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ABSTRACT 
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December, 1997 

Like so many natural areas in south Florida, the Dupuis Reserves' landscape has 

gone through extreme alteration due to numerous cultural activities. Activities including 

drainage, cattle ranching, and citrus farming have altered the reserves natural hydrology 

causing the formation of several watersheds. This hydrologic alteration has caused the 

once homogenous ecosystem to fragment into two separate landscapes: one dominated 

by drainage and human impact while the other remains in a relatively natural state. 

This study will attempt to determine, with the use of remote sensing, geographic 

information systems and digital image classifications if culturally derived watersheds 

cause significant change in the spectral signatures of vegetation. Results indicate that 

when the study site is sectioned along culturally derived watersheds, classification 

accuracy is significantly improved. 
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CHAPTERl 

Introduction 

Culturally induced hydrologic alteration has had a significant impact on south 

Florida's natural ecosystem. The state's historic landscape was once an interconnected 

mosaic of uplands, wet prairies, wet flatwoods and cypress sloughs (Davis, 1943). This 

predrainage landscape was dominated by a hydrologic regime characterized by overland 

sheetflow and long hydroperiods. The ecological richness and productivity of this 

predrainage system were dependent on a large spatial scale, limestone geology, dynamic 

storage, and the heterogeneity in habitat (Science Sub-Group, 1993). 

Extreme changes in land use and population growth around the Lake 

Okeechobee/Everglades watershed have created such problems as altered hydroperiods, 

fragmentation of habitat, and the invasion of exotics. The continued destruction of these 

habitats not only alter the varied biota of the area but also threaten a critical link to 

Florida's rich ecological past. 

New techniques utilizing GIS, remote sensing and digital image analysis are 

currently aiding researchers in their understanding of these complex ecological problems. 

While many studies utilize satellite image analysis, spectral variation caused by culturally 

created watersheds is rarely considered. Southern Florida which possesses one of the 

most hydrologically altered landscapes in the United States due to its flat topography and 

population density, makes it an excellent choice for this type of analysis. 

This study will attempt to determine, through the analysis of satellite 
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image classification, if the spectral signatures of vegetation of the Dupuis Reserve have 

been altered due to culturally derived watersheds. Four classifications phases were 

chosen to assure that all variations in the selection of training fields were included. The 

first phase of the classification process was based on the spectral signatures obtained 

from the entire study area. The second classification phase was based on the study area 

split into separate watersheds using spectral signatures obtained from the entire study 

area. The third phase was based on the spectral signatures obtained from each distinct 

watershed. The forth and last classification phase was based spectral signatures obtained 

from each watershed and applying them to the adjacent watershed. 

1.1 Overview of Image Classification 

Supervised classification is a type of image classification that uses information 

derived from a few areas of known identity to classify the remainder of the image 

(Campbell, 1987). Samples of known identity are those pixels located within 'training 

areas or fields'. The training areas are defined by identifying regions on the image that 

can be clearly matched to areas of unknown identity on the image (Campbell, 1987). 

Training fields must be homogeneous in respect to the informal category to be classified. 

As a general rule the training areas for each class should provide at least 100 pixels for 

each category. 

Numerous supervised classification schemes are currently used in the field of 

remote sensing. The three most common include, parallel piped, minimum distance, and 

maximum likelihood. The Parallel piped classification is a widely used decision rule. 

The spectral values of unclassified pixels are projected into multidimensional data space; 
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those that fall within the regions defined by the training data are assigned to the 

appropriate categories (Campbell, 1987). The minimum distance classification assigns 

unclassified pixels to the closet cluster or centroid with the minimum distance defined by 

the training data. This technique has the advantage of being relatively simple and 

frequently used. It can result in classification accuracys comparable to other more 

intensive algorithms such as the maximum likelihood technique (Jenson, 1986). The 

maximum likelihood is a supervised classification technique that uses the training data as 

a means of estimating means and variances of the classes that are then used to estimate 

the probabilities for membership in the classification (Campbell, 1987). This type of 

classification, while considered more accurate, was not used for this project due to the 

inability to obtain accurate land cover percentages. During the initial stages of the 

classification process both the parallel piped and minimum distance classifications were 

performed on the raw data sets. After evaluating the resulting images it was determined 

that the minimum distance technique yielded the best results based on its regular shapes 

and patterns. 

1.2 Study Area 

The Dupuis Reserve is a 21,875 acre state forest and reserve located in northwest 

Palm Beach county and southwest Martin county, two miles from the eastern shore of 

Lake Okeechobee and forty miles northwest of Palm Beach (Figure 1). The property is 

bounded to the east by the Corbett Wildlife Reserve and to the north, south, and west by 

the Everglades Agriculture Area. 
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Figure 1: Dupuis Reserve Location Map (David, 1991) 
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While the main study area is the Dupuis Reserve, the primary focus of this project 

is a roughly two mile by five mile rectangle, near the center of the reserve (Figure 2). 

The site is bisected by a drainage canal called Cooter Creek which was installed to aid 

drainage in the center of the site (David, 1991 ). The effects of over drainage throughout 

the years have helped produce two distinct watersheds on either side of the Cooter Creek 

canal. 

The Reserve is home to numerous plant and animal species including bobcat, feral 

hog, bald eagle, whitetail deer, wild turkey and the American alligator. Native plant 

communities include mesic and wet flatwoods, cypress, wet prairie and broadleaf marsh. 

The property was purchased by the South Florida Water Management District in 

1986 through the "Save Our Rivers" Program. Prior to its acquisition by the District, the 

site was utilized as a cattle and sheep ranch by the late John H. Dupuis. 

1.3 Topography 

The relief of the property is slight with ground elevations ranging between 23 and 

25 ft. gradually declines from northeast to southeast (David, 1991). The greatest change 

in elevation occurs in the L-8 marsh where elevation declines from 20 ft. at the tree line 

to less than 15 ft. at several locations near the canal levee. From the tree line, elevation 

increases gradually reaching 24 to 25 ft. in the north and northeast sections of the 

property. Elevations decline to the southwest towards the L-8 marsh where elevations 

range from 15 to 19 ft. 

5 



LEGEND 
lAANAGEMENT AREA BOUNDARY 

A, CHEC~ STATION 
=-::: STREIT OR HIGHWAY 
- UNPAVED ROAD OR GRADE 
~; CLOS£0. AREA - NO HUNTIN~ 

......,: E"NTRANCE CAT£ 
POWER l.INE 
COUNTY LINE 

CID DWELLING 
TRAILS (Hfi<ING ONLY) 

.............., FENCE: UNE 
• CAMP SiTE 

SCALE 

1 ULE 

.JOHN G. AND SUSAN H. 

• 

DUPUIS JR. 
WILDLU'It AND Il'!VIRONMEHTAL 

.AJt:EA 
(11,1'18-) 

Mllrtin and Plllm Beach oounliell 

.. D 
••• 

Figure 2: Dupuis Reserve Study Site (Dupuis Reserve Entrance Brochure, 1995) 
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The drainage on the site is dominated by three major drainage systems. The 

largest system comprising 18,593 acres is located in the southwest comer of the property 

and drained into the L-8 canal. The second, located in the northwest section of the 

property, comprises 2,483 acres and drains directly north to the St. Lucie canal. The 

third and smallest system encompassed nearly 800 acres, also drains into the St. Lucie 

canal (David, 1991). 

1.4 Vegetation Communities 

Primary vegetation communities on the site include pine flatwoods (mesic and 

wet), cypress domes and sloughs, marshes, and hardwood hammocks (Figure 3). Florida 

slash pine and cabbage palm are a significant portion of the pine flatwoods, which 

constitute 70 percent of the vegetation cover (Bennett & Assoc., 1985). The wet 

flatwoods or low pine flatwoods are now confined to the least drained areas that are only 

inundated for short durations, usually less than two months. The over drainage of these 

areas has resulted the in the conversion of many of the wet flatwoods to mesic flatwoods, 

which consist of slash pine and an understory of saw palmetto (David, 1991 ). 

In the western section of the site, the understory of the flatwoods has been 

converted to pasture by extensive draining and the seeding of Bahia and Pangola grasses 

for cattle ranching (Driggers, 1996). Cypress forests which include cypress sloughs, 

ponds, and prairies can be found throughout the site with a larger concentration found on 

the eastern side of the property. The large cypress trees are distributed throughout the 

wetter areas while dwarf or scrub shrub cypress are found on the prairies (Bennett & 

Assoc., 1985). Many of the marshes and prairies that still exist on the site can be found 
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boarding the L-8 canal in the south western section along with large areas on the eastern 

side of the property. 
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CHAPTER2 

The Historical Geography of the Dupuis Reserve 

One of the main focuses of modem cultural geography is the investigation of 

anthropomorphic activities and their impact on the natural landscape. Cultural 

geography attempts to detect spatial patterns of phenomena through the careful analysis 

of time and space. 

The individuality of a place or landscape though however striking or 

illuminating consists of a particular conjunction and relationship among a 

host of spatially extended elements, both natural and artificial. Temporal 

aspects are also crucial, the regular rhythms of nature as well as their shifts 

and interruptions both natural and cultural, constructs and constantly and 

transforms particular localities (Wagner, 1994). 

