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Normal color digital ortho-photos with six inch resolution were used to test the 

feasibility of mapping the habitat of the Florida apple snail , the exclusive food 

source of the Endangered Florida snail kite. Several remote sensing techniques 

such as unsupervised and supervised classifications are evaluated and accuracy 

assessed. While the overall ability to classify apple snail habitat is significant, 

sparse areas of emergent vegetation which are preferred foraging areas for the kite 

were excluded by the classification and needed to be re-introduced for further 

analysis. The methodology can be repeated to measure change over time since the 

NC imagery of Grassy Waters Preserve is acquired frequently. Additionally, three 

spectral levels of density abundance of wetland graminoid species that denote apple 

snail habitat were examined for mapping potential on the imagery. A site suitability 

analysis using a weighed overlay tool in ArcGIS is suggested as a means to include 

numerous other key factors influencing habitat selection by the snail kite in a 

mapping project. 
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INTRODUCTION 

Overview 

Currently there are several agencies and natural resource managers that are 

working together toward a common goal of preserving, protecting, and wisely managing 

one of the few remaining high quality, historic Everglades habitat that still exists in 21 51 

century Florida. It is exciting to be a part of the research in Grassy Waters Preserve 

(GWP), West Palm Beach, FL which has been recognized as an essential habitat targeted 

for supervision with the expected changes that are inevitable as the CERP 

(Comprehensive Everglades Restoration Plan) directives are enacted. 

The Florida snail kite population historically and currently resides almost entirely 

within the area that will be affected by CERP (Bennetts & Kitchens, 1997). The mission 

of the CERP plan is to attempt to restore Everglades hydrology as close to pre-drainage 

conditions as possible without compromising water quality and the aesthetics of the 

landscape. To accomplish this, it will take a workforce that is perseverant in monitoring 

direction of water flow, water levels, chemical constituents in the water, soil, vegetation, 

exotic plant invasion, and many other facets that require frequent exan1ination. 

As conservation biologists have pointed out, single species management is not an 

effective modeling strategy as there can be too many variables involved or, conversely, 

omitted, in designing a management project (Y ahner, 1990). The collective intentions of 

the people involved with a specific program are to attempt to understand the much 
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broader ecosystem which provides habitat for millions of species instead of making 

decisions based on one recognized endangered species. Furthermore, while the 

responsibility is known by scientists and managers, gaining monetary and other support 

by government officials as well as the public has proven more successful in many cases if 

specific species are acknowledged. 

In a document posted on the United States Geological Society (USGS) South 

Florida Research website, it is noted that while vital demographic knowledge on 

Rostrhamus sociabilis (The Everglades snail kite) is necessary to understanding 

population dynamics, "habitat is the aspect of biology for which management is likely to 

have the most direct impact" (Bennetts and Darby, 2005). Therefore, one can imply that 

if high quality habitat overall is maintained, the survival of native species will benefit 

from the efforts. Thus, this study directly relates to the aerial identification of one of 

Florida's ecosystems to be understood and preserved by not just natural resource 

managers but the population as a whole. 

Brief History of Grassy Waters Preserve 

As discussed in his book Cenozoic Seas: The View from Eastern North America, 

Dr. Edward J. Petuch describes how Florida has originated from the creation of several 

embayments occupying their own discrete basins in the late Cenozoic to the urbanized 

appearance it reveals today. As shown in Figure I, natural Everglades water flow 

direction can be traced to "subseas" that were formed primarily by eustatic fluctuations 

instead of tectonics or orogeny (Petuch, 2004). The area known as the City of West Palm 
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Beach Water Catchment Area (WCA) was originally the northeastern head waters of both 

the Everglades and the Loxahatchee River. 

Figure I : Cenozoic Seas. Map designed by Dr. Petuch and Dr. Roberts, Florida 
Atlantic University 

Spanning approximately 20 square miles (almost 50% of the City of West Palm 

Beach's modern day area), the rainwater-fed region making up Grassy Waters Preserve 

was par1 of the vast Loxahatchee Slough wetlands. This area is abundant with wildlife 

and was traversed by Native Americans and early South Florida pioneers. Around 1894, 

Henry Flagler's partner, Charles W. Bingham, identified the property as a freshwater 

re ource to be set aside. In the early 201
h century, Flagler used the Loxahatchee Preserve 

during the construction of the east coast railroad to supply drinking water to the growing 
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town of Palm Beach and City of West Palm Beach. In 2003, Grassy Waters Preserve 

nature center was renamed the "Charles W. Bingham Wilderness Pavilion" to credit his 

preservation achievement (GWP April 2004 monthly newsletter). 

In 1955, the Loxahatchee Preserve was sold to the City of West Palm Beach from 

what was the Flagler Water Systems Company. Then, in 1964, it was given special 

protection for use as a water supply by a Special Act of the State Legislature (approx. 695 

million gallons total for drinking and envirorunental purposes). Due to water resource 

and habitat degradation concerns, the City closed the area in 1979 for uses except 

conservation and educational purposes unless a special permit was presented. The 

concern was heightened in 1981 when an extreme drought in South Florida brought 

federally endangered snail kites to the WCA in large numbers where their salvation was 

found thanks to the raptor's food source, Pomacea paludosa (Florida apple snail), and 

water avai lability (Renee Rasha, GWP, personal communication). 

In 1995, the first nature center was completed for the City's goal to provide public 

water conservation education, and in 2001 the name Loxahatchee Preserve was changed 

to Grassy Waters Preserve to better reflect the beauty and character of the area. In , 

response to proposed changes in water flow and potential consequences to water quality, 

FDEP's Southeast District Water Quality Section initiated monthly water sampling 

begi1ming in January, 2004. Despite the various surrounding land uses, the 2004 water 

quality within the marsh was said to be clean, clear, and extremely low in nutrients 

making the interior of G WP characteristic of a pristine Everglades renmant (FDEP, 

2005). 
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Today, Grassy Waters Preserve's mission is to provide environmental education 

programs, special events, and eco-recreational opportunities on the edge of historical 

Everglades while holding and supplying the City of West Palm Beach with freshwater. 

Programs such as canoeing, "swamp tromping", and biking are offered at the Preserve as 

a way to observe and learn more about the flora and fauna of Palm Beach County. 

Objectives 

1. The primary objective ofthis study is to accurately map and classify Pomacea 

paludosa habitat that is ideal for the foraging Rostrhamus sociabilis in GWP by 

classifying normal color digital ortho-photography provided by the City of West Palm 

Beach. The final result will be GIS coverage of usable apple snail habitat for the snail 

kite in the area of critical concern in Grassy Waters Preserve. This can be accomplished 

by displaying the normal color, six inch resolution imagery in ERDAS Imagine and 

perfonning multiple digital classification procedures on it. The procedures chosen are 

documented in the methodology so that the steps can be repeated in a timely, reliable 

fashion with the purpose of being a baseline for future time series analysis. 

2. The second objective is to be able to separate the varying densities of Eleocharis spp. 

in the Preserve into sparse, medium, and dense classes through experimentation with an 

unsupervised classification and a supervised classification on the NDVI (Normalized 

Difference Vegetation Index) images created from the original NC (normal color) 

imagery. This objective will be achieved by exercising classification techniques only on 

areas of the imagery that comprise apple snail habitat and then performing ground 

truthing and accuracy assessment in these areas. 
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3. The last objective is a product of the prior two, and certainly not to be taken to its 

exhaustive entirety. With the layers produced above, one could overlay them with 

ArcGIS, in addition to the point layer of the seventeen known snail kite nests in GWP to 

fmther analyze the relationship between nests and proximity to different plant species and 

densities of Pomacea habitat. For example, buffers could be drawn surrounding a kite 

nest and a percentage of Eleocharis spp. and perhaps even its estimated density within a 

buffer ring could be calculated to illustrate the relationship between nearby plant species, 

varying stem densities, and location of nests. At this juncture, it is possible to make 

observations about possible pattems or the lack of patterns in the apple snail/snail kite 

relationship in GWP in terms of emergent plant densities. Natural resource managers at 

Grassy Waters Preserve are suppmtive in the effmt to maintain a Pomacea/Rostrhamus 

habitat map in a GIS database as a visual aid for educational programs and as an editable 

database over time. 

The preferred habitat of the apple snail and snail kite will be defined by species

specific value. "Pomacea-preferred" habitat is inferred as having a smaller aquatic 

vegetation stem density count for the facilitation of apple snail horizontal migration. This 

differs from ideal snail kite foraging habitat which refers mostly to sparse to medium 

densities of Eleocharis-Panicum-Rhyncospora spec.ies making snail sightings easier. 
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MATERIALS 

Imagery type 

The development of digital aerial orthographic photographs (DOPs) for mapping, 

planning, and modeling the environment has come forward rapidly since digital ortho-

quarter quadrangles (DOQQs) were developed by the USGS in the state of Florida. 

However, it remains to be a challenging undertaking, especially for natural resource 

managers of state or public land who first must acquire the imagery and then be equipped 

with the software and personnel to view and analyze the images. In fact, natural resource 

managers are not the only city employees that struggle to stay in the Geographic 

Information Systems (GIS) loop. Recently the City of West Palm Beach GIS users met 

to discuss their commitment to judiciously using the limited GIS resources they have 

been allotted. For instance, they want to expand access and availability of data layers 

between the departments, educate the users about the capabilities of the software, and 

create standards to promote effective use through inter-departmental communication. 

The mission statement for 2006 as given by James Judge, City of West Palm GIS 

Coordinator, is as follows: 

Coordinate City-wide GIS activities by promoting cooperation between 
departments, identify and address common problems/issues, share data and 
resources, and provide a spatial data foundation and framework for an efficient 
and effective use of GIS resources in order to support the strategic priorities of the 
City. 
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More specifically, the three strategic priorities of the 2006 City of West Palm 

Beach GIS Strategic Plan are: 1) emergency management 2) utility and public 

infrastructure management 3) land development activities. All feature layers within the 

community such as waterways, bridges, traffic signals, power poles, and streets can be 

obtained and modified in case of changing events like hurricanes and construction. The 

expansion of the utility of GIS through City departments does not mean that natural 

habitats are on the GIS backbumer, it simply means that typically there are. several 

environmental agencies and/or scientists who will absorb ecological projects. However, 

they often will need to gather imagery for their projects from inexpensive sources like 

city and county govenunent. Therefore, due to the drive brought on by emergency 

management, homeland security, civil engineering applications, and high resolution 

Global Positioning System (GPS) technology, many federal, state, and municipal 

agencies are moving in the direction of high resolution normal color imagery. That is, 

they are ordering aerial photography that has no infrared band. 

One advantage to switching to NC (normal color) imagery from IR (infrared) 

imagery is that special training in interpreting infrared imagery is not needed. The 

disadvantage to natural resource land managers is that the infrared channel is particularly 

useful for vegetation mapping and analysis. But, like the rest of the state of Florida since 

the early nineteenth century, the urban landscape of West Palm Beach continues to grow 

thereby reducing the amount of vegetation to be mapped. So, urban planners are the ones 

benefiting from the switch in band collection. This poses new challenges to 

environn1ental researchers, who must rely on the normal color imagery developed by 

their municipal govenunents for completion of their projects. The City of West Palm 
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Beach has experimented with CIR (color infrared), black and white, and finally normal 

color DOPs, and has settled on the C imagery because it is cheaper, higher resolution, 

and new data is readily available and gathered approximately less than every two years. 

In his 1989 book Four Dimensional Analysis of Geological Maps, Clive Boulter 

discusses some ofthe differences between working with black and white, color film, and 

infrared photography. He states that the greatest advantage to color photography, which 

is composed of three emulsion layers sensitive to blue, green, and red (the primary 

colors), over black and white is a person's ability to distinguish 200,000 color hues. 

However, he also points out that some digital analysts claim that the large amount of 

infom1ation within color air photographs is too confusing and could lead to "the wood 

being lost amongst the trees." 

Spatial resolution 

The six inch resolution normal color imagery utilized in the present study was 

collected on an almost cloudless day in 2002 during leaf-off conditions (approx. March) 

and obtained from the City of West Palm Beach. In order to declare imagery "six inch 

resolution" for marketing, someone most likely merged lower resolution imagery 

(anywhere from one foot to one meter) with a six inch layer. Thus, actual resolution of 

imagery should be researched before taken in a literal sense, but the images are the finest 

resolution available of Grassy Waters to date. The spheroid and datum were defined as · 

GRS 1980 and UTM NAD83, respectively, upon request by the PC in order to complete 

certain applications. The defined projection of the NC imagery is State Plane, FIPS Zone 

90 1, Florida East. 
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Since 2002, there has been another normal color flight, in 2005 by Palm Beach 

County which gathered data at a two foot resolution. The 2005 NC imagery is currently 

being used in addition to the 2004 CIR imagery by the South Florida Water Management 

District in the creation of a detailed vegetation map of the full extent of GWP. Optimal 

spatial resolution depends on the scope of the project, ground size of the smallest object 

desired for identification, the total area to be mapped, time and money allotted to the 

research, and the number of people assigned to the task. The SFWMD mapping project 

has the capability to include all the images making up Grassy Waters Preserve for a more 

extensive plant and tree species classification. Beneficially, the spatial scales of both 

projects are small enough to be sufficient for future ecological modeling of the region. 

Typically ecologists are interested in species level data which requires better 

resolution whereas geographers and landscape architects may prefer large scale data and 

lower resolution. Generally speaking, GIS is a more valuable tool at the species level for 

smaller areas rather than larger ones. A good case in point of this phenomenon is the 

Canadian Forest Service in British Columbia who has recently gained high spatial 

resolution satellites and multi-spectral aerial images, and in response, developed a 

software called the ITC (Individual Tree Crown) Suite which led to a major paradigm 

shift in the ability to distinguish the species, size, age, and health of individual trees. The 

analysts can now isolate the crowns of specific species within a forest stand, such as old 

growth trees, and keep a detailed inventory for the application of better management 

practices and future conservation platming (Leckie et al., 2005). Likewise, the 

identification of aquatic plants of Grassy Waters Preserve requires high resolution 

10 



imagery due to the very low land elevation, close proximity of the aquatic plants in height 

to the water, and desire to pinpoint key Pomacea paludosa preferred species. 

Spectral value 

Boulter (1989) notes that a humid atmosphere causes significant scattering and a 

blue haze will significantly reduce the effectiveness of color prints. But, in comparison 

to black and white, he believes that the benefit of color is the addition of the ability to 

view new useful information which allows maximum discrimination of various geologic 

landforms. Boulter goes on to describe that the emulsion layers of infrared-sensitive 

color film are sensitive to longer wavelengths relative to normal color film, and since 

healthy vegetation is a strong reflector of near infrared, the differences between 

vegetation types are emphasized and best shown by infrared-sensitive color film. 

In 1966, a graduate student from the University of California, John E. Estes, 

published an article on the applications of aerial infrared imagery to stimulate 

geographers toward the potentiality of the additional infrared data that can be gathered by 

airborne imaging systems. He justifies that certain types of vegetation may be 

differentiated more readily in the infrared, including their level of health, than in the 

visible portion of the electromagnetic spectrum. Estes continues to point out that infrared 

has a major role in mapping hydrology (especially with several IR bands) due to its 

ability to penetrate a vegetation canopy and recognize underlying water within each 

pixel's brightness value. The normal color DOPs of Grassy Waters Preserve give a pixel 

brightness value ofthe overlapping object, not an average of the tree limb and the water 

below. Therefore, the radiometric quality of vegetation mapping is reduced when the IR 

band is discarded. 
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Many digital analysts will agree that the single most umesolved issue in 

classifying features on an image is the problem of shadows. Regardless of the number of 

bands of data or the combination of the bands for viewing an image on the screen, if an 

object casts a shadow on anything other than water, it will overpower the true brightness 

value of the underlying pixel. The shadow effect dilemma is tackled in various ways 

from project to project. In a healthy Everglades wetland ecosystem, the center of a tree 

island is the highest point of elevation in which the tallest trees in the system are found. 

There, one would likely find pine trees or tropica l hammock tree species such as live oak, 

bays, myrtle, and gumbo-limbo. The tree island perimeter is usually surrounded by 

shorter cypress trees and then fringed with a blanket of saw-grass. Thus, any shadows 

that may impair the visibility of the Pomacea habitat are typically caused by cypress 

trees, which are minimal due to a relatively short height and lack of leaf/needle material 

on the trees in winter. 

The 2002 normal color imagery was rectified and preprocessed (color balanced) 

prior to retrieval, so no irreversible spectral changes were performed in the study. Any 

prior manipulation which altered the spectral integrity of the DOPs was meant to correct 

common radiometric imbalances inherent in aerial photography caused by things such as 

azimuth, atmospheric haze, or the pitch and yaw of the airplane. The skip factors of 

images of classified Pomacea paludosa habitat were changed to 1 in order to stretch 

spectral pixel data to an unsigned 8 bit level of256 total brightness values. 

The challenges of mapping the aquatic plants which comprise the habitat of 

Pomacea paludosa using nmmal color imagery presented themselves early, due to the 

lack of an infrared band. The leading challenge is that computer classification of 
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different vegetation types is much more difficult with high resolution imagery due to the 

increased range of spectral variation in adjacent pixels. Each pixel is so unique in 

brightness value that the computer has a hard time recognizing the entire feature as a 

whole. In other words, it is not "jumping out" as one identifiable feature, but it is seen as 

a plethora of spectrally diverse cells. 

Alternate imagery options 

The ability of the six inch NC resolution imagery to be viewed in stereo for better 

depth perception was not a possibility due to the minimum overlap of the plane flight 

paths. In addition, a lower plane flight path elevation that would yield a more optimal 

view for wetland mapping did not take place on this data gathering mission. The stereo 

images would have provided more vegetation detail and the lower plane flight would 

have allowed a closer look at the aquatic plant species. The advantage of obtaining either 

stereo imagery or low flight imagery could potentially be useful to help compensate for 

the absence of the infrared band. 

In comparison to high resolution aerial DOPs, high resolution satellite imagery 

such as QuickBird and IKONOS has been used effectively in similar aquatic vegetation 

mapping studies. For example, Sawaya et al. (2003) from the Department of Forest 

Resources at the University of Minnesota, conducted a study in 2003 to examine how 

GPS technology, ERDAS Imagine 8.5 , and both QuickBird and IKONOS satellite 

imagery were used in conjunction to evaluate the capability of high-res. satellite imagery 

with the objective to map and classify aquatic plant groups for use by resource 

management agencies. The results of the study from Mi1mesota are described in further 

detail under the literature review section. High resolution satellite imagery, especially 
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Quickbird which is five-band imagery obtained from the Quickbird Satellite Sensor 

would have provided sufficient resolution for the present study particularly because it is 

equipped with a near infrared band. Unfortunately, the imagery is much less accessible 

to the University than local DOPs due to the increased cost required in acquiring data 

from each launch over the years. 

Hypothesis 

The background of the evolution of imagery sets the stage for a hypothesis 

requiring fmther study. Can the NC, six inch resolution imagery be used to accurately 

map emergent aquatic plants in Florida and used as a management tool in the 

preservation of habitat for the endangered snail kite that is currently nesting in Grassy 

Waters Preserve? 
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STUDY AREA 

Grassy Waters Preserve and its surrounding land 

The nine images that comprise the study area as shown in Figure 2 fit together as 

a three image wide by four image long (with three southeastern images missing) 

rectangle encompassing a large amount of known Rostrhamus sociabilis plumbeus 

nesting and foraging grounds in Grassy Waters Preserve. The images will be referred to 

from top left to bottom right (reading left to right) as their NC image number (shortened) 

as follows: 1.) 919_900 2.) 924_900 3.) 929_900 4.) 919_895 5.) 924_895 6.) 

