upland@be total estimated surface area of open waters
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encompassed withiRBNERRDboundaries is 70,000 acreghe remaining 40,000 acresea

composed primarily of mangroves, fresh to brackish water marshes, and pine and oak upland
habitats. Although most of the area is aquatic or marine, it includes a variety of ecosystems from
mangroves to pin#lat woods freshwater wetlands, and rareigerak habitats in high relict dune
ridges. A particularly notable xeric oak habitat is found on Sandhill, which is over 5m in
elevation yet surrounded by mangroves. Due to its location of RBNERR to the city of Naples,
much of the edge has been disturbad/or hydrologically altered and infested by invasive

exotic plants.

Methods

A classifiedvegetatiormap with an extensivgeaatabase, was assembled with §&840)and
presen{2010)vegetation types based on aerial photograph interpretatioiietthdround
truthing. Field work involve@n-the-groundvegetatiordata collection using hand held sub
meter accuracglobal positioning system (GP.SA polygon map was handigitized starting
with existing data from past maps as a base, and modgigtbandtruthing progressed

Aerial Photography and Remote Sensing Resources

USGS 2005 Mangrove Map

Boundaries of open water, mangrove, forested andaor@sted coastal habitatgere delineated

using Collier Count yandBarebphaographyrod thepgUs@.iTheser 6 s 200
layers wereutilized directly as a base for outlining polygahsing digitizing vegetation One

problem with the layer is that the 2005 aerial photography has sorrefgesncing errors

Collier County Property Appra s er 6 s Aer i al Photography
True-color, digital aerial photograpttaken by Collier County annually from 20Q007,(except

for 20049 and most recently in 2062014 @ttp://www.collierappraiser.cojiwere used These
exceptionally high quality imagwereused both in the fields mapsnd for digitizing habitat

types. Because these aerial photos were used so intensively, the geodatabase created for this
project used the same projection aséhaerial imagedNAD83 State Plane, Florida Easfor

each yeaof imagerythere are certaiadvantages and disadvantages, as detailed below:

2000 rural imagery with-Poot resolution was used frequently because it covered large areas of
thestudy area Because it méts 10 years prior to current mapping efforts, these aerials provided
clues to the trends in longer term changes since 1940.

2001 imageryhad higher spatial resolution th@000 imagery for much of the area. Thgher
resolutionimages were usdaecausehey distinguished cabbage pal8apal palmettpfrom
other tree canopiesviostimportantly, these aerials were talfast daysafter a hard freeze in
early 2001 which made it especially useful to identify the more cold tolerant black mangroves in

" By
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basinamixed with other mangrove species which were frozen back and represemnceldisi
brown dead leavds the aerials.

2002 imagery had higher spatial resolutiomtimaagery from other yeard he higher resolution
images were usdakcause they distinguisti cabbage palntSébal palmettpfrom other tree
canopies.These aerials also provided clues to the trends in longer term changes since 1940.
More importantlyas in the 2001 photograpiihese aerials were taken after a hard freeze in

early 2001 which rade it especially useful to identify the more cold tolerant black mangroves in
basins mixed with other mangrove species which were frozen back and represented by grey top
killed trunks in the aerials.

2003 imagery was used mainly for largeale printoutshecause theserheter resolution maps
covered the entire are&ertainfeatures were more easily distinguished in color; for example,
graminoid areas and black mangrove areas showed up well.

2005, 2foot resolution, images coverirtige entire area, werveralldarkin contrast but

showed good contrast between upland areas (light green) and mangroves (dark green). The 2005
photographs were not georeferenced the same as other photographs, and appeared to be offset
several feet to the east throughoutiegpping areaThereforethey werenot used fodigitizing,

but were used for vegetation interpretation.

2006 imagery was taken just after Hurricane Wilma (October 2005). The 2006 imagery was
particularly useful for recognizingind damage to mangrovereapies. Large areas of
mangrovesemained leafless for weelespecially mature red and black mangrove forests.

2007 imagery witlé-inch pixelresolutionwasoccasionallytilized and covered much tfe
areaalong with 2foot resolutiorthatcovered tie entire area. Color balancing was not as useful
becausehe greens tended to blend togetinethat image

2008 imagery witlé-inch pixel resolution wasccasionallytilized and covered much tie
areaalong with 2foot resolutiorthatcovered the ente area. Color balancing resulted in
somewhat darker aeriaBlthoughnot as dark as 2009n many cases slash pine trees showed
up better over the darker background making these asoiistimesiseful todelineate
pinelands.

