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EXECUTIVE SUMMARY  

 

 

Vegetation mapping by hand digitizing using aerial photography and ground-truthing were 

conducted by the Institute for Regional Conservation.  Vegetation data layeres were created for 

1940 and 2010 at the discharge locations of the most important water control or canal features 

that enter the Northern portion of Rookery Bay National Estuarine Research Reserve.  The 

differences between 1940 and 2010 are summarized with possible causes suggested below.  The 

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 buttonwood dominated 

wetlands.  Remnants of the end of the cypress 

strand destroyed by the Lely canal excavation 

changed to mangrove forest.  Large areas of 

slash pine dominated areas in lower elevations 

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 

Canal-12_1 (155 

acres) 

Freshwater and brackish marshes changed to 

mangrove and buttonwood dominated 

wetlands.  A large freshwater forested 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 changed 

to buttonwood. 

Sea level rise, minor increase 

in tidal access from 

downstream ditching, altered 

or shortened freshwater 

hydroperiod at end of cypress 

strand. 

Lely Manor Canal 

01-2 (139 acres) 

Cypress strands shifted to mixed pine and 

cypress wetland.  Although most of mapped 

area was above direct tidal influence in 1940, 

cypress and pineland shifted to cabbage palm 

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 Manor 

Canal-13 (431 

acres) 

The biggest change in acreage observed was 

cypress strand shifting to mixed pine and 

cypress wetland.  Fresh and brackish (already 

tidally influenced in 1940) marshes shifted to 

mangrove and buttonwood dominated areas.  

The ends of the cypress strands and some lower 

edges of pineland converted to cabbage palm 

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 area 

in 1940 from farming, human habitation, and 

dredging of Eagle Creek wetlands.  Dredging 

soon followed along Henderson creek.   

Freshwater and brackish marsh changed to 

buttonwood and mangrove dominated areas.  

Pineland shifted to buttonwood or cabbage 

palm woodlands.  Cypress died off at the ends 

of the strands which were cut off by 

development just upstream (off site). 

Direct human impacts 

changed physiography of site.  

Sea level rise and elimination 

of freshwater sheet flow from 

upstream. 

BelleMeade7 and 

HendersonCreek 

(407 acres) 

Cypress wetlands shifted to wax-myrtle or 

mixed cypress and slash pine dominated areas 

suggesting shortened hydroperiods.  Organic 

soil loss evident.  Mangroves 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 mangrove.  Slash 

pine shifting to buttonwood.  Buttonwood 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 of 

sheet flows, constricted or 

partially obstructed tidal flows 

downstream.  Possible 

increased nutrient inputs from 

upstream housing 

development. 

US_41_OUTFAL

L_SWALE_NO_2

-00 (Auto Ranch 

Road) (148 acres) 

Cypress and hardwood wetlands showed only 

minor changes since 1940.  Large areas of 

marsh have become dominated by willow.  

Cattail is very abundant, and it is suspected to 

have increased, but an increase since 1940 

cannot be determined because of a lack of clear 

signature in 1940.  This site has high elevation 

uplands, high relief, most of which seem more 

or less un-changed except for very long fire 

suppressed and increased abundance of woody 

vegetation. 

Sea level rise, but tidal flows 

obstructed and constricted by 

downstream spoil features.  

Possible lengthened 

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 as 

some cypress and hardwood swamp.  Pineland 

has shifted to buttonwood dominated 

woodlands on West side.  Cypress died back in 

the lower elevation center at the ends of the 

strands leaving hardwood or palm woodlands 

just above the mangrove ecotone.  Cypress also 

died back along the outside edges 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 

features, and suspected 

increased nutrient inputs in 

northwest corner of mapped 

area. 
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 Introduction  
 

Explaining patterns of species distributions along environmental gradients has long been a 

central and dominant focus in ecology.  Vegetation in estuarine environments exhibit distinct 

patterns along horizontal and vertical gradients.  These gradients are generally characterized by a 

plants ability to tolerate salt directly through the roots or from salt spray.  In estuarine marshes 

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

brackish and fresh water marshes each with distinct vegetation types.  Plant distributions are 

further subject to tidal storm surges, and influenced by the frequency and duration of flooding 

along an elevation gradient.   