929_895 7.) 919_890 8.) 924_890 9.) 919_885. 
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Figure 2: Nine images of Grassy Waters Preserve study area. Source: City of 
West Palm Beach 
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Figure3: Historic Aorida water flow 
http·//sofia.usgs gov/&rsf/ roomsthydrology/water/wherebefore.html 

Grassy Waters Preserve (also known as the City of West Palm Beach Water 

Catchment Area) is a 20-square mile wetland preserve located four miles west of I-95 in 

eastern Palm Beach County. GWP is separated into north and south sides by Northlake 

Blvd. 
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Figure 4(a) : Surrounding land use, Renee Rasha, GWP 
Figure 4(b): Driving directions , http://www.mapquest.com 

The northeast comer of the Preserve is transected by the Beeline Highway, also known as 

state road 710. The southern side of the Preserve features a nature center, which is 

adjacent to 1,500 feet of boardwalk overlooking saw-grass prairie, cypress marsh, and the 

Hogg Island chain of uplands. Hogg Island runs south approximately in the center of the 

study area, and ends approximately in the center of the study area. It is composed of 
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trees like Taxodium ascendens (pond cypress), Pinus elliollii (slash pine), Quercus spp. 

(oak), and many tropical hammock species including Bursera simaruba (gumbo limbo), 

Saba! palmello (sable palm), Myrica cerifera (wax myrtle), Annona glabra (pond apple), 

Laurus nobilis (sweet bay), Chrysobalanus icaco (cocoplum), flex cassine (dahoon 

holly), Rapanea punctata (myrsine), Magnolia grandiflora (southern magnolia), 

Avicennia germinans (black mangrove), Laguncularia racemosa (white mangrove), and 

Rhizophora mangle (red mangrove). (Tree and plant species are identified according to 

the IFAS aquatic, wetland, and invasive plant images and information guide). The 

northem side of the Preserve contains a lake where catch-and-release fishing is allowed, 

two hiking trails that traverse upland and wetland habitats, another nature 

center/classroom and the regional office of the Florida Fish and Wildlife Conservation 

Commission. 

To the northwest there is Vavrus Ranch, to the direct west Bayhill Estates, and to 

the southwest, the Ibis subdivision and golf/country club. Further north and west of the 

Beeline Hwy is the J.W. Corbett Wildlife Management Area. TheM-Canal, which 

functions as the pump for transporting water in and out of the Preserve, bisects Grassy 

centrally from the west and runs east where it exits the Preserve to drive water to Lake 

Mangonia and Clear Lake for treatment. TheM-Canal also intersects the perimeter canal 

along the eastern border of Grassy Waters Preserve and the northem track of the 

perimeter canal loops around to the nature center. 

The southeast corner just below the GWP boundary was dried, bumed, and named 

Apoxee Park, an Advanced Water Treatment (A WT) project that will be re-hydrated and 

restored. Currently Apoxee Park is not wet prairie enough to accommodate apple snails 
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or snail kites because of the proximity of the Palm Beach County wells, whose 

drawdowns have resulted in a drier landscape (Penni Redford, personal communication). 

Like Grassy Waters Preserve, Apoxee Park is now also a water conservation area offering 

recreational hiking trails. One of the walking trails maintained by GWP and Apoxee 

Park, known as the Owahee Trail, runs parallel to the perimeter canal at the northeast 

corner of the GWP and continues south to Apoxee, passing the Solid waste authority 

which is to the east. Okeechobee Blvd. is recognized as the southern frontier that 

separates the conservation area of Apoxee Park and Grassy Waters Preserve from the 

urban and residential areas of West Palm Beach below. 
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Figure 5: 2004 True color DOQQs of GWP and Apoxee Park 
http://www.labins.org 

Besides Hogg Island upland habitat, another sub-habitat found within the 

perimeter of Grassy Waters Pre erve is the distinct tree island habitat located primarily in 

the south central and southeastern part of the region, area that is not incorporated in the 

study area. The tree i land are numerous and surrounded by regions of floating 

periphyton in the water with less emergent plants which is substandard snail kite habitat. 

The focus of graduate research by Chip Day (2006) was the population dynamics of 
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numerous species of forest and herbaceous vegetation on four tree islands along a 

transect line in GWP. In his master's thesis, Day describes the islands from formation 

processes, to present day vegetation inventories which can then be employed as a 

ba eline study for natural resource managers to monitor correlation in species richness 

with the forecasted impacts of CERP water level fluctuation. When viewed on remote 

imagery, tree island tails illustrate the original direction of natural Everglades sheet flow 

(Day, 2006). The result is a southwestern pointing tail in Grassy Waters Preserve 

resulting from the northeasterly flow from the indigenous Everglades area that is now the 

Loxahatchee Wildlife Refuge. 

Ancient Loxahatchee Slough, http://grin .hq .nasa.gov, 
Image #STS095-743-033, Date: 10/31/98 

Grassy Waters Preserve aquatic flora 

In order to successfully map Pomacea paludosa habitat, it is imperative to 

understand the preferred habitat of the species. Apple snails are most commonly found in 

a wet prairie environment that contains emergent vegetation which the snail uses to climb 
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to the surface for respiration. The vegetation also must be strong enough to hold the 

weight of a mother snail for above water oviposition. More specifically, snails typically 

lay eggs approximately 9-25 em above the water surface, so an ideal emergent stem 

would be higher than 25 em. Also, Tumer (1996) points out that stems with a diameter 

of less than 7 mm were rarely to ovisposit. 

At Grassy Waters Preserve, plants such as Eleocharis spp. (spike-rush), Cladium 

jamaicense (saw-grass), Pontedaria cordata (pickerelweed), Peltandra virginica (arrow 

arum), Sagittaria lancifolia (duck potato), Crinum americanum (swamp li ly), Panicum 

hemitomon (maidencane), Rynchospora tracyi (Tracy's beakrush), and even Typha 

spp.(cat-tail) are commonly used for egg-laying. In March of2006, GWP campus 

manager, Penni Redford, noted the unusual snail behavior of thickly depositing eggs on 

the knees of Taxodium spp. (cypress) and on cement building columns, not previously 

popular sites. 

Wet prairie habitat is characterized by Panicum spp., Rhyncospora spp., and other 

low-profile emergent macrophytes while slough habitat is dominated by floating-leaved 

plants such as the white water lily (Nymphaea odorata) (Loveless, 1959). In the deeper 

water slough habitat (which is very patchy in the Preserve and is best represented 

adjacent to the parking lot as a result of dredging and in the perimeter canal) a variety of 

floating and submerged vegetation can be found. Nymphaea odorata (water lily) and 

Nymphoides aquatica (banana lily) are easily detected as a very light green color on the 

normal color imagery. The same goes for patches where Lemna minor (duckweed) was 

flourishing in 2002 within stands of Sagittaria lancifolia in an area that was a blue heron 

rookery at that time. Another prevailing floating plant of the deeper canal water found 
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within the study area is Nuphar advena (spatterdock), and recognizable primarily along 

the edges of banks adjacent to deeper water is Crinum americanum. As for submerged 

aquatic plants, Utricularia purpurea and Utricularia florid ana (bladderwort) are 

unifonnly dispersed plants, Bacopa spp. (water hyssop) is abundant, and a principal 

benthic plant is Vallesneria americana (tape grass). The study area also contains many 

plots of Pontedaria cordata and Peltandra virginica which tend to exist close to the 

mainland or in small patches in the GWP interior where the water is shallow. 

Ground elevation on the east side ofthe study area ranges from 15.75'- 19.5' with 

water-plus-peat depths of 1.5'- 2.5' (Gunsalus et al., 2006). The western portion is 

slightly higher at 16.5'- 20' with water-peat depths of 1.0'- 1.5' and slower water flow 

rates. In the 2006 Stage Target document, Gunsalus et al. recommend 16.0'- 17.5' with 

an associated water depth of 1.0'- 2.5' for optimal apple snail reproduction habitat. A 

marginally suitable ground elevation for apple snail reproduction with respect to water 

depth only ranges from 17.5'- 18.0', while unsuitable landscapes exist around 18.0'-

18.5' (Gunsalus et al., 2006). Therefore, increasing and stabilizing water levels in the 

Preserve may result in a greater visible vegetative shift on the west side from drier 

species to wetter, and drawdown schedules will be varied monthly and monitored closely 

during breeding season to optimize depths for the successful reproduction of Pomacea 

paludosa. 

Mitigation 

The other visually unmistakable sub-habitat within GWP that is presently worthy 

of attention and discussion is in the northwestern corner. Biologist Patrick Painter, an 

environmental consultant for the City of West Palm Beach, has spent the past few years, 
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alongside his crew, in the depths of the GWP swamp working on mitigation projects. 

Painter began his efforts on the north side ofNorthlake Blvd. where he dredged and 

removed exotic species to restore the land parcel to its natural, wetter state (Renee Rasha, 

personal communication). Similarly, just south of orthlake, Salix caroliniana, or 

coastal plain willow, has dominated the region and filled in what used to be wet prairie 

habitat comparable to that of the majority ofthe Preserve. While the willow is a 

widespread, native species of Florida, it is similar to Melaleuca quinquenervia 

(melaleuca) and Typha spp. in its ability to encroach and dry up the landscape. Painter 

also treated and removed 480 acres of melaleuca as a mitigation project in the southern 

portion of the Preserve. 

The goal that the Bush administration's National Wetlands Mitigation Action Plan 

of December 24, 2002 will strive to achieve is "no net loss" of our nation's wetlands. 

Posted on the U.S. EPA website, the Mitigation Plan includes: 

"increasing the overall functions and values of our wetlands through the 
combined efforts of the numerous governmental programs and initiatives, 
including the Clean Water Act, and non-regulatory wetland conservation 
initiatives and partnerships among federal agencies, state, tribal and local 
governments, and the private and not-for-profit sectors." 

Named the "Pa-ha-okee" Mitigation Bank of2004 after the Miccosukee word meaning 

"grassy waters," 165 acres in the northwestern section of GWP has been designated by 

the City as the mitigation area for the Le1mar-owned development, Bayhill Estates, to the 

west. Pat Painter, lead biological engineer for the project, is currently scraping down 

the 165 acres (out of a total of 1100 acres) and removing Scirpus spp. which is thereby 

generating a much greater water holding capacity of the region. He notes that it now 

holds approximately 22 days of drinking water for the city, but it could take 30 years to 
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recover from the herbicidal treatment of exotics before an acceptable hydroperiod is re

established. 

Subsequently, the water quality in the mitigation bank has changed from being 

higher nutrient and more acidic to much more alkaline (Penni Redford, personal 

communication). In addition, Painter and his crew are re-introducing Eleocharis spp. and 

added together with the increased calcium carbonate levels as a byproduct of scraping, 

ideal Pomacea habitat is created as apple snails require CaC03 for shell production. 

Notably, Pomacea eggs are also physically transported from the east side of the Preserve 

to the mitigation area and placed on sparsely distributed stems of spike-rush. Although 

the mitigation region is only partly included in the study area, it is important to take note 

of the present condition of the landscape for future time series analysis studies. The 

apple snail population is flourishing there, and if the habitat remains inundated with some 

woody vegetation for perching; the snail kite is predicted to return. 

The original Everglades held approximately 327,000 gallons of water per acre, 

and while CERP attempts to replenish some of this through piping, Painter does not 

believe that complete restoration will ever be a possibility (personal communication). 

Furthermore, the baseline from which we base our future goals has been through 

literature and describes Grassy Waters Preserve as having been a slough habitat before it 

evolved into the spike-rush prairie that we see today. Biologist Painter advocates the 

optimization of preserving existing natural systems as a better return for the future than 

the mitigation of "postage stamp size" land. He goes on to state that mitigation is 

important as long as the objective is clearly stated, it is done conectly incorporating the 

best engineering strategy, and efficiency is maintained through balancing the work load 
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and cost. Lastly, Painter stresses the importance of researching the history of the specific 

region of Florida that is considered for restoration in order to best comply with nature's 

laws that were in place before the arrival of humans, and that will not halt- despite our 

plans. 

Grassy Waters Preserve snail kite nest locations 

Although the 2006 nesting season of Rostrhamus sociabilis in GWP did not prove 

as successful as other years have been, it is important to have data on locations previously 

marked inside the boundary that have been utilized by the kite for nesting when choosing 

a study area for research. Boyd Gunsalus, Lead Environmental Scientist at the Martin 

County SFWMD office, prepared a DOQQ overlay map of past nest locations in his 

"Impact Evaluation of Grassy Waters Preserve (GWP)/ Water Catclunent Area (WCA) 

Stage Targets Draft" as shown in Figure 7. 
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DRAFT February 21 , 2006 Grassy Waters snail kite nest 
buffers and management zones 

D 

• • 

2006 Priority Kite Mgmt. Zone 

500ft. nest protection buffer 

Snail Kite nests 1996-2005 

Feb. 2006 unsuccessful nest 

Figure 7: SFWMD kite nesting locations with approximate study area outlined 
in orange 

Due to limited accessibility into the interior of GWP, (airboats are not on site) as well as 

the enormous man-hours allotted to classifying one NC image, the study area does not 

consist of the bottom right zone. However, the study area does include a significant 

portion of suitable Pomacea habitat for analysis. 

Snail kite viability is tightly coupled with any hydrological variation affecting 

apple snail dynamics. Since 1996, the several active snail kite nests sited within Grassy 
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Waters Preserve (seventeen documented with GPS coordinates) were mostly located east 

ofHogg Island and mainly grouped along the very eastern boundary ofGWP. During the 

rearing of young, adults forage no more than six kilometers from their nest (Bessinger 

and Snyder 1987). Since the land is slightly higher to the west of Hogg Island, the 

resident snail kite population tends to forage there when water stages are higher(> 18.0 

feet) because the water is shallower. This reveals the opportunistic strategy resulting in 

the snail kite's increased foraging success (Gunsalus, 2006). Then when the water level 

recedes during the dry season, foraging is more common east of Hogg Island. The snails 

are captured by the feet of the snail kite at the surface or at a maximum of 16 em below 

the surface. The capture rates are higher in the summer with no captures observed at 

water temperatures below 10° C (Cary, 1985). 
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ECOLOGICAL SIGNIFICANCE 

Pomacea paludosa 

Pomacea paludosa (Say, 1829) (Gastropoda: Ampullariidae), the Florida app le 

snail, is the largest freshwater snail ofNorth America (Turner, 1996) and based on fossil 

specimens, has naturally occurred in central and southern Florida since the Pliocene 

(Thompson, 1984). The snail is approximately 60 mm in width, the shell color is straw 

yellow with I 0-15 reddish-brown spiral bands, and it has a large, sub-ovate aperture. The 

premium habitat that suppmts the life cycle of the species is a short hydro period marsh 

within a long hydroperiod wetland. In other words, snails can not withstand extended 

drought or flood conditions. Apple snails need seasonal dry-downs because these periods 

reduce vegetative biomass, thereby preserving the overall structure of macrophytes and 

graminoid species of the wet prairie habitat in the long-term. Grassy Waters Preserve 

(GWP) is a typical example of an inundated, warm water marsh with organic peat 

substrate overlying oolitic limestone or marl. Pomacea habitat is especially prevalent on 

the eastern half (east of Hogg Island) where elevations are slightly lower than the west 

and where there is an abundance of emergent aquatics for oviposit. 
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The genus Pomacea is equipped with both lungs and gills. The snails must surface 

periodically, however, because they rely on air to compensate for dissolved oxygen 

obtained from the water. During the daytime, they are typically found in the mud of 

shallow water, and when in deeper \\later they must get closer to the vegetated surface so 

they expend less energy for vertical migration depending on the oxygen availability in the 

water (Darby et al., 2002). Male apple snails can travel up to 40 meters during the 

mating season in search of a female, but they require water depth greater than four inches 

for movement through the water. Hence, they require lower stem densities of plants to 

facilitate migration both horizontally and vertically. 

During extreme drying events, the population of apple snails routinely plunges, 

especially in juvenile snails which are more vulnerable to dry conditions than adults. The 

tolerance limit to drought was the focus of a 2002 study by Darby et al. in which 78 adult 

snails were monitored using radio-telemetry in two differing water bodies at a range of 

depth gradients. The proposed hypothesis was that snails might take evasive action by 

moving to deeper water to avoid dry down conditions. The study concluded that, in 

general, snails prefer water depths between 10 em and 50 em (Darby et al., 2002). It was 

observed that apple snails experiencing a gradual drying event may seek refuge in deeper 

water once a 20 em threshold is reached, but ifthey find themselves in water 10 em or 

less they stop moving, become stranded, and aestivate (Darby et al., 2002). In dry 

conditions, the snails will aestivate by burying themselves in the mud to avoid 

desiccation, and they can survive under the surface for up to four months (Turner and 

Mikkelsen, 2004). 
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As soon as the water level recedes below 16 inches and warms to 20-21 oc (Darby 

and Bennetts, 2005) and daylight increases, the egg-laying begins. Apple snails are more 

active at night, and a full moon means prime time for egg-laying. The average height 

above water for egg deposition is 4-6 inches unless the apple snail senses upcoming 

meteorological events bringing heavy rainfall. The species has the abi lity to predict the 

precise amount of rainfall from events such as hurricanes, and will lay their eggs higher 

accordingly. Peak egg clusters occur from March to July when 10-80 pinkish-white eggs 

per cluster can be found packed together in a gelatinous mass incubating on the emergent 

vegetation by means of direct development for 2-3 weeks. After laying her eggs, to avoid 

predation, the mother (and, later, the new hatchlings) will drop from the plant stem into 

the water and sink to the bottom. 

Rostrhamus sociabilis plumbeus 

The biology of Pomace a paludosa is critical to the survival of the endangered 

Florida raptor, Rostrhamus sociabilis plumbeus, as the snail is almost the exclusive food 

source of the snail kite. The snail kite is found in Florida, Cuba, and Mexico south to 

Argentina and Peru. The male snail kite with his slate gray color, reddish-orange legs, 

and red eyes, is easily distinguishable from the slightly larger brown and white female. 

The hunting kite will capture the mollusk with its toes and find a nearby perch to dig out 

the snail from the shell. The de-curved bill ofthe snail kite, which is also a 

distinguishing characteristic, is adapted for the extraction of the apple snail from the shell 

and even young turtles on occasion. 
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The male begins construction of the nest before courtship begins, and then 

impresses the female with his aerial displays and hunting of apple snails to feed to her. 

About 80-90 days after initial nest building, and usually from March through June in the 

Preserve, the raptor lays 2.3 eggs per nest. Peak breeding season coincides with 

historical low water stages within GWP (Gunsalus et al., 2006). Incubation lasts 

approximately 28 days during which time, if food is abundant, desertion of one of the 

parents followed by sequential polygamy may be favorable to increase the survival of the 

population (Beissinger, 1987). The remaining mate will complete the task of fledging the 

young for the last 3-5 weeks of the 11 week period. Snail kites do display loyalty to 

breeding sites and tend to return to the same site the following season if food is available. 

If it is not, or if foraging conditions are not ad~quate, kites will even leave nests behind 

and they may not breed again that year (Darla Fousek, USFWCC, personal 

communication). 

The Florida Everglades kite population which extends throughout six regions of 

the state from the upper St. John's to the Everglades National Park, was listed on the 

federal register of endangered species in 1967. Unfortunately, over the past four decades 

habitat loss and degradation due to factors like drainage and nutrient and pesticide 

increases kill off the food supply, and the spread of invasive exotic species such as 

Eichornia crassipes (water hyacinth) that remove water and blocking visibility for 

foraging kites, have contributed to the kite population decline. 