One of the goals of this project was to analyze the historic alteration of the Dupuis 

Reserve through time, an area of south Florida that Marjorie Stoneman Douglas called 

uniquely beautiful and one of the last available examples of early south Florida as it was 

(Do up, 1986). This landscape analysis of the property was accomplished through the use 

of personal interviews, GIS, remote sensing and various sources of both contemporary 

and historical data. These techniques along with the numerous data sources helped 

establish several temporal cross sections in order to gain a better understanding of the 

Reserve's present landscape. 
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Estaville (1991) described four techniques to investigate time within such a 

geographic model (Figure 4). The first, the temporal cross section, is often used for 

studying a single time period or slice, but does not allow for investigations of numerous 

time slices. The second technique, the synchronic cross section approach, allows for 

analysis of multiple time slices but does not look at the causes of change. The third, the 

diachronic subsection technique, looks at numerous time slices but unlike the synchronic 

approach focuses on spatial relationships through time. The fourth and last technique, 

temporal integrations, incorporates the synchronic cross section method with vertical 

themes to study numerous time slices and their relationships. 

For this study, the temporal integrations approach was used to investigate the 

Dupuis Reserve progressively through time. Upon investigating the available data on the 

site, three distinct but broad temporal cross sections, were identified. 

For this project an attempt was also made to create a satellite image 'simulation' 

of how the site would have appeared had imagery been available for a moment during 

these particular periods in time (Figure 5). This simulation was created by the analysis 

of 1940, 1967 and 1991 aerial photos along with the 1990 SPOT image. This analysis 

entailed identifying key areas of disturbance within the particular time period. The 

original image was then imported into the graphic software where the image was copied 

several times to create additional images from which to cut specific sections. Each time

slice was then composited using sections of other images to match the aerial photographs. 

The results, though extremely course, give a unique graphical representation of how the 

site may have appeared if imaged from space for a specific moment in time. 

Through analysis of these three key time periods, an attempt will be made to 
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determine how anthropomorphic activities such as drainage, ranching and restoration 

have helped shape the contemporary landscape of the Dupuis Reserve. 
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2.1 The Natural Period 

The natural period depicts a time that the Reserve's natural landscape consisted of 

a larger and more homogeneous wetland ecosystem dominated by seasonal precipitation, 

overland sheetflow and long hydroperiods. 

In the past, the historic Everglade's boundaries consisted of the eastern shore of 

Lake Okeechobee and 2500 acres ofthe present Dupuis Reserve, now referred to as the 

L-8 marsh (Davis, 1943). The marsh was part of a larger wetland ecosystem to the north 

known as the Allapatah Slough. The slough was responsible for providing overland 

sheetflow to the area through a series of wet prairies and cypress sloughs that eventually 

flowed into the Everglades. 

In general, these wetlands were frequently inundated for long periods oftime, 

beginning in the wet season. However, extended dry periods resulted in the wide 

fluctuations of water levels which influenced formations of these wetland systems 

(David, 1991). Historically, over half of the property consisted of wet prairie and wet 

pine flatwoods, maintained by frequent inundation and intermittent natural fires. These 

fires impeded vegetative succession and stimulated growth of native wet prairie grasses 

and numerous species of wildflowers. At slightly higher elevations on the site (above 25 

ft.), the pine flatwoods were dominated by south Florida slash pine and wire grass that 

were maintained by more frequent fire (David 1991 ). 

Due to its varied habitats and geographic setting, the site had an abundance of 

both wetland and upland wildlife (Bennett & Assoc., 1985). While the site's past 

inhabitants may have differed somewhat from present day faunas, contemporary species 

give an indication of the inhabitants in the past. Today the site is home to numerous 
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species of wildlife that are listed as endangered, threatened, or species of special concern 

to Florida. The endangered species include the wood stork, snail kite, and possibly the 

Florida panther. Threatened species include the southern bald eagle, the southeastern 

kestrel, the Florida sandhill crane, and the red cockaided woodpecker. The American 

alligator, the snowy egret, the little blue heron, and Sherman's fox squirrel are listed as 

species of special concern. 

2.2 Aboriginal Culture 

Evidence of the first human inhabitants on the Reserve can be seen in the form 

Indian mounds located on the west side of the property, near the 1-8 canal (Figure 6) 

(Bennett & Assoc., 1985). Ofthe three mounds found on the Reserve or earthworks, two 

are thought to be agricultural sites while the third may be a living area and is known as 

the 'Billie Bowlegs' Mound. Though named after the legendary Seminole chief, there is 

no evidence to link Bowlegs to these mounds. The Reserve's Indian mounds may be 

similar to the Big Mound complex located on the adjacent Corbett property, which is 

believed to be of Calusa origin, dating back to approximately 500 B.C.(David, 1991). 
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2.3 The Drainage Period 

The drainage period was a time dominated by substantial alteration to the site due 

to numerous human activities. These activities eventually led to a fragmentation of the 

natural ecosystem which led to a general loss of natural habitat, sheetflow and extremely 

shortened hydroperiods. 

The Reserve experienced major alteration in the 1920's with the construction of 

the St. Lucie canal. The canal which runs adjacent to the northern boundary of the 

property, extends from the Lake Okeechobee past the reserve to the north, and terminates 

at the St. Lucie inlet in Stuart, on the east coast. 

Upon the installation of the St. Lucie canal, the southerly flow of water to the 

property from the Allapattah slough to the north was terminated. This loss of sheetflow 

significantly altered the hydrology of the property which resulted in severe ecosystem 

change in the northwest comer of the property. Prior to the drainage, this portion of the 

property consisted of broad expanses of wet flatwoods, wet prairies, and cypress domes 

that historically drained southwest towards the Everglades. Analysis of 1940's aerial 

photos (Figure 7) indicated that within approximately fifteen years of the construction of 

the canal, the area became severely overdrained, leading to the loss of a significant 

amount of cypress and the conversion of wet flatwoods to mesic flatwoods (David, 

1991). 

In 1953, the L-8 canal was installed on the southwest comer ofthe property. The 

L-8 resulted in further drainage of the property and contributed to the accelerated 

development of agriculture south of the canal (David, 1991 ). 
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2.4 The White Belt Ranch 

The first permanent occupancy of the site occurred when the property was 

purchased by the prominent pioneering Miami Doctor John Dupuis, and his family in 

1955 (Figure 8). Dr. Dupuis had owned and operated the White Belt Dairy located at 

N.W. 62nd street in Miami, Florida (Figure 9). The ranch and dairy were a household 

word in old Miami and become one of the largest and most successful dairies east of the 

Mississippi (Driggers, personal com., 1996). In its heyday, the ranch owned over twenty 

five hundred head of cattle and two thousand sheep (Dupuis, 1954). During that time, 

the dairy portion of the operation was almost considered a community within itself. The 

dairy housed over 100 employees, had a processing plant capable of making over 58 tons 

ice a day, and ran its own electric plant, a sterilizing plant, a commissary, and even a zoo. 

The dairy was named for the Dutch Belt cows that Dr. Dupuis had purchased in 

1903 from circus operator P.T. Barnum's estate in an effort to distribute milk to newborn 

babies (Dupuis, 1954). Barnum had taken an interest in the breed that was often owned 

by Dutch royalty because of their white belt marking that encircled the middle of the cow 

(Figure 1 0). Barnum decided to purchase a heard in 1840 and exhibited them in his 

circus as a 'rare and aristocratic breed' of cattle (Dupuis, 1954 ). These animals become 

the foundation and trademark for the White Belt Dairy in old Dade County. Throughout 

the years, Dr. Dupuis and his White Belt dairy had been credited with many noteworthy 

accomplishments in the fields of medicine, dairy farming and agriculture. With its state 

ofthe art laboratory Dr. Dupuis researched the nutritional value of whole cows milk and 

was credited with the first distribution of acedapheous milk (Freeman, personal com., 

1996). 
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Figure 8: Dr. Dupuis and Family 1906 (Dupuis, 1954) 
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Figure 9: A Herd ofDutch Belts at the White Belt Dairy (Dupuis, 1954) 

Figure 10: A Dutch Belt Cow (Dupuis, 1954) 
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In the early 1950's Dr. Dupuis expressed to his family an interest to relocate his 

now famous ranch to a less congested area of south Florida. The family selected a 

40,000 acre property near Port Mayaca and Indiantown on the border of Martin and Palm 

Beach counties, which was previously owned by the late Florida supreme court justice 

Alton Adams. Adams also an avid outdoorsman, used the site as a private game preserve 

and family retreat. It was said that he and Dr. Dupuis actually engaged in a large land 

swap involving the property. Dr. Dupuis signed the papers to acquire the property on 

his deathbed in 1955 (Freeman, 1996). 

Upon the death of Dr. Dupuis, the property was passed on to his son John Dupuis 

Jr. , and son's wife, Susan, who went forward with the plan to make the property an 

extension of the well known White Belt Dairy in Miami. The new ranch, known to the 

family as the 'BarD' became both a successful business and a treasured family retreat 

(Freeman, 1996). 

Like his father, John Dupuis Jr. was also an avid outdoorsmen and nature lover 

and wanted to establish his new ranch without severely altering the majority of the site's 

natural ecosystem (Driggers, 1996). Dupuis' goal was to establish what now would be 

considered a managed 'low impact' ranch with pasture land established to fit the 

properties natural landscape. 

