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ABSTRACT

Restoration and management of ecologically important sites depend on an understanding of
reference conditions and the ability of people to return the site to those historic conditions.
Historical ecology research sifts through the data about a site to be able to offer restoration
options to land managers. This project demonstrates transitions in natural communities of a
protected area in East Central Florida: Split Oak Forest. Natural communities are defined based
on the General Land Office (GLO) survey maps and notes and applied to historical black and
white aerial photos, modern digital orthophotos, and high resolution satellite imagery.

Because of the channelization of the Kissimmee River and the subsequent draining of the
Everglades from 1883 onward, Split Oak, like other areas whose surroundings have been
drained, cannot be returned to the conditions at the time of the GLO survey. Thus, a detailed time
series of eight snapshots over 171 years will be valuable to land managers and restoration
ecologists working in sites that share the hydrologically-modified Northern Everglades
watershed with Split Oak.

Natural community descriptions gleaned from the surveyors maps and notes and their
application to current land cover are a potential backbone to future historical ecology in the
southeast. Seasonally re-hydrating drained wetlands is a priority in this watershed, and is
supported by cost-share funding from the State of Florida. This research affirms that most grassy
wetlands on the site have transitioned to upland communities. Most of the remaining marshes
have been invaded by woody plants and swamps extended their boundaries. Sandhill was used
for orange (Citrus x sinensis) culture and, along with scrub and flat pine, transitioned to

hammock.
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CHAPTER 1: INTRODUCTION

Landscapes are affected by human habitation and development. Florida experienced a boom in
population during the 20" century and the state's native landscapes were subsequently altered.
Today, land managers attempt to restore or maintain undeveloped areas to a benchmark historical
condition. These historical reference conditions define the goals of restoration and management.
Reference conditions are selected by researchers or land managers by date or an amalgamation of
dates, often limited by documentary sources of land cover data. James M. Darcy wrote about the
changes that Florida was undergoing as Hamilton Disston’s massive ditch-and-drain ‘land

reclamation’ project worked its way around the state:

“The extensive saw grasses, the dread of Government Surveyors along the
[Kissimmee] valley [...] are entirely disappearing from the prairies” - Minutes, vol. 3
November 5, 1884

There are available documentary sources of data for Florida's native communities beginning with
European contact in the 15" Century (Harisse 1892; Cantino 1502), though the most ecologically
useful data comes later, in the 18" and 19" Centuries. The earliest explorers and maps describe
the coast quite well but fail in speculating about the interior. M. John Hawkins reported evidence
of unicorns in 1564 (Sparke 1906, 127) and Pedro Menéndez de Avilés wrote about inland
mountain ranges during his travels from 1565 to 1570 (Barrientos 1965, 25). Tristan de Luna y
Arellano walked in Florida’s interior in the 1560s, it seems that he went north from the outpost
Santa Maria, on the panhandle near the present-day city of Pensacola, away from the project site
(Campbell 1892; Hudson et al. 1989).

William Bartram walked and rode parts of Florida from 1774 to 1777. The US

Geological Survey (USGS) divides much of its new land into sections via the Public Land



Survey (PLS) system, starting in Florida in 1844. Flights to collect aerial photos were
commissioned by the US Department of Agriculture (USDA) starting in 1934 in the Pacific
Northwest and with the earliest photographs of Florida captured in 1939. Black and white aerials
were flown over Split Oak Forest, the study area, in Central Florida in 1944, 1947, 1951, 1954,
1969, 1980, and 1984. Soil surveys were undertaken across parts of the study area in 1922, 1960,
1976, 1989, and 2011. Figure 1 shows the location of the site.

The site is a publicly-accessible county-owned mitigation bank. It covers, and is owned
by two counties: Orange and Osceola. It has been called Split Oak Forest, Split Oak Mitigation
Park, and Split Oak Forest and Wildlife and Environmental Area. It is named after a 200 year old

live oak (Quercus virginiana) was split down the middle many years ago and survived.