2009 imagery is an impamt layer for all dynamic coastal areas and for determining the extent
of vegetation types because it was the most recent complete photographic collection available
having 2 foot pixels.Buttonwood and Brazilian pepper associations showed up nicealyras
greencolorin the 2009 aerialand were readily identifiable

2010 aerial photolavehigh quality 6inch pixel resolution. These aerials are the most
important set for the project because they cavest ofthe project area and they correspond to
the data layers being edited in the polygon geodatablaseeas 2010 aerials were not available,
2009 extents were utilized with examination of 2012 aerials to examine how quickly the
ecotones have shifted in that time period.

2012 aerial photos includdmbth high quality 6inch pixel resolution an@-foot pixels. These
aerials have a color balance which is helpful in pulling out buttonwood and Brazilian pé&pper.
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absence of 2010 aerials in some areas, these aerials alon®0dtacxialsvere utilizedto
estimate vegetation extents in the 2010 data layer.

2014 aerial photos included most of the northern half oRBRERRwith high quality 6inch

pixel resolution and the rest of tRBNERRwith 2-foot pixels. These aerials are utilized to
reference cuent condition from field work associated with this project and identify signatures
which may be similar to 2010. From these aerials we can examine recent trends to see if any
vegetation community shift has occurred since 2010 while digitizing.

Digital Orthophoto QuarterQuadrangles (DOQQSs)

Several aerial photographs, including the 1995 and 1999 infrared DOQQ aerial photos, were
used for handligitizing habitats (Florida Department of Environmental Protection Land
Boundary Information Systerhitp://data.labins,o)g These photos provided information on
habitat signatures otherwise not evident in the true color imagery. True color photography was
also available at this site in various projections. These photossimgtar to Collier County
Property Appraiser imagery, but generally had lower spatial resolution (umétet).

South Florida Water Management District Aerial Photography

These photographs, projected in NAD83 UTM 17N, are true color aerials in TIFtf@maa
were taken of the outer islands and mangrove foreStsrofThousand Islands National Wildlife
Refuge TTINWR) and RBNERR areasThese aerials were especially useful in observing
shoals and shallow areas in the submerged lands because they et takv tide.

1940s Aerial Photography

Georeferenced 1940s aerial photography was received from the USGS (Coffin et al. 2003;
http://sofia.usgs.gov/projects/summary_sheetfi@adrchive.htm). These images were used to
complete the 1940 vegetation layer. These black and white images vary in quality, often with
good spatial resolution, but sometimes too dark or out of fddosvever, though these images
were georeferencdtiey had lowerprecision than the newer aerial photographs improve the
1940s layers, we added control points when digitizing in specific aigare the USGS layer is
off more than §10m,and utilizedthe georeferencing toolbar in ArcGIS. After addingtrol

points for specific aresaonthe imagesa new image with better georeferencimascreated and
labeledfor that specific areaNot all images were regeorectified to the sdeneel of accuracy
becaus@f the \ariability in image quality andifficulty finding good control points to improve
georeferencing of parts of the image. RBNERR also provided additional versions of these aerial
photographs from Collier County, some tharealready georeferenced. These images were in
Afnegati veo batwdreoreversed for asamm digitizing polygons.

Light Detection and Ranging (LIDAR) Data 2007

LiDAR remote sensinglevation datg2007) wereacquiredfrom the SFWMDand wereelied
on heavily for digitizing habitats. These data were instrumentatatihg shell mounds and
other abovemeanhigh-tide areas in these coastal systettdsing LIDAR data as a colored
transparency over aerial photography proves to be the most useful way to begin polygon
digitizing. They were extremely useful in identifyinglands, especially scrub ridges.
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Reliability of identifying uplands proved to be less than%@&areas within mangroves with
concentrations of organic debris periodically showed up as uplands, while other areas did not
show up, presumably due to ders@mopy closure. Nevertheless, these data were Uapéud in

the vegetatiomapping effort.

Vegetation Classification System

Vegetationcodetypesused for this project followhe Comprehensive EvergleslRestoration
Plan (CERP)Rutchey et al. 2006;
http://science.nature.nps.gov/im/units/sfcn/docs/Vegetation%20Classification%20
%20v6.15.09.x[s Any vegetation types encourgdiduring fied workthat werenot found in
the referenced report were documerdad labeledppropriately These habitat types were
added to the classification system.

Ground-Truthing

The goundtruthing methodology consisted of stratified random sampling bgerson foot,
covering as many aeriaignatires as possible in the field handheld Thales Mobiléapper

GPS unitwasused in the field for data collection. ArcPad softwassused withthe polyline

feature class with custom designed data fields witip-down menus for vegetation type and

exotic plant species density/cover codes exported from the geodatabase. Five additional point
feature classes were used to document other exotic species, rare plants, rare or exotic animals,
other points of interesgnd fixed point photographd.he GPS uniallowed for the use of digital
aerial photography while in the field to help insure the location of signatures in question.

