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ABSTRACT

Mapping wetlands and deepwater habitats prior to modern
settlement is difficult due to the difficulty of obtaining
sufficient, spatially explicit data on conditions prior to the
middle of the 20™ century. We overcame this barrier by
using Public Land Survey System data and other ancillary
historical data to map wetlands and deepwater habitats

in the 1850s in the mainland portion of St. Lucie County,
Florida. Using just the Public Land Survey System data,

a first draft map indicated there was 754 km? of wetlands
and deepwater habitats covering 52% of the study area.
After two iterations using other ancillary historical data,

a third and final draft map indicated there was 1,222 km?
of wetlands and deepwater habitats covering 84% of the
study area, and overall increase of 62%. These results show
that PLSS data can be used to map wetlands and deepwater
habitats prior to modern settlement, but the use of other
ancillary historical data can make maps more accurate
and trustworthy. The outcome is a first-of-its-kind map

of wetlands and deepwater habitats in the mainland
portion of St. Lucie County, which is now representing
baseline conditions in ongoing projects seeking to both
quantify and mitigate for widespread land use-land

cover change.

INTRODUCTION

In quantifying the effects of global change, we must start
by setting the baseline conditions from which global
change began (Knowlton and Jackson 2008). Lacking an
appropriate baseline, we cannot quantify the loss of tropical
forest from a study of the pasture, the loss of mangroves
from a study of the condominium complex, or the loss

of nearshore benthos from a study of the port. However,
setting such a baseline is typically an optimization problem,
in which we balance a desired baseline date, which might
be in the distant past, and the availability of adequate
historical data, which might only be available in the more
recent past (e.g., Rains et al. 2013). In the case of wetlands,
which have been ditched, drained, and converted to other
land uses almost from the beginning of modern time, these
adequate historical data are particularly difficult to acquire
(Siemens 1983).
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There is widespread availability of satellite imagery,
but readily available, high-quality imagery dates only back
to the late 20™ century (Loveland and Dwyer 2012), so
wetland change analyses that set baselines from satellite
imagery cover only the most recent decades (Murray et
al. 2022). There also is widespread availability of aerial
imagery, but readily available, high-quality imagery dates
only back to the mid-20™ century (Morgan et al. 2010)
such information was often acquired through manual
interpretation of aerial photographs. As traditional methods
of analyzing aerial photographs can be time-consuming,
subjective, and can require well-trained interpreters (who
are currently in short supply, so wetland change analyses
that set baselines from aerial imagery cover only a few
additional decades (Rains et al. 2013). For most of the
conterminous United States, neither time is deep enough
to quantify the widespread global change that has occurred
since modern settlement (Waisanen and Bliss 2002).

Data dating back to the beginning of modern settlement
in the conterminous United States are sparse (Waisanen
and Bliss 2002). Dahl (1990) famously set baseline
conditions to conduct a wetland change analysis for the
conterminous United States since colonial settlement, using
a variety of data sources but relying heavily on estimates
of drained land in agricultural settings (e.g., Roe and Ayers
1954). However, Dahl (1990) also included an abundance
of caveats regarding the general lack of accurate and
trustworthy data. In the conterminous United States, this
challenge is exacerbated by the prolonged history of land
acquisition of each newly acquired territory, starting with
the original 13 states being ceded to the newly founded
United States by Great Britain in 1783 and continuing until
the acquisition of portions of southern Arizona and New
Mexico from Mexico through the Gadsen Purchase in 1853
(Burns 2017).

Surveying natural resources and partitioning
ownership were among the first tasks set forth by the
federal government. Survey records can be particularly
valuable for constructing historical maps because they
represent first-hand historical observations made by
standard methods that can be used for both qualitative and
quantitative analyses (Bourdo 1956). There were a variety
of survey methods used historically but the most common
was the Public Land Survey System (PLSS), particularly
once territories achieved statehood (White 1983). PLSS
data include both hand-drawn maps and hand-written notes
and have proven to be useful in mapping pre-settlement
vegetation (Schulte and Mladenoff 2001; Christy and
Alverson 2011; Liu et al. 2011; Marcoe and Pilson 2017)
Oregon. Of the 202 townships included in our study area,
148 (73%, though with caveats about the potential for
inconsistency among individual surveys (Schulte and
Mladenoft 2001; Liu et al. 2011)especially in the context of
growing environmental change. However, historical records
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may have associated bias and error because their original
purpose may not have been for scientific use. The Public
Land Survey (PLS and the need for empirical calibration
to overcome undermapping of pre-settlement wetlands and
other hydrological features (Wang 2005). Therefore, we
hypothesized that we could make a sufficiently accurate
and trustworthy map of pre-settlement wetlands and
deepwater habitats using the early PLSS survey data along
with other ancillary historical data, at least where such
features were large and widespread.