Snail kite numbers in Grassy Waters Preserve 

Data compiled by the environmental programs supervisor at the Solid Waste 

Authority (SWA) office located along the eastern perimeter of GWP, offers quantitative 
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Year 
2002 
2003 
2004 
2005 
2006 

evidence of the utilization of the wetland ecosystem by Rostrhamus sociabilis plumbeus. 

Every month, the crew makes kite observations from the SWA roost site, located on the 

eastern boundary at approximately 26°46'41" Nand 80°08'32" W, from any of the four 

observational towers or by boat. The chronological data that the collectors are 

responsible for recording includes the time of the event (usually dawn or dusk), exact 

time of either sunrise or sunset, the weather, time of the first spotting of a kite, and the 

time of the last kite sighting. They also document the flight path, referring to the 

direction of travel ofthe kite either entering or departing the roost. The other quantitative 

data are made up of the number of kites present upon observer arrival to the roost site, 

number of incoming kites into the Preserve, number of outgoing kites, and total number 

of birds seen. The descriptive data contains information on color of raptor, behavior (i.e. 

perching, soaring, carrying snail), condition (i.e. injured, missing feathers), banding data 

(color of band, number on band, leg banded), and any additional comments which may 

include other bird species activity. 

umerical data from the SWA roosting site beginning January 2002 through 

December 2006 is shown in Table 1. 

Month 

J F M A M J J A s 0 N 0 
15 18 40 30 38 42 16 11 13 11 21 3 
7 0 7 7 16 17 11 10 - - 4 8 
1 5 6 10 10 130 157 157 - 15 26 22 

21 43 63 78 100 136 50 53 25 13 0 13 
15 2 21 18 155 157 158 45 89 35 54 49 

Snail kite sightings 

Table 1: SWA roosting site snail kite sightings, 2002-2006 
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The data listed in Table 1 shows a rather discernable increase in numbers of kites in 

Grassy Waters Preserve since 2002. The missing data in September and October 2003 is 

attributed to the lack of observation due to documented cases of West Nile Virus in the 

area. The absence of data collection in September of2004 can be attributed to Hurricane 

Jeanne, and the zero number of kites in November, 2005 is being credited to the 

devastation ofPalm Beach County because of Hurricane Wilma. 

Hydrology and kite distribution 

Hydrology is the environmental variable which has the greatest influence on 

populations of the Florida snai l kite (Bennetts et al., 2002). It is evident that more kites 

are noticing the Preserve from an aerial view, and it is not surprising as the hydroperiod 

of Grassy Waters Preserve, referring to the combination oftwo parameters: !)intervals 

between drying events and, 2) water depth, has been consistent over time compared with 

other known surrounding Florida kite habitat niches (Darla Fousek, personal 

communication). For example, Takekawa and Bessinger (1989) reported that during a 

1985 drought, most of the WCAs (Water Conservation Areas) of the Everglades were 

affected while the West Palm Beach Water Catchment Area remained wet with a large 

concentration ofkites. There was also a period during the early to mid 1990's of 

substantial kite decline that coincided with large scale drainage projects occurring in the 

various Water Conservation Areas (Takekawa and Bessinger, 1989). 

The theory that kite distribution depends largely on meteorological events such as 

regional drought or hurricane events has been controversial between scientists over the 

years. The ambiguity of a precise movement correlation may be attributed to the nature 

of the snail kite to have nomadic tendencies in a highly unpredictable environment. 
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Studies have shown that overall movement activity is high for snail kites with 25% of 

adults and 20% of juveniles moving at least once within a given month to a different 

wetland (Bennetts and Kitchens, 2000). Bennetts ·and Kitchens (1994) quantified the 

study of water levels vs. movement probability for twelve popular kite wetlands for 

which minimum annual stage water data existed between the years of 1969-1994. 

Pearson' s product moment correlation was successful in determining that radio-tagged 

birds exhibited a high correlation among wetlands in the same region, less correlation 

between more spread out wetlands, and no correlation of movement based on water levels 

in distant wetlands. Thus, the direct relationship between extent of a wetland network 

and regional dry-downs is meaningful and kites will flee to neighboring wetlands in times 

of lowered apple snail availability. 

The research by Bennetts and Kitchens in 1994 spurred several more significant 

findings on the subject of kite dispersal. Kites have exhibited both long-term shifts in 

distribution in South Florida as well as migrating annually and seasonally between and 

within Everglades wetlands (Bennetts et al., 1999). As noted above, the raptors will 

disperse if food source is scarce, but in 2000, Bennetts and Kitchens submitted another 

report illustrating the reverse hypothesis that movement probabilities increased in times 

of abundant snails. The researchers make the point that the two hypotheses are not 

conflicting because they are not mutually exclusive. The observations represent 

fluctuating resource levels typically a result of hydrologic factors (Bennetts and Kitchens, 

2000). Subsequently, Bennetts and Kitchens (2000) go on to introduce the idea that there 

is an advantage to kites ' exploratory behavior throughout the range of wetlands because it 

reduces "blind searching" for a more ideal habitat in times of low foraging success. 
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The concept of benefit vs. cost of migration into unfamiliar territory has been 

tested numerous times due to the yearly variation injuvenile kite survival. Because local 

habitat quality in Florida within any given year is highly dynamic (Beissinger 1986, 

Be1metts and Kitchens 1997a), substantial evidence points to the adaptation of older kites, 

but less has been documented with regard to foraging strategies in juvenile kites when 

quality is unfavorable. A detailed statistical multistate model involving variables for 

habitat connectivity/fragmentation, adult/juvenile movement, and adult/juvenile survival 

was implemented by Martinet al. in 2006. AICc (Akaike's Information Criterion) was 

chosen as the criterion for selecting the model that yielded the most parsimonious 

description of data variation over multi-temporal scales (Martin et al., 2006). Field 

studies showed that after 4 months of life adults did not exhibit dominance over 

juveniles, and adults and juveniles are equally efficient at hunting by 9 months of life. 

Therefore, one of the many findings from the research was that the weaker effect that 

drought has on adult survival could suggest their familiarity with the landscape and 

benefit gained from exploratory foraging. 

Grassy Waters Preserve does not yet belong to a contiguous large network of 

wetlands which explains why it is either excluded from connectivity studies or when it is 

included, it is linked to the Loxahatchee Slough region that is more precisely the 

Loxahatchee Wildlife Refuge. The benefits of maintaining connectivity is obvious in the 

case of species with reduced dispersal abilities, but the idea that there are benefits for 

species who are capable of traveling distances further than isolated patches on a daily 

basis has captured the attention of ecologists. Exploratory behavior of snail kites may be 
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reduced by fragmentation, and can thus reduce the resistance of a highly-capable 

migratory raptor to disturbance events (Martin et al., 2006). 

Juvenile kite survival rates are lowest during their first tlrree months of life which 

also coincides with the dry season. Subsequently, the positive coefficient for rising water 

levels into the wet season (May-July) is linked with increased juvenile survival but may 

simply reflect the fact that birds that make it past the period of highest vulnerability will 

have longevity (Dreitz et al., 2004). So should a natural resource manager who wants to 

maximize snail kite survival increase water levels during the dry season? 

Problematically, apple snail eggs hatch at the end of the dry season (April-May), and 

submerged eggs result in delayed development and decreased survival of embryos 

(Turner, 1996). It is a fact that higher water level during kite fledging is associated with 

a higher juvenile survival rate, but it may show a positive short-term effect at best (Dreitz 

et al., 2004). The repercussion of the short-term benefit of increasing water levels during 

the fledging period is depleted food abundance and reduced vegetative structure (Dreitz 

et al., 2004) and is marked by more floating - leaved macrophyte species (Nymphaea sp.), 

more submerged flora (Utricularia spp.), and less periphyton communities that constitute 

an important energy source for apple snails (Darby et al., 2002). 

Short-term kite reproductive success analyzed during high water occurrences was 

also attributed to a general higher probability in the Everglades region with greater 

variability in the northern regions (Bennetts et al., 2002). The researchers justify their 

spatial influence hypothesis by highlighting the observation that northern wetlands kites 

tend to nest in herbaceous vegetation which is more prone to nest collapse than in 

southern woody trees (Bennetts et al., 2002). 
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Modeling kite populations 

So how do kite populations react to global drought events at different temporal 

scales? Analysis by Beissinger in 1995 produced two types of models, deterministic and 

stochastic, for two time periods- 50 years and 100 years. Each population statied with 

300 individuals and had 1000 iterations. The deterministic, or perfectly periodic model, 

set a fixed drought interval that occurred consistently on specified years for both time 

frames. That model reported that if drought occurred more frequently than once every 

3.33 yr, populations declined. Kite numbers increased when the interval between 

droughts reached or exceeded this frequency. The second model the stochastically 

periodic, or variable interval model, ran drought events at random intervals. That 

simulation found that kite populations did not become viable, or have a 95% success rate 

(determined from a random walk experiment) unless consecutive droughts exceeded 4.3 

years. The year difference between models is a result of the "boom" or "bust" nature of 

the stochastic approach. Two outcomes occur at variable intervals: 1) kites die out 

because of sequential drought years or 2) they flourish during continuous higher water 

years (Beissinger, 1995). 

Because the total number of kites in Florida was quantifiable in 2002, it was 

possible for Mooij et al. (2002) to model the situation by means of a spatially-explicit 

individual-based approach utilizing the A TLSS (Across Trophic Level System 

Simulation) computer simulation project. It was feasible to represent each individual kite 

over the fifteen major wetlands that comprise their primary habitat due to the availability 

of precise data on actual snail kite numbers collected from banded kites from 1970-2000. 

The fifteen major wetlands providing suitable kite habitat are as follows: Everglades 
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National Park, Big Cypress National Preserve, Water Conservation Area 1, 2A, 2B, 3A, 

3B, Loxahatchee Slough, Lake Okeechobee, Upper Saint Johns Marsh, Lake Kissimmee, 

Kissimmee Chain of Lakes, Lake Tohopekaliga, East Lake Tohopekaliga, and scattered 

pieces of peripheral habitats. 

WolfMooij, of the Neverlands Institute of Ecology, developed the Everkite 

model which was formed by an analysis of historical water level conditions compared 

with kite numbers to use as a predictive tool for the future kite population. The goal was 

to provide a preliminary model which includes baseline parameters on environmental 

variations in hydrology (regulated since the Modem era of management began in 1962 

when construction projects on Lake Okeechobee and the State Water Conservation Areas 

were completed) and how model iterations affect kite survivability both spatially and 

temporally. A list of the parameters used in the study is sho_wn below in Table 2. 
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Variable.s 
Ft.bl Frequency cf global droogbts 
Fu.., Fr.eqnency r1 l()Ca 1 droughtl' 
~ Apple snail recovery at t 
Q1 Structural habitat quality at t 

KL Canying capaci1y uti~ t 
Nr Nm1lber ci kite~.> d ~ t 
Baaa Average fecundity afteJ age 1 
Dti4<Jlt Probability of dying a.fter ngo 1 (per yenr) 
B>~ Avengo f~"\lndity at a(fo l 
D~lio& Probability of dying up to aoc 1 (per year) 

Pa rarrret.ti'J rhat wert estimated a pri-
ori 
T. 
T~1 

Tq'l 
(1 

KJrUIX. 
tt~ 

li,mu,. 
~i!da!t 
~Ill, 
0~ 
8yearq 

Thne afteJ a. df(Jught nece:ssa1y for full snailrecovezy (2 years) 
Ttme after a dro11ght with constant structural habitat quality (4 yem) 
Tin~ after a dm11ght nect&a~y for full habitat degradation (20 years) 
Frac:tinnRI imrrcw~ment of !'Otrrehual ha hi tat quality per clrm1ght (1/K) 
maximum cuzy.ing ~a.pacity ~.r wetland (W!ging fron1 30 to 470, see Fig. 4) 
Probtbility of migration after1 age. 1 (0.25 per nt(lnth) 
Probability of migration up to age 1 (0.:25 per month) 
Avense fecundity after age 1 under optimal conditions (2,0) 
Average fec1lDCI.ity at as., lwder optimal conditions (0,67) 
Probability of dying oiter ogc 1 Ullder optimoJ conditions (O.cn per yeu) 
Probability of dying up to a.ac 1 under op1ima.l conditions (0,21 per year) 

Pa ranret~1-.s of which the effect was 
analysed 
Tt 'llmeinte:rval retween droughts (2. 3, 4~ .5, 6, 7. 8, 9. 10,11.12 years) 
pd Spatial correlation between drrug]Jts (0. D.25~ 0.5. 0.75. 1.0) 

Table 2: Parameters of A TLSS model (Mooij et al. , 2002) 
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Building on Beissinger' s 1995 model, Mooij et al. set the parameter Tq1 (the time 

period after a drought in which structural habitat quality starts to decrease) to 4 years 

because if there is no drought after 4 years, the habitat is thought to be too wet for kites to 

be able to forage optimally. After Tq1 (or 4 yrs.) pass, snail kite habitat gradually 

decreases until Tq2, an arbitrary parameter set to 20 yrs. arrives and the habitat is 

completely degraded, too inundated and unsuitable for kites. From that parameter, the 

third habitat quality parameter is derived, a, which refers to the fractional improvement 

of the habitat post-drought. When a. = 1, the habitat is at its best, a plateau in structural 

habitat quality, and subsequently when a = 1/8, the habitat is too wet and it would require 

8 droughts in order to recover to 1. From the given parameters, they were able to 

estimate that S1 (snail recovery) + Q1 (habitat quality)= a. The fourth parameter Ts = 2 

years, represents the time required after a drought for full apple snail recovery. 

In the model by Beissinger, 1995, no carrying capacity or upper boundary to snail 

kite population growth was introduced. He believed that because they are not territorial, 

and there is no evidence of density dependence on reproduction or survival so there 

would be no way to estimate forK (carrying capacity). Mooij et.al. (2002) note that even 

without density dependence data, it is important to estimate K when the model's purpose 

is to project into the future because in the absence ofK there are probably unrealistically 

high values of birds after several runs. The researchers used the actual number of 

maximum kites in each wetland from years 1970-1994 to set as the upper 1imit (Kmax) for 

each of the 14 wetlands under the best hydrological conditions. Adding all maximum 

numbers of the 14 wetlands yielded a system carrying capacity of 1513 birds. Thus, Kt 

42 



(carrying capacity at time t of a given wetland) = Kmax * S1 * Qt. Each of those 

parameters was updated weekly in the model. 

In addition, the A TLSS model gave kites the ability to judge and compare habitat 

quality between their cmTent habitat and a visited habitat. Each run allowed a fixed 

probability of 0.25 for a yearling (~yearling) and an adult kite (~adult) to migrate to an 

adjacent habitat in the last week of each month. If conditions are better in a visited 

wetland, the kite migrates. If both wetlands are bad, the ratio N1/K1 > 2 and the kite will 

move to a peripheral habitat where there is no K. If all 14 wetlands improved CNtiK1 < 2), 

the kite leaves the peripheral habitat and migrates back to its original home. 

Previous analysis has pointed out that strong positive relationships exist between 

water level and productive breeding and nesting success of the snail kite. Conclusively, 

birth rate would be closer to zero when 1/K1 > 2, and birth rate would equal zero when 

N1/Kmax· Because the kites have the option to move to another wetland, the death rate 

would not be as sensitive to fluctuating water changes as are bi11h rates. In the model, the 

researchers graph a hypothetical relationship between the instantaneous birth and death 

rates at varying habitat densities (0.07-2) as a function ofNk/K1• Finally, they set a 

yearling birth rate a factor of three lower than adult birth rate and a yearling death rate a 

factor of three higher than adult mortality rate. The only year that the modeled rates of 

instantaneous birth and deaths were not in the actual range of observed numbers of kites 

was in 1981 , a year of severe drought. The birds probably were not accurately counted 

that year because no effort was made to count in peripheral habitats. 

The A TLSS modelers chose ranges for drought interval and spatial correlation 

between droughts that are average scenarios for the Florida system. The model was run 
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for 11 values of drought interval (-ri) (From 2 years through 12 years) and for 5 values of 

spatial distance (pd) (0, 0.25, 0.50, 0.75, 1.0). It was assumed that a drought could occur 

at most once a year in the first week of April, and the model was started a year after a 

global drought. Whenever demographic studies are attempted for population viability 

analysis (PV A), researchers must understand "environmental stochasticity." In this 

specific model , there were 50 iterations of the various 'ti and Pd values to account for 

stochasticity, so the final count is 5xllx50= 2750 runs of the model. All simulations 

lasted for 30 years, correlating with the actual data collected. Lastly, each wetland (15) 

was initiated with 8 birds (one yearling male, three adult males, one yearling female, and 

three adult females). The total bird count was 120, which is the approximate number of 

observed kites in 1970. 

The first result of the A TLS S model relates to the tern poral aspect of the study; 

high drought frequencies lead to reduced numbers ofkites. Average drought interval less 

than 4 years results in reduced average numbers of kites due to the stress placed on the 

apple snail population. The snail population requires two years to fully recover. 

Oppositely, prolonged periods of time since a dry-down or drought event results in a 

lower average number of kites due to the structural damage to the habitat from extended 

inundation. The structural damage refers to the reduced availability of woody vegetation 

used in nest building and the lack of sufficient emergent vegetation where apple snails are 

more vulnerable as prey. 

The second result illustrates the importance of choosing the spatial parameters 

carefully. Total carrying capacity of a wetland drops severely in each global drought 

year, i.e. years 10 (1980-81), 20 (1990-91), and 28 (1998-99). During these years, the 
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peripheral habitat acts as a buffer, and the behavioral response of the kites becomes 

important in that birth rates drop but the mortality rate is low enough that survivors will 

reproduce when conditions improve because of the existing safe refuge. During a global 

drought, total kite numbers drop and then steadily increase thereafter. However, one 

should note that peripheral habitat was not included in the annual count (Mooij et.al, 

2002), and that can account for the lower numbers during global drought. In the case of 

local droughts, kites can migrate to another habitat which lowers their risk of danger. 

The carrying capacity of these adjacent wetlands is probably not maximized, so the 

effects of local droughts seem to cancel out. However, a drought in a large wetland such 

as WCA3A in years 12, 14, and 16 would have a considerable effect on the total carrying 

capacity of the system as snail kite numbers grow closer to 1513 (K given by A TLSS 

model). 

The third result of the model is that the stochastic nature of it has enormous 

influence on the outcome of total kite numbers. In other words, the combination of the 

spatial and temporal parameters is likely the underlying force in the ultimate fate of the 

species. For example, low population counts were displayed when model runs 

implemented a global drought in connection with the chance occurrence of exceptionally 

long or very sh011 drought intervals. Oppositely, the other stochastically sensitive 

situation is when high kite numbers were reported due to the optimal time interval 

between droughts along with a low spatial correlation of drought (local drought). Global 

droughts affecting all wetlands have much more of a negative impact on kite numbers as 

opposed to regional droughts which affect one wetland so the formula which 

approximates these occurrences must attempt to mimic reality (Mooij et al., 2002). 
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In the Everglades, dry-downs tend to occur periodically with a strong 5-7 yr. 

cycle (Beissinger, 1986), and with that kind of a hydrologic regime in a place with 

virtually no topographical relief, even a change in a few centimeters will have a large 

effect on kite habitat. Plant communities of the wetlands can begin changing in the 

absence of drought after 5-6 years. Kite habitat can be completely replaced by a new 

vegetative community in as little as 9-10 years (Comiskey et. al, 1998). Over half of the 

wetlands in Florida have been lost over the past century, and the rest fragmented and 

degraded. Therefore, CERP managers are watching snail kite numbers as they are the 

only endangered species in the Everglades that is limited to the network of the fifteen 

wetlands and thus dependent on the restoration success for their survival. The 

Endangered Species Act demands the United States Army Corps of Engineers (USACE) 

to evaluate the effects of CERP on listed species as mitigation to the C&SF (Central and 

Southern Florida) drainage project (CROGEE, 2003). 