 

A complex interplay between biotic and abiotic factors ultimately determines where a plant will grow.  

Studies show that salt marsh (halophytes) species are excluded from tidal fresh water marches through 

competition with freshwater species (glygophytes), whereas glygophytes are excluded from salt 

marshes by physiological stress (Crain et al. 2004; Engels & Jensen 2010).  Temporal oscillations in 

vegetation boundaries are increasingly becoming obvious as sea level rise and hydrological alterations 

affect ecosystems adjacent to the ocean.  Tidal wetlands such as salt, brackish, and freshwater marshes 

are most affected by these changes, however, vegetation shifts are progressively happening further 

away from the coast.   

 

In this study we look at vegetation changes at Rookery Bay National Estuarine Research Reserve 

(RBNERR) from the 1940ôs to 2010 through field work, ground-truthing, and interpretation of aerial 

photography and satellite imagery.  This project also establishes baseline data for future detailed 

comparisons of vegetation and ecosystems changes.  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 complex issues involved in land management.  As RBNERR is largely Estuarine, 

mapping vegetation becomes essential to monitor long term expected changes due to hydrology 

alterations associated with the acceleration in sea level rise and fresh water delivery.  Specifically 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 were 

also recently altered in an effort to reduce 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 around RBNERR (Figure 1).  Rookery Bay Reserve is located in Collier 

County on the southwest coast of Florida, between Naples to the north and Everglades National 

Park to the south.  Collier County is the second largest county in Florida, with approximately 

2,025 square miles of land.  RBNERR is comprised of approximately 110,000 acres of open 

water, mangrove wetlands, and uplands.  The total estimated surface area of open waters 
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encompassed within RBNERR boundaries is 70,000 acres.  The remaining 40,000 acres are 

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 pine flat woods, freshwater wetlands, and rare xeric oak 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 disturbed and/or hydrologically altered and infested by invasive 

exotic plants.    

 

 

Methods 
 

A classified vegetation map with an extensive geodatabase, was assembled with past (1940) and 

present (2010) vegetation types based on aerial photograph interpretation and field ground-

truthing.  Field work involved on-the-ground vegetation data collection using hand held sub-

meter accuracy global positioning system (GPS).  A polygon map was hand-digitized starting 

with existing data from past maps as a base, and modified as ground-truthing progressed.   

 

 

Aerial Photography and Remote Sensing Resources 
 

USGS 2005 Mangrove Map 

Boundaries of open water, mangrove, forested and non-forested coastal habitats were delineated 

using Collier County Property Appraiserôs 2005 and aerial photography from the USGS.  These 

layers were utilized directly as a base for outlining polygons during digitizing vegetation.  One 

problem with the layer is that the 2005 aerial photography has some geo-referencing errors. 

Collier County Property Appraiserôs Aerial Photography 

True-color, digital aerial photography taken by Collier County annually from 2000-2007, (except 

for 2004) and most recently in 2009-2014 (http://www.collierappraiser.com) were used.   These 

exceptionally high quality images were used both in the field as maps and for digitizing habitat 

types.  Because these aerial photos were used so intensively, the geodatabase created for this 

project used the same projection as these aerial images (NAD83 State Plane, Florida East).  For 

each year of imagery there are certain advantages and disadvantages, as detailed below:  

 

2000 rural imagery with 2-foot resolution was used frequently because it covered large areas of 

the study area.  Because it marks 10 years prior to current mapping efforts, these aerials provided 

clues to the trends in longer term changes since 1940. 

2001 imagery had higher spatial resolution than 2000 imagery for much of the area.  The higher 

resolution images were used because they distinguished cabbage palm (Sabal palmetto) from 

other tree canopies.  Most importantly, these aerials were taken just days after a hard freeze in 

early 2001 which made it especially useful to identify the more cold tolerant black mangroves in 

http://www.collierappraiser.com/
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basins mixed with other mangrove species which were frozen back and represented by reddish-

brown dead leaves in the aerials. 