During the initial stages of establishing the ranch, it was decided that the grazing 

land would be limited to the northwest section ofthe property (Figure ll)(Driggers, 

1996). This plan would require minimum alteration to the site due to the previous 

effects of drainage from the St. Lucie canal. However, upon the creation of the first 

pasture areas, it was determined that in order to establish enough grazing land for several 
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Figure 11 : Herding Cattle on the Whitebelt Ranch 
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thousand head of livestock, further drainage of the site was needed. This feat was 

accomplished by the purchase of a large earthmover the ranch hands named 'Big John' . 

Big John was responsible for the numerous secondary ditches found throughout the site 

and remained on the ranch to dig drainage canals whenever needed (Freeman, 1996). 

During the first ten years of the ranch, numerous secondary ditches were installed 

on the western side of the property along with the Cooter Creek canal in the center of the 

property to facilitate additional drainage in the interior. In 1977 the construction of the 

FPL east transmission line access road severed the hydrologic connection with the 

adjacent Corbett Wildlife Management area resulting in further drainage of the property 

(David, 1991). 

The combination of primary and secondary canals installed on the property had a 

major influence on the natural hydrology and watershed. The result was the 

establishment of the three main drainage basins (Figure 12). 

Along with the drainage by the canals and secondary ditches, the overall 

watertable had also been lowered due to increased agricultural development and water 

usage on the adjacent properties (Bennett & Assoc. , 1985). As a result of the combined 

hydrologic alteration on the site, a large amount wetland habitat was lost. In addition 

there was accelerated shrub growth and the invasion of exotics including Brazilian 

Pepper and Melaleuca. 

When sufficient drainage was finally achieved on the west side of the property, 

numerous exotic grasses were introduced to establish grazing land. Grasses including 

Bahia, Pangola and other tame varieties were established by extensive seeding of the 
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Figure 12: Dupuis Reserve Hydrology Map (David, 1991) 
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drained flatwoods by low flying aircraft from the airstrip located in the northwest comer 

of the property (Driggers, 1996). Over time the thick growth characteristic of these 

species had succeeded in displacing many ofthe native plant species (David, 1991). 

Grasses were not the only plant exotics introduced to the property during the 

ranch years. John Dupuis influenced by his father's many agriculture ventures including 

Miami's first cultivated papaya grove, The Dupuis Bulb Garden, and the White Belt 

Nursery, indulged his agriculture interests on the ranch. Dupuis's hobbies included 

maintaining a nursery that included every known pineapple and eventually establishing 

3 7.5 acres of citrus containing over 26 varieties of fruit. Dupuis's experiments on the 

ranch involving palms, papayas and mangoes led to several agricultural patents (Bennett 

& Assoc., 1985). 

Once in full operation the Bar-D supported over 3000 head of cattle including the 

prized Dutch belts, Guernseys and several dozen Texas Longhorn (Freeman, 1996) The 

ranch also had over 2000 head of sheep and each year employed master shearers from as 

far away as Australia and Europe to obtain Bar-D wool (Freeman, 1996). 

While the ranch was capable of supporting thousands of cattle, the family never 

wanted to farm much more than 30% of the property. This resulted in almost the entire 

east side of the property remaining untouched (Driggers, 1996). 

The ranch also operated its own saw mill located in the northwestern section of 

the property. The mill was mostly used to process lumber for the ranch. Most of the 

lumber was obtained from sick or fallen trees found on the property. According to all 

accounts very few live trees were ever harvested or sold (Driggers, 1996). An appraisal 

of the potential lumber inventory done on the ranch at the time of the sale to the 
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SFWMD, reported that there was approximately 45,000 cords of pulp wood and 15,000 

cords of saw timber available on the site (Bennett & Assoc. 1985). 

Along with the conversion of low pine flatwoods to pasture and the introduction 

of livestock, additional landscape alteration included the installation of over 30 miles of 

post and barbed wire fencing, a landing strip, roads, and numerous livestock trails. 

While the ranch was in operation, three homes were built on the site in addition 

to the main ranch house. One was used as a retreat, and one was built with bath 

facilities, sheep pens and shearing facilities for visiting shearers. The remaining house 

was a two room facility with a kitchen and bath facilities in an adjacent structure. The 

ranch house which is located along state road 76 was constructed of rare and exotic 

woods and was considered for years to be one of the finest homes in the area (Bennett & 

Assoc., 1985). 

After nearly thirty years of operating the Bar-D ranch, John Dupuis passed away 

in 1984 and the ranch and all operations were taken over by his widow Susan. In 1986, 

after two years of operating the huge ranch, the family decided to sell. Though wooed 

by farmers and ranchers with substantial offers, the family decided to sell the 

ranch to the South Florida Water Management District for 23 million dollars, 

substantially less than the market value (Doup, 1986). Mrs. Dupuis was quoted as 

saying "putting the ranch in public ownership was the fulfillment of a dream for my late 

husband and me, the land should be preserved and belong to the public" (Doup, 1986). 

The purchase of the ranch by the state was considered one of the largest environmental 

land purchase in Florida history. Following the SFWMD purchase, all livestock were 

removed from the property by October 1987 (David, 1991 ). 
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2.5 The Restoration Period 

The restoration period, constructs the contemporary site, a landscape that is once 

again being altered by in an effort to restore the property's natural hydrology to its former 

predrainage state. 

Upon the sale of the property, the District performed numerous site surveys and 

an environmental assessment. It was then discovered how much alteration had actually 

taken place on the property in the previous 70 years. Surveys showed overland sheet 

flow was almost nonextant, having been extremely altered by the extensive network of 

canals and ditches. Aerial photos, satellite imagery (Figure 13), and field studies 

revealed a severely fragmented ecosystem that was inundated only when there was 

sufficient rainfall (David, 1991 ). The western portion of the property, encompassing 

approximately 3000 acres, had experienced the most severe disturbance due to the years 

of over drainage from the Cooter Creek and several secondary drainage ditches. The 

continued drainage had resulted in the dominance of mesic pine flatwoods, a dense 

understory growth, and cypress domes heavily invaded by wax mertyle. Dryer 

vegetation communities included saw palmetto, gallbarry, and other dry flatwood shrubs. 

The eastern portion of the area however, remained somewhat natural due to its wet 

seasonal inundation and lack of drainage encompassed around 3000 acres of cypress, wet 

flatwoods and wet prairie. While the eastern section was considered in more of a natural 

state than the western side, it was also beginning to show signs of drainage. Stressed 

cypress trees, along with an increase of slash pines and scrub cypress were early 

indications of a reduced hydroperiod. 
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Figure 13 : 1990 SPOT Satellite Image of Study Area Watersheds 

30 



When the SFWMD purchased the Dupuis Reserve in 1986 their major objectives 

were preservation, enhancement and reestablishment of native plant communities by 

restoring a more natural hydroperiod (Figure 14) (David, 1991 ). Additional goals 

included removal of evasive exotics, restoration of the original Everglades marsh, and 

enhancement of the native wildlife habitat. 

The restoration plan consisted of three phases, the first task was to remove 

drainage ditches by installing ditch plugs at strategic locations to restore interior wetland 

hydroperiods. The second, development of hydrologic control structures for impounding 

water in the L-8 marsh and the third, reestablish the natural hydrologic connection with 

the adjacent Corbett area (David, 1991) 

Today, despite the fact that much of the restoration plans are in the initial stages, 

the Reserve is starting to show signs of rejuvenation. Ditch plugs that were installed in 

1990-1991 are continuing to block the discharge of water from the wetlands areas. The 

west side of the property where the upland vegetation became established due to over 

drainage, is slowly being replaced with more wetland species (SFWMD, 1995). 

Two crossings over the FPL access road were constructed recently as part of a 

mitigation plan by FPL. These crossings will help to relieve the high water levels and 

begin to restore the historic sheet flow that existed between the Reserve and the Corbett 

property. The project goal, to reflood more than 2500 acres of remnant Everglades 

marsh, continues with a final result of restoring the hydroperiod on several thousand 

acres adjacent to the marsh (SFWMD, 1995). 
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CHAPTER3 

Watersheds In Natural Resource Analysis 

The increased use of geospatial technology in natural resource management has 

changed the way scientists interpret the landscape. Remote sensing and GIS are 

currently utilized throughout the world to study such physical phenomena as watershed 

delineation, hydrologic alteration and time series analysis. 

An extensive literature review was conducted for this project to determine if 

spectral signature of vegetation were considered in watershed based analysis. It was 

determined that while in the last ten years a number federal, state, and academic projects 

have significantly increased the use of remote sensing to analyze both natural and 

cultural derived watersheds, none of the studies considered the use of image analysis 

based on spectral characteristics of individual watersheds. 

The understanding of the spatial distribution of both natural and cultural 

boundaries is essential for the successful comprehension of the physical, chemical, and 

biological processes that occur in the landscape. Knowledge of terrain morphology is 

also needed for any engineering or land management endeavors that affect of disturb the 

surface of the land (Blaszczynski, 1997). A geographer must be able to recognize 

distance areal units that are characterized by specific tone textures and identify edges or 

boundaries between separate areas (Campbell, 1989). Natural boundaries may coincide 

with real changes in field variables, such as a break, slope or lines of discontinuity. 
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Boundaries can also be artificial in the sense of being imposed independently properties 

of the field variable such as administrative boundaries (Burrough, 1986). Landscape 

alteration by humans is the most recent boundary creating process, and is becoming more 

and more prominent. The edges of logged, cultivated, and hydrologically altered 

landscapes are now often visible from space. 