The ecological modeling endeavor that Mooij et.al. commenced in 2002 

enlightened species experts to the depth and extent of the C&SF project comprehensive 

review study (termed the "Restudy"). While leading authorities on kite research have 

concluded that the current version of the Everkite model is not recommended as an 

accurate predictor of actual kite population numbers (Mooij et al., 2002), the ATLSS 

Model includes a snail kite spatially-explicit suitability index (SESI) that is useful for 

predicting population distributions. Currently, the mark-release band survey for 

estimating state populations of kites is still in place under the direction of Wiley Kitchens 

at the University of Florida. The research was underway at GWP during the summer of 
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2006 by which an airboat was used to trace GPS-marked transects to count the number of 

raptors sighted, their sex, and banding number (if banded). 

Modeling individually-based target species populations has been determined to be 

critical for assessing the success ofCERP (CROGEE, 2003). In response, the U.S. Fish 

and Wildlife Service developed two new performance measures which are based on 

relationships between hydrologic variables derived from the South Florida Water 

Management Model (SFWMM) and snail kite habitat suitability. The first indicator is 

apple snail reproductive habitat and the second is snail kite foraging habitat. The USGS 

Biological Resources Division will team up with the USFWS, whose South Florida 

multi-species recovery plan is consistent with the goals of CERP, to use the indicators as 

predictive tools in indicator regions (defined by the RECOVER (Restoration 

Coordination and Verification) evaluation team). 

The two indicators of RECOVER contain boundaries based on hydrological data 

obtained from the SFWMM by which each indicator region is graded in the model. For 

instance, since apple snail egg production peaks in the months of March and April, a 

region will be classified according to the number of dry-downs prior to May 1 for five

year increments. If the number of dry-downs before May 1 is less than or equal to the 

NSM (Natural System Model) and less than 10, the indicator region is scored as suitable 

(S); ifnot, unsuitable (U) (RECOVER, 2004). 

Similarly, the second indicator for snail kite foraging habitat is based on scientific 

observations by Bennetts et al. ( 1998) whereby the apple snail population must remain 

viable as well as suitable emergent vegetation. The following standards were set in 

accordance with those conditions: Optimal (0)- water levels fall below ground surface 
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between 1-in-3 and 1-in-5 years (156-260 weeks average flood duration); Marginal (M)-

1-in-2 to 1-in-3 year dry-downs (1 04-156 weeks average flood duration) and 1-in-5 to 1-

in-6 year dry-downs (260-312 weeks average flood duration); Unsuitable (U)- any other 

inundation durations. The model will be based on past rainfall data, the predicted water 

surface levels as a result of CERP, and restoration progress for each of the 30 

(approximate) indicator regions. It will derive model run outputs for NSM 4.5, 1995 

base, 2010,2015,2050 base, and D13R as an index for snail kite and apple snail habitat 

suitability over time. 

Management of Pomacea/Rostrhamus habitat in Grassy Waters Preserve 

Why is hydrologic monitoring not sufficient in modeling the future existence of 

the Everglade snail kite? It is a fact that snail kites are an obligate wetland species who 

are more stressed in cases of fluctuating hydrologic regime. Foremost, they will not 

prevail unless their almost exclusive food source, the Florida apple snail, has a viable 

population. However, recent publications have shown that there are several factors in 

addition to steady hydroperiods that may account for bird count data in any given 

wetland. Observations could be attributed to other factors that compliment more pristine 

wet-prairie systems such as exotic removal, oligotrophic water quality, good water 

clarity, presence ofwoody trees adjacent to sparsely distributed emergent aquatic plants, 

and proximity to other large, high quality marshes. Overall habitat quality maintenance 

provides the necessary umbrella for natural resource managers to assure the best chances 

for native biota to flourish. 

The ideal foraging habitat in Grassy Waters Preserve for the snail kite is a 

combination of two main components. First, the emergent vegetation (grasses, sedges, 
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and rushes) required by the apple snail must be low profile (<3 meters), and grow in low 

to moderate densities for sighting prey. Second, the plants should exist in a matrix of 

shallow (0.2-1.3 meters), clear, calm water. Snail kites tend to build nests in woody trees 

that are surrounded by water to minimize predation of eggs by mammals such as 

raccoons. The perches used for nesting are typically Taxodium spp., Salix caroliniana, 

Cephalanthus occidental is (buttonbush), Annona glabra, or Melaleuca quinquenervia, 

and sometimes Casuarina spp. (Australian pine) and even Typha spp. (USFWCC). 

As time moves closer and closer to the declared 2008 target for the CERP water 

stage increases in GWP, Boyd Gunsalus (SFWMD) and team are currently drafting an 

impact evaluation summary report specifically for GWP. In the evaluation, Gunsalus et 

al. (2006) include separate sections for Groundcover Plant Community (GPC), 

Overstory/Shrub Plant Community (0/S), Apple Snails, Snai l Kites, and Wading Birds. 

He then breaks the Preserve into east and west and discusses projected impacts to the 

above flora and fauna with changing water levels on both sides. As noted by Gunsalus in 

the Impact Evaluation Report, stem densities affect snail movement, aerial respiration, 

oviposition, and forage availability for kites. Therefore, mapping of plant densities 

would be useful in supplementing the Impact Evaluation Report for future comparison of 

densities after CERP water alterations. 

Since GWP is a rain-driven system that is primarily managed as the public water 

supply for the City, stage targets are being set independently from water level stages 

established for other natural areas in the Loxahatchee slough (Gunsalus et al., 2006). 

According to the Impact Evaluation of Stage Targets draft (2006), hydrologic draw

downs planned for GWP will insure that surface elevations below 17.5' GVD (National 
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Geodetic Vertical Datum) are dry for no more than 30 consecutive days between 

February 15th and May 15th to maintain optimal forage habitat for the kite by maximizing 

apple snail populations (Gunsalus et al., 2006), but no more frequently than once every 6-

10 years (Bennetts et al., 1998; FNAI, 1990). Based on elevation benchmarks in the 

Preserve, monthly water increases or decreases should be within .25' or less when 

possible, because gradual change is more likely to promote apple snail reproductive 

success (Gunsalus et al., 2006). The resident snail kites of GWP largely forage west of 

Hogg Island when water stages are> 18.0' due to the shallower water depth compared to 

the east. Thus, seasonal stage increases may result in kites shifting to the higher ground 

elevations of the west. 

Though Grassy Waters Preserve hydrologists, biologists, and natural resource 

managers are collaborating to produce the best plan for implementing and monitoring the 

inevitable stage increases from CERP, the fact remains that the project will be open for 

modification as testing ensues. In addition, increasing wetland surface area (by 

mitigation projects) may prove to be a more effective management tactic than 

modification of water levels within a given wetland to maximize the chances of a 

transitional kite encountering a suitable habitat. 
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LITERATURE REVIEW 

Previous research in Grassy Waters Preserve 

Four F AU graduate students conducted research focusing on the Loxahatchee 

Slough region, each having a different application. The first, Susan Hohner, wrote a 

thesis in 1994 titled, "Vegetation Time Series Analysis of the Loxahatchee Slough, Palm 

Beach County, FL: A GIS Incorporating Satellite Imagery with Black and White Aerial 

Photography. ' As a comparison and time series study, Hohner acquired aerial 

photographs from 1940, 1945, and 1973 that were interpreted by Richardson (1977), who 

was able to create vegetation maps based on the aerials even thought they lacked gee

rectification for spatial analysis. She then created a map of vegetation change from 1940 

through the 1989 SPOT satellite image which she classified by means of digitizing with 

GIS. Holmer based her four classes; Forested Land, Forested Wetland, Non-forested 

Wetland, and Disturbed land on hydroperiod values supported by Brown's research on 

forested wetlands in urbanizing landscapes in 1989. She effectively demonstrated that 

time-series analysis of vegetation change over time can be accomplished using paper and 

digital maps concurrently. 

The second person who researched the Loxahatchee Slough for thesis work, John 

Zahina, also collaborated with the South Florida Water Management District in 1995 on 

the project. Zahina chose to use DOQ's to create a land-use, land cover map according to 

the District's FLUCCS 1995 classification system. The intent was to classify two dates 
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of the area (1995 and 2000), before the construction of the G-160 structure along the C-

18 canal in the slough. Then, Zahina proposed to create two more land-use maps of two 

subsequent dates (2005 and 201 0), after construction was completed, to serve as data to 

be analyzed in the Loxahatchee Slough Restoration and G-160 Monitoring Plan between 

the District and Palm Beach County DERM (Department of Environmental Resource 

Management). 

In his research, he points out the importance of vegetation monitoring whenever 

man alters the hydroperiod of a natural area. Studies such as Zahina's require on-going 

monitoring and the effects of the G-160 structure are evident on the north side of the 

Preserve where the water previously was not "controlled". According to GWP master 

naturalist, Kurt Gephart, the structure which was originally implemented as mitigation for 

adverse wetland impacts caused by the Mirasol project, has significantly dried the region 

north of orthlake Blvd. that was at one time, as close as it may get to native Everglades 

habitat. As time passes, upland flora has succeeded wetland species on the north side, 

making mitigation inevitable (Gephart, personal communication). 

As previously mentioned in the study area section, Chip Day was the next to 

document the vegetation richness along transects on the tree islands as a baseline study 

on the effects of future hydrologic fluctuation. Lastly, Michael Yustin incorporated 

historical literature about Grassy Waters Preserve with archived aerial photographs 

ranging from 1940-1999 to assess the degradation due to anthropogenic sources. Similar 

to Hohner's findings, Yustin notes the vegetation shift on the imagery to more xeric 

species and denser distributions with the Preserve. He also documents the impacts that 

canals, levees, roadways, and developments can have, whether visible or microcosmic, on 
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the ecology of natural Florida wetland and how mapping that change can serve as 

evidence of geologic, climatic, and human activities in effect there. 

In May 2006, Dr. Phil Darby of the University of West Florida sent his students 

into the wetlands of GWP to collect apple snail data at nine sampling sites, mainly in the 

central region of the study area. Dr. Darby directed the students to use a one meter 

squared throw trap to collect apple snails (not eggs) for recording at a minimum of three 

sites. Then, three different point sites were investigated at each of the three main sites 

based on varying levels densities of Eleocharis. The Grassy Waters Preserve apple snail 

biomass sites of the UWF research crew are marked as red circles in Figure 8. 

Figure 8: UWF apple snail biomass sampling sites in GWP 

The two UWF students threw between ten and twenty traps at each of the nine 

sampling points and twenty dips (ten dips per person) were done for each of the throws. 

If one snail was captured, they had to start again at zero until there were twenty 

consecutive sweeps yielding no snails (Robert Eckert, personal communication). After 
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that, they felt around the sediment substrate for thirty seconds for any additional snails, 

and if they did not encounter any, they could begin the next trap. The field work also 

included an average 40% recaptured snail method for measuring the percent of the 

population that is missed by the sampling procedure. The other parameters included in 

the field chart were size of the apple snail (> 15 mm minimum for inclusion), number of 

crayfish, water depth (in em), dominant emergent aquatic, emergent stem density, 

presence of Nymphaea odorata (water lily), and dominant submerged aquatic. 

Recording typical snail densities of 0.2- 0.5 snails/m2 representative of Florida 

wetlands requires that numerous traps are thrown in order to collect a reasonable sample 

of apple snails for field study (Darby et al., 1999). Since the snails will survive in dense 

areas of vegetation, extracting snails from a one meter squared trap takes two strong 

people and a good deal of time (Darby et al., 2001 ). The research effort concluded that 

fmmel traps were employed as a much less intensive, one-man apple snail capture and 

monitoring technique, and the time saved in collecting approximately 100 snails can be 

reduced from seven days to less than six hours (Darby et al., 2001 ). 

Although the students spent four days sampling in GWP, the funnel traps are not 

designed to account for snail densities because the collections are dependent on snail 

movements into the funnels which is a function of temperature, water levels, and mating 

activity (Darby et al., 2001 ). Because snails are patchily distributed within a wetland 

system and within habitat types and various sizes of snails are also patchy and non

uniform (Bourne and Berlin, 1982), funnel traps are an inventive way to scout for snails 

so that more intensive sampling can begin in the more densely populated locations 

(Darby et al., 2001). Data from the chart compiled by Darby's students was fundamental 
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in the accuracy assessment and ground truthing pieces of the Pomacea habitat mapping 

as well as density analysis of Eleocharis spp., and will be discussed in later sections. 

Snail kite hunting behavior, prey selection, and vegetation structure 

In 1983, Steven Beissinger was ahead of his time in the research of the hunting 

behavior, prey selection, and energetics of snail kites in the rice fields of Guyana, South 

America. One of the important discoveries from Beissinger's studies was the diurnal 

activity pattern of Rostrhamus sociabilis. The raptor was seen to "course hunt", or fly 

about 3-5 m above the emergent plants, considerably more in the morning while the 

amount of time spent perching during "still hunting" greatly increased toward sunset. 

Three observations are potential explanations for increased morning "coursing": 1) 

ambient air temperature increases during the day, and energetic requirements increase 

proportionally (Kendeigh et al., 1977) 2) kites may be investing time exploring the prey 

base of the chosen foraging patch, a tactic reported for other avian predators (Smith and 

Sweatmen, 1974, Davies, 1977) 3) with increasing water temperature, snails become 

more active (McClary, 1964) and inspire near the water surface more often, increasing 

the encounter rate and still-hunting success for perching kites. 

Through observation of the species, Beissinger was able to approximate the 

daylight hour energetics of the kite as follows: 62% perching, 19% foraging, 13% 

maintenance activities, and 6% flying. The numbers are significant in interpreting the 

estimated daily caloric intake of 104.2 kcal and the daily energy expenditure of 85.7 kcal 

(Beissinger, 1983). In GWP, kites utilize cypress trees, melaleuca, willows, and any 

other woody vegetation preferably standing alone with water surrounding it, but they will 

also perch on the edges of a tree island. In Florida, juvenile kites have been observed to 
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still-hunt, but adults rarely do so except in times of food stress during regional drought, 

when they are forced to forage along woody lake margins or canals, and this could be 

because of the smaller number of suitable perches as compared with the rice fields in 

Guyana (Snyder and Snyder, 1969). Perches are a critical wetland feature for kites due to 

the fact that prey handling constitutes 68% of the total time spent on a hunting bout 

(Beissinger, 1983). 

The presence of perches as a determination of snail kite density was one of the 

objectives of the research by Tanaka et al. in 2006. Six sites were chosen for monitoring 

in the subregions of Miranda and Nabileque in the Brazilian Pantanal. Three sites 

contained high densities of Copernicia alba, an 8-20 meter high palm tree, and three had 

low densities of the tree. Sites with abundant C. alba trees were confirmed to result in 

kite densities 2.6 times higher than at sites with fewer perches. What is more, is the 

scientists' suggestion that the existence of more perches would mean shorter return times 

to the perch, thus enabling the capture oflarger prey. For example, the largest snail 

picked off in the high C. alba areas had a total mass of 159 g, whereas the corresponding 

value ihlow perch sites was 111 g, a 40% difference (Tanaka et al., 2006). Therefore, 

the large snail captured close to C. alba would represent approximately 40% of the male 

kite body mass and 35% of a female, but at low density perch sites smaller snails hunted 

were only 28% and 25% of kite body mass, respectively (Tanaka et al., 2006). 

The idea that the snail kite is a specialist consumer with the ability to discern 

between small and medium-to-large size of apple snails was another remarkable 

observation of the 1983 Guyana study by Beissinger. He accomplished this by collecting 

discarded snail shells fourteen times from fourteen different sites and delineating the 
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sizes as: small (11-24 mm), medium (24-28), and large (29-36 mm). Kites avoided the 

more abundant small snails, preferred the medium sized snails, and took large snails with 

the frequency that they were available. Large snails may be less vulnerable to predation 

because their respiratory rates are possibly less affected by fluctuating water 

temperatures, causing them to surface less often, or they may even frequent dense 

vegetation more often than smaller snails (Beissinger, 1983). 

Finally, an observation directly relevant to the present study was Beissinger's note 

that snail kites in Guyana were flourishing when the rice fields were drained. The 

numbers in kites then significantly declined as rice growth increased toward 0.5m in 

height, and no birds were sighted in mid-August. The linear correlation (P = 0.002, r2 = 

0.747, n = 20) was only true for kites, not limpkins because limpkins can wade and hunt 

successfully in heavily vegetated areas. Snail kites require a visual view of the water's 

surface, vegetation surface, and shallow marsh bottom, and the descent to the surface for 

capture must be free of entanglement by vegetation. Beissinger explains that as rice 

grew, the proportion of"course hunts" increased significantly (x2 = 5.93, df = 1, P < 

0.025) from 0% (n = 9) in the first 2 weeks to 4 7% (n = 15) in the last 3 weeks 

(Beissinger, 19 8 3). 

Prior to sending his students into the field for apple snail collection in the summer 

of 2006, Dr. Darby collaborated to publish research that focused on habitat parameters 

that play a part in a snail kite selecting a patch for foraging (Bennetts et al., 2006). In the 

spring of2003 in Water Conservation Area 3A, two sites dominated by varying densities 

of Eleocharis spp. (spike-rush) and Panicum hemitomon (maidencane) flats, were 

sampled for apple snail densities, visual obstruction, and observed for kite foraging 
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habitat selection. At the two sites, sharply defined boundaries of sparse and dense 

densities of both Eleocharis spp. and Panicum hemitomon were visible amongst a mosaic 

of Cladiumjamaicense (saw-grass). Be1metts et al., 2006, declared that "sparse" 

vegetation was defined by scattered stems with a vast majority of the cover being open 

water while "dense" structure was described as little open water with a vast majority of 

the cover being emergent vegetation. 

A preliminary univariate analysis indicated that the number of prey captures of 

the 117 captures observed by more than sixteen snail kites for a given habitat type was 

influenced by site, structure (sparse vs. dense), and snail density but not by dominant 

emergent plant species (Eleocharis vs. Panicum) (Bennetts et al., 2006). Specifically, 

when the three significant determining factors were considered together, habitat structure 

was more significant than the other two even considering that the scientists accounted for 

the per unit of available habitat type by performing a log proportion to offset bias before 

modeling the prey captures (Bennetts et al., 2006). 

The proportion of each habitat type was estimated by using a systematic sample 

with a random start location where a habitat type was recorded at each point of a 30 

meter interval grid over each site's 25 ha area (Bennetts et al., 2006). Dense saw-grass 

lobes and tree islands were excluded from "available habitat" because they are not 

typically utilized for foraging. Based on 307 grid points, 69% ofthe total area was 

"sparse" while 31% was "dense" vegetation. However, 94% of the total prey picked off 

by the kite was from sparse habitat and only 6% was caught in dense emergent plants, 

which confirms that the two density types were not used in propmiion to their availability 

2 . 
(x 5 = 24.9, P < 0.001) (Bennetts et al., 2006). 
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The study by Be1metts et al. (2006) was colossal in contributing to the 

understanding of evident patterns exemplified by the Everglade snail kite when choosing 

habitats for foraging. At site 1 in the WCA 3A project, 3 3 of 3 8 (87%) of prey captures 

were observed in sparse habitat, even though dense habitat had nearly three times higher 

the apple snail density. Site 2 was comprised of intermediate prey densities, but 98% of 

the observed hunts were in the sparse vegetation. Lastly, only one of 85 captures 

observed at site 2 was in the dense Panicum habitat, which seemed to be the preferred 

area in the study site by Pomacea paludosa, where the highest densities were found 

(Bennetts et al., 2006). It was also apparent to the researchers in the field that the raptors 

tend to search predominantly in sparse habitats and would turn around if they 

encountered dense areas or skip over it to another sparse location. The findings by 

Bennetts et al. (2006) help differentiate between the meanings of the terms prey density 

and prey availability. 