Exotic species were mapped usthgexisting geodatabase and methodology based drNAd

Florida Invasive Plants Geodatabase projettp(//fnai.org/invasivespecies.cjnwith

modifications. These modifications included expanding the scope of species mapped, as well as
incorporating arvey track logs with percent cover of dominant exotic species along the track
route to strengthen the dataset for production of polygon maps in the office. All Florida Exotic
Pest Plant Council (FLEPPC) category | and Il species were recorded indhadighey were in

the FNAI methods (FLEPPC 2009).

Transects on foot were ustxbisect as many differemerialsignature®r vegetation types as
possible Transect locations were roughly plottepto field work Priorities for transect
locationsalso changed and evolved as progress was made in the vegetation map, and aerial
photograph signature recognition improved. Polyline data were colledtied the hand held

GPS unit, by streaming data every 5 met&#hen more precise vertices were neefkbm),

they were added to the polylines manually while streainninige field Each time a new
vegetation typ®r ecotonavas crossed new line segment was initiated. Streaming continued
until either vegetation type or exotic species canopy covetageged, at which time the

segment was ended and ttega recorded in thgealatabase. When more precision was needed,
for example when a narrow (<5 meter wide) but distinct shell midden ridge extended into
mangroves from a larger mound, manual points(u83point averaging option) were taken to
assist when digitizing. Besides vegetation type and canopy coverage of exotics, a comments
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field was also used to describe@ominants to assist in final habitat type determinations for the
polygon map.

Phob pointswere geriodicallytaken athe center of a characteristic vegetation type, or other
ecologically significant locationLocations wereecordedusing theGPS and stored in the

Aphoto ptso feature cl ass i n PholmgaphsRetetddenst er G
facingnorth, then shooting adjacent areas in a cleide pattern. Any interesting plants or

features were also photographed after completion of the cardinal directions. Most photos were

taken in portrait orientation due to the thicgetation, and sometimes shots of the camwply
otherinteresting items likeypressstumps, weréncluded.

Digitizing Following Ground -Truthing

To construct the vegetation mapgyltiple years of aerial photograpfsee section above for
more detail a imagery were examined to assist witlegetatiorsignature recognition. The
2007 LIDAR data wer@sed in conjunction with the other imagesile digitizing polygons,
especially to discern signatures blended together, such as small forested highlapggs in
expanses of mangroveéfter examining vegetation signatures from the imageoyygonswere
handdigitizedto encompasthe signature.

All datafrom the grounetruthing feature classesemanuallyincorporated into the
geodatabaseOnce existig groundtruthed datareincorporated into a polygdior a specific

area digitizing continued outwarffom the groundruthed areas. The attribute tafde

polygonsis populated with values based on aerial photo signature interpretation and LIDAR data
according to the similarity of the growtidithed polygons. EXxotic species coveragee also

entered into the attribute table according to general similarity and proximity to gitined
signatures.

Datapointscollected in the fieldvere also usetb identify past vegetation type&or example,
cypress stumpand cabbage palm stumps are used to determine predrainage veg€iatas.
in the attribute table of the polygon mapre populated for vegetation types from current
condi ti on ged rlad 4nCasg eocor ciopmd poibtdramrihe commevts fiekefm
theattribute tableare extremely importariéature classethatwere utilizedwhile digitizing to
help identify and populate data fields.

Results

Field Surveys andGround-Truthin g

Field data utilized for vegetation type delineation / aerial photograph signature interpretation included
all existing data collected within 500m of the mapped areas as well as data collected specifically for th
project in 2015. All newly collected datvere incorporated into the IRC_Master_GDB.mdb
geodatabase along with all data collected for RBNERR over the past ten years since Mike Barry begal
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collecting these data as an employee offRENWR which comanages some of the same areas as
RBNERR.

A total of 1,348 track segment records logged into the field_survey_tracklog feature class in the
geodatabase were utilized for vegetation type delineation and aerial photograph signature interpretatic
Each record corresponds to a specific vegetation tyfreassociated aerial photograph signature. Of

the total, 304 records were collected in 2015 associated directly with this project, while the remaining
records were collected primarily in the 2011 to 2014 time period, but with less than 100 records dating
back to 2008009 as well. Of the areapecificallysurveyed for this project, total distance surveyed

was 27,232m on foatith overeightfield days in 2015. The 304 tracklog segments documented 77
distinct vegetation types and a variety of past (1@4@ylitions and levels of invasive exotic species
cover.