SITE DESCRIPTION

The study area was the 146,155-ha mainland portion of St.
Lucie County, Florida (Figure 1). The climate is humid and
subtropical, with a mean annual temperature of 23°C and a
mean annual precipitation of 1300 mm (National Weather
Service 2023). Surficial deposits are predominantly
marine terrace sands and shelly sands that comprise a
shallow, unconfined surficial aquifer, which overlie the
discontinuously confined Floridan Aquifer (Miller 1997,
Reese 2003). The landscape is low-lying and has a nearly
level topography, rising gently from 0 to 20 m and with a
mean elevation of approximately 7 m (Watts and Stankey
1980). Prior to settlement, most of the County’s extensive
wetlands and deepwater habitats were collectively named
the Alpatiokee Swamp and most likely did not have a
strong or permanent surface-water connection to down
gradient waters (Bachmann 1861).

Florida was acquired from Spain through the Adams-
Onis Treaty of 1819 and achieved statehood in 1845. Some
of the earliest settlement in South Florida followed the
Armed Occupation Act of 1842, which was “an act to pro-
vide for the armed occupation and settlement of the unset-
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Figure 1. The study area is the 146,155-ha mainland portion of St. Lucie
County, Florida. The north, west, and south borders are coincident with the
County boundaries while the east border is defined by the mainland coastline
of the Indian River Lagoon, which is an Outstanding Florida Water and an Estu-
ary of National Significance. Barrier islands separate the Indian River Lagoon
from the Atlantic Ocean, but they were not included in the study area. Data are
from Florida Department of Environmental Protection (2023).

tled portions of peninsular of East Florida” (5 U.S. Statutes
at Large 502; Covington 1961). In response, approximately
40 pioneers settled in the area along the Indian River
Lagoon (Saint Lucie Historical Society 2023). A second
attempt at widespread settlement in South Florida followed
the Homestead Act of 1862, which was enacted to encour-
age “actual settlement and cultivation” (12 U.S. Statutes

at Large 392; Clark and Marshall 1975). However, despite
the government’s best attempts, this section of Florida was
only sparsely settled as a mere 93 land patents were granted
within the 18 townships that make up the County in the

75 years between 1842-1927 (General Land Office 2023).
Since that early settlement time, extensive drainage and the
advent of air conditioning and other modern conveniences
has led to widespread change, and the County had a popu-
lation of 329,226 in 2020 (U.S. Census Bureau 2023). The
County is now characterized by agriculture, especially
citrus in the interior, and urbanization, including the cities
of Port St. Lucie and Fort Pierce, on the coast.

PLSS BACKGROUND

The PLSS divides all surveyed lands into 36 mi? townships,
each comprised of 36 1 mi* sections. Surveyors, along with
two chainmen, walked, measured, and mapped along the
section lines, repeatedly laying a 66-ft, 100-link chain to
mark distance, direction, and features along the section line.
They mapped notable features intersected by the chain,
including vegetation, timber, possible sources of ore, arable
land, and prominent water features, taking detailed field
notes of both the surveys and of their general observations
(Dodds 1943) (Figure 2). Final cadastral land survey plats
were then drafted from the field map sketches and surveyor
notes back at headquarters. Cadastral land survey plats are
standardized and spatially coordinated and can therefore be
georeferenced, digitized, and analyzed quantitatively.

The early PLSS surveys of the mainland portion of the
County took place between 1844-1859. During this time,
the PLSS was overseen by the Bureau of Land Manage-
ment (BLM) General Land Office (GLO), and the standards
were being formed and refined (White 1983). Nevertheless,
the mapping of hydrologic features, including what we now
call wetlands and deepwater habitats, was always a prior-
ity. Prior to 1851, each State Surveyor General would issue
general instructions and would then issue further specific
instructions to surveyors for every survey contract. In 1845,
the Florida Office of the Surveyor General issued general
instructions to surveyors which included the following
directive: “You will carefully note the distances from your
last corner post to the point where you meet with or leave
any lakes, rivers, creeks, brooks, swamps, prairies, hills,
roads, canals, or any other natural or artificial object, with
their general course; and also take their bearings, so as to
establish the position of any important object which you
may see on either side of your line, that your field notes
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may afford a full and accurate topographical description of
the country surveyed by you” (Surveyor General of Florida
1845). Instructions like these were soon codified nation-
wide. In 1851, the Commissioner of the GLO issued similar
general instructions to surveyors in Oregon (Commissioner
of the General Land Office 1851), which were quickly
adopted by many states (White 1983). Subsequently, in
1855, the Commissioner of the GLO once again issued
similar general instructions, this time to all surveyors na-
tionwide (Commissioner of the General Land Office 1855).
Meanwhile, the Swamp Land Act of 1850 (9 U.S. Statutes
at Large 519) ceded federal land deemed wet or unfit for
cultivation to the states, which further underscored the need
for accurate surveys of these features.