Since vegetation density is central to understanding the foraging habits of the 

snail kite, the primary inquiry would be how to classify varying densities of Eleocharis 

flats. According to the literature, there are many ways to measure plant densities, but 

there does not appear to be any real standard description of what constitutes "dense" or 

"sparse" adjectives (Darla Fousek, personal communication, 2006). For instance, 

Eleocharis density has been measured as a tool by which other hypothetical questions can 

be answered such as how mean water level and hydroperiod correlate with stem density 

in different wetland testing sites. A study by Losada and Childers in 2004 included 

Eleocharis stem density data for eight sampling sites over a four year period in the 

southern Everglades. While there are many factors such as species competition, water 
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culTent/flow, and time since last disturbance event, to name a few, affecting the 

distribution of plant density over an area, the Losada/Childers stem counts were summed 

and divided in an attempt to quantify common Florida densities. Of the one-meter

squared plot areas in the twenty-tlu·ee sampling sites, and excluding those that were zero, 

an average Eleocharis stem density of 34.65 was calculated. 

Analogous to the Losada and Childers stem count in 2004, Dr. Darby's students 

followed a similar approach while sampling for apple snail biomass in the Preserve in 

2006. The students threw down a one-meter-squared trap and then randomly chose two 

ofthe four quarters of the meter squared trap in which to count stems of Eleocharis and 

Panicum. The stem counts were summed at each of the nine sites and divided by the 

number of throws at that site, but there was no qualitative description included in the field 

work. The half meter squared stem averages ranged from 16.8 to 37.7 for the nine sparse 

to medium density sampling sites in Grassy Waters Preserve. 

Though the quantitative thresholds for stem densities in wet prairies have not been 

established, Darla Fousek of the Florida Fish and Wildlife Conservation Commission 

(FFWCC) stated that "we do know from previous research (Stieglitz and Thompson, 

1967, Sykes, 1987c, Bennetts et al., 1988), that the proportion of open water to emergent 

vegetation in "suitable" snail kite habitat generally averages about 30 to 40%." 

Therefore, the idea of locating the dividing line, or plant density threshold, between 

suitable and unsuitable kite foraging habitat would be based on foraging observations 

with a simultaneous on-site stem count within a roughly 30/70 water/emergent plant 

wetland matrix. 
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Vegetation determination: Ground-based with satellite imagery 

In a 2003 report by Sawaya, et al., two different high-resolution, multi-spectral 

satellite images of the Lake Minnetonka, MN area were compared by performing a 

classification of aquatic vegetation in Swan Lake. The initial step in their methodology 

was the collection of field reference data with the use of GPS in combination with the 

advanced ERDAS GPS tracking software to identify the location of twenty-seven aquatic 

species in the field directly on the satellite image. Next the team digitized the wetland 

area to mask out all terrestrial features . A survey of 118 evenly distributed sample points 

obtained by Sawaya et al. (2003) served as a secondary ground truth resource to the 

automated classification procedures done in ERDAS Imagine. 

The analysts started with an unsupervised classification producing ten classes to 

be density sliced for the separation of emergent vegetation from submergent vegetation. 

The submerged classes were then masked out to create an image of emergent vegetation 

only, and then a second unsupervised classification was run for a 100 class image for 

cluster busting. After further experimentation with the image, five emergent classes and 

four submerged classes of plants were identified. In addition, Sawaya et al. (2003) 

studied the spectral-radiometric signatures of the different submerged plant classes and 

the reference data by creating a graph which helped to estimate the plant depth and 

density. Higher radiometric responses indicated highly dense and shallow submerged 

plants while lower brightness values represented areas of deeper and/or thinner 

vegetation (Sawaya et al. , 2003). 

The final steps in the Swan Lake mapping project were to evaluate accuracy of 

classification and form conclusions about the feasibility of utilizing high-resolution 
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satellite imagery to identify not only low profile emergent aquatics but submerged plants. 

The overall accuracy was 79.5% with producers and users accuracies from 36% in more 

sparsely growing or heterogeneous plant communities to 100% in species that grow more 

homogenously and densely, such as cat-tail and water lily. To minimize the bias of the 

eiTor matrix, created from classified data and the field reference data, it is suggested to 

return to Swan Lake for a field accuracy check. The authors note the advantage of multi

spectral classification over aerial photography, but that a high resolution GPS unit is 

required if field reference data is to be used as a classification tool. 

It is important to note some of the conclusions of the Minnesota satellite research 

for future application studies. First, small geographic areas are superior to large ones due 

to pre-processed imagery variance in view angles, sun angles, etc. as well as the high 

purchase cost. Second, the analysts note that while high-resolution imagery is 

impr~ssive, the spectral-radiometric value of a single pixel can result in higher variability 

between classes without eliminating the problem of"mixels". But the lowered amount of 

required time and effort and the ability to accurately distinguish land features visually on 

an image, along with the benefit of increasing the frequency of data capture for 

repeatable time series studies makes satellite imagery attractive (Sawaya, et al., 2003). 

Vegetation determination: Ground-based with NC and CIR DOPs 

The combination of imagery analysis and ground truthing in vegetation mapping 

studies has been deemed the desirable method with respect to accuracy assessment and 

etTor estimation by Shuman and Ambrose (2003) and should be used in tandem if at all 

possible. Along the coastal salt marshes of southern California, the premise was put to 

the test in a study published in Restoration Ecology by Shuman and Ambrose in 2003. 
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Plant communities located at restoration sites on the Ventura county naval base were 

sampled by two different ground-based sampling methods, randomized quadrat sampling 

and spatially intensive line intercept sampling, and then compared to high resolution 

normal color and color infrared aerial photographs. The goal was to compare the 

accuracy of the three methods regarding estimates made about percent cover of 

vegetation, species composition, and species distribution. 

Fifty polyvinyl chloride markers were randomly positioned in each various sized 

restoration area, the !at/long was recorded, and a tripod supporting a 0.5 x 0.5 meter 

Plexiglas board equipped with forty-nine evenly distributed laser pointers set up at each 

one. Any live or dead plant tissue which was in the direct contact of the downward 

pointing laser beams on the quadrat was recorded by species. The uniform sampling 

strategy reduced bias and provided accurate samples of complex plant canopies from 

which percent cover and species distribution could be estimated (Shuman and Ambrose, 

2003). 

The other field method tested, the line intercept sampling technique, more widely 

utilized among wetland scientists, requires designating transect lines that are at evenly 

spaced intervals across the study area. The sampler walks the transect line viewing the 

plant species beneath it, and records the distance between each plant type if the distance 

is greater than or equal to fifteen em before a change in species occurs. Due to the 

disturbance associated with line intercept sampling, a fifty meter transect with a half 

meter width were walked and means were calculated to estimate the total percent cover of 

vegetation (Shuman and Ambrose, 2003). 
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. Opportunely, both ground based methods were completed within approximately a 

six month timeframe after the NC and CIR aerials were flown at 550 meters above 

ground. The 1:3600 resolution and 300 DPI of the imagery was sufficient without the 

need for rectification to be done and was useful in the determination of vegetated and 

non-vegetated areas but not the identification of individual species, especially in mixed

species stands. Thus, aerial photography has the benefit of capturing large areas and is 

valuable for assessing overall plant percent cover, but unless homogenous stands of a 

species are prevalent, it is limited in its application to restoration monitoring without field 

"cheating". 

Similar to the Swan Lake study, the quadrat sample data was used as definitive 

coordinate plotted information by which the three training fields for each substrate type 

were drawn and a supervised classification utilizing the maximum likelihood technique 

was accomplished (Shuman and Ambrose, 2003). 

As expected, the aerial photos produced similar results to percent cover as the 

quadrat data in the one-sample t test. A confusion matrix run on the basis of whether the 

maximum likelihood classifier was effective in classifying vegetated vs. unvegetated 

regions yielded KHAT statistics ranging from . 70-.95 for the CIR photos and .95-1.0 for 

the NC imagery. Between photo analysis resulted in a 3.9% difference and a 1.7% 

difference in vegetative cover estimates in color and color-infrared photos, respectively, 

for two restoration sites. An arc sine, square root transformation on species cover was 

done before running a two-sample t test to determine differences between the two 

ground-based sampling methods (Shuman and Ambrose, 2003). 
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Close examination of the test statistics allowed the researchers to deduce that the 

difference in species composition given by the field work was likely due to the greater 

distribution of sampling area by the line intercept method which resulted in an equal or 

greater number of species counted for each study site. However, a species that did not 

span the 15 em length rule was not recorded in the line intercept strategy but was present 

in the quadrat data. 

Shuman and Ambrose (2003), like Sawaya et al. (2003), conclude by stating that 

imagery pre-processing inadequacies and classification enor can be lessened when 

partnered with field verification, and the development of multi-spectral imagery can 

increase the quality of species differentiation in monospecific stands. The use of air 

photos minimizes ecological impact damage of extensive ground truthing, can be 

repeated for temporal studies, and allows for the extrapolation of patterns that are 

spatially explicit. But depending on the goals and scale of the restoration project, 

ground-based techniques will remain a fundamental pmi ofvegetationyercent cover, 

species composition, and density distribution mapping. 
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METHODOLOGY 

OBJECTIVE 1: Pomacea paludosa habitat mapping 

Windshield survey 

The initial step in many mapping assignments is to go for a "windshield survey" 

of the study area. In the case of the present study, the gear utilized included a canoe, 

printed aerial photography of the Preserve, a digital camera, a fine resolution GPS unit 

(preferred), and perhaps a manual to Florida aquatic plant identification. Homogenous 

stands of preferred Pomacea emergent vegetation that are found in the field and on the 

. map are photographed as they appear in the field. Recognition of the dominant aquatic 

species is automatic, and the plants that are preferred for Pomacea ovipositing can be 

inferred from previous knowledge based on height, density, and strength of the 

vegetation. As mentioned previously, the key plants meeting the criteria in the wet 

prairie habitat include Eleocharis spp., Panicum hemitomon, and Rhyncospora tracyi, 

which were commonly found emergent vegetation species identified on the windshield 

survey of Grassy Waters Preserve. 

Although all three species grow primarily in shallow muck soils, they are 

sensitive to the approximate one foot elevation rise from the east to west boundary, and 

therefore are not uniformly distributed throughout Grassy Waters Preserve. Field 

observations demonstrate that east of Hogg Island the water depth is optimal for the 

growth of Cladium jamaicense and Eleocharis spp. while west of Hogg Island Eleocharis 
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spp. can be mixed including species such as Panicum hemitomon, Rhyncospora tracyi, 

Hypericumfaciculatum (St. John's wort), Xyris spp. (yellow-eyed grass), and Eriocaulon 

compressum (hatpins ). 

Photo-interpretive key 

Expertise in the field of digital image analysis is generally enhanced by localized 

environmental and historical knowledge of the study area. In most cases, a little research 

will suffice for the researcher to better understand the features represented on the two

dimensional map. Satellite imagery is advancing to produce high-resolution data, but 

aerial photographs have the advantage of being available over a longer time period with 

high temporal frequency and spatial resolution making them strong management tools. 

As discussed in a study pertaining to mangrove species classification in Sri Lanka by 

Verheyden et al. (2002), a preliminary photo-interpretive key was generated by 

superimposing tree species assemblages identified in the field (accomplished by taking 

photographs with a digital camera) with the aerial DOPs. The "windshield survey" in the 

2002 research project led to the production of a photo-interpretive key, similar to a 

legend, for the rapid identification of several mangrove species on the imagery from 

which a detailed vegetation map was created with a GIS toolset (Verheyden et al., 2002). 

Additionally, the task of accurately pinpointing a plant species on the ground for the 

future verification of a unique spectral signature on the imagery can be accomplished 

more precisely with the use of high accuracy GPS equipment yielding a lat/long 

coordinate value. 

The photo-interpretive key is most useful to an image analyst when field pictures 

are gathered soon after the imagery was flown, and in the case of vegetation mapping, it 
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is often necessary to gather field data in the same month as the imagery was 

photographed due to seasonal spectral variation. Although the photo-interpretive key for 

Pomacea habitat mapping was not created in 2002 when the imagery was obtained, it was 

done in the month of March when cypress trees were dormant and other species were 

similar in color. Due to limited air boat access as a student and the great expanse in area 

ofGWP, the range of data collection was limited to Images 2, 3, 5, and 8. Chief 

Pomacea-prefeiTed plant species were identified visually on the ground and on the 

imagery, and from this general location information, a more descriptive guide of plant 

features and characteristics can then be derived to produce the key. Conclusively, the 

overwhelmingly distinct spectral classes in the Preserve representing the three main 

aquatic vegetation classes for further evaluation are shown in Table 3. 

Eleocharis spp. Typha spp. Cladiumjamaicense 
(spike-rush) (cat-tail) (saw-grass) 

Color Purple-beige Lavender ,pink, gray Dormant, light gray 
to beige 

Shape Swiss cheese Irregular, patchy Grows in "lobes" 
Texture Smooth, looks like Coarse Smooth, soft 

land 
Size 1-4 ft . tall 5-9 ft. tall 4-1 0 ft. tall 
Shadow None visible Yes, not apparent on Yes, not apparent on 

water water 
Context Blanket over shallow Adjacent to roads, Perimeter of tree 

water & peat canals, and increased islands, or on slightly 
water flow areas higher ground than 

the sulTounding 
Eleocharis spp. 

Table 3: Photo-interpretive key of homogenous stands of common GWP plants 

The descriptors chosen for inclusion in the photo-interpretive key were color, 

shape, texture, size, shadow, and context. As the ultimate goal ofthe project is to 
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accurately classify apple snail habitat with an emphasis on stem density distributions, 

location of homogenous stands of each of the dominant plant species in the field was the 

initial step in getting a spectral representative of each plant type for classification. While 

Eleocharis cellulosa, Cladium jamaicense, and Typha domingensis were often 

represented in monotypic stands, Rhyncospora tracyi and Xyris spp. were never located 

as the sole species, but they were always mixed with either each other, Panicum 

hemitomon, or commonly among Eleocharis assemblages. The common native grass, 

Panicum hemitomon (maiden cane), however, does often grow in large homogenous 

stands in the water, but is not nearly as widespread as Eleocharis . 

Eleocharis, a sedge that has about two dozen native species in Florida, thrives in 

the oligotrophic, long hydroperiod wet prairie environment containing organic peat 

substrate overlying oolitic limestone or marl. It is markedly the most exploited stem for 

ovipositing of Pomacea paludosa due to its abundance, height, and strength. Due to the 

similarity in color and height between the sedges Eleocharis and Rhyncospora, and the 

grasses Xyris and Panicum on the imagery, they were difficult to isolate on the imagery 

for unique classification. Unlike Panicum and Rhyncospora, both employed by the 

unbiased apple snails for egg-laying, Xyris is a less commonly encountered, thin

stemmed aquatic grass in GWP, and is less favored for oviposit (USFWS, 1999). Thus, 

the spectral similarity of the four fonner species did not prove problematic in the overall 

classification procedure because inclusion with the vast class of Eleocharis spp. remains 

consistent with the potential use by snails. Furthermore, since Eleocharis and 

Rhyncospora flats occur in intennediate water depths with hydroperiods that show 

substantial variation which lead to a more mixed composition with other rush species 
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(USFWS, 1999) the methodology should include the other species (as long as they are 

Pomacea habitat) for mapping repeatability in other wet prairie mosaic ecosystems. 

The photo-interpretive key is typically specific to the resolution and type of 

imagery being used in a project, the species found in the given area, and it usually targets 

the species of interest in that project. Although, it is often a useful tool for analysts 

working from remote areas who may not have the ability to perform a field survey of 

their own, or simply to serve as baseline for someone who is not familiar with normal 

color imagery or the aquatic grasses/sedges of Palm Beach County, for example. 

ERDAS Imagine automated classification 

After field surveying, the analyst must decide: 1) which graminoid species are/are 

not the most frequently used for apple snail reproduction, 2) are those species spectrally 

unique on the imagery for rapid classification, 3) if they are not spectrally unique, is it 

because they are mixed with other popular apple snail emergent aquatics, and 4) what is 

the acceptable level of detail for the final habitat map? 

The aquatic grass habitat of Grassy Waters Preserve is often transected by trails 

created by canoes and airboats which appear as darker linear features due to the absence 

of emergent plants. Besides this more obvious "open water" class, there are several other 

classes that require elimination from the final map in order to better visualize Pomacea 

habitat. While changing hydroperiods and increased phosphorous levels in the Preserve 

are causing Typha spp. stands to expand throughout the region, currently large spreads 

are chiefly located along linear barriers such as roads and canals. While the perimeter of 

both Typha spp. and Cladium jamaicense patches may be utilized by apple snails for 
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ovipositing, the interior is typically too dense for movement and so the plants can 

consequently be removed from the final map product. 

There are various computer techniques by which removal of open water, cypress 

dome tree islands, Cladium jamaicense prairie, and Typha spp. can be accomplished, but 

the analyst should start with the simplest ways for experimentation in the hopes that less 

time is spent while accuracy is not compromised. In the process of trial and error 

iterations using ERDAS lmagine, difficulties will present themselves and the analyst will 

inevitably allow compromises to be made to reduce the timeframe for mapping. Figure 9 

outlines the initial steps of possible classification methods for experimentation of 

accomplishing the separation of Pomacea habitat from non-Pomacea habitat. 

Original NC images 

I 
I I I I 

Unsupervised Supervised Low Resolution Normalized 
Classification Classification Classification Differential 

5,6,10,30, 6classes Factors of 4,6,8 Vegetation 
100 Classes Index 

~ 

Density slice each Density slice each 
of the five outputs Density slice output of the three outputs Density slice output 

.... Evaluate - Evaluate - Evaluate .... Evaluate 

Figure 9: Pomacea paludosa habitat mapping methodology 
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Leica's ERDAS Imagine is well-known, widespread geospatial software used 

primarily for the preprocessing and classification of raster imagery. There is much 

overlap in the abilities ofERDAS Imagine and ESRI ArcGIS products in the mapping of 

vegetation, and the potential tools required for accomplishing any task at hand are 

copious. Therefore, choosing a path to follow in tetms of methodology was jagged in 

that each step was examined for software compatibility with both packages, and the path 

oftenjwnped back and forth between software systems depending on speed, accuracy, 

and user familiarity. Unfortunately, ERDAS can not recode an image that has three 

layers (blue, green, and red) as the raw images do, which would bypass the step of having 

to run iterations of classification procedures. Thus, a variety of classification techniques 

in Imagine were experimented with in order to determine which one is the best in 

creating a single layer output image with good vegetation spectral information. 