Recently, the delineation and analysis of both natural and culturally created 

watershed boundaries and drainage basins has taken on new importance for natural 

resource management. New concerns regarding the loss of wetlands, stormwater runoff, 

ground water protection, and general water quality have made hydrologic and watershed 

analysis a popular subject of study. 

Simply stated, a watershed is a geographic area from which water in a particular 

stream, lake, or estuary originates; land surrounding a surface water body is sloped so 

that water running off it drains into the surface water body. Watersheds influence the 

flow of water, transport of sediment, and distribution of species (SFWMD, 1996). 

3.1 Watershed Delineation 

In many studies, the delineation of watershed boundaries and drainage basins 

have been established through prior land cover analysis. Many project sites however, 

may have only minor topographic variation or have extremely complex culturally created 

canal networks. These types of sites may require computer based hydrologic delineation 

at the onset ofthe project. Moore et al (1991) describe the evolution ofwatershed 

delineation and hydrologic modeling. During the period from about 1960 to 1975 

hydrologic modeling was born: Hydrologic sciences developed with the increasing 
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availability of computers. This led to the use of numerical methods in hydrology and 

hydrologic modeling. The first version of the Stanford Watershed Model was released in 

1962. A refined version in 1966 has probably become the most widely use hydrologic 

model over the last 25 years. Hydrologic models developed at this time were generally 

concerned with predicting water quantities, such as runoff volumes and discharges. The 

decade between 1975 and 1985 can be viewed as the transport modeling era, during 

which time environmental problems became a priority, including all forms of pollution. 

Recently there has been in increasing emphasis on the need to predict spatially variable 

hydrologic processes at quite fine resolutions. Digital elevation data and remotely 

sensed catchment characteristics such as vegetation cover are now viewed as essential 

data inputs to the new generation of hydrologic and watershed models. There has also 

been major changes in basic structures of hydrologic models that allow them to more 

readily use this spatial input data and predict spatially distributed landscape process. 

Jensen and Dominque (1988) described a now common software technique that 

was developed at the U.S. Geological Survey's EROS Data Center to extract topographic 

structure and to delineate watersheds and overland flow paths from digital elevation 

models (DEM). DEMs are used to model watershed scale hydrologic processes. The 

raster data structure of the DEM is a discrete approximation of the continuous land 

surface. Depending on the hydrologic process, various model parameters may be 

extracted from the DEM to simulate the distributed effect of topography (Viex, 1995). 

The first phase of the watershed analysis is a conditioning phase that generates 

three data sets: the original DEM with depressions filled, a data set indicating the flow 

direction for each cell, and a flow accumulation data in which each cell receives a value 
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equal to the total number of cells that drain into it. The original DEMand the three 

derived data sets can be processed to optionally delineate drainage networks, overland 

paths, watersheds for user specified locations, sub-watersheds for the major tributaries of 

a drainage network or pour points linkages between watersheds. This combined data can 

then be transferred to a vector of raster based GIS for further analysis (Jensen and 

Dominque, 1988). The vector data format is a topologically constructed set of points, 

nodes, lines and polygons which define locations boundaries and areas. A raster format 

is a regular grid of uniform size cells with a data value associated with each cell. The 

reason for using both kinds of data processing and handling formats is to take advantage 

of the best features of both. Data entry of vector information is more easily performed 

using a file digitized into vector format. Satellite, elevation imagery, and overlays for 

GIS cross tabulations are appropriately dealt with in raster format wherein every cell of a 

given layer and image is registered to the corresponding cell of every other layer 

(Shamsi, 1995). 

The ability to map drainage basins and watersheds is an important aspect of any 

environmental or resource analysis. The advent of aerial photography and satellite 

remote sensing have made surveys of large areas easier to accomplish, although this 

technology still requires in situ verification and ground truthing. While remote sensing 

can provide tremendous amounts of information about the surface of the earth, including 

watersheds and hydrologic basins, it is incapable of providing all of the data needed. 

The most complete approach to mapping at the distribution of various environmental 

parameters requires an integrated approach that relies on remote sensing and 

geographical referenced survey data (Blaszczynski, 1997). 
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3.2 Watershed Based Projects 

Numerous state and federal agencies are taking a new look at watershed 

boundaries and drainage basins in their analysis of the environment. An extensive 

Internet search of recent and current watershed projects identified more than 30 federal , 

state, and public projects utilizing watershed based analysis, many involving the use of 

geospatial technology including remote sensing and GIS. 

In 1991 the EPA determined a watershed based approach would be used in all of 

their regions in support of various environmental efforts. In a speech that year, EPA 

administrator Carol M. Browner emphasized that the new strategy would tackle 

environmental protection "watershed by watershed". This new approach was based on 

the Office of Water's 'Watershed Protection Approach Framework" endorsed by senior 

EPA managers in 1991. The watershed approach is a coordinating framework for 

environmental management that focus public and private sector efforts to address the 

highest priority problems within hydrologically defined geographic areas taking into 

consideration both ground and surface water flow (EPA Internet Home Page, 1997). The 

EPA has also included a watershed or basin map along with various other watershed 

related data for all of their regions on their Internet website to be used by both the public 

and other agencies for watershed based decision making. 

Various watershed projects have now been utilized on several federal natural 

resource projects. James and Hewitt (1992) describe how a GIS was initiated to help 

EPA personal in regions 8 and 10 along with local water quality authorities across three 

western states, understand the water quality issues associated with Idaho's Lake Pend 

Oreilld hydrologic system. The Blackfoot River Project demonstrated the utility of a 
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watershed scale information management system. The system developed a non point 

source pollution potential model geared toward natural resource management issues and a 

decision support mechanism capable of assessing the suitability and feasibility of 

different resource management alternatives. 

In 1994, a federal interagency task force, made up to oversee the South Florida 

Ecosystem Restoration, set out to create a comprehensive wetland strategy. This 

strategy is a multi agency GIS initiative developed to aid both the public and government 

agencies in decisions regarding wetland mitigation, conservation and restoration. The 

strategy will analyze wetlands according to their physical and biological characteristics 

and their importance in the larger landscape. The project, which is still being developed 

by the EPA, the South Florida Water Management District, and the Florida Department 

of Environmental Protection will be at a landscape level but be based on south Florida 

watersheds and subbasins within the sixteen county area of the South Florida Water 

Management District. The use of watershed level scale allows the landscape to be 

partitioned into workable units for use in such analysis as water quality, floodwater 

attenuation and habitat. 

State agencies have also begun incorporating watershed analysis into their natural 

resource management projects. Clearwater (1997) described how the Maryland 

Department of the Environment is developing an integrated natural resource management 

plan for the entire state. The Wetland assessment, which will be included in the plan, 

will be conducted on large assessment units and would based on a two tier system. The 

first tier would consider entire watershed segments across the state as a whole and the 

second tier would evaluate segments within a common physiographic region. In 1989 
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the state of Maryland also began to use SPOT 10 meter panchromatic satellite imagery to 

display the National Wetlands Inventory digital data. This program was considered 

highly successful and the products are still being used today. 

Fry and Denning (1994) described how Grand Valley State University (Allendale, 

Michigan) along with the Water Resources Institute have designed a decision support 

system that encouraged Alpine Township Michigan decision makers to think in terms of 

watersheds instead or regions when considering land use planning options. This project 

incorporated remote sensing in the form of historical aerial photographs and classified 30 

meter Landsat imagery along with vector and raster GIS (Arc Info and IDRISI) to 

analyze land use, runoff and hydrologic information on subbasins as well the entire 

watershed. 

Green et al (1993) described how watershed based analysis had also investigated 

for use in the forestry practices that affect wildlife habitat, riparian areas and rainfall 

runoff. In Washington State the Forest Practices Board has enacted regulations directed 

as assessing the cumulative effects of forest management. The state's Department of 

Natural Resources charged Pacific Meridian Resources with creating a landcover GIS 

layer of 20 million acres of private and state lands. GIS and remote sensing were used to 

monitor and predict changes resulting forest practices. Through this analysis, watersheds 

can be prioritized based on their susceptibility to cumulative effects. 

0 

Along with federal and state efforts to analyze watersheds, the public sector aided 

by university support has also initiated numerous watershed based analyses. Meyers 

(1996) described the efforts of University of California-Davis and East Maui Watershed 

Partnership in developing a cooperative management plan that included the specific steps 
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needed to develop a strategy to monitor native and alien species, community structure, 

and the overall health of the East Maui Watershed. The project incorporated GIS along 

with SPOT imagery to analyze both the physical characteristics of the watershed and its 

associated biological components. 

Throughout the history of natural resource analysis and protection the common 

approach to study a particular site was to base the entire analysis on the areal extent of 

the phenomena itself. Whether the study area be a wetland or forest reserve, the spatial 

boundaries of the area in question determined the study area. While this approach may 

have been suitable for rough landscape level analysis, it could not accurately address the 

physical and biological characteristics associated with individual watershed units. 

With the advent of modem geospatial technology such as remote sensing, GIS, 

and hydrologic modeling techniques, both government agencies and the public have 

begun to see the scientific benefits of considering watershed analysis in natural resource 

management. 
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CHAPTER4 

Method 

This study was to determine whether culturally derived watersheds within the 

Dupuis Reserve have caused a significant variation in spectral signatures of vegetation 

from one watershed to another. Vegetation cover was examined through the use of 

satellite imagery, aerial photos, and an official environmental assessment. Image 

classifications were accomplished using raster based GIS software. 