A total of 319 miscellaneous points, including 174 existing locations within 500m of mapped areas anc
145 new points specifically collected for the project, were utilized for GIS aerial photograph
interpretation and vegetation type digitizing for this project. Miscellaneous points are valuable
especially for establishing location and extent of past vegetation types including locations of dead slas
pine, cabbage palm, cypress, buttonwood, live aa#f,other speciesAny other potentially important
features of the landscapw®t specifically falling within the other data collection categoaes housed

in this feature class.

A total of 36 fixed point photograph locations have been establistterttonent conditions in and

within 500m of the project mapped areas, including 12 new locations established specifically as a part
of this project. Most of these are 360 degre
documenting past (dead) present plants of significance found at certain locations in the area. These
photograph locations are not only valuable in providing images of specific vegetation types, but they
will also provide an opportunity to return to these sites in the futuretake photographs to assess
changes over time.

A total of 215 exotic plant points were utilized for digitizing in this project. Exotic plant cover data is
primarily recorded in the field_survey_tracklog feature class discussed above, but poitiliz edear
isolated populations or less common species. Nearly all had been taken prior to this year but a few
isolated populations of interest were recorded such as additional locatidrtisu ellipticaon

Treviso Bay property for example. Thesgadaenot specifically important for determining how
hydrological regimes relate to vegetation types.
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Figure 1. Study site showing discharge areas where mapping took place.

All sites

Throughout all the study sitéBigure 1) there were common changes that occubetsveeril 940

2010. In generathe study sites were more open and less woody vegetation occurred in 1940. This is
most likely due to lessccurrencef wildfires overthepast 70 yearslthough some statnd privaely
owned land engage in prescribed fire programs andveet managed areas. Fire promotes more open
graminoidecosystemswhile alack of fireencouragemore shrubs and tree specié&som 19402010

there has beespproximately23cm of sea level risend changes in freslatersheet flofMaul and

Martin 1993,U.S. Army Corps of Engineers and South Florida Water Manageigtnict 2004

Krauss et al. 2011)Additionally, there has been large areas of direct clearing for development which
were mappedsaHuman Impacted (HI)Substantial invasive exotic plant infestatiorsv occur in all




9

areas.Additional mapping information (including vegetation codes) for all sites can be fotimel in
Appendix

Lely Main Canal

Total mapped acreage 405 acres.

The ste has been fire suppressed and heavily infested by invasive exotic vegetation including
melaleuca, Brazilian pepper, and downy rose myrtle. Since 2010 mitigation funding has provided
resources to kill large areas of exotic vegetation and fire wiarogluced into the ecosystem. This
was in exchange for developing areas just inland and adjacent to the mapped areas.

In 1940, this site was comprised of a long strand swamp coming in from the northeast and extending
towards the southwest and grading imeshwater and brackish marshes, then mangroves and some
open water. The stand splits the site into two distinct areas. A nearly level, low lying, mostly hydric
flatwoods area was found to the northwest of the strand. While to the south and eastaidhbe

area is much more varied in topography with some relatively high scrubby flatwoods ridges and
marshes irbetween and with some fairly open water holes.

As the Lely area was developed {80 years ago), a deep drainage canal was dug alongrtheast to
southwest cypress strand swamp. Smaller ditches were dug that radiate out and connect the end of tt
cypress strand swamp and canal terminus through the marsh to the nearest mangroves with isolated
open water lagoons. Additional ditching dastneam of this area, to the west, connects the system to
tidal creeks, allowing substantial drainage of fresh water, and opening the interior, like the cypress
swamp, to direct tidal influence. Around 26910 the end of the canal was leveled and a meacdb
crested weir was installed along with a sizable pond to help createshem#lowand freshwater

storage. However, the drainage ditches in the mangroves downstream were not plugged, thus allowin
tidal influences into these areas to continue.

Thegreatest mapped change fra®40 consisted of 93 acres, or 62%, of the mappaciyM, MF,

MS) to Buttonwood/Mangrove are§&M, SM, WM, FM). This change is likely influenced by both

the drainage canals and sea level rise, as documented in the TTIN\WRareas (Krauss et al. 2011).
The 19406s aerial signatures in the southwest
signature suggesting black rush marsh, which was still present in 2001/2002 aerials just to the north.
The quality of tle image in the southwest corner is poor so it is possible there were shrub mangroves ir
1940 which would make this an overestimate of changes. However, based on best interpretation of th
imagery this area is recorded as black rush makskas adjacerb the canals would be considered

most affected by the drainage, with isolated marshes further to the east between the pine ridge probatl
less affected.To a lesser exteftiowered firefrequency and less frequent intense freezes may also be
impacting tle areas relative to 1940.