Unsupervised classification 

Typically, the first teclmique tried by image analysts is the unsupervised 

classification using the ISODA TA algorithm because it is an automated process in which 

the analyst determines the total number of spectral classes he/she wishes for the end 

product and then the computer simply assigns all pixels making up an image into the 

nearest spectral value class. Image 5, a good image for vegetation study due to the lack 

of urban features present, was used to study the effects of unsupervised classification in 

visually identifying grass classes. The five class sizes chosen to test for optimal number 

of spectral groups were 5, 6, 10, 30, and 100. 
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The numerous unsupervised image trials implied that fewer class sizes such as 

five and six were too few because the Eleocharis (green) class also included other 

features such as tree limbs as shown by green spots found in the very center of the image 

occurring on Hogg Island that is composed predominantly of tropical hammock species. 

The shortcomings of the classification are displayed in Figure 1 O(a). A closer look at the 

top right portion of the image in Figure 1 O(b) further illustrates the blotchiness of the 5-

class image, poor capturing of the Cladium jamaicense shapes (red), and the spectral 

overlap between Cladium and Taxodium (also in red, appears white on the NC image). 

One can also visually see that five classes are extremely insufficient with regard to the 

incomplete water class (blue) due to shared spectral values with Eleocharis. 

Figure 1 O(a): Image 3, Unsup. (5) 
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Figure lO(b) : Detailed Image 3, Unsup. (5) 

A class size of approximately ten was much more helpful in reducing the 

confusion between Eleocharis and tree limbs by increasing the number of classes, and it 

even enhances the difference between Eleocharis and Cladium (green vs. red) as 

illustrated in Figure ll(a). However, note in Figure ll(b) the red color still does not only 

represent Cladium jamaicense but includes trees such as Melaleuca quinquenervia, Salix 

caroliniana, and Taxodium that are visible as white areas (NC image) on the upland area 

that is Hogg Island. The thirty class unsupervised image output was slightly better than 

the ten class but redundant for reporting. 
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Figure ll (a) : Image 5, Unsup. (10) 

Figure 11(b): Detailed Image 5, Unsup. (10) 

Alternatively, the 100-class image produces tenfold more spectral detail per class 

than the 1 0-class unsupervised image and thus less blotchiness. With that said, it is 
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imperative to change the color scheme in order to account for the added class detail. 

One more color was added to aid in the interpretation of the 1 00-class image for a total of 

four colors and an average of twenty-five classes making up each color whereby cyan 

represents water and shadows, dark green is mostly Eleocharis, yellow is Cladium 

jamaicense and other terrestrial and aquatic grasses with a brighter than Eleocharis hue, 

and red represents the brightest features such as Taxodium, Melaleuca, Salix, and any 

other dormant vegetation. Beneficially, since the signatures of the 1 00-class image are 

more detailed, it would probably be considered the best of the unsupervised images for 

identifying the separation of Cladium and Eleocharis from trees. However, the 

experimentation with unsupervised classifications indicates the uncooperative behavior of 

the algorithm to isolate Cladium, the red and yellow mixed lobes, and it proves to be a 

trickier task than the isolation of Eleocharis. 

Figure 12(a): Image 5, Unsup. (100) 
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Figure 12(b): Detailed Image 5, Unsup. (100) 

Supervised classification 

Since the unsupervised classification technique proved helpful yet left room for 

improvement, the image analyst is compelled to try the second form of map classification 

which is the supervised method of classification to achieve more class detail. Supervised 

classification, because it is directly a function of the skill level, patience, and bias of the 

analyst who isolates the training fields , is pre-destined to invoke skepticism on behalf of 

the user. Therefore, in an attempt to make the supervised maps consistent and 

comparable, a minimum of five training fields were regarded as efficient for Eleocharis 

spp. and Cladium jamaicense, and the number of training fields (t.fs) drawn for other 

classes varied from image to image depending on features present. The twenty-five 

training fields used to produce the 6-class image shown below on Image 5 in Figure 13(a) 

were: Eleocharis!Panicum!Rhyncospora (yellow, 9 t.fs), Cladium (red, 5 t.fs), 

water/shadows (blue, 3 t.fs), green trees (green, 2 t.fs), Melaleuca (white, 2 t.fs), and 

Taxodium (purple, 4 t.fs) . 
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Figure 13(a): Image 5, Sup. (25 t.f.s) 

Figure 13(b): Detailed Image 5, Sup. (25 t.f.s) 

Overall, the maximum-likelihood, supervised 6-class classification of Image 5 

with twenty-five training fields was compellingly better at capturing feature shapes, 

primarily Cladiumjamaicense, than the unsupervised iterations . Figure 13(b) depicts 
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· how the high resolution of the normal color image is not compromised by running the 

procedure because it takes into account both the variance and covariance of spectral 

response patterns when classifying an unknown pixel (Lillesand and Kiefer, 2000). 

Spectrally, even small green tree canopies (located to the right of the canoe trail 

intersection) are classified con·ectly. 

The only class confusion is between treated Melaleuca and Taxodium trees, which 

have a similar brightness value, and were only made into separate training fields as a test 

(their separation is not meaningful for this application as they will both be eliminated). 

Not surprisingly, the water/shadow class remains an unresolved issue with all imagery, 

and worsens as the azimuth angle deviates from 90°. The impact due to shadows needs 

to be noted as a loss in precision, and it affects the final Pomacea paludosa habitat map 

under circumstances where cypress trees, primarily existing along tree island perimeters, 

are tall enough to cast a shadow on the lower lying Eleocharis growth. This removes 

some pixels of interest (Eleocharis) from the final map by conupting their brightness 

value. 

Cladium jamaicense covers an estimated 65-70% of the Everglades ecosystem 

either in monotypic stands or mixed communities of Eleocharis and Rhyncospora (Cronk 

and Fennessey, 2001). On the east side of Grassy Waters Preserve, the emergent aquatics 

are interspersed by tree islands, primarily cypress domes, which are very often fringed 

predominantly by Cladium jamaicense due to the prefened two to three foot deep muck 

soil found around the islands. On the west, shallower side, a dense saw-grass marsh 

consisting of plants reaching up to three meters in height forms more of a monoculture 

that is easily discerned on the images. 
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Although the supervised classification procedure was better in determining lobes 

of Cladium jamaicense, the total time spent producing the final colored image was triple 

that of the 1 00-class unsupervised image. Furthermore, the E.leocharis spp. class was 

satisfactory on the unsupervised image, so the only improvement to be made deals with 

detecting Cladium jamaicense since Typha spp. proves to be a harder signature to 

designate (on unsupervised and supervised) than initially expected. As a result of the 

inability of Imagine to allow a supervised classification to be run only on a specific 

feature of interest instead of requiring representative samples of each feature on the 

ground, time management is a considerable factor since capturing Cladium jamaicense 

would require at least fifteen training fields to be drawn on each of the nine images. 

Low resolution classification 

Many analysts try at all costs to avoid the digitization of features, especially if 

they are plentiful, because of the man-hours and precision required. For that reason, 

there was another viable option of classification that had to be ruled out before the 

digitizing began. The degrade function in Imagine is a tool commonly used on high 

resolution imagery to reduce the level of contrast between different species. The degrade 

function in Imagine is often used to resample imagery to a lower resolution which can 

then make classification outputs of high resolution imagery with a small number of 

classes more easily discemable by smoothing pixels with similar brightness values into 

the same class. 

In order to test the lower resolution classification hypothesis, an image in the 

study area with recognizable areas of Eleocharis spp. and Cladiumjamaicense was 

reduced to a lower resolution by factors of four, six, and eight, and then each of the three 
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"degraded" images became an input image for testing both unsupervised and supervised 

classifications. The short, dense Eleocharis is a homogenous signature, and while 

Cladium lobes are easily distinguished by the naked eye, the spectral diversity within 

individual Cladiumjamaicense stands causes the degraded classification iterations of 

multiple class numbers to be discouraging. 

As a result, since Cladium jamaicense can be recognized visually on the n01mal 

color imagery as well asDOQQs and the stands are typically substantial in area, it was 

logical that the digitization of the Cladium polygons could be done with precision and 

completed in approximately one hour per image. Moreover, if cypress dome islands are 

spectrally similar to Cladium jamaicense islands and difficult to weed out with 

classification, the elimination of both features can be done simultaneously by using the 

Arc trace tool in Arc GIS to outline the shape of the elevated polygons. One of the major 

dilemmas the analyst is faced with at this stage is whether to digitize using ArcGIS, a 

vector based software, or Imagine, a raster based software. To avoid having to convert 

between the two programs, it is less problematic if the subsequent step, masking, is also 

completed with the same software. Digitized Cladium polygons in and near the study 

area are displayed in yellow in Figure 14. 

81 



Figure 14: Digitized Cladiumjamaicense polygons 

Removal of Typha spp. 

At this stage in the development of a Pomacea-preferred plant map, the hopes of 

using one of the classification methods in Imagine to identify stands of Typha spp., the 

other non-preferred apple snail plant species, for removal are disappointing. First of all , 

there are only two ground verified stands of Typha spp. in which the classification 

procedures were tested against. One of the biggest dilemmas in using the photo-
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interpretive key technique in identifying stands of Typha spp. is the four year time warp 

that has occurred since the imagery was collected. Furthermore, as mentioned 

previously, the densest Typha spp. regions are adjacent to theM-canal, perimeter canal, 

and Northlake Blvd. , mostly out of the study area. Thus, with restricted ability to reach 

the southwestern portion of the study area in a canoe, the two hypothesized stands of 

Typha spp. had to suffice as test subjects for trialing the same four initial classification 

procedures as depicted in Image 8, Figure 15. 

v 

Figure 15: Image 8 NDVI (left); detail of white box inset, density sliced (right) 

Figure 15 reveals how creating an NDVI ratio image and coloring it did not 

spectrally enhance the Typha growth seen on the central, left side of the normal color 

image in Figure 15. Unsupervised classifications with twenty and 100 classes were run 

on both images with known Typha spp. and the images were degraded by factors of four 

and eight and unsupervised classifications performed on those. The capacity of the 
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computer to automate the process of distinguishing monospecific Typha spp. tracts 

through unsupervised classification was unsuccessful due to the high degree of spectral 

variability within the monospecific stands. Supervised classifications to identify Typha 

spp. whereby establishing a training field allowed the computer to search for similar 

brightness values, returned those areas that were similar in color on the normal color 

images. However, as shown in Figures 16 and 17, the large polygons of Typha spp. (red) 

shown in both figures were the areas captured by the training fields, but the remainder of 

the more scattered red pixels could just be other types of vegetation such as the 

Pontedaria cordata patch located just southwest of the nature center (white building on 

NC Image 2, Figure 17). 

Figure 16: Image 8, Sup. (15 t.f.s) 
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Figure 17: Image 2, Sup. (15 t.f.s) 

The final method of classification for experimentation to identify Typha spp. was 

a reduction in resolution in conjunction with the supervised method utilizing a fifteen 

training field minimum. The same signature file containing the exact training fields taken 

on Image 8 (Figure16) was applied to a factor-4-lowered-resolution and a factor-S

lowered-resolution Image 2. Equivalent to the supervised classification, other aquatic 

plants with similar pixel brightness were probably included in the lowered resolution 

Typha spp. (red) class, portrayed in Figure 18(a) and (b). 
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I, 

. ' ' Figure 18(a): Lowered res ., factor 4, Sup. (15 t.f.s) (left) 
Lowered res., factor 8, Sup. (15 t.f.s) (right) 

In addition, the only benefit that a coarser resolution image showed was when 

zoomed out the red polygons were slightly more uniform in the degraded-by-8 image, but 

zoomed in appeared the same as the degraded-by-4. Generally, Typha spp. does not grow 

in "shapes" so eyeballing large areas of it by the analyst is hit or miss. Due to the 

relatively small wetland area occupied by Cladium jamaicense in the year 2002 in the 

designated study area, the only non-biased approach to eliminating the plant from the 

final Pomacea habitat map would be to digitize the two identified patches. However, for 

time sake, this should be done at the same time as digitizing Cladium jamaicense so that 

the Extract by Mask procedure (a very slow running tool when dealing with large raster 

file sizes) in ArcMap is only run once. 
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NDVI: NC DOPs vs. CIR DOQQs 

The U.S. NOAA (National Oceanic & Atmospheric Association) developed the 

AVHRR (Advanced Very High Resolution Radiometer) sensor which collects satellite 

data ofthe spectral reflectivity of solar radiation from features on Earth's surface. The 

ratio of reflection between the IR and the red band is calculated in a procedure called a 

Normalized Differential Vegetation Index (NDVI), and it is especially beneficial for 

studying the changes in vegetation over time. By definition, the NDVI is a non-linear 

transformation of the difference between Channel 1 (the red visible portion of the 

electromagnetic spectrum .58-.68 microns) and Channel 2 (the near-infrared portion .725-

1.0 microns) divided by the sum of Chmmel 1 and 2. The analyst should select Indices 

from the Image Interpreter window in Imagine, and select the NOAA AVHRR sensor, 

NDVI function, and check the box for the output to be stretched to an unsigned 8 bit (256 

brightness values) image. 

The Australian Government Bureau of Meteorology, a producer ofNDVI 

products gathered from A VHRR, discusses the plethora of errors that can occur which 

may affect pixel values of the NDVI product on their website. Some of these include 

atmospheric scattering by dust and aerosols, Rayleigh scattering, subpixel-sized clouds, 

and large solar zenith angles and large scan angles~all of which can act to increase Ch. 1 

with respect to Ch. 2. Several other satellite sensor corporations have also developed the 

NDVI ratio to apply to their product's respective red m1d IR band numbers. But is it 

valuable to utilize an NDVI on an image that is lacking theIR band? 

In an attempt to compare the outcome of an NDVI run on a CIR one-meter 

resolution DOQQ digital ortho-photograph and an NDVI run on a NC six-inch resolution 
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digital ortho-photograph, the first step is to obtain the CIR DOQQ from the Labins.org 

website on-line. However, as discussed previously, CIR images of non-urban land areas 

like Grassy Waters Preserve are becoming elusive. The most recent CIR DOQQ image 

ofGWP offered by Labins.org was flown in February, 1995. Besides that one, the most 

recent NC DOQQ one can download of Grassy was flown much more recently, on 

January 26, 2005 . Hence, the decision was made to run the NDVI ratio on the normal 

color images from 2002, a normal color DOQQ from 2005, and a CIR DOQQ from 1995. 

With respect to the NC images of the study area, the NDVI ratio was superior to 

the unsupervised, supervised, and lowered resolution methods of classification of the 

target emergent aquatic species when considering the man-hours vs. accuracy battle. 

However, between the NC images and both DOQQs, the shapes of Eleocharis, Cladium, 

and Typha were much more distinct on the CIR DOQQ after density slicing took place. 

An example of this can be seen on the following page as Figure 19. 
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Figure 19: 1995 CIR DOQQ 

The swiftness in differentiating between Eleocharis and non-Eleocharis was due 

to the ratio 's ability to enhance the brightness values of contrasting plant species with the 

infrared band. The NC NDVI images were a product of the difference between band 2 

(green) and band 1 (red) over the sum of the two, while the DOQQ NDVIs were created 

as the differenc_e between band 3 (IR) and band 2 (red) over the sum. While not as useful 

as the ratio including the IR band in the DOQQ, the green band of the NC imagery 

corresponds to the green reflectance of healthy vegetation and the red band relates to the 

chlorophyll absorption of healthy vegetation. These two bands combine more effectively 

than with the blue band which provides increased penetration of water bodies and other 

land uses. 
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Once the NDVIs were created, density slicing (another source of bias on behalf of 

the skill level of the analyst) reveals the usefulness of the ratio on both types of imagery. 

Since there is usually a dilemma for the analyst about where along the brightness value 

(BY) scale (0-255) to delineate between different species, the decisions should be made 

as objectively as possible based on individual pixel spectral values given by the inquire 

cursor tool and the analyst's visual interpretation of the features . 

After the images have been density sliced, the recode function in Imagine is used 

to assign a value of zero to BVs that do not represent apple snail preferred flora and a 

value of one is given to BVs that are believed to be snail habitat. It is apparent in Figure 

20 that the NC DOQQ NDVI on the left is much more contrasty (pixilated) and the 

Cladium stand shapes (black, removed) are not recognized as well as they are on the CIR 

DOQQ NDVI image on the right. 

Figure 20: Detail of receded NC NDVI DOQQ (left) 
Detail of receded CIR NDVI DOQQ (right) 
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Since there are nine NC images ofthe study area, the density slicing and recoding 

steps were more arduous to get each image consistently possessing an "aquatic grass" 

class with Boolean value one and every other class such as trees, open water, urban, and 

sand (not Pomacea habitat) a Boolean value of zero. The images containing urban 

features were especially difficult because the cement of the road had the same brightness 

value as Taxodium spp. Thus, an extra step in the methodology was incorporated for 

images with urban features to better eliminate all non-Pomacea habitat. An image was 

created without the blue band with the operator tool in Imagine which allows the analyst 

to select two bands for union to create an output image which can then be density sliced. 

The analyst must determine which classes are urban features so that they can be recoded 

to a zero value, and the vegetation classes receive a value of one. Then it is possible to 

overlay the "no blue" recoded image with the recoded NDVI image (Pomacea vs. non

Pomacea) which yields the final two-class image that is the input for the mosaic. 

Once this was accomplished the images were mosaiced together in Arc9 to view 

the composite of apple snail habitat on all images simultaneously. A closer look of the 

fourth procedure, the NDVI equation, tested on the normal color imagery shown on the 

Pomacea paludosa mapping flowchart in Figure 9, is illustrated in Figure 21. 
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Figure 21: Detailed Pomacea paludosa habitat mapping methodology; 
(Expanded from the right side of the flowchart in Figure 9) 

ArcMap field data point overlay 

Accuracy Assess 

Unfortunately, the verified field locations of Typha spp. had not yet been 

identified at this stage of the project for digitizing to be removed with Cladium 

jamaicense stands. So, the digitized Cladium jamaicense polygons were the mask for the 
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mosaiced NC NDVI recoded images. Next, the Extract by Mask tool was utilized to 

extract the Cladium from the "aquatic grass" images thereby creating the Eleocharis spp.

Panicum hemitomon-Rynchospora tracyi, or "good apple snail habitat" class represented 

by green in Figure 22. Images 1, 2, and 3 were omitted because they consist of largely of 

urban features and due to the interruption in the growth of flora caused by Northlake 

Blvd. which makes comparison of spectral signatures to the south side difficult. Also, the 

processing time required in ArcMap to mosaic and recode was significantly longer with 

the additional three images. 

Figure 22: Recoded NC images of study area; prime apple snail habitat (green) 
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Figure 22 illustrates the ability to create an image composed mostly of Pomacea

preferred species which are emergent sedges and grasses extending between one and 

three feet above the water surface. However, the only means by which to verify the 

accuracy ofthe map in Figure 22 is by "ground truthing." In December of2006, I 

accompanied Darla Fousek (FFWCC), Boyd Gunsalus (SFWMD), Cecilia Conrad 

(SFWMD), and Pat Painter (City of West Palm Beach) on a field verification mission for 

a vegetation mapping project on which they are collaborating. Ms. Conrad, whose task is 

to create a detailed vegetation map of the entire GWP, used a high accuracy GPS unit to 

locate approximately seventeen previously chosen sites based on uncertainty of 

species/dominant vegetation type. From those seventeen sites, eleven of them ended up 

being Eleocharis, Rynchospora, Panicum, Xyris, or Eriocaulon, unfortunately, only 

eleven points of the seventeen fell within the study area. . 