4.1 Software 

The image processing for this study was accomplished on two software platforms: 

ERDAS and IDRISI: ERDAS is a professional raster based image processing software 

developed by the Earth Resource Data Analysis Systems Corporation, while the IDRISI 

software package is a less sophisticated, though powerful raster based analysis system 

created by Clark University. Neopaint is a low-end graphics software package that was 

used to produce ground truthing maps. 

4.2 Data Sources 

There were five types of data employed for this study. These consisted of satellite 

imagery, aerial photographs, a site appraisal, an environmental assessment and two oral 

interviews: 
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(1) 1990 SPOT Image: SPOT("Le Systeme Pour !'Observation de la Terre") is a French 

satellite with a spatial resolution of 20 meter. Its multispectral scanner utilizes three 

narrow spectral regions, band 1 = 0.50 to 0.59 urn (green), band 2 = 0.61 to 0.68 urn 

(red), and band 3 = 0.79 to 0.89 urn (near IR). SPOT is utilized in vegetation analysis 

because its band sensitivities have the capability of discriminating different plant species 

(A very & Berlin, 1992). The 1990 image was selected for the project due to its 

availability and the time of year (winter) it was acquired. Every attempt was made during 

the project to obtain data sources that were as temporally consistent as possible to insure 

the highest accuracy. Both aerial photos and the SPOT image were acquired for the 

winter months 1990 between December and March. 

(2) Aerial Photos: 

a. 1991 1 :500, most recent black and white aerial photos 

contracted for the South Florida Water Management 

District (SFWMD). 

b. 1990 1 :200 black and while aerial photos obtained 

from the SFWMD. 

c. 1990 1 :24000 color infrared obtained from the SFWMD 

d. 1972 USGS 7. 5 orthophoto topographic map 1 :24000 

e. 1967 black and white aerial photos obtained from Florida Atlantic University. 

(3) 1985 Site Appraisal ofthe White Belt Ranch: A site appraisal performed prior to the 

sale to the SFWMD. 
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(4) 1991 SFWMD Environmental Assessment: The first environmental assessment 

performed by the SFWMD. 

(5) Oral Interviews 

a. Dennis Driggers- Former ranch hand and SFWMD employee 

b. Elizabeth Freeman- The daughter of John Dupuis Jr. 

4.3 Image Processing 

Analysis began by downloading the 1990 SPOT raw image into the ERDAS 

software and clipping the study area boundaries. A false color image created in ERDAS 

combined three separate raw data bands to form a composite image. Band 3 (near 

Infrared, NIR) was assigned to the red gun, band 2 (Red) to the green gun, and band 1 

(Green) to the blue gun. This technique produced a false color image that is similar to 

photographs produced using color infrared film. This type of image is preferred over 

natural color in vegetation analysis because it can provide better discrimination among 

vegetation types (Campbell, 1987). 

Once subseted, the three individual raw data bands were then copied and 

converted into byte binary format so further processing could be done using IDRISI 

image processing software. 

The IDRISI software was selected to perform the bulk of the image processing 

due to its simplicity and low cost. Once all of the bands were imported into IDRISI 

from ERDAS, a false color composite was then created by combining the three raw data 
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bands. Numerous contrast stretches were performed in order to produce the clearest 

possible image for later processing. The intent of contrast stretching is to expand the 

narrow range of brightness values typically present in an input image over a wider range 

ofbrightness values (Lillesand & Kiefer, 1994). The result is an output image designed 

to accentuate the contrast between features of interest to the image analyst. For this 

project, linear stretches with saturations of .5, 1, 1.5, 2, and 2.5% were performed. From 

these trials, the 2.5% percent stretch was selected for its clarity and boundary delineation. 

After the selection of the final linear contrast image, a unsupervised classification 

was then performed on the data to roughly establish the clustering patterns of the 

vegetation classes (Figure 15). The unsupervised classification is a digital image 

classification technique where the image data are classified by the computer aggregating 

them into the natural spectral groupings or clusters, present in the scene. The type of 

vegetation cover of the spectral groups is then determined by comparing the classified 

image data to ground referenced data (Lilesand & Kiefer, 1994). 

The unsupervised classification is often utilized in situations when ground 

truthing is not possible. With the use of ancillary data, clustering patterns were matched 

to appropriate landcover. In 1988 the South Florida Water Management District 

identified ten separate vegetation classes for the Dupuis Reserve Management Plan 

through the analysis of aerial photos and extensive ground truthing (David, 1991 ). Eight 

broad vegetation classes were chosen for this study. These classes included: mesic 

flatwoods, wet flatwoods, transitional areas (between wet and mesic), hardwoods, marsh, 

improved pasture, cypress, and shrub scrub. The largest vegetation class is the pine 

flatwoods which constitute about 70% of the vegetative cover (Bennett & Assoc., 1985). 
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Figure 15 : Unsupervised Classification ofthe Study Area 
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The pine communities are interspersed with smaller plant communities of cypress, broad 

leaf marsh, improved pasture, hardwood hammock and transition areas between wet and 

mesic flatwood. 

After performing several trial classifications, it was determined that hardwood 

hammocks could not be distinguished with any certainty on the aerial photographs and 

the false color composite. As a result, vegetation classes were cut down to seven broader 

classes which included cypress, scrub shrub, mesic flatwood, wet flatwood, marsh, 

transition (regions between wet and mesic flatwoods), and improved pasture. 

During the early stages of the project it was noticed that the cypress areas on the 

image appeared dark blue on the false color composite. It was later determined this was 

due to the time of year that the image was acquired. Since the image was obtained 

during the winter months of 1990, the cypress trees had dropped their leaves, 

consequently the satellite sensors gathered the spectral reflection of the water, dark blue 

in false color, rather than the cypress domes. Once this problem was identified, the bare 

cypress domes in the image were correlated with the known cypress locations on the 

aerial photographs. This process assured that the water signature within a stand of 

cypress was not confused with other areas of open water areas on the site. 

For the unsupervised classification, four separate cluster analysis techniques were 

performed. The fine drop option was chosen for its solid cluster patterns and sharp 

detail. This technique keeps all peaks except for the ones that account for less than 1% of 

the data. The selected classification was then density sliced to provide the most realistic 

picture of the site. 

Next, the classified image was imported into the Neopaint software to produce a 
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quick reference map. Once a base map was produced, several site investigations were 

performed in order to gather information on approximate areas to establish the training 

fields for the following supervised classifications. Ancillary data were also used to 

verify areas of interest that proved to be inaccessible on the ground due to high water 

conditions or dense vegetation. This situation occurred in almost the entire eastern side 

ofthe site. 

4.4 Image Classification 

Classification Phase 1 

The first supervised classification performed involved running a minimum 

distance classification using training fields taken from throughout the entire image 

(Figure 16). With the use ofthe false color composite, results ofthe unsupervised 

classification and site investigations, the training fields were selected from the raw data 

(Figure 17). Numerous attempts were made to acquire adequate training fields for the 

whole image. This was due to the complex nature of the property and the level of 

hydrologic alternation. The pixels within the most severely impacted portions of the site 

have numerous spectral signatures and very little homogeneity. 

Once the proper training fields were selected, each was verified through the 

analysis of graphic histograms for each training field. For each field to be useful, the 

histogram should be unimodel with one dominate spectral signature and all other training 

fields discarded. Once the signatures showed sufficient separation and a unimodel 

histogram, the first supervised classification was performed for the entire study site. 

Once the first classification was completed, the image was displayed and density sliced to 
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Figure 16: Phase 1 Classification Method 
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produce the most realistic picture of the study area. Density slicing involves the 

manipulating of the programs three color guns to display the image with the most realistic 

tones possible. Once the image was acceptable, the palette was saved to a file. 

Next, sampling points were overlaid on the classified image and saved in the form 

of a vector file. The sampling points are the areas that were visited on the site in order to 

establish the vegetation type at that particular location. These points were then 

compared to the software's classification in order to determine the level of accuracy. 

The type of sampling pattern specified the arrangement of observations. The most 

commonly used sampling patterns include the simple random pattern, the stratified 

random pattern, and systematic patterns. The stratified random sampling method was 

utilized to insure that the sampling points were distributed in a rational manner. This 

type of sampling technique allocates observations to categories in proportion to the size 

or significance of the categories; the random element assured that observations were 

located within categories according to chance, thereby assuring a representative sample 

within each class (Campbell 1987). For this project, 204 points were determined to be 

adequate for the study site. A base map was then created for the ground truthing phase 

of the study by importing the final density sliced classification into the Neopoaint 

software package (Figure 18) 

4.5 Ground Truthing 

Ground truthing is the process of establishing the validity of the classifications by 

checking selected samples on the image with the corresponding points found in the field. 

While ground truthing each sample point in the field would be ideal, it is usually not 
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Figure 18: Base Map With Sample Points 

51 



feasible due to time constraints and inaccessible conditions of a particular site. 

In this type of situation, ancillary data such as maps and aerial photos can be 

substituted for a percentage of the points that can not be visited. Through the careful 

analysis of both black and white and false color aerial photos, vegetation type was 

determined for those points on the ground that were inaccessible for ground truthing. 