1.1 Research Questions
The goal of this project is to track natural community change over nearly two centuries using
spatial data of varying quality. The three research questions that were addressed in this project

are:

1. What natural communities can be identified for the GLO Survey, the five years of black

and white aerial photography, and the three years of modern satellite images?
2. How has the character of the site changed over time?
3. What is the spatial pattern of the change in land cover?
The resulting georeferenced maps, aerial photos and historical land cover will be of interest to
the managers of the site. The land cover change analysis results will be useful to land managers

and researchers from further afar whose sites are bordered by development as well.



1.2 Description of the Study Area
The site is located in central Florida, 14.4 km southwest of Orlando International Airport. It
consists of 718 contiguous hectares that straddle Orange and Osceola Counties, as shown in

Figure 1. The site covers Township 25S Range 31E Section 3 and % of the SE %4 of Section 2.

Figure 1 Map showing the Split Oak Forest study site in central Florida, southeast of
Orlando and just east of the booming L.ake Nona area



1.2.1 Hydrology

The site’s hydrology is worth discussing because the levels of water in wetlands and ponds in
Florida are often linked with the depth to groundwater. Groundwater in this region is supported
by the Floridan aquifer, which underlies much of the Southeastern US and is pumped for
agriculture, industry, and housing. Before much of Florida’s water was diverted into ditches and
canals, it moved over the land in a manner called sheetflow. Historically, broad, shallow sheets
of water flowed slowly across the surface of the flatwoods, vegetated wetlands, and swamps;
Buckingham Smith, in his report to the US Senate, describes sheetflow across the Everglades:
“The water is pure and limpid, and almost imperceptibly moves, not in partial currents, but, as it
seems, in a mass, silently and slowly southward.” (Smith and Breese 1848, p. 24)

The site is bounded on the north by Lake Hart, a 750 ha tannic lake that is connected
through Lake Ajay to East Lake Tohopekaliga by the South Florida Water Management District's
(SFWMD) C-29 canal. The site is hydrologically connected to Lake Mary Jane, a 400 ha tannic
lake to the northeast that is itself connected to a string of smaller lakes via SFWMD's C-30 canal.
That water eventually reaches the Kissimmee River (USFWS 2013). Some of the maps that have
been created to show Lake Okeechobee's watershed omit Lakes Ajay, Hart, and Mary Jane
(Lodge 2005, p. 106). The three lakes are included in SFWMD's Kissimmee Basic planning area
(VanArman et al. 1998). A correct watershed delineation for Lake Okeechobee is very
significant because the lake is so large and shallow that direct evapotranspiration from the lake
and its littoral zone exceeds on-lake rainfall. The lake is dependent on its watershed (Lodge
2005). Lakes Mary Jane and Hart, the two water bodies that touch the boundaries of Split Oak

are the northernmost water bodies that contribute to Lake Okeechobee. Figure 2 shows the



hydrological connection between Lake Okeechobee and Lake Hart. The canals and wetlands that

drain the Split Oak are also shown.

Figure 2 Map showing major hydrologic features, the inset shows how the site it
hydrologically connected to Lake Okeechobee

The canal that connects East Lake Tohopekaliga and Lake Tohopekaliga is called the C-
31 St. Cloud Canal. It was the third canal built by Hamilton Disston in his massive drainage and
development project. The St. Cloud Canal was finished in 1883 and the canals draining Lakes
Mary Jane and Hart were completed a few years later (VanArman et al. 1998, 260). This lowered

the water levels in the lakes and dried peripheral wetlands. James M. Dancy reported to the State



of Florida that Lake Tohopekaliga dropped 4.5' below historic lows (McIntosh, Jr. 1904, 243) for
example. East Lake Tohopekaliga was said to have dropped 7’ after the canals were finished
(Beauchamp 1986, 29). By 1891, it was possible to sail from Lake Mary Jane to the Gulf of

Mexico via the Kissimmee River and Lake Okeechobee (Beauchamp 1986, 20).