2002 imagery had higher spatial resolution than imagery from other years.  The higher resolution 

images were used because they distinguished cabbage palm (Sabal palmetto) from other tree 

canopies.  These aerials also provided clues to the trends in longer term changes since 1940.  

More importantly, as in the 2001 photography, these aerials were taken after a hard freeze in 

early 2001 which made 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 large-scale printouts, because these 1-meter resolution maps 

covered the entire area.  Certain features were more easily distinguished in color; for example, 

graminoid areas and black mangrove areas showed up well.  

2005, 2-foot resolution, images covering the entire area, were overall dark in 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 throughout the mapping area.  Therefore they were not used for digitizing, 

but were used for vegetation interpretation. 

2006 imagery was taken just after Hurricane Wilma (October 2005).  The 2006 imagery was 

particularly useful for recognizing wind damage to mangrove canopies.  Large areas of 

mangroves remained leafless for weeks, especially mature red and black mangrove forests.   

2007 imagery with 6-inch pixel resolution was occasionally utilized and covered much of the 

area along with 2-foot resolution that covered the entire area.  Color balancing was not as useful 

because the greens tended to blend together in that image. 

2008 imagery with 6-inch pixel resolution was occasionally utilized and covered much of the 

area along with 2-foot resolution that covered the entire area.  Color balancing resulted in 

somewhat darker aerials, although not as dark as 2005.  In many cases slash pine trees showed 

up better over the darker background making these aerials sometimes useful to delineate 

pinelands. 

2009 imagery is an important 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 nicely as a lime 

green color in the 2009 aerials and were readily identifiable. 

2010 aerial photos have high quality 6-inch pixel resolution.  These aerials are the most 

important set for the project because they cover most of the project area and they correspond to 

the data layers being edited in the polygon geodatabase.  In areas 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 included both high quality 6-inch pixel resolution and 2-foot pixels.  These 

aerials have a color balance which is helpful in pulling out buttonwood and Brazilian pepper.  In 
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absence of 2010 aerials in some areas, these aerials along with 2009 aerials were utilized to 

estimate vegetation extents in the 2010 data layer. 

2014 aerial photos included most of the northern half of the RBNERR with high quality 6-inch 

pixel resolution and the rest of the RBNERR with 2-foot pixels.  These aerials are utilized to 

reference current 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 Quarter-Quadrangles (DOQQs) 

Several aerial photographs, including the 1995 and 1999 infrared DOQQ aerial photos, were 

used for hand-digitizing habitats (Florida Department of Environmental Protection Land 

Boundary Information System; http://data.labins,org).  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 photos were similar to Collier County 

Property Appraiser imagery, but generally had lower spatial resolution (up to 1-meter). 

 

South Florida Water Management District Aerial Photography 

These photographs, projected in NAD83 UTM 17N, are true color aerials in TIF format, and 

were taken of the outer islands and mangrove forests of Ten Thousand Islands National Wildlife 

Refuge (TTINWR) and RBNERR areas.  These aerials were especially useful in observing 

shoals and shallow areas in the submerged lands because they were taken at low tide. 

 

1940s Aerial Photography 

Georeferenced 1940s aerial photography was received from the USGS (Coffin et al. 2003; 

http://sofia.usgs.gov/projects/summary_sheets03/digarchive.html).  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 focus.  However, though these images 

were georeferenced they had lower precision than the newer aerial photographs.  To improve the 

1940s layers, we added control points when digitizing in specific areas where the USGS layer is 

off more than 5-10m, and utilized the georeferencing toolbar in ArcGIS.  After adding control 

points for specific areas on the images, a new image with better georeferencing was created and 

labeled for that specific area.  Not all images were regeorectified to the same level of accuracy 

because of the variability in image quality and difficulty 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 that were already georeferenced.  These images were in 

ñnegativeò color scheme, but were reversed for use in digitizing polygons. 