Land cover of a particular point was determined by identifying the major vegetation types 

located at the point in question. A photo identification key was made of the seven broad 

species types found on the property and their main indicator species. Depending on the 

scale of the aerial photos and analysis of the surrounding land cover, one particular point 

could be classified as several different land cover types. To solve this problem, the 

aerial with a scale of 1 ": 200' (the largest scale) were used for identification purposes. 

An area of approximately one inch in diameter around the sample point in question was 

then analyzed to determine land cover. The vegetation land cover and the key indicating 

species are as follows: 

Landcover Indicator Species or Feature 

Mesic Flatwood Slash pine + saw palmetto 

Wet Flatwood Cabbage palm+ slash pine 

Cypress Cypress Domes 

Scrub Shrub Large expanses of Cypress trees 

Marsh Emergent vegetation 

Transitional Slash Pine + Saw Palmetto + Cabbage Palm 

Improved Pasture Bare areas and Open Space 
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For this study a total of 85 sample were taken in the field while 119 were 

determined using ancillary data. Seven separate ground truthing rounds were performed 

to obtain the land use class of the individual points. The ground truthing was 

accomplished by traversing the site on foot and with the use of several off road vehicles. 

Numerous areas on the property were found to be impassable with the use of a 

conventional four wheel drive due to high water and thick vegetation, but could be 

surveyed with the use of a swamp vehicle. In these particular cases, the points were 

logged and surveyed with the use of the SFWMD'S on-site swamp buggy. In all, 24 

such points were visited using the buggy. Many points on the site were totally 

inaccessible even with the use of the swamp buggy. This was particularly true on the 

eastern side of the property where large areas of undisturbed wetlands still exist. It was 

determined after several rounds of ground truthing that the vegetation map in the 1991 

SFWMD Environmental Assessment did not appear to match the vegetation found in the 

field. The cause of these discrepancies may be due to several factors. The first may be 

a misinterpretation of the vegetation classes themselves. A certain degree of error was 

caused by a non biologist attempting to interpret the boundaries of extremely complex 

wetland vegetation on the site. Though identification of vegetation may not have been 

extremely accurate, it was however consistent, which would cause the errors to be 

essentially equal throughout the entire site. Extreme effort was made to keep ground 

truthing consistent by noting the spatial arrangement of key indicator species, such as 

cabbage palm and saw palmetto. 

It was also discovered, after several rounds of ground truthing, that nine of the 

sample points had been overlaid on areas that were in the shadow of taller trees. 
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Because these areas could not be classified with any degree of certainty using ancillary 

data, these points were discarded and not used in the final accuracy assessment. 

To ensure that control points were consistent, a hand held Garmin Global 

Positioning System (GPS) unit was used to log and store the position of each point 

surveyed. This approach reduced the time spent locating a point on a return visit. An 8 

mm video camera was also used to film the points for future verification. If a particular 

site was in question after a site investigation, field notes and video were reviewed first in 

an attempt to determine the vegetation class. If the point remained in question, it was 

placed on a list of points to be revisited for clarification. 

To identify the remaining unclassified points, two separate ground truthing events 

were coordinated with SFWMD staff, one on July 25, 1996 and the other August 21, 

1996. On these dates, sampling points in question were located with GPS and identified 

by a SFWMD staff biologist. 

Ground truthing for the entire study was completed in the first phase of the 

project. Because the original sample points did not change, there was no need to repeat 

ground truthing for each phase of the project. 

4.6 Classification Phase 2 

The second phase of the classification process involved subsetting the whole 

image into two separate images determined by the boundaries of the culturally created 

watersheds (Figure 19). For the purpose of this project, the three dominant watersheds 

which control the hydrology on the property, were condensed to two major hydrologic 

regions or watersheds. This was done for two purposes; to establish two distinct 
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Figure 19: Phase 2 Classification Method 
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hydrologic areas of roughly equal size and for the ease of manipulating rectangular data 

sets in IDRISI. These watersheds were established through the use of aerial photos, 

satellite imagery, ground observation and SFWMD drainage maps. The watersheds are 

rectangular and are located near the center of the property. The western watershed is 

bounded by the L-8 canal to the west and the Cooter Creek to the east and the eastern 

watershed is bounded by the Cooter Creek to the east and FPL canal to the west. 

To create the individual images, the large image was subseted along the 

boundaries of the two broad watersheds. This process was accomplished with the 

SUBSET command using the x andy coordinates for each watershed in all three bands. 

Once subseted, the three bands were combined to create two false color composites and 

image enhanced utilizing the same procedure as the original image. 

With the false color composite completed for both images, two minimum distance 

classifications were performed, one for each image (Figure 20). For this phase, the 

training fields selected from the whole image (phase 1) were input as identical vector 

files, one for each watershed image. 

Once the two images were successfully classified, the images were joined 

together to form a single image. This step ensured all of the classified images were of 

the same size and had the same number of sample points for the accuracy assessment 

stage. The ground truthing for this stage consisted of checking the classified sample 

points with the ground truthing results obtained in phase one. 
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Figure 20: Phase 2 Supervised Classification Steps 
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4. 7 Classification Phase 3 

The third phase of the classification process involved running minimum distance 

classification on each subseted image using training fields obtained from each individual 

watershed (Figure 21). The purpose ofthis phase was to determine if individual 

watersheds, with their unique hydrologic conditions, would also have unique vegetation 

spectral signatures. Several attempts were made to capture appropriate training fields for 

each watershed area. Since scrub shrub vegetation was not found in the east watershed 

and the transition class was not found in the west watershed, the number of training fields 

went from a total of seven to a total of six for each side. 

Once the classifications were completed, the images were joined together and the 

sample points overlain on the image(Figure 22). The ground truthing results obtained 

from the first phase of the process were used to evaluate the sample points. 

4.8 Classification Phase 4 

The forth and last classification phase included performing minimum distance 

classifications for each image using the training fields taken from step three and 

transposing them for each classification (Figure 23). The east's raw data were classified 

using the west side's training fields and west side' s raw data were classified using the 

east side's training fields (Figure 24). The object ofthis phase was to determine if a 

watershed's spectral signatures would be unique to that individual watershed or if by 

transposing them with another watershed they would yield similar results. 
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Figure 21 : Phase 3 Classification Method 
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Figure 22: Phase 3 Supervised Classification Steps 
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Figure 23: Phase 4 Classification Method 
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Figure 24: Phase 4 Supervised Classification Steps 
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Upon completion of the classifications, the images were rejoined and the sample points 

overlain. The ground truthing was again performed using the results from phase one. 

By conducting the four phases of classification, every reasonable scenario was 

performed to explain the spectral variations. Both phases two and four were 

significantly easier and faster to accomplish due to the fact that these classifications were 

performed with established training fields. 

4.9 Accuracy Assessment 

After completing all of the image classification phases, the sampling points were 

evaluated and entered into four separate validation matrices. These tables known as 

error matrices, were used to evaluate the accuracy of the ground truthing event and were 

the generally accepted method for reporting the results of site specific sampling 

(Campbell, 1987). The error matrix was also referred to as the confusion matrix since it 

not only reports the errors for each vegetation category but visually portrays the pattern 

of misclassification around each category. 

Each column represents a single land use land cover class on the landscape 

(Lumen, 1992). Each column also gives the total number of sampled pixels as derived 

from the reference data for each vegetation category. The percent correct of individual 

vegetation categories shown at the bottom of each column of the error matrix is known as 

the "producer accuracy". This percentage told the producer of the classified map how 

well the pixels derived from the reference data were mapped using the remote sensing 

data. 
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In contrast the percent correct displayed at the end of each row is termed the "users" 

accuracy'. This percent is an indication of the probability that a sample from the 

classification map represents that category on the actual landscape. 

The last calculation derived from the table is the Kappa Coefficient. Simply 

referred as the 'Kappa', is a quantitative measure of the difference between the observed 

agreement images/maps. The agreement might be contributed solely by chance 

matching ofthe two maps (Campbell, 1989). The Kappa can be defined as follows: 

K =Observed-Expected 
!-Expected 

Out of a total of 204 sample points, 195 points were actually used in the 

classification. As stated earlier, nine of the 204 points were discarded due to their 

placement on top of shadowed areas within the image. Several attempts were made to 

classify these points without success. 

It was also determined in the early stages of the accuracy assessment that the 

scrub shrub category (smaller cypress trees) would be combined with the cypress 

category due to their similar spectral signatures. 

4.10 Results 

Tables 1-4 are the error matrices used to depict the results ofthe four separate 

phases of image classifications. 
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Table 1 displays the results of the Dupuis Reserve SPOT image classified using 

the six vegetation training fields obtained from the entire image. The classification 

obtained a relatively high Kappa coefficient of 63% and an overall accuracy rate of 73%. 

Four of the six vegetation classes obtained high producer accuracy rates of over 70%. 

The mesic flatwood class had the lowest accuracy rate of 35% while the improved 

pasture class had the highest with an accuracy rate of 90%. 