1.3 Motivation

One application of the project's results will be to inform local residents about their area's history
and bolster the efforts of the Osceola County Historical Society. Florida's ecosystems have been
modified extensively since European contact, most drastically since the drainage campaign of the
late 19™ and 20™ centuries. Many Floridians are not aware if the protected areas around them
reflect how Florida used to look. They also don’t understand what the loss of these natural
communities mean in terms of vertebrate and invertebrate wildlife, water quality and quantity,
and aesthetics. Florida, like much of the remainder of the American Sun Belt, is a state of recent
migrants (Frey 2014). The population prior to statehood in 1845 was estimated at 34,730. By
1880 it had reached 267,351 (Secretary of the Treasury 1881). Florida is now the third most
populous state, with 19,893,297 people (U.S. Census Bureau 2015). This project shows and
quantifies the natural community change within a relatively small, but well-known and heavily
visited protected area.

Florida-based historical ecology is discussed at length in 2.3, but a few motivating
examples will be mentioned here. Historic land cover/vegetation research is often done. Amy
Cohen, for example, digitized John Harshberger's 1913 “Phytogeographic Map of South
Florida”, which covers an area from about 27° 30' N to the first few Keys. This coverage starts

~90 km south of Split Oak (Cohen 2009). Brean Duncan and Paul Schmalzer have published



several articles that use historical aerial photography, 1913 soil maps, city fire insurance maps,
and 1900s transportation maps to model 1920s land cover on Cape Canaveral (Duncan et al.
1999; Duncan, Larson, and Schmalzer 2000). The project site has even been the subject of some
limited historical ecology: Jacobs and Prenger (2007) constructed a single historical land cover
map using the modern Florida Natural Areas Inventory (FNAI) classification system, relying on
the 1844 survey notes by Whitner and 1947 aerial photographs.

Many researchers have tried to estimate the historical extent of longleaf pine (Pinus
palustris) forests. Longleaf pine forests used to cover the southeast from Texas to Southern
Virginia and have been greatly reduced in number and geographic extent (Boyer 1990). Van
Lear et al. (2005) provide a very good overview of the longleaf pine ecosystem and broadly
describe its historical ecology. Walker (2000) performed ecological, archaeological and oral-
historic research focusing on pine flatwoods near Ft. Myers on the southwestern coast of Florida.
The 'flat pine' natural community identified in this project is the same as longleaf pine flatwoods.
Flat pine is how all of the hydrological varieties of pine flatwoods (xeric, hydric, and mesic) are
referred to in the 1844 and 1848 GLO surveyor's notes.

Since this thesis project was limited in its resources and time, it focuses on a small area
that has the potential to attract substantial attention. Split Oak is located within the Orlando
metropolitan area, and in the middle of the rapidly growing, upscale Lake Nona community. It is
the nearest hiking to Lake Nona and is popular with geocachers, boy scouts, trail runners, and
horseback riders (Belson 2013). Historical research on Split Oak is valuable not only for the

potential exposure but because it is one of the few protected areas in the vicinity. Deseret Ranch,



Split Oak's neighbor, has been attempting get approval to develop a new city within a few miles
of the preserve (Anonymous 2014; Spear 2014).

Restoration and management of publicly-owned lands are drivers for historical ecological
research. The State of Florida owns and manages large areas of conservation land. Its acquisition
program started early, in 1972, and was strong for many years (Farr and Brock 2006; Finnell Jr.
1973). It has declined since 2006 due to the political environment in the Florida capitol (Wyland
2015; Khahaifa 2012; Dunkelberger 2014). Much of Florida’s public land is not open to
recreation, such as the Kennedy Space Center and 21 U.S. military bases (Anderson 2015). Some
of these properties remain in native or semi-native vegetation and are managed as such. The
powerful water management districts also manage and occasionally restore land. Before oranges,
cattle were Florida's predominant agricultural product (Yarlett 1985) and consequently, even
today a 2,000 acre ranch is common in central Florida. Ranches have been purchased for
restoration/preservation by nonprofits and corporations such as the Audubon Society, The Nature

Conservancy, and Forever Florida.