In addition to dominant plant species, each point contains attribute data for 

lat/long, a qualitative density label of the vegetation (sparse, medium, or dense), and, 

when measured, water depth and land elevation (in NGVD). When the field checked 

points were overlaid with the map in Figure 22 of Pomacea plants as a means to broadly 

test accuracy, an interesting observation became clear. While both of the dense 

Eleocharis points are captured in the green area of Figure 22, none of the four sparsely 

distributed Eleocharis field points were included as the NC prime apple snail habitat in 

green. Instead they had been recoded zero because they are too spectrally similar to open 

water. Even more conflicting, were the results of the CIR NDVI DOQQ overlaid by the 

same field points. There was no observed pattern when comparing sparse density to 

dense density of Pomace a plants because none of the points were reliable in matching up 
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with the recoded value of one representing expected apple snail habitat regardless of 

density. 

In a 2002 study of wetland mapping in south-central Ontario by J ollineau and 

Howarth, the Compact Airborne Spectrographic Imager (casi) was the satellite sensor 

chosen because of its large number of bands from which to choose that can be tailored to 

the aim of a specific project. The sensor has one-meter resolution and bands that enable 

the penetration of water to detect submerged vegetation and the near-infrared band for 

detecting the low-lying wetland vegetation. The most accurate results were obtained 

when the researchers applied the maximum-likelihood supervised classifier on the green, 

red, and near-infrared bands of casi data. The band combination permitted the best 

differentiation between vegetation types, shallow open water, and even submerged 

aquatic plants (Jollineau and Howarth, 2002). 

Thus, since the near-infrared band is lacking in the normal color imagery of 

Grassy Waters Preserve, the clo.sest way of reaching the optimal band combinations of 

the Ontario study could be accomplished by overlaying the recoded NDVI CIR image 

with the eight recoded NC images so that, together, they are comprised of the red, green, 

and near-infrared bands. However, due to the inconsistency of the CIR DOQQ density 

classes, intersecting it with the NC images further deteriorated the accuracy of overlaying 

the field data points. 

OBJECTIVE 2: Eleocharis density classification 

Points vs. Polygons 

As exemplified in the study by Sawaya et al. (2003), sometimes the exan1ination 

of spectral/radiometric values and histogram data can provide insight about pixel value 
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compared with class value. To aid in the interpretation of existing field data point 

information gathered by two different groups of scientists at two different times, Figure 

23 displays the locations of eight data points in the study area determined by the 

SFWMD team (yellow squares) on December 13th, 2006 and nine sampling points 

designated by Dr. Darby's students (red circles) May 1-4, 2006. Also, slightly noticeable 

are some of the digitized polygons drawn by Cecilia Conrad (white) prior to December, 

2006. 

Figure 23: Point and polygon reference data used 
to digitize density polygons 
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From the point data in Figure 23 , Table 4 facilitates the evaluation of the relationship 

between class value and observed density. 

Stem density point data in Grassy Waters Preserve, Dr. Darby (UWF) 

DOQQCIR 
NC NDVI 

NDVI 
mosaic 

Avg. stem 
count (fer Dominant emergent Dominant Class value Class value 

112m) veg. submerged veg. (0-255) (0-255) 

16.8 Eleocharis, Panicum Bacopa spp. , 162 25 
hemitomon Utricularia spp. 

Eleocharis, Panicum Utri. purpurea & 26.25 hemitomon, 126 54 
Nymphaea odorata 

fl oridana 

27.5 Panicum hemitomon Utri. purpurea 72 24 

Eleocharis, Panicum 
Bacopa 

28.45 
hemitomon 

spp., Utricularia 101 22 
fl oridana, none 

28.65 Eleocharis Utri. purpurea 69 32 
32.2 Eleocharis Utricularia purpurea 127 31 

36.6 Eleocharis, Panicum Bacopa spp., Utri. 125 25 
hemitomon spp., none 

37.7 Eleocharis Utri. purpurea 130 29 
39.3 Eleocharis Utri. purpurea 74 33 

Plant density ground truthed point data, GWP, Cecilia Conrad (SFWMD) 

DOQQCIR NC NDVI 
NDVI mosaic 

Density Dominant emergent Dominant Class value Class value 
descriptor veg. submerged veg. (0-255) (0-255) 

Very sparse Eleocharis 
Periphyton, sand 88 31 
bottom, no peat 

Sparse 
Eleocharis, 

not recorded 99 45 
Nymphaea odorata 

Sparse 
Eleocharis, Utricularia spp ., 109 39 

Nymphaea odorata Periphyton 
Sparse Eleocharis Periphyton 122 41 

Rhyncospora tracyi, 
Medium Xyris spp., Panicum not recorded 0 26 

hemitomon 
Dense Eleocharis not recorded 126 25 

Rhyncospora 

Dense 
tracyi,Xyris spp., 

not recorded 15 24 
Eriocaulon 

compress urn 
Very dense Eleocharis not recorded 138 27 

Table 4: GPS point data of quantitative (UWF) and qualitative (SFWMD) 
emergent aquatic plant densities (Locations of points are not the same) 
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Table 4 shows that class value related to plant density ground truthed data 

(SFWMD), displays an opposite pattern on the DOQQ and NC mosaic, revealing a higher 

class value for dense stem counts on the DOQQ and smaller class numbers encompassing 

dense distributions on the NC imagery. (The discrepancy with the NDVI brightness 

values being reversed is a function of the order that the three bands are input when 

creating the ratio image.) The exception is class value 15 on the SFWMD CIR DOQQ 

for dense distribution, probably due to the spectral variability of the dominant emergent 

plants at that site. While no patterns can be detected from the top half of Table 4 from 

the quantified stem counts of Eleocharis spp., it does not rule out the efficacy of 

quantifying stems as a means of density classification. As illustrated in Table 6, the stem 

counts in Table 4 would only range from approximately 34 (a sparse vegetation definition 

in agreement by Darby's team and Peters). 

The point data gathered from the SFWMD and UWF studies could also suggest a 

hypothesis from the Sawaya et al. (2003) study that a sub-meter GPS unit in tandem with 

high resolution imagery may not yield sufficient reference data in the attempt to compare 

the class value with the given density descriptor. In other words, a GPS point that may 

be slightly askew could easily be located within a pixel with a much different brightness 

level or on a pixel of a completely different type of map feature all together. Similarly, 

class value comparison of the NC DOP with a CIR DOQQ may be unreliable due to the · 

pixel resolution difference between a pixel representing approximately six inches squared 

with that of a pixel representing one meter squared, respectively. 

The dilemma of capturing a plant species with the level of detail required to 

distinguish between varying degrees of stem densities can be approached several ways. 
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One possible solution is to digitize the largest visually detected homogenous regions of 

similar densities of Eleocharis spp. on both types of imagery as possible. Analogous to 

the southern California wetland research by Shuman and Ambrose (2003), the five 

training areas chosen to test the hypothesis were visually interpolated based on previously 

taken data, in this case from the point data in Table 4, and then were further analyzed for 

spectral variation on both the NC NDVI mosaic and the DOQQ CIR NDVI image. 

In the early stages of undertaking the task of vegetation mapping, Cecilia Conrad 

(SFWMD) took approximately fifty-one training fields that were derived from 

observations made on her windshield survey of Grassy Waters Preserve in early 2006 

(Seen in Figure 23). Beneficially, the Eleocharis areas of interest were assigned a density 

descriptor to the polygon, and even though it was a preliminary label that may have been 

recorded differently over the evolution of the research project (such as including 

additional detail like the presence of periphyton or organic floc material on the soil 

surface which alters the spectral/radiometric pixel value), Ms. Conrad's polygons served 

as valid comparative objects to the digitized density polygons. Subsequently, statistical 

data from the polygons was queried in ERDAS Imagine and displayed in Table 5. 
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Plant density ground truthed polygon data, GWP, Hand digitized plant density polygons, based 
Cecilia Conrad (SFWMD) on ground truthed data, GWP, Amy Peters 

5210 55 160 119 
932 31 93 

5258 20 137 68 9780 67 139 116 

175643 19 40 30 
39974 15 50 

108469 14 34 23 284784 19 77 41 

Table 5: Polygon pixel statistics of varying densities of Eleocharis spp. in study area 

Although the lack of dense Eleocharis patches located during the field data trip at 

the beginning of 2006 and the missing medium density descriptor in the column on the 

right affects the interpretation of the polygon data, there are patterns that exist in Table 5. 

First, one can make the observation that the average size of the digitized polygons is 

much larger by Peters overall, the cell count did not seem to have a powerful impact over 

pixel statistics. Second, as seen on the DOQQ NDVI image and as demonstrated in the 

research by Sawaya et al . (2003), higher radiometric responses indicate highly dense 

areas of vegetation while lower brightness values represented areas of deeper water 

and/or thinner stem counts. The DOQQ image polygons are all in general agreement that 
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sparse plant densities have higher minimum brightness values than medium and dense 

stands, and dense stem areas carry higher maximum brightness values than sparse areas. 

The two exceptions to the generalization are Comad's sparse minimum value of 57, and 

Peters' maximum value of 160 for the periphyton covered sparse Pomacea habitat. 

Again, just like the lower half of Table 4 class values discussed previously, the brightness 

values in Table 5 are opposite for the DOQQ and NC mosaic. The NC mean pixel value 

is higher for sparse areas of plants than dense stands. 

Conclusions based on the point and polygon table information (Tables 4 and 5) 

regarding the correlation between plant density and pixel statistics infers that the 

classification methodology ofNC imagery by which the Pomacea paludosa habitat map 

was created has holes, literally, that are given a zero value which may in fact support 

apple snail populations. The classification of the DOQQ infrared band did not prove to 

be any more useful at one meter resolution for the recognition of sparse plant densities 

than the NC image. Given that a significant portion of apple snail habitat in GWP is in 

regions where stem counts are too low to be captured by classification iterations but can 

be seen on the NC six inch resolution with the naked eye, other mapping methods for the 

quick identification of snail kite habitat need to be explored. Perhaps one approach is to 

take the experience and knowledge gained at this stage of research, and return to the 

NDVI images for modification to the methodology of automated classification to tailor 

the density mapping steps accordingly. 

Cluster busting and ground truthing 

Thus, since the sparse vegetative cover of graminoid species was only partially 

incorporated in the Pomacea paludosa habitat map of the study area, the refining of the 
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methodology should include regions of shallow water with low stem densities. One way 

of tackling this is by revising the classes from the NDVI images during the density 

slicing to include shallow water signatures. Then, recode as before and use the newly 

produced Pomacea habitat plus shallow water images as masks over the original NC 

DOPs. From this step, the analyst is left with "masked images" that are primarily 

Eleocharis spp. along with water that has brightness values between deeper water and 

vegetation. Finally, the "masked images" are the inputs for an unsupervised 

classification to produce a ten- class image. The last procedure is referred to as cluster 

busting, a computer automated way of splitting only classes of interest (or classes with a 

"1" value) into more classes for further analysis. Cluster busting forces an artificial 

definition of different plant density distribution levels. The density mapping 

methodology flowchart is illustrated in Figure 24. 
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Figure 24: Graminoid density mapping methodology 
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Upon opening the new unsupervised, ten-class density images in ArcGIS, the 

outcome appears much more meaningful than expected. By forcing the computer to 

create nine classes of aquatic plant biomass density levels (one class is 'unclassified' 

resulting from a value ' 0' from recode); even the slightest increase in vegetation or 

change in spectral value is recognized by the classification process. It appears that the 

automated classification procedure correlates with the hypothesis that sparse vegetation 

regions should be composed of lower numbers and dense vegetation would be closer to 

the class value often. Examination ofFigure 25 of the study area (minus Image 4 due to 

corrupt pixel statistics evident in Figures 22 and 23) shows the ability of the 

unsupervised, cluster busting technique to pull out discrete classes of graminoid densities. 
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Figure 25 : Study area with a ten-class Pomace a paludosa habitat plant biomass 
density scheme 

Features that were not included in the recode such as trees, buildings, and deep water are 

shown as red and are unclassified. The color scheme then progresses from orange, very 

sparse density, to blue, very dense biomass. Included in the dense class are roads which 

have a similar visible color from the air, and therefore spectral pixel value, as well as 

populated clusters of Eleocharis spp. stems. 
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In order to precisely validate the outcome of the unsupervised density map, it was 

necessary to ground truth as many different classes on the density images as possible. 

However, the field accuracy assessment took place in April, 2007 which correlated with 

one of the driest months since 200 1. In fact, much of G WP no longer had standing water 

but instead the limestone rock was exposed and cracked. The only remaining surface 

water was in the canals and the mitigation area to the west (shown in red in Figure 26, but 

in 2002 was mostly Salix spp.). Consequently, a canoe would get stuck in the mud and 

an airboat could cause unnecessary habitat degradation, so ground truthing could only be 

accomplished by means of cluster sampling. Figure 26 depicts the ten density ground 

truthing sites that were accessible on foot. 
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Figure 26: Ten fixed quadrat cluster sampling sites of varying Eleocharis spp. 
stem counts 

In an attempt to quantify stem counts like the data collection done by the UWF 

researchers and assign a qualitative description like the scientists from the SFWMD, a 

fixed quadrat cluster sampling method was utilized for the ground truthing mission. A 

one meter PVC quadrat was placed over distinctive levels of densities, determined in the 

field based on cluster sampling accessibility factors. At each site, a GPS point was taken 

using the Garmin GPS II Plus unit equipped with a receiver for 3-15 (1-5 meter) foot 

RMS accuracy. A count of green (live) stems was taken in the square meter area and an 
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estimate of dead stems was noted as well. The results of the density ground truthing 

mission are presented in Table 6. 

Live Dead 

Site Eleocharis Eleocharis 
Unsupervised Description stem stem # 

count estimate 
class# 

(per m2
) (per m2

) 

1 Very Dense 100 450 0 
2 Medium 60 150 2 
3 Sparse 39 10 2 
4 Dense 150 400 6 
5 Medium 85 150 9 
6 Sparse- Med. 78 160 5 
7 Dense 100 450 3 
8 Sparse 30 70 3 
9 Sparse 68 100 4 
10 Medium 75 200 0 

Table 6: Ten density sampling points with cluster busted 
(unsupervised) image and supervised class number 

Supervised 
class# 

0 
7 
4 
3 
1 
0 
7 
7 
6 
10 

Examination of Table 6 vindicates that the class number from the cluster busted 

("density") image does not correlate with the hypothesis that sparse vegetation should 

have a lower class number and the densest should be class ten. However, the inspection 

of the three quadrat sampling sites (Figure 27) on the classified density image visually 

appear to have been successful in matching up with the spectral patterns of parallel 

features on the normal color DOPs. Light green indicates a densely vegetated area, cyan 

is medium, and darker blue represents more open water areas with sparse stem counts of 

graminoid species. 
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Figure 27 : Zoom of dense, medium, and sparse vegetation points (1 -3, 
respectively) on the unsupervised ten-class Image 2 and NC Image 2 

Point 1, in a dense, monotypic stand of Eleocharis spp. was unclassified due to its 

brightness similarity to cypress trees and pavement, while points 2 and 3 had a density 

class value of 2 and 1, respectively. Nonetheless, an even closer zoom at the pixel level 

of the density map reveals the result of classification on high accuracy imagery of site #1 

in Figure 28. 
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Figure 28: Site #1 (Dense Eleocharis spp.) at pixel level 

Once again, it is apparent that the challenge to validate the accuracy of a map 

product, and therefore producing an error matrix that is not random, lies in the fact that 

the high resolution of the NC imagery concurring with a sample point that falls within 

one pixel cannot yield meaningful results . However, the field work was beneficial in that 

it provided a quantifiable stem count to compare with the cluster busting mapping 

technique. Beneficially, the density map could be visually reliable at full scale, and is 

potentially useful on a large scale, such as contiguous wetlands making up snail kite 

habitat of central and south Florida. 

In order to achieve optimal results, the density slicing step of the cluster busting 

methodology is probably the most sensitive to human error and bias, and should be done 

carefully. It is difficult to have a seamless classification scheme from one image to the 

next, so an edge line is often visible and thereby represents another inconsistency in the 

methodology. Also, temporal bias must be noted in that the ground sampling was done 

five years after the imagery was photographed which could potentially be basis for error 

if the vegetative structure had changed significantly. Unfortunately, even if the density 
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slicing is executed precisely, normal color imagery of wetland prairie habitat with 

spectraJly comparable feature classes such as cypress trees, Cladiumjamaicense, and 

dense graminoid species are difficult to break up through classification, in addition to 

shadows and deep water. 

Supervised classification 

Corresponding to the Pomacea habitat methodology, in order to test for the 

practicality of polygon ground truthing versus GPS points, a supervised classification was 

run on the 255-class masked images. Ten training fields were taken on the images and a 

parallelepiped, maximum likelihood classifier was run to produce the four class {sparse 

(aquamarine), sparse-med (pink), medium (light green), and dense (dark green)} 

supervised images where the ground truthing was done. Next, the ground truthed points 

were overlaid with the supervised images and the class numbers were recorded. Like the 

unsupervised image, Table 6 shows the unstructured pattern of the supervised image 

density point classes. In addition, the image edge line apparent in Figure 29 is even more 

mismatched than the cluster bust image since the training fields consisted of only 

Eleocharis spp. densities and do not include an unclassified class. 
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Figure 29: Image 2 and 5 supervised four-class graminoid densities 

Thus, in concert with the first methodology, polygon digitization can offer 

insightful statistical information on monotypic graminoid stand pixel values on an area 

much larger than the pixel level. Polygon statistics from the NC DOPS extracted from 

the ten training fields digitized for the supervised classification are recorded in Table 7. 

Density descriptor Cell count Min. value Max. value Mean 
Standard 
deviation 

Sparse 220192 0 182 78 36 
Sparse-Medium 924172 0 230 90 44 

Medium 588119 0 242 103 35 
Dense 1434320 0 235 121 31 

Table 7: NC DOP pixel statistics of the ten training fields used for the 
density supervised classification 

The NC image brightness values, as compared with the NDVI polygon pixel values from 

the Pomacea-mapping task, are easier to interpret. The mean values are very 
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representative of the expected density values over a patch of selected density levels, and 

could be useful in query analysis for future studies. Other factors to consider when 

mapping the density growth of emergent aquatic species in a wetland include water 

depth, currents, nutrient availability, and soil type. 
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RESULTS AND DISCUSSION 

Error matrix: Pomacea paludosa habitat map 

The most common method to assess the accuracy of a classified map is through 

overlay of the ground truthed points to produce a table of errors. The error matrix 

provides a detailed assessment of the agreement between the sample reference data and 

classification data at specific locations along with a complete description of the 

misclassifications registered for each category (Okeke and Kamieli, 2006). Map 

accuracy is affected by many factors, variables, and enors throughout the process and it 

is often difficult to pinpoint the source of the problem. In the matrix seen in Table 7, 

there are several potential causes of bias that could affect the outcome of the data. One 

example could be the low number of ground truth sites, twenty-three for both Pomacea 

habitat and non-habitat, which may not be enough since the study area is a relatively 

large area. Another potential dilemma is that not all ecologists, wildlife managers, and 

digital image analysts will agree on the criteria defining Pomacea paludosa and 

Rostrhamus sociabilis preferred and non-preferred habitat. Lastly, the challenge of not 

being able to ground sample over a large area and having to sample by means of cluster 

sampling presents uncertainty during the accuracy assessment. 
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Confusion Matrix 
Ground Truth Data 

Non-

Classified Pomacea Pomacea 

Image Habitat Habitat Totals 
Pomacea 
Habitat 15 1 16 
Non-

Pomacea 
Habitat 8 22 30 

Totals 23 23 37 

Errors of Errors of Producers Users 
Omission Commission Accuracy Accuracy 

Habitat 8/23=35% 1/16=6% 15/23=65% 15/16=94% 
Non-habitat 15/23=65% 22/23=96% 22/23=96% 22/30=73% 
Overall 23/46=50% 23/46=50% 37/46=80% 37/46=80% 

Table 8: Confusion matrix for the accuracy assessment of the Pomacea paludosa 
habitat vs. non-habitat map 

The confusion matrix is useful for interpretation to detect the configuration of 

errors from the classification. The overall accuracy of the methodology for determining 

apple snail habitat was an encouraging 80%. The ability to detect Pomacea habitat on the 

map was extremely good, showing a user's accuracy of94%. The high number could 

reflect that not enough ground points were sampled to verify the Pomacea habitat, or that 

the ground points selected were features such as cypress trees, upland trees, deep water, 

shadows, and Cladium jamaicense and did not include areas of very dense Eleocharis 

which would probablynot be conducive habitat to the lifestyle of the Pomacea species. 