 

Light Detection and Ranging (LiDAR) Data 2007 

LiDAR remote sensing elevation data (2007) were acquired from the SFWMD and were relied 

on heavily for digitizing habitats.  These data were instrumental in locating shell mounds and 

other above-mean-high-tide areas in these coastal systems.  Using 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 identifying uplands, especially scrub ridges.  

http://data.labins,org/
http://sofia.usgs.gov/projects/summary_sheets03/digarchive.html
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Reliability of identifying uplands proved to be less than 100% as areas within mangroves with 

concentrations of organic debris periodically showed up as uplands, while other areas did not 

show up, presumably due to dense canopy closure.  Nevertheless, these data were useful layers in 

the vegetation mapping effort.  

 

Vegetation Classification System 
Vegetation code types used for this project follow the Comprehensive Everglades Restoration 

Plan (CERP) (Rutchey et al. 2006; 

http://science.nature.nps.gov/im/units/sfcn/docs/Vegetation%20Classification%20-

%20v6.15.09.xls).  Any vegetation types encountered during field work that were not found in 

the referenced report were documented and labeled appropriately.  These habitat types were 

added to the classification system. 

 

Ground-Truthing  
The ground-truthing methodology consisted of stratified random sampling by transects on foot, 

covering as many aerial signatures as possible in the field.  A hand-held Thales Mobile Mapper 

GPS unit was used in the field for data collection.  ArcPad software was used with the polyline 

feature class with custom designed data fields with drop-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 interest, and fixed point photographs.  The GPS unit allowed for the use of digital 

aerial photography while in the field to help insure the location of signatures in question.  

 

Exotic species were mapped using the existing geodatabase and methodology based on the FNAI 

Florida Invasive Plants Geodatabase project (http://fnai.org/invasivespecies.cfm), with 

modifications.  These modifications included expanding the scope of species mapped, as well as 

incorporating survey 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 I and II species were recorded in the field, as they were in 

the FNAI methods (FLEPPC 2009). 

 

Transects on foot were used to bisect as many different aerial signatures or vegetation types as 

possible.  Transect locations were roughly plotted prior to field work.  Priorities for transect 

locations also changed and evolved as progress was made in the vegetation map, and aerial 

photograph signature recognition improved.  Polyline data were collected, using the hand held 

GPS unit, by streaming data every 5 meters.  When more precise vertices were needed (<5m), 

they were added to the polylines manually while streaming in the field.  Each time a new 

vegetation type or ecotone was crossed a new line segment was initiated.  Streaming continued 

until either vegetation type or exotic species canopy coverage changed, at which time the 

segment was ended and the data recorded in the geodatabase.  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 (using 30-point averaging option) were taken to 

assist when digitizing.  Besides vegetation type and canopy coverage of exotics, a comments 

http://science.nature.nps.gov/im/units/sfcn/docs/Vegetation%20Classification%20-%20v6.15.09.xls
http://science.nature.nps.gov/im/units/sfcn/docs/Vegetation%20Classification%20-%20v6.15.09.xls
http://fnai.org/invasivespecies.cfm
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field was also used to describe co-dominants to assist in final habitat type determinations for the 

polygon map.   

 

Photo points were periodically taken at the center of a characteristic vegetation type, or other 

ecologically significant location.  Locations were recorded using the GPS and stored in the 

ñphoto_ptsò feature class in the IRC_Master_GDB.mdb geodatabase.  Photographs were taken 

facing north, then shooting adjacent areas in a clock-wise 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 thick vegetation, and sometimes shots of the canopy and 

other interesting items like cypress stumps, were included.   

 

Digitizing Following Ground -Truthing  
To construct the vegetation maps, multiple years of aerial photography (see section above for 

more detail on imagery) were examined to assist with vegetation signature recognition.  The 

2007 LiDAR data were used in conjunction with the other images while digitizing polygons, 

especially to discern signatures blended together, such as small forested high spots in large 

expanses of mangroves.  After examining vegetation signatures from the imagery, polygons were 

hand digitized to encompass the signature. 

 

 All  data from the ground-truthing feature classes are manually incorporated into the 

geodatabase.  Once existing ground-truthed data are incorporated into a polygon for a specific 

area, digitizing continued outward from the ground-truthed areas.  The attribute table for 

polygons is populated with values based on aerial photo signature interpretation and LiDAR data 

according to the similarity of the ground-truthed polygons.  Exotic species coverage were also 

entered into the attribute table according to general similarity and proximity to ground-truthed 

signatures. 