METHODS

We acquired the 18 cadastral land survey plats and tract
book (General Land Office 2018), survey notes (Florida
Department of Environmental Protection 2018), and
georeferenced PLSS boundaries (Bureau of Land Manage-
ment 2018) for the mainland portion of the County. We
also acquired The Survey of Steamboat Routes from the St.
Johns River, 1882 (Williamson 1882). We used standard
tools in ArcGIS (ESRI, Redlands, California) to view, edit,
and analyze map-related datasets throughout this process.
We used the PLSS township and section corners as control
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Figure 2. Examples of surveyor’s notes, from left-to-right, Township 47 South,
Range 26 East in Lee County, FL (1872, W. L. Apthorp) and Township 3 North,
Range 16 West in Washington County, FL (1825, J. Wright).

points (minimum 5 per plat) to georeference the plats. We
created the first draft map of wetlands and deepwater fea-
tures in the 1850s by using the ArcGIS edit toolset to digi-
tize pond, marsh, swamp, and wet prairie features (1:5,000)
depicted on the georeferenced cadastral land survey plats
while referencing the associated survey notes.

To assess the accuracy of this first draft map, we
compared it to two historical ancillary data sources: 1)
the tract book records of the acreages of land deemed wet
or unfit for cultivation and thus ceded to the state as per
the Swamp Land Act of 1850 and 2) the depiction of the
general locations of wetlands and deepwater habitats in
The Survey of Steamboat Routes from the St. Johns River,
1882 (Williamson 1882). The tract book records indicated
that a total of 1,131 km? of land in the mainland portion
of the County was deemed wet or unfit for cultivation and
was therefore ceded to the state. This exceeded the total
area of wetlands and deepwater habitats in our first draft
map. Similarly, The Survey of Steamboat Routes from
the St. Johns River, 1882 (Williamson 1882) depicted a
geographically extensive system of wetlands and deepwater
habitats in the southeast portion of the County that was
otherwise missing from our first draft map. We digitized
and added this to our first draft map, thus creating a second
draft map.

To assess the accuracy of this second draft map, we
compared it to a digitized map (1:5000) of wetlands and
deepwater habitats as depicted in aerial imagery in the
1950s (Rains et al. in preparation). By 1950, there were
only 20,073 inhabitants in the County (U.S. Department of
Commerce 1950), and most of the limited development at
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Figure 3. The 18 cadastral land survey plats covering the mainland portion of the County, with the cadastral land survey plat for Township 37 South, Range 37

East expanded.

that time was concentrated near the mainland coastline of
the Indian River Lagoon, leaving large tracts of wetlands
and deepwater habitats intact elsewhere in the County. Dur-
ing this review, we determined there were additional wet-
land and deepwater habitats missing from our second draft
map, particularly in the southeast portion of the County.
We added these features to the second draft map to create

a third and final draft map of the wetlands and deepwater
habitat map in the 1850s.

We assessed the internal consistency of the final draft
of the map of wetlands and deepwater habitats in the 1850s
by comparing the frequency of occurrence of wetlands and
deepwater habitats the surveyors mapped along the section
lines (i.e., expressed as a proportion of the total section line
length within the mainland portion of the County) to the
total area of the wetlands and deepwater habitats mapped
in our final map of wetlands and deepwater habitats in the
1850s (i.e., expressed as a proportion of the total area of
the mainland portion of the County). We also assessed the
accuracy of the final draft map of wetlands and deepwater
habitats in the 1850s by comparing the areas mapped to the
areas ceded to the state as per the Swamp Act of 1850.

RESULTS

Our map of the wetlands and deepwater habitats in the
1850s went through three iterations: the first draft map

of wetlands and deepwater habitats in the 1850s created
directly from the PLSS data, the second draft map of
wetlands and deepwater habitats in the 1850s created from
the PLSS data and contemporary historical ancillary data,
and the final map of wetlands and deepwater habitats in the
1850s created from the PLSS data, contemporary historical

ancillary data, and the 1950s aerial imagery (Figure 4).