Examination of Figure 25 reveals the spatial distribution of the six vegetation 

classes. In agreement with field surveys conducted on the site, the western portion of the 

site was depicted as the most disturbed with a varied vegetation pattern consisting of 

nearly equal amounts of mesic flatwoods, wet flatwoods, cypress and improved pasture 

classes followed by lesser amounts of the transition and marsh classes. In contrast, the 

eastern portion of the site was depicted more natural than the field surveys suggested, 

with the area dominated by the wet flatwoods, cypress classes, and small areas of the 

mesic flatwoods and pasture. 
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TABLE 1: PHASE 1 CLASSIFICATIONRESULTS 

Site Survey 

MESIC 

MESIC 10 

WETFLAT a 

MARSH 3 

CYPRESS 0 

TRANS 1 

IMPROVED • 
TOTALS 2a 

PA% 0.35 

Computer Classification 

WETFLAT MARSH CYPRESS TRANS IMPROVED TOTALS 

1a 2 3 0 

54 0 7 1 

1 a 1 0 

2 2 54 0 

0 0 0 2 

1 0 0 0 

78 12 85 3 

0.71 0.75 o.a7 0.88 

Kappa Coefficient 

k = Observed - Expected = 
1 -Expected 

66 

.73-.27 = 
1 -.27 

0 33 

1 71 

0 13 

0 sa 

0 3 

10 17 

11 115 

0.9 

.46 = .63 
.73 

UA% 

0.33 

0.78 

0.64 

0.95 

0.87 

0.59 

0.73 
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Figure 25 : Phase 1 Supervised Classification Results 
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Table 2 shows the results of the second phase of the classification process. In 

this phase the SPOT image was separated into two equal watersheds and each classified 

with the training fields obtained from the whole image. Upon completion of the 

classification, the two images were rejoined to form a single image for the purpose of 

accuracy assessment. This classification phase resulted in a significantly lower Kappa 

coefficient of 49% and an overall accuracy rate of 59%. The transition class had the 

lowest accuracy rate of 11% while the highest belonged to both the wet flatwoods and 

marsh classes with accuracies rates of 100%. 

Examination of Figure 26 shows even more variation between the two watersheds 

than the first classification. The western watershed appeared as the most disturbed with 

a majority of the area composed of the drier mesic flatwood class and improved pasture, 

followed by smaller percentages of the wet flatwood, cypress, marsh, and transition 

classes. The eastern watershed was depicted as the more natural of the two regions with 

a large percentage of the area made of wet flatwood and cypress but contrary to field 

surveys, an overabundance of mesic flatwoods and improved pasture on the northeast 

corner of the east/west watershed border. 
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TABLE 2: PHASE 2 CLASSIFICATION RESULTS 

Site Survey Computer Classification 

MESIC WETFLAT MARSH CYPRESS TRANS 

MESIC 2) 

WETFLAT 24 

MARSH 1 

CYPRESS 1 

TRANS 1 

IMPROVED 0 

TOTALS 50 

PA% 0.44 

0 0 4 0 

11 0 a 15 

0 3 4 0 

0 1 55 1 

0 0 0 2 

0 0 0 0 

1a 4 71 1a 

I 100 I 100 0.75 I 0.11 

Kappa Coefficient 

k = Observed - Expected = 
1- Expected 

69 

.59- .20 
1 - .20 

I 

IMPROVED TOTALS 

I 33 

I 71 

5 13 

0 sa 

0 3 

17 17 

34 181 

0.5 

= .39 = .49 
.80 

I 
I 

UA% 

0.18 

0.25 

0.25 

0.91 
I 

0.75 I 

100 i 

I 

0.58 I 
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Figure 26: Phase 2 Supervised Classification Results 
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Table 3 shows the result of the third phase of the classification process. In this 

phase, the east and west watersheds were classified using training fields obtained from 

their respective areas. Once the classifications were completed, both images were also 

rejoined to form a single image for the purpose of accuracy assessment. This 

classification phase obtained a Kappa coefficient of 76% and an overall accuracy rate of 

83%, the highest of all the classifications. Five out ofthe six vegetation classes obtained 

accuracy rates of over 70% and all were over 50%. The vegetation class with the lowest 

overall rate was the transition class with 50% and the highest was the cypress class with 

an accuracy rate of 95%. 

Examination of figure 27 shows the site with a much more uniform spatial 

distribution of the vegetation land cover than the previous classification phases. While 

the western watershed is still depicted as the most disturbed, there is a significant 

increase in the more natural vegetation species of wet flatwood and cypress distributed 

throughout the area. This more natural landscape is in general agreement with the 

increase hydroperiod brought on by nearly ten years of restoration efforts by the South 

Florida Water Management District. The eastern watershed was depicted as slightly 

drier with an increase of mesic flatwood on the extreme eastern border of the site. This 

pattern also is in general agreement with recently conducted field surveys. 
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TABLE 3: PHASE 3 CLASSIFICATION RESULTS 

Site Survey Computer Classification 
I 

MESIC WETFLAT MARSH CYPRESS TRANS IMPROVED TOTALS 

MESIC 23 

WETFLAT 5 

MARSH 0 

CYPRESS 3 

TRANS 1 

IMPROVED 0 

TOTALS 32 

PA% 0.72 

9 0 0 0 

13 0 2 1 

4 • 1 0 

0 1 54 0 

1 0 0 1 

5 I 0 0 0 
I 

12 I 9 57 2 
I 

0.77 I 0.89 0.95 I 0.5 

Kappa Coefficient 

k = Observed - Expected 
1- Expected 

= .83-.28 = 
1 - .28 

72 

1 

0 

0 

0 

0 

12 

13 

0.92 

.55 = 
.72 

33 

71 

13 

51 

3 

17 

195 

.76 

UA% 

0.7 

0.19 

0.81 

0.51 

0.93 

I 
I 

0.71 

0.83 
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Figure 27: Phase 3 Supervised Classification Results 
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Table 4 shows the results of the final phase of the classification process. In this 

phase the eastern watershed was classified with the training fields obtained from the 

western watershed and the western watershed classified using the training fields from the 

eastern watershed. Once classified, the images were rejoined for the accuracy 

assessment phase. This classification phase yielded the lowest Kappa coefficient of 42% 

and an overall accuracy rate of 57%. The lowest overall accuracy rate was the transition 

class with 0% while the highest was the marsh class with a 100% accuracy rate. 

Examination of figure 28 shows the site as two completely distinct landscapes 

with extremes in both wet and dry vegetation cover in both watersheds. The western 

watershed is depicted as completely disturbed with the vegetation cover consisting almost 

entirely of improved pasture and mesic flatwood. The eastern watershed is depicted as 

nearly pristine, consisting almost entirely of the more natural vegetation classes of 

cypress and wet flatwoods. 

Table 5 and and figure 29 show a graphical and numerical summary of all four of 

the classification phases. The numbers in black indicate the total number of sample 

points that were classified correct for the particular vegetation class. The percentages in 

blue indicate the overall percentage of sample points correct, while the percentages in red 

indicate the Kappa coefficient for each classification phase. 
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TABLE 4: PHASE 4 CLASSIFICATION RESULTS 

Site Survey Computer Classification 

I 
MESIC WETFLAT MARSH CYPRESS TRANS IMPROVED TOTAL 

MESIC 13 

WETFLAT 21 

MARSH 2 

CYPRESS 1 

TRANS 3 

IMPROVED 1 

TOTALS 41 

PA% 0.29 

11 0 0 0 

31 0 0 0 

3 2 1 0 

13 0 44 0 

0 0 0 0 

0 0 0 0 

71 2 45 0 

0.51 100 0.11 0 I 

Kappa Coefficient 

k = Observed - Expected = 
1- Expected 

75 

.57- .26 = 
1 -.26 

1 

7 

5 

0 

0 

11 

21 

0.57 

_dj_ = 
.74 

33 

71 

13 

51 

3 

17 

115 

.42 

UA% 

0.41 

0 .51 

0.15 

0.76 

0 

I 0.14 I 

I 

I 0.57 I 
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Figure 28 : Phase 4 Supervised Classification Results 
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TABLE 5: SUMMARY OF CLASSIFICATION RESULTS 

VEGETATION PHASE 1 PHASE 2 PHASE 3 PHASE4 

MESIC 10 23 23 13 

WETFLAT 54 1a 83 38 

MARSH a 3 a 2 

CYPRESS 54 55 54 44 

TRANSITION 2 2 1 0 

IMPROVED 10 17" 12 18 

%CORRECT 0.73 0.58 0.13 0.57 

KAPPA 0.83 0.48 0.78 0.42 
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Figure 29: Phases 1-4 Supervised Classification Results 
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CHAPTERS 

Conclusion 

The objective of this study was to determine if culturally derived changes in the 

watershed and hydrology of the Dupuis Reserve caused a variation in the spectral 

signature of the site's native and non-native vegetation. Land cover classification for the 

site was performed using aerial photographs, satellite imagery, on site investigations, and 

GIS. Classification accuracy was used to gauge the variations in the spectral signatures. 

The results tended to agree with the original hypothesis. When the phase 1 

classification was split into two broad watersheds, overall accuracy decreased by nearly 

15%. A similar result was obtained in phase 4 when the phase 3 classification was split 

and the unique training fields were swapped. Overall classification accuracy increased 

nearly 10% however, when the phase 3 image was classified with respect to the site's 

culturally derived watersheds. These results indicate that when hydrology is altered on a 

particular site due to either human or natural influence, vegetation of the same class can 

exhibit varied spectral signatures from one watershed to another. This observation 

underscores the impact that culturally created hydrologic alteration plays in the natural 

vegetation of southern Florida. 