 

Data points collected in the field were also used to identify past vegetation types.  For example, 

cypress stumps and cabbage palm stumps are used to determine predrainage vegetation.  Fields 

in the attribute table of the polygon map were populated for vegetation types from current 

conditions, 1940s or ñpre-drainageò conditions.  Notes and points from the comments fields from 

the attribute table are extremely important feature classes that were utilized while digitizing to 

help identify and populate data fields.   

 

Results 
 

Field Surveys and Ground-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 the 

project in 2015.  All newly collected data were incorporated into the IRC_Master_GDB.mdb 

geodatabase along with all data collected for RBNERR over the past ten years since Mike Barry began 
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collecting these data as an employee of the TTINWR which co-manages 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 interpretation.  

Each record corresponds to a specific vegetation type with associated 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 2008-2009 as well.  Of the areas specifically surveyed for this project, total distance surveyed 

was 27,232m on foot with over eight field days in 2015.  The 304 tracklog segments documented 77 

distinct vegetation types and a variety of past (1940) conditions and levels of invasive exotic species 

cover. 

 

A total of 319 miscellaneous points, including 174 existing locations within 500m of mapped areas and 

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 slash 

pine, cabbage palm, cypress, buttonwood, live oak, and other species.  Any other potentially important 

features of the landscape, not specifically falling within the other data collection categories, are housed 

in this feature class. 

 

A total of 36 fixed point photograph locations have been established to document 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 degree photo points but a few are ñplant voucherò photographs 

documenting past (dead) or 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 future to re-take 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 points are utilized for 

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 locations of Ardisia elliptica on 

Treviso Bay property for example.  These data are not 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 sites (Figure 1), there were common changes that occurred between 1940-

2010.  In general, the study sites were more open and less woody vegetation occurred in 1940.  This is 

most likely due to less occurrence of wildfires over the past 70 years, although some state and privately 

owned lands engage in prescribed fire programs and are well managed areas.  Fire promotes more open 

graminoid ecosystems, while a lack of fire encourages more shrubs and tree species.  From 1940-2010 

there has been approximately 23cm of sea level rise and changes in freshwater sheet flow (Maul and 

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

Krauss et al. 2011).  Additionally, there has been large areas of direct clearing for development which 

were mapped as Human Impacted (HI).  Substantial invasive exotic plant infestations now occur in all 
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areas.  Additional mapping information (including vegetation codes) for all sites can be found in the 

Appendix.  

Lely Main Canal 
 

Total mapped acreage 405 acres. 

The site 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 was re-introduced 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 into freshwater 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 east of the strand the 

area is much more varied in topography with some relatively high scrubby flatwoods ridges and 

marshes in-between and with some fairly open water holes.   

 

As the Lely area was developed (30-40 years ago), a deep drainage canal was dug along the northeast to 

southwest cypress strand swamp.  Smaller ditches were dug that radiate out and connect the end of the 

cypress strand swamp and canal terminus through the marsh to the nearest mangroves with isolated 

open water lagoons.  Additional ditching downstream 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 2009-2010 the end of the canal was leveled and a new broad 

crested weir was installed along with a sizable pond to help create more sheetflow and freshwater 

storage.  However, the drainage ditches in the mangroves downstream were not plugged, thus allowing 

tidal influences into these areas to continue.  

 

The greatest mapped change from 1940 consisted of 93 acres, or 62%, of the mapped Marsh (M, MF, 

MS) to Buttonwood/Mangrove areas (CM, SM, WM, FM).  This change is likely influenced by both 

the drainage canals and sea level rise, as documented in the TTINWR marsh areas (Krauss et al. 2011).  

The 1940ôs aerial signatures in the southwest corner of the study site were very dark, smooth textured 

signature suggesting black rush marsh, which was still present in 2001/2002 aerials just to the north.  