Foremost, however, to consider when assessing the fifteen out of sixteen user's accuracy 

sample points is that the Pomace a habitat map is a two-class map (yes or no) that, when 

ground truthed, will be positively correlating unless the point, like the one misclassified 
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point in the errors of commission, overlays a very visually different feature, like Cladium 

jamaicense. 

Conversely, the errors of omission reveal that there were eight out of twenty 

three points that were missed on the Pomacea habitat map yielding a producer's accuracy 

of only 65%. The 35% omission e1tor has to do with the previously discussed point vs. 

polygon issue that is a result of the high accuracy resolution of the variable pixel 

classifications. In other words, when verifying producer's accuracy, seven out of twenty-

three points that were misclassified as Pomacea habitat were, in actuality, found in 

sparsely vegetated areas which were not included in the apple snail-preferred species map 

because they were eliminated as water. The other point was not included as Pomacea 

habitat because it had a unique brightness value due to it being a mixed region with 

Eleocharis spp., Utricularia spp., periphyton, and Nymphaea odorata. 

In order to assess the proportionate reduction in error generated by the 

classification of Pomace a paludosa habitat compared with the error of a completely 

random classification, the kappa coefficient was determined. The row and column totals 

are multiplied by each other to generate a new matrix. Then, the sum of the diagonal of 

the new matrix is divided by the sum of all the values in the new matrix to yield the 

percent of expected errors from the mapping procedure. Next, the numbers are plugged 

in to the formula shown below: 

Kappa coefficient = Total percent correct-% expected 
1 - % expected 

The total percent correct is represented as the overall accuracy from the error matrix, 0.8 

or 80%. The percent of expected errors was determined as 0.5, or 50%, to reveal the 

Kappa coefficient to equal 0.6, or 60%. Therefore, the classification of the graminoid 
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species in the Preserve was 60% better than a random assignment of classes. A kappa 

statistic of 1 would mean that the number of agreements would equal the number of trials, 

a perfect agreement (Cohen, 1960), but a kappa coefficient of0.7 or higher is generally 

regarded as good statistical correlation. Thus, the results from objective one are 

significant and show a good probability of capturing the species of interest, but it appears 

that the exclusion of sparse stem densities of Pomacea habitat had an impact on the 

statistical outcome of the study. 

Overall, both the Pomacea-habitat and density level maps appear to have captured 

the desired features with good accuracy and consistently on each of the individual normal 

color images. The methodology can be utilized on all NC DOPs of Grassy Waters 

Preserve that are available every two years for a reliable time series change analysis 

study. The steps are also repeatable for any NC imagery that captures native wetland 

prairie habitat, and could be altered depending on the target plant species and the general 

goal of the project. Finally, the study could also potentially be applicable on other types 

of DOPs or satellite images that include more bands of data and different resolutions. 

Alternative field method for density mapping 

Experimentally, the spatial profile tool was utilized on the NC DOPs to determine 

if a linear pattern was present across the three levels of Eleocharis density. The three 

profile graphs in Figure 30 illustrate that there is a discernible pattern across sparse, 

medium, and dense areas of Eleocharis spp. in Band 3 of the NC Image 5. The X axis, 

representing distance of the profile line drawn in ERDAS, is not a significant factor in the 

interpretation of the Y axis, which depicts the pixel value over a defined area. It is 

obvious to perceive the utility that the tool can provide in spotting sporadic or uniform 
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densities of plants. The profile tool could be used in conjunction with a transect method 

of field sampling whereby one meter quadrat stem counts could be performed along the 

length of the transect line. The method would offer an advantage over single quadrat 

throws in that more ground would be sampled, but it would also be more time 

consuming. 
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Figure 30: NC DOP pixel values over a defined spatial line 
given by the profile tool in ERDAS Imagine 

Improved classification methods for habitat and vegetation density mapping 

Fuzzy classification/fuzzy convolution 

The ecotones of native Floridian wet prairie habitat are not sharp or black and 

white. Even though the boundaries between Cladium stands, shallow water, cypress 

trees, and graminoid species are very apparent on the NC DOPs, in reality, there is a 

fuzzy nature to the features that compose ecosystems across space. Even with high 

resolution digital imagery, mixed pixels or "mixels" are a problem when running simple 

unsupervised or supervised classifications. For instance, one of the NC images may be 

made up of 30% graminoid species, 40% Cladium, 20% cypress, and 10% open water. 

Consequently when a classification procedure is run, the mixel will be pushed into one of 

the classes defined by the analyst even if it belongs to two classes. 

Furthermore, the human eye can only interpret approximately 10-12 colors at a 

time on a classified map (Roberts, 2003). One of the solutions that fuzzy convolution 

provides is the ability to classify an area based on the minimum distance to means 

procedure. The analyst takes training fields of homogenous classes as usual and also 
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some that are polygons of mixed spectral infom1ation. When the classification is run, the 

procedure gives data about the relationship between each pixel to the mean vector of all 

the training fields that are digitized. A major benefit to doing this is that the mixed 

training field will return combined percentage values for the types of homogenous classes 

making up the area such as 30% graminoid, 40% Cladi?Jm jamaicense, etc. The fuzzy 

convolution utility can then be used on the multiple-class assignment output resulting 

from the fuzzy classification by generating a moving window convolution producing a 

new single class output file. It does this by calculating the total weighted distance for all 

classes in the moving window. 

The developers of the ERDAS imaging products have realized the need for the 

algorithms to become more sensitive to the inexact nature of classifying Earth's features 

(Jensen, 1996). ERDAS Imagine has fuzzy classification sub-tool within the supervised 

classification tool where the analyst has the option to define the number of best classes 

per pixel from which the computer will refer to in order to produce the classified image. 

The rollout of ERDAS Professional has greatly improved the capability of the software to 

have a unique function for doing fuzzy classification. The service would be especially 

effective for a research question such as determining the approximate 30-40% (Stieglitz 

and Thompson 1967, Sykes, 1987c, Bennetts et al., 1988) proportion of emergent 

vegetation to open water to for the foraging benefit of Rostrhamus sociabilis plumbeus. 

One of the results of doing a fuzzy classification as opposed to unsupervised or 

supervised, which is the inherent in the definition of fuzzy classification, is that it 

incorporates a more subjective means of accuracy assessment. A study done in 2003 by 

Shalan et al. tested software that the researchers had developed specifically for the 
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purpose of accuracy assessing fuzzy classification of the recently derived fuzzy 

algorithm. The design contained a menu with three buttons for calculating the measure 

of closeness, correlation coefficient, and error contingency report statistics. 

Hyperspectral imagery 

The Pomacea habitat mapping project has suggested that a coarser resolution 

DOP that includes the CIR band would possibly be a more suitable type of imagery for 

the application. An article prepared in 2003 by the Science Applications International 

Corporation for the South Florida Water Management District gives a comparative 

review of HIS (hyperspectral imagery) and CIR aerial photography. HSI sensors reliably 

collect 100-250 wavelength channels between 0.4 and 2.5 11m (reflected light only) at 

pixel spatial resolutions of 4-20 meters. While that is a lower resolution than CIR, there 

are plentiful algorithms and software tools to map the information at a subpixellevel 

(SAIC, 2002). Additionally, the researchers make the case that the cost comparison to 

CIR is much less in regards to the scope of work of a mapping project. 

Specifically, HSI studies have shown the ability to differentiate with distinctness, 

photosynthetic vegetation in deep water areas, including submerged aquatic vegetation 

(SA V), due to the numerous bands of data that allow for deeper water penetration. The 

study by SAIC also demonstrates the if HSI is used concurrently with a mounted field 

spectrometer, spectral signatures of emergent and submerged aquatic plants can be 

discriminated and identified. Moreover, the spatial abundance from the spectral 

measurements is detected as well, down to the level of sparse SA V (SAIC, 2002). 
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OBJECTIVE 3: GIS analysis of Pomacea!Rostrhamus habitat 

Site suitability analysis 

The project at hand is a good example of the fact that there are not only multiple 

ways to approach a task such as vegetation classification and vegetation density within 

one type of software, but there are also multiple software packages that can be used to 

accomplish the goal . For instance, one of the most promising methods to determine and 

map the desired habitat of the Florida snail kite is a site suitability analysis using ArcGIS . 

The project could be initially tested on a small scale, such as one or two DOPs, and then 

expanded to the area of Grassy Waters Preserve, and possibly to the greater Everglades 

ecosystem. The condensed methodology for the project is illustrated in Figure 31. 

Snail kite habitat 
site suitability 

analysis 

Fuzzy classification Cluster busted Pomacea Availability of Distance to 
of graminoid classification of habitat perches and another 
density levels graminoid density 

map 
nesting sizeable wetland 

levels substrate 

Reclassify 

- Weighted Overlay, 
intersecting feature 

analysis 

Figure 31 : Site suitability analysis methodology for the Everglade snail kite 

The development of a site suitability model and the use of the weighted overlay 

tool in ArcGIS or Imagine is best done by a team of experts. While the computer 
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automated steps of the project are quantitative, the experts who design the project 

influence the outcome by qualitatively dete1mining the suitability scale. In the 

constructed flow chart above, the second row represents some of the factors that 

influence a kite's decision to inhabit a region. In this hypothetical example, each box on 

the second row of the flow chart would be weighted by the scientists according to the 

ecological priority, and given a value between one and five, for instance. 

The first two squares on the left of row two in Figure 31 describe two classified 

images that were derived from different classification schemes based on density levels of 

apple snail habitat, and would be used as input raster images in the modeL The center 

box on the second row is also a raster image designating the areas in the wetland that are 

graminoid species. All three are classified images pertaining to the availability of the 

food source, and could be combined before being recoded or recoded with consideration 

of the sum of the three. The fourth box on the second row could represent a vector layer 

of field-quantified perches, and could be weighted alone or with the addition of nesting 

factors. Finally, the last box in the model might be derived from the Euclidean allocation 

tool which creates a raster buffer from a feature class that has an attribute table with a 

field for distance to the closest wetland. 

In the model draft represented in Figure 31, there are undeniably other dynamics 

to the ecological partnership between a snail kite and a wet prairie habitat that are 

missing. One example is the model's deficiency of a factor representing the influence of 

environmental conditions such as drought, extended inundation, and hurricanes that affect 

the interaction of the life cycles of the snail kite and apple snail. 
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In order to test the feasibility of the site suitability analysis presented in the 

methodology above, available layers were utilized in a recoding procedure for a weighted 

overlay analysis. Experimentally, the Pomacea-prefened grass, sedge, and rush class 

was recoded to a value of three, while the unclassified zero value class remained as zero. 

Next, the graminoid density map consisting of ten classes was changed so that classes 1-

4, representing sparse densities, received a value of three, classes 5-7 for medium 

densities were given a two, and classes 8-9 inherited the value of one. The unclassified 

class, class 0, and class 10 representing very high stem densities and a mix of other 

features (concrete) were given the value of zero. The two images were overlaid utilizing 

the weighted overlay tool and density sliced in ArcGIS. Then, the nest location shapefile 

was opened (shown as black dots below), and a buffer delineating the farthest distance 

that kites tend to forage from the nest was drawn at a distance of 6 km around each black 

dot. The final product is represented in Figure 32. 
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• • • •• 

Figure 32: ArcGIS display of weighted factors pertaining to the habitat suitability 
of the snail kite in GWP 

The suitability model would be of interest to a scientist interested in studying the 

cost -energy requirements of the foraging habits of the Florida snail kite. In this case, 

sparse to medium plant densities in close proximity to available foraging perches would 

be important weighted values for the analysis. Darla Fousek (USFWS) expressed her 

research interest to observe the foraging kites for reporting the energy gained vs . the 

energy expenditure of hunting in the various densities of Eleocharis spp. in the Preserve 

and beyond based on prey size, ease of capture, and distance from the nesting perch. 

Hypothetically, if the effectiveness of still-hunting is controlled by the snail-encounter 

rate within a patch as a function of the distance from the still-hunting perch, then perhaps 
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the most imp01iant decision made by a foraging kite is what patch to search in and for 

how long before abandoning one patch for another (Beissinger, 1983). 

Figure 33 illustrates the same features from Figure 32's site suitability 

experiment, but in more detail. The blue color represents marginally favorable kite 

habitat, orange is a more favorable area, and green exhibits the regions that would be 

optimal for foraging in Grassy Waters Preserve. Once again, the distinction between 

images is evident based on the sensitivity of density slicing each NC image; The fact that 

the raw NC imagery was pre-processed by spectral smoothing and edge matching tools 

resulted in the derived NDVI ratio images containing different patterns of brightness 

values along the 256-class scale. Density slicing would be much easier to repeat on a 

numerous NDVI images if the same classes on all images translated to the same features 

on the ground. 
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Figure 33 : Foraging suitability map for Rostrhamus sociabilis in study area 

Research conclusions 

The classification of aquatic emergent vegetation using NC six-inch resolution 

OOPs was accomplished through a series of iterative procedures using the ERDAS 

Imagine software. Deduction of objective 1: Pomacea paludosa habitat mapping informs 
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analysts of the observation that the creation of an NDVI ratio image as the base image 

(instead of the original DOP) for density slicing, recoding, and masking is superior to 

unsupervised and supervised classification methods. Although the unsupervised 

classification is extremely fast and not subject to human error, the isolation of different 

plant species was not quite as evident as on the NDVI images. With regard to the 

supervised classification procedure, it is potentially more successful in isolating different 

species than the unsupervised, but the amount of time it takes to digitize training fields, 

which are also very subject to human misinterpretation, is much greater. Thus, the NDVI 

approach is satisfactory for aquatic vegetation mapping when factors such as accuracy 

and time efficiency are considered. 

Another conclusion that can be made from the apple snail habitat mapping 

methodology is generated from the comparison of the NC NDVI and DOQQ NDVI 

images. It is difficult to state with complete confidence that imagery with the IR band 

would have yielded a better accuracy in an error matrix for vegetation mapping since the 

methodology demonstrated in the creation of the Pomacea!non-Pomacea habitat map was 

not tested on this type of imagery. However, the identification of the shapes of 

Eleocharis, Cladium, and Typha were much more distinct on the CIR DOQQ after 

density slicing took place and much less pixilated than on the NC imagery which would 

suggest that a classification output would show a much smoother change over land 

features . Again, the decision as to the type of imagery used for a mapping project, NC or 

CIR, will most likely be a function of cost and accessibility. 

Lastly, as a result of eliminating Typha spp. and Cladium jamaicense to retain a 

habitat consisting of only low profile aquatic emergent species, the difficulty of correctly 
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classifying numerous species of plants consistently is quickly realized in the process. 

Even if the plants grow in a homogenous area that has been ground verified by the 

researcher, it may still be difficult to accurately identify other locations of the species. 

Typha spp. is an example of a species that commonly grows thickly in wetlands, but is 

difficult to delineate on NC imagery possibly because of its variable spectral signatures 

and non-uniform height per plant. Unfortunately, the analyst may spend several hours 

experimenting with how to revise the classification procedure or remedy the output. 

The second objective of the study was much more straightforward in that the 

graminoid-only map had already been created and experimentation would be limited to 

that map class only. Although there was not a standard density definition quantifying the 

number of stems that comprise sparse, medium, and dense levels of Eleocharis spp., 

documentation by researchers doing studies that pertained to the density of the species 

coincided with one another in their findings. Losada and Childers (2004) noted that a 

common Florida wetland Eleocharis density value was approximately 35 stems/m2 which 

correlates with a sparse density according to the field work by students from UWF in 

May 2006 and the ground truthing done in GWP in April2007. More specifically, UWF 

researchers noted the abundance of apple snails in mainly Eleocharis or 

Eleocharis/Panicum flats in densities ranging from 16 to 154 stems/m2
, but the averages 

(shown in Table 4) were between 33.6 and 78.6 stems/m2
. 

Ground truthing of the cluster busted ten-class density map of Grassy Waters 

Preserve exemplified that, during an extended drought period, sparse to medium 

Eleocharis stem counts ranged from 30 to about 85 live stems/m2
. There were areas of 

much fewer stem counts per squared meter in the Preserve, but since the field work was 
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done on foot, "medium" classified qualifiers would actually be called "dense" if the very 

sparse areas would have been sampled. Therefore, dead stems (which were not 

prominent in open water/Eleocharis regions) that were folded over in the sampling sites 

and not conducive to apple snail egg-laying are not taken into account. 

Another conclusion that can be inferred from the density mapping portion of the 

study is that logical inferences can be made from the classification of high resolution 

imagery at the full scale, but ground truthing and accuracy assessment of the imagery at 

the pixel level may require modification of either the pre-processing of the imagery 

before classification occurs, or the alteration of ground sampling methods. Lowering the 

resolution of the imagery, applying a smoother filter to even out the pixel brightness 

values, or experimenting with stereo images could all be considered as a means to 

minimize the difficulty of the interpretation of the classification of six inch resolution 

imagery. Additionally, the type of field sampling could be changed to reflect a more 

gradual change in ground features, perhaps by a linear or polygonal sampling procedure 

that averages pixel brightness values. Accuracy assessment with an error matrix could 

then be accomplished in order for meaningful analysis to take place. 

The documentation of the techniques used in Imagine discussed in the 

methodology section can serve as a baseline study for future graminoid mapping projects 

at Grassy Waters Preserve to show change over time, or for similar ecological studies in 

the greater Everglades area. The procedures that were chosen for trial and error are 

documented in the methodology so that the steps that did not improve the map output 

could be skipped all together, and the advantageous ones could be repeated in a timely, 

reliable fashion. 
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Foresight 

The CERP restoration initiative to rejuvenate the natural flow of water of the 

Everglades will be monitored and evaluated based on variables on a large scale for many 

years to come. No one specific species will determine the success of this project, and 

there will always be new challenges which present themselves as new biota are 

introduced to the ecosystem while others are lost. However, the relationship between 

natural resource managers and scientists is fundamental in forecasting how the ecosystem 

will be encountered generations from now. Excess nutrients in the water are one 

unwavering characteristic that will shape management activities for illimitable decades. 

More specifically, phosphorous is found to be strongly limiting in both the saw

grass and wet prairie communities. However, with the increase of phosphorous levels in 

the Preserve, Typha spp. domination could lead to a decline in native slough species such 

as Utricularia purpurea and Eleocharis cellulosa, both suggested as being indicators of 

background (unenriched) phosphorous levels (Vaithiyanathan and Richardson, 1999; 

Cronk and Fennessey, 2001). Conversely, given that higher water levels and longer 

hydroperiods is a goal of Everglades restoration, a decline in saw-grass, the "charismatic 

macrophyte", and a simultaneous replacement with deeper water species such as spike

rush, may not necessarily be detrimental or ecologically disruptive (Losada and Childers, 

2004), especially to the endangered Florida snail kite. 
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