In the 1850s, wetlands and deepwater habitats were
widespread. Total wetland and deepwater habitat area was
1,222 km?, or 84% of the mainland portion of the County.
Almost the entirety of the western interior portion of the
County was wetlands and deepwater habitats. This is the
geographically expansive, low-gradient, poorly drained

Figure 4. The development of a

map of wetlands and deepwater
habitats in the 1850s: (A) the first
draft, with 754 km2 covering 52% of
the mainland portion of the County,
(B) the second draft, with 882 km2
covering 60% of the mainland portion
of the County, and (C) the final draft,
with 1,222 km2 covering 84% of the
mainland portion of the County.
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Eastern Valley geomorphic province (see Williams et al.
2022). Non-wetland and non-deepwater habitat areas were
scattered but were predominantly located in the eastern
portion of the County. This is the location of the north-
by-northwest to south-by-southeast trending coastal dune
ridges that occur along the Atlantic Coastal Ridge geomor-
phic province (see Williams et al. 2022).

Our validation gives us a high degree of confidence
in the internal consistency and accuracy of our mapping.
The best data are along the section lines, which the original
surveyors walked. The frequency of wetlands and deepwa-
ter habitats (i.e., what the surveyors depicted as marshes,
swamps, ponds, and wet prairies on their maps and survey-
or notes) along these section lines was 83% of the main-
land portion of the County. This is similar to our final map
estimate of 84% of the mainland portion of the County.
Furthermore, our final map estimate of 1,222 km? is within
10% of the 1,131 km? of land that was deemed wet or oth-
erwise unfit for cultivation and was therefore ceded to the
state, in accordance with the Swamp Act of 1850.

DISCUSSION

Mapping by inference from incomplete data is common
throughout many fields and at all scales, from physicists
using tools like electron tomography to map at the atomic
scale (Ophus 2019), to geologists using mineralogy and
biostratigraphy to map historical continental positions

at the global scale (PALEOMAP Project and Scotese
2016), to astronomers using radio telescopes to map the
universe at the galactic and extragalactic scales (Verschuur
and Kellerman 1988). Here, we mapped wetlands and
deepwater habitats by inference from incomplete data,
developing the first detailed maps of the pre-development
wetlands and deepwater habitats in the mainland portion of
St. Lucie County, Florida (Figure 4).

The best-known baseline data for wetland and
deepwater habitat area in the conterminous United States
is from Dahl (1990). He used a variety of data sources but
relied heavily on estimates of drained land in agricultural
settings (e.g., Roe and Ayers 1954). This resulted in
numerical estimates of total wetland and deepwater habitat
area but did not result in a map, as much of the underlying
data were aspatial. Our technique improves upon this and
results in both numerical estimates of total wetland and
deepwater habitat area and a map. It relies on the mapping
products created when Florida achieved statehood, when
surveying the resources and partitioning ownership were
among the first tasks. We relied particularly on the PLSS
survey data, which include both hand-drawn maps and
hand-written notes, all of which are publicly available from
the GLO (Figures 2 and 3).

PLSS data have been used previously to map histori-
cal vegetation (Schulte and Mladenoff 2001; Christy and
Alverson 2011; Liu et al. 2011; Marcoe and Pilson 2017)
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Oregon. Of the 202 townships included in our study area,
148 (73%, though the data are notoriously inconsistent

in quality, varying between individual surveys and even
individual surveyors (Schulte and Mladenoft 2001; Liu et
al. 2011). This was true in our case, as our PLSS data were
comprised of 35 separate surveys conducted under seven
different surveyors and completed over the course of 16
years (Figure 5). The early environment in Florida may
have additionally led to mapping inconsistencies among
surveyors. These individuals faced numerous hardships,
including swamps and saw palmettos, alligators and snakes,
and diseases like dysentery, malaria, and yellow fever,

the diseases alone killing many surveyors in those earliest
years (Knetsch 2006). These experiences were routinely
logged in the surveyor notes. These were often included as
formal notes in the survey data themselves, including from
the survey along the south boundary of Section 33, Town-
ship 47 South, Range 26 East (Figure 2, left): “45.00: To
round pond surrounded by bay and cypress swamp, im-
practicable. Pond full of monstrous alligators. Counted fifty
and stopped. Relinquished line.” These were occasionally
also included as informal notes which reflect more general
observations, including what appears to be a poem from the
survey of Township 3 North, Range 16 West in Washington
County (Figure 2, right): “The warter is badd and soe is
the bred in this here rechid swampe of the Choctawhatchee,
whar louse and murskeeters and rats and allegeatours
abounde all arounde, so you cant pull off yore brichez.”