Cypress swamp, 6.5 acres, (FSt/WSt) changed to mangroves which is 45% of the area mapped as
cypress. One live cypress tree was located at the end of this canal which seemed patrtially buried in
spoil from the original canal. dkitionally, live cypresses werabservedn this arean yearsprior to
2008when paddling down theld canal. Dead and live cypress cannot be distinguished in aerial
photography because aerials are taken during cypress leafless stage. The restez#gbeblve

cypress lies in one isolated swamp area to the 1gaghof the end of the canal. Ditching also

3 =3
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continues connecting the cypress area to downstream open tidal Wateallowed saltwater to come
straight up intdhecypress with no marsimangrove filter, and allowed freshwater to drain out of the
cypress depression leaving it vulnerable to tide water during dry periods. This was the most dramatic
change in a cypress swamp with the next closest shift seen at the ends of cypress €iels in
Seminole swamyof the sites mapped in this projedio doubt the bulk of this shift was due to the

canals and drainage, but higher tiflesn seal level risalso contributed to the change

Twenty seven acres of/tiric PinelandWSp)and cabbag palmwoodland (WSs) areas changed to
mangrovéouttonwooddominated vegetation types (CM, SM, WM, FM). The areatwfthe Lely

Canalis very flat intopography and low lying pinelastiave become too saline (based on halophytic
vegetation amongst deatheland speciesDPead pine trees were GPSO6d |
corresponding to the 1940 aerial signatures. Stressed chlorotic and dying or recently dead individual
pines were located and photographed along the edge of existing pinelppddiag the hypothesis of
large changes since 194The ditching and canals allow tidal watemrmove further inland and now

reach these areashile alsodraining freshwater outmore quickly. Therefore, there is no persistent
freshwater hydraulic hegds inthecypressarea discussed above)igHer inclusions in WSp (all

mapped areatike WSpX for examplghave lots of small upland patches included) include saw
palmetto heads with live oak which have also shrurdvagent from data collected in tfield (GPS

points and photographsYhesechanges foupland species indicate that sea level riggdgs a driving

factor as theyvould not have been replaced with buttonwood/mangroves with just drainage alone due
to relative elevatioof the area

Roudly 3 acres or 20% of the mapp€gipresqWSt, FSt)changd to hammock, pineland, or mix of
cypress with pine~H, WSp, WStp, FStp). Most of this change was observed around the outer
transitional edges of the much healthier strand swamp to the nodh#asicanal area. This shift
suggesta shortened hydroperiod as vegetation has changdubtter hydroperiod species. In the case
of cypress conversion to cabbage palm it can alsmbelication of increased salinitiéom the

ground water. Cabbagpalms are not as susceptible to low amounts salinity as cypress.

Freshwatermarsh andsawgrass margtM, MF, MS) areaq4 acres or 4.5% of the 91 acres of
freshwater marsh in 194@pnvertingto pine or cabbage palm woodland (WSp, Wskgjgests

potental shortened hydroperiodAIthough with respect tavegetatiorchange tgines an additional
contributing factor could be lack &ife. However these areas are on the upper edges of the marshes
and are not adjacent to mangroves, suggesting the hydrdpesbeen shortened to some degree

Approximately 9 acres or 8% of the hydric pine area®lthanged to freshwater wetland shrub
domi nated communities (CS) or <cabbThigaghangeal m wo
suggests either hydroperiod haseh lengthened or salinities have increasallfage palm and wax
myrtle domhatedecosystembave been observed in many areas of RBNERR), persistargas of
encroaching and surrounding mangroves and buttonwood whereas pineland ddés rbianges
not due to firdoecause fire cakill pines butdoes not killpalms/wax myrtle.In actuality heseareas
are fire suppressaahd ardound asslivers alonghemangrove marsh ecotone argasmarily on the
east side of the canal area between existingitpinelands and buttonwood dominated areas
Because of the proximity to tidal influence and buttonwood dominated &ckdsnfluenceand sea
level rise should also be consideredsh®rtened hydroperiagbstreanfrom drainage can actually
allow mote tidal influence thusicreasing salinities and causing vegetasbifts.
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In absence of any efforts to restore the hydrology of this site, including the downstream tidal ditches,
sea level rise will be expected to continue the trends of vegetatftsnatiserved since 1940.

Especially the loss of hydric pine flatwoods to the NW of the canal which appears to be the most
rapidly changing area and most level, low lying area which strongly suggests the influences of a rising

sea level.

Figure 2. Digitized vegetation map for Lely Main Canal 1940.




































































































































































