1.4 Thesis Organization

The remainder of this thesis is organized into four chapters: Chapter 2 — Related Work; Chapter
3 - Methodology; Chapter 4 - Results; and Chapter 5 - Discussion and Conclusions. The next
chapter will contextualize the project, exploring related work on land cover change analysis,
natural communities, and historical ecology. The third chapter, Methodology, addresses the data
used for this project by describing its acquisition, quality, and handling. The plant communities
defined for this project are described briefly in Methodology, their full descriptions are provided

in Appendix A. The second and final part of Chapter 3 describes the methods that were used to



analyze change on the site. Chapter 4, Results groups the results by change periods. This chapter
explains the transition in communities for each year and explores overarching ecological themes
over the 171 years. Chapter 5, Discussion and Conclusions reports on the most significant
takeaways from the project, reflects on the use of open source software, and proposes project

extensions and further work.



CHAPTER 2: RELATED WORK

As aland cover identification and analysis project, this thesis draws chiefly from the land cover
change and historical ecology fields. Land cover mapping is a mature discipline. Current
research focuses on automatic classification of satellite remotely sensed imagery in order to
understand climate change, identify the cause of land cover changes, and model landscape-scale
events such as fire and human development.

Land cover is sometimes lumped in with land use, as in the USGS’s National Land Cover
Database (NLCD) (Homer, Fry, and Barnes 2012). This and similar systems are not intended for
measuring fine-grained ecological change. Because of this, this project will consider land cover
units at the ecological community scale. Ecological communities that have been minimally
impacted by humans are called natural communities by the FNAI and others (e.g. Whittaker
1962; Garland and Thompson 2011; California Natural Resources Agency 2009; University of

New Mexico Libraries 2015).

2.1 Land Cover Change Analysis using Historical Imagery

Historical aerial imagery is often the most spatially continuous record available of historical land
cover and vegetation (Barnes 1989; Torri et al. 2013; Guariguata 1990; Simpson et al. 1994;
Ross, O’Brien, and Sternberg 1994; Bakker, van den Berg, and Speleers 1994). However, they
are difficult to use in land cover change analysis because the flight and camera information are
often unavailable and the photos must be registered to a coordinate system to be useful (Grip,
Grip, and Morrison 2000). Some researchers have explored automatic and semi-automatic
stitching and registration (Jao, Chu, and Tseng 2014; Necsoiu et al. 2013; Yu, Zhang, and

Holden 2008; Yang and Gao 2009; Li 2010; Xu, Zhang, and Li 2014). Some automatic

10



registration and stitching is available in GRASS 7, ERDAS Imagine, and ArcGIS 10.1 (GRASS
Development Team et al. 2014; Neteler et al. 2005; ERDAS, Inc. 2008; Esri, Inc. 2012). This
project did not employ any form of automatic image registration or stitching. The focus was on
small-scale changes in the landscape, and the task of registering the images manually was
manageable.

Historical imagery is greyscale, and photo interpreters of the time responded to this
limitation by delineating boundaries between land cover or vegetation types (Kadmon and
Harari-Kremer 1999). When this delineation is done by hand, it is extremely time consuming and
limits the analysis to smaller spaces (Scanlan and Archer 1991; Callaway and Davis 1993;
Frelich and Reich 1995; Skinner 1995). Some researchers have avoided this arbitrary and labor-
intensive process by analyzing the historical imagery for texture (Hudak and Wessman 1998,
2001). Awwad (2003) composited the singleband images that were the results of textural analysis
into multiband images. He then subjected those images to automatic classification.