One of the most important aspects of the project was to partition the study site of 

Dupuis Reserve into two specific watershed units. While several watersheds or subbasins 

actually exist on the site, only two broad watersheds were delineated and utilized. These 

watersheds were based on the spatial location of the know canals and drainage routes 
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provided by both historical and contemporary data. While this type of analysis was 

sufficient for establishing very general watershed units, due to time constraints it was not 

used to separate the site into the actual discrete hydrologic areas. To attain a higher 

degree of accuracy, a future project could include the use of digital elevation models, grid 

analysis, and flow patterns to precisely identify discrete watershed and subbasin's 

boundaries. For this approach to work, a greater emphasis might be placed on vector 

based GIS analysis instead of just the raster analysis that was used in this project. 

Accuracy assessment could also be improved by ground truthing the site 

chronologically nearer to both the aerial photographs and the satellite image. While 

consistency was achieved between the 1990 aerial photographs and the 1990 Spot image, 

the ground truthing was performed nearly seven years later. Though the site's 

hydroperiod restoration was in place in 1990, significant changes in both the hydroperiod 

and vegetation have taken place in the last seven years which could cause discrepancies 

between the classifications and the actual ground truthing. 

Like so many natural areas in south Florida, the Dupuis Reserve has been 

substantially altered by human impact. Activities including drainage, agriculture, and 

ranching have left the site's natural ecosystem fractured and disturbed. While human 

impact has helped alter the ecosystem, human innovation is also helping to restore it. 

This project has demonstrated that new techniques in geospatial technology can 

help provide effective management techniques for this and other natural areas around the 

state. 
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APPENDIX 

Oral Interviews 

Dennis Driggers: 
An oral interview was conducted on October 31 1996 with Mr. Dennis Driggers a 

former ranch hand with the White Belt Ranch. Currently Mr. Driggers is employed by 
the South Florida Water Management District and is based on the Dupuis Reserve. 

1. How long were you employed by the Dupuis family ? From what year to what 
year? 
From 1979 - December 1987, the District took over in 87. 

2. What was your job title and responsibilities? 
Land Manager - taking care of sheep and lambs and so forth. 

3. What was the main business on the property when owned by the Dupuis Family? 
Cattle, sheep, wool goats, hogs and citrus. 

4. How did the Dupuis family acquire the property? Was the property boundaries 
the same as the present boundaries? 
The property was bought it in the mid 50's. No it used to go all the way to 441 on 
the west side and to the south side the L-8 canal which U.S. Sugar owns now. It 
used to be twice the size about 40,000 acres. 

5. How large was the operation when you began and when you left? 
a. In terms of heads of livestock and type? 
2500-3000 stock cattle-- mama cattle, maybe 2500 mama ewes, lambs and wild 
hogs. We would trap them (the wild hogs) and sell them through out the year so 
they wouldn't tear up something. 

b. Number of people employed? 
8-10 permanent, hire 4-5 day people to work the cattle at different times of the year 
that worked on the property. I guess about 4-5 families. 

c. Type & number of man made structures? 
Four homes. 

d. Did the employees live on the property 
Some lived on the property. 
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6. Were there any aerial surveys made of the property while owned by the Dupuis 
family? 
The District did some when they were buying it, soil conservation made a lot of 
maps. They did a lot of work on different things but I don't think the Dupuis family 
did any aerial surveys. 

7. Were any of the canals used for drainage installed on the property during the 
time you were employed. 
No they were already put in late 70's. 

a. What was the plan for the drainage of the property ? Did it ultimately 
include the entire property ? 
It wasn't totally cleared and drained they left a lot of pines and ponds. 

b. Were there any plans to keep part ofthe property natural? 
Yeah they kept a lot of pines and wet areas in the east. 

8. What type of cattle? 
Dutch belts, Galloways and some Texas Longhorns. 

9. What type of grasses were seeded? Technique? 
Mostly Argentine Bahia, a lot of Pandora for the cattle. A lot of the grass was already 
here when I started. The grass was all in different areas mostly put there by planes. 
They didn't clear the land they would let it grow around between the palmettos. 

a. What was the plan for the introduction of the grasses? Did it also include the 
entire property? 
No, just the west side ofthe ranch 

10. Were their recreational activities such as hunting on the property during the 
Dupuis ownership? 
Sometimes they leased it for hunting. entertained a lot of big people in the 60's. 

a. Were any animals introduced for this purpose? 
No, just dogs and cats! 

11. Was logging performed while you were employed? 
No, they had a saw mill. We did some for the ranch. not to sell but to use for 
lumber around here. 

a. What was logged? 
Slash pines that were sick or down. 

12. How does your present work with the District compare with that of the Dupuis 
operation? 
A lot different, no cattle! Now mostly grating roads, installing gates, spray exotics, 
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putting in new roads, basically the same stuff just no livestock. We work on all the 
"Save Our River" properties within the SFWMD. 

13. How has the landscape changed since the land was purchased by the District? 
A lot thicker and wetter than it used to be! 

a. Vegetation? 
You see some more native grass like saw grass 

b. Wildlife? 
No, - well some more hogs, deer about the same. 

14. Do you remember any Indian Mounds? 
Yeah, there was supposed to be some near the L-8, but I don't know much about 
them. 

Elizabeth Freeman: 
An oral interview was conducted with Ms. Elizabeth Freeman: The daughter of 

the late John Dupuis, the former owner ofthe White Belt Ranch. Ms. Freeman currently 
resides in Fort Lauderdale. and is involved with numerous fund raising and charity 
events. 

1. Was your father running the White Belt dairy in Miami when the reserve land 
was purchased? 
No, My father had run the Miami dairy only through World War II. It was 
considered a vital war industry. 

2. Had your grandfather ever seen the property? 
Yes, when they were discussing the agreement. My grandfather died in 55', I was 
pregnant and they were closing the deal for the property. The lawyers were actually 
in the house, when he died during the closing. 

3. Who did your Grandfather purchase the property from? 
Alton Adams in 1955, the former Florida Supreme Court Justice, he used it as a 
game preserve and a family retreat. 

4. Did your father move the entire operation to the property after he purchased it? 
No. they were getting out of the retail dairy business. The family called the ranch 
the Bar-D, but was known as the Whitebelt. The symbol was a large D with a slash 
running across it at an angle. The Bar-D was not the same operation as in Miami. 
We never really lived at Dupuis, just went there on weekends. The Miami dairy 
stopped producing dairy in the 50's for commercial use. 
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5. What was your earliest impression of the property? 
Would I ever get to see all of it!!! I wished it was closer, the house that was on the 
property was very small so my dad added on to make it larger. I guess as a labor of 
love although he probably should have bull dozed it and started over. 

6. Were there houses on the property? Did you build more? 
At least one and a hunting lodge. There were others but I can't tell you how many, 
our house I believe is still there. 

7. How many hired hands lived on the site? 
I believe several. 

8. Where there any roads on the site in the beginning? 
Just dirt roads, not too many if you want to call them roads. Jim Henry grade after 
my step brother. 

9. Was the site logged while you were there? 
There was a saw mill, but it was used for the ranch, not for commercial. 

10. What type of livestock were on the property? 
We had several Texas longhorn, Galloways (fuzzy white belts), regular White belts, 
Guernseys, sheep - people from Europe and Australia came over to sheer them, I still 
have blankets from the ranch. 

11. How often did you visit the property? 
Every thanksgiving and Christmas and my sons would go up on weekends with my 
dad, he was so proud of his groves because they had so many different types of 
citrus. The tangerines were the best, the skin was wrinkled like a Sharpah dog. The 
kids liked them cause they were easy to peel. Every tree was something different, 
that is why it was never used for commercial use because they were all so different. 
Grapefruit and mangoes that were so big that no one would believe they were real. 
My grandfather taught him a lot about agriculture. 

12. Did your family plan to keep any of the land natural? 
Dad wanted to for the most part because it was so beautiful. It seemed although 
there was always something new going on such as fruit trees being planted or the 
geese farm or the flat houses for the pineapple farm and the macadamia nut farm. 
He was very interested in a lot of different things. He had his own wine vineyard 
that did not make any wine but we had a lot of grape juice. 

13. How had the property changed over the years? 
A lot of tropics were planted along with magnolia. Mangoes and a lot of tropical 
things that he added that maybe didn't belong there such as royal palms etc. 

87 



14. Was the livestock all sold prior to the sale? 
The livestock stayed till my dad died in 84. Well I guess they were actually sold off 
prior to the sale of the property. 

15. What type of wildlife did you encounter? 
Wild turkey, armadillos, deer and wild pigs. They hunted the pigs, doves and quails, 
I heard about some panthers but never saw any. 

16. Did you see any canals being dug? 
Yes, they put in canals with 'Big John' great big bull dozer with big wheels that was 
bought for the property. I remember them making Cooter Creek so it would drain 
the property to seed it for the cattle. 

17. Did any memorable events happen on the property? 
One of the hired hands was born on the property. Mr. Vanfleet (famous admiral) 
would fly in to see my dad. The great holidays we would spend at the ranch - and 
the entertaining. 

18. Were there any Indian mounds on the property?, Were there any burial sites? 
I seem to remember there was some type oflndian mound on the ranch. I don't 
know much about them. I think the only graves on the site were the pets! Lots of 
dog graves. 

19. Do you miss the ranch? 
Yes, for awhile it was extremely painful to think about it, because we had it for so 
long! and so many good times. Maybe if you went with me as a guide I might visit it 
a gam. 
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