The quality of the image in the southwest corner is poor so it is possible there were shrub mangroves in 

1940 which would make this an overestimate of changes.  However, based on best interpretation of the 

imagery this area is recorded as black rush marsh.  Areas adjacent to the canals would be considered 

most affected by the drainage, with isolated marshes further to the east between the pine ridge probably 

less affected.  To a lesser extent, lowered fire-frequency and less frequent intense freezes may also be 

impacting the 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 partially buried in 

spoil from the original canal.  Additionally, live cypresses were observed in this area in years prior to 

2008 when paddling down the old canal.  Dead and live cypress cannot be distinguished in aerial 

photography because aerials are taken during cypress leafless stage.  The rest of the acreage of live 

cypress lies in one isolated swamp area to the north-east of the end of the canal.  Ditching also 
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continues connecting the cypress area to downstream open tidal water.  This allowed saltwater to come 

straight up into the cypress with no marsh/mangrove 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 strands in Collier-

Seminole swamp, of the sites mapped in this project.  No doubt the bulk of this shift was due to the 

canals and drainage, but higher tides from seal level rise also contributed to the change.  

 

Twenty seven acres of hydric Pineland (WSp) and cabbage palm woodland (WSs) areas changed to 

mangrove/buttonwood dominated vegetation types (CM, SM, WM, FM).  The area west of the Lely 

Canal is very flat in topography and low lying pinelands have become too saline (based on halophytic 

vegetation amongst dead pineland species).  Dead pine trees were GPSôd in the field over a large area 

corresponding to the 1940 aerial signatures.  Stressed chlorotic and dying or recently dead individual 

pines were located and photographed along the edge of existing pinelands supporting the hypothesis of 

large changes since 1940.  The ditching and canals allow tidal water to move further inland and now 

reach these areas, while also draining freshwater out more quickly.  Therefore, there is no persistent 

freshwater hydraulic head (as in the cypress area discussed above).  Higher inclusions in WSp (all 

mapped areas, like WSpX for example, have lots of small upland patches included) include saw 

palmetto heads with live oak which have also shrunk as evident from data collected in the field (GPS 

points and photographs).  These changes for upland species indicate that sea level rise is also a driving 

factor as they would not have been replaced with buttonwood/mangroves with just drainage alone due 

to relative elevation of the area. 

 

Roughly 3 acres or 20% of the mapped Cypress (WSt, FSt) changed to hammock, pineland, or mix of 

cypress with pines (FH, WSp, WStp, FStp).  Most of this change was observed around the outer 

transitional edges of the much healthier strand swamp to the northeast of the canal area.  This shift 

suggests a shortened hydroperiod as vegetation has changed to shorter hydroperiod species.  In the case 

of cypress conversion to cabbage palm it can also be an indication of increased salinities from the 

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

 

Freshwater  marsh and Sawgrass marsh (M, MF, MS) areas (4 acres or 4.5% of the 91 acres of 

freshwater marsh in 1940) converting to pine or cabbage palm woodland (WSp, WSs) suggests 

potential shortened hydroperiod.  Although, with respect to vegetation change to pines, an additional 

contributing factor could be lack of fire.  However these areas are on the upper edges of the marshes 

and are not adjacent to mangroves, suggesting the hydroperiod has been shortened to some degree. 

 

Approximately 9 acres or 8% of the hydric pine areas have changed to freshwater wetland shrub 

dominated communities (CS) or cabbage palm woodlands (WSs) since the 1940ôs.  This change 

suggests either hydroperiod has been lengthened or salinities have increased (cabbage palm and wax 

myrtle dominated ecosystems have been observed in many areas of RBNERR), persisting in areas of 

encroaching and surrounding mangroves and buttonwood whereas pineland does not.  The change is 

not due to fire because fire can kill pines but does not kill palms/wax myrtle.  In actuality these areas 

are fire suppressed and are found as slivers along the mangrove marsh ecotone areas, primarily on the 

east side of the canal area between existing hydric pinelands and buttonwood dominated areas.  

Because of the proximity to tidal influence and buttonwood dominated areas, tidal influence and sea 

level rise should also be considered.  A shortened hydroperiod upstream from drainage can actually 

allow more tidal influence thus increasing salinities and causing vegetation shifts.    
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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 vegetation shifts observed 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. 

 

 

 

 


































































































