Vegetation survey plots, photo points, and other systematically collected data about
natural communities are often only available for areas that have been managed for conservation.
Locals that were old enough to remember the landscape of the time of the study may be able to
guide historical land cover delineation. Ellis et al. (2006) employed local people trained in

photointerpretation to field-validate land cover maps from 1950 to 2001.

2.2 Natural Communities
A natural community is a system of organisms, their physical environment, and natural processes
that impact them (Clements 1916; Garland and Thompson 2011). A natural community is

defined by its plant species, and thus is useful as a more specific addition to standard land cover

11



classification systems. No two sites have the exact same composition of flora, but this does not
preclude organizing individual plants into associations or assemblages (Gleason 1917). GLO
Survey maps and notes are the most complete of the old documentary sources of data for the site.
These surveyors were not naturalists and described only six land cover categories: pine, marsh,
swamp, pond, lake, and bay gall. They also judged the site for agricultural productivity, calling
most of the site “third rate”. Fortunately, two surveying teams visited the site, the first in 1844 to
mark out the township perimeter and the second in 1848 to delineate the sections. Whitner, the
township surveyor, described the vegetation in greater detail than Loring, the section surveyor.

Natural communities that were not mentioned in the first survey map and accompanying
notes for PLSS Sections 34, 35, or 36 but are present in later years and needed to be described in
a manner appropriate for the survey-level natural community description. The original
communities were described as bay gall, marsh, and flat pine. Between 1848 and 1944, some of
the Samsula and Sanibel muck underlying the flat pine community was removed and spoil piles
were deposited. In the land cover literature, the common identifier of communities resulting from
human activity is ‘cultural’. An additional descriptor is appended to ‘cultural’ describing the type
of community that developed because of human influence. Community definitions are discussed
in depth in Chapter 3.

A soil survey from the early twentieth century is available for the portion of the site that
is in Orange County. The idea of correlating soils data with land cover is very attractive and has
been tried many times in Florida. The surveys themselves list common plants found on each soil.
The "26 Ecological Communities of Florida" report provides a table that matches each 1960s-era

soil type to one or more ecological communities (USDA SCS 1981, A—1). The Society for Range

12



Management (SRM) and the NRCS tried to correlate the modern soil map units with updated
ecological sites, but they never finished the Ecological Site Descriptions (SRM 2014 Orlando
Planning Committee 2014; SRM 2011). Most recently, the NRCS has created forage suitability
groups that are associated with one or more modern soil map units (Williams 2012).

In 1922 each soil was assigned a general vegetation description that is consistent across
Orange County. Peat is associated with sawgrass, Leon with palmetto flatwoods, longleaf pine,
and runner oak, and Portsmouth with broomsedge.

The numeric codes that would have been filled in for the survey-data-scale natural
community categories in the Florida Land Use and Cover Classification System (FLUCCS) are

shown in Table 1.

Table 1 FLUCCS Code — Natural Community Crosswalk

Name FLUCCS Number

Flat Pine 1300
Cultural — Spoil 1877
Marsh 21212
Baygall 2231
Pine and Cypress Swamp 2242
Cultural - Palustrine 2400
Cultural - Lacustrine 3200
no data 0

2.3 Historical Ecology

Historical ecology is an emerging field and active area of research that combines ecology and
historical geography to study lost historic ecosystems. The field is practical as well as
theoretical; historical ecology is often funded in order for a restoration project to have reference
conditions. Because North America had an historical exploration/settlement period that was short

and well documented relative to that of other continents, proposed historical ecology methods
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have been well documented, for example in The Historical Ecology Handbook (Egan and Howell
2005). Though all of the related work in this section focuses on North America, this does not
discount the extensive work that many researchers have conducted on other continents.
McGovern et al. (2007), for example, did a beautiful job investigating the historical ecology of
Iceland starting in the Viking era.

In my opinion, existing historical data is underutilized in land management. Fortun