We overcame the challenges of using PLSS data by
also using other ancillary historical data. This was par-
ticularly important in the southeast portion of the County,
which was largely lacking in wetlands and deepwater
habitats in the first draft map of wetlands and deepwater
habitats (Figure 4A). Ancillary historical data indicated our
first draft had underrepresented wetlands and deepwater
habitats. We reconsulted the surveyor notes and learned that
surveyors in the southeast portion of the County commonly
used the term “prairie” for features surveyors elsewhere in
the County called “wet prairie.” We retrained ourselves and
created a second draft map of wetlands and deepwater habi-
tats, increasing the mapped area of wetlands and deepwater
habitats by 17% (Figure 4B). Additional ancillary historical
data indicated our second draft continued to underrepresent
wetlands and deepwater habitats, especially in the south-
east portion of the County. Using these additional ancillary
historical data, we created a final draft map of wetlands and
deepwater habitats, increasing the mapped area of wetlands
and deepwater habitats by an additional 39% (Figure 4C).
The area of wetlands and deepwater habitats in our final
map is within 10% of the area of land that was deemed
wet or unfit for cultivation and was therefore ceded to the
state in accordance with the Swamp Act of 1850. This
underscores the importance of using the PLSS data along
with other ancillary historical data to achieve a sufficiently
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Figure 5. Dates and surveyors for the 18 PLSS cadastral land survey plats in
the mainland portion of the County. There were 35 separate surveys conducted
along township and section boundaries under seven different surveyors and
completed over the course of 16 years. Survey details for the partial townships:
T34S R40E (1844) G. Houston, Township boundaries; (1859) S. Harris, sections
and resurvey of Townships. T35S R40E (1845) R. Jones, W Township boundary
and G. Houston, section boundaries and the N and E Township boundaries;
(1851) A. Randolph, N Township and some section boundaries; (1853) C.
Hopkins, remaining section boundaries. T36S R41E (1845) G. Houston, Town-
ships and sections. T37S R41E (1845) G. Houston, Township boundaries, A.
Randolph, section boundaries.

accurate and trustworthy map of pre-development wetlands
and deepwater habitats.

PLSS data are available in all or parts of 30 states that,
collectively, comprise approximately 80% of the total land
in the U.S. (National Research Council 1983). The remain-
ing lands include most of the eastern states, Texas, Hawai’i,
and parts of many other states. These were surveyed under
different systems, ranging from the metes and bounds
system in Maine (Brady 2019) to the Kingdom of Hawai’i
system in Hawai’i (Williamson 1977), each of which can be
used to various degrees to map historical conditions (e.g.,
Srinath and Millington 2016). Particularly useful datasets
in coastal areas nationwide are historical NOAA Shoreline
Surveys, which are also called T-Sheets. T-Sheets provide
the authoritative definition of the U.S. high-water line
and commonly include detailed maps of coastal features
(Grossinger et al. 2005; Grossinger et al. 2011). These have
been used to map coastal wetlands and deepwater habitats
throughout the U.S. (Basso et al. 2015; Marcoe and Pilson
2017). However, whatever the base dataset, ancillary data
are always essential to achieve desired accuracy and trust-
worthiness (Wang 2005), as wetland mapping is quite chal-
lenging even with today’s best technology (Tiner 2015).

Our final map indicates that wetlands and deepwater
habitats covered almost the entirety of the mainland portion
of the County in the 1850s (Figure 4). The County is
low-lying and has nearly level topography and few natural
channels (Watts and Stankey 1980), so depressional,
flat, and slope wetlands and deepwater habitats (sensu
Brinson 1993) likely predominated (cf. Rains et al. 2011).

Stated simply, rainfall probably did not move far across
this landscape before it moved up into the atmosphere by
evapotranspiration or down into the underlying Floridan
aquifer by groundwater recharge. Therefore, like much of
Florida, the mainland portion of the County has undergone
extensive drainage and economic development since
Florida achieved statehood in 1845 (Grunwald 2006), and
looks very different today (Figure 1). Our final map is now
available to represent baseline conditions as projects seek
to both quantify and mitigate for these changes. These
include a wetland change analysis between the 1850s,
1950s, 2000s, and 2020s (Rains et al. in preparation)

and the development of a prioritization tool for planning
wetland restoration for water-quality improvement funded
to date by the U.S. Environmental Protection Agency

and St. Lucie County and with support from the Florida
Department of Environmental Protection and the Indian
River Lagoon National Estuary Program. It also is serving
to heighten stakeholder awareness of baseline conditions,
and the extent to which Florida has changed as it has gone
from a largely natural to a largely built landscape in the
span of less than 200 years.
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