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CHAPTER 1: A Systems 
Approach to Sustainabilty in 

the Halifax River 
Urban Watershed (HRUW)
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THE HALIFAX RIVER 
URBAN WATERSHED 

(HRUW)
 
 The Halifax River is an approximately 23-mile-
long lagoon that runs along the eastern coast of 
Volusia County, Florida. The Halifax receives 
freshwater from the Tomoka River and Bulow Creek, 
the general Halifax River drainage basin, channeled 
and surface runoff of urban stormwater, and 
groundwater, while saltwater enters into the river 
from the Atlantic Ocean through the Matanzas inlet 
to the north and the Ponce Inlet to the south. The 
Halifax River is also connected to Mosquito Lagoon, 
the northernmost part of the Indian River Lagoon 
system (Fig. 1). 
 Because of the mixing of saltwater and 
freshwater, salinity in the river varies with location, 
time, rainfall, and oceanic tides (which cause 
water level in the river to fluctuate). The entire 
length of the river is channeled as part of the 
3,000-mile Intracoastal Waterway and adjacent to 
highly developed city landscape, with a very small 
portion of the shoreline retaining natural coastal 
wetlands. Therefore, the river receives urban runoff 
and associated pollutants from the surrounding 
municipalities, with the total population within all 
municipalities along the Halifax River estimated to 
be over one quarter million people. Given the total 
population of the county is about 553,000 (2019), a 
large fraction of the population of the county lives 
near the river. If you include the entire drainage area 
of the tributaries such as the Tomoka River, Bulow 
Creek, and Spruce Creek, 80% of Volusia County’s 
population live within the area. 

 
Figure 1. Location of the Halifax River in relation to the 
Indian River Lagoon system (Mosquito Lagoon, Indian 
River Lagoon, and Banana River Lagoon). Inset map 
shows the location in Florida.

IDENTIFYING THE 
WATERSHED

 
 The United States Geological Survey defines a 
watershed as an area of land that drains all the 
streams and rainfall to a common outlet such as a 
river, lake, or bay. However, it is not easy to delineate 
a watershed because topographic features and 
water flow can be ambiguous (even underground), 
plus the delineation can be influenced by physical, 
social, or jurisdictional boundaries. When one is 
interested in the historical, cultural, and economic 
aspects of a watershed, it becomes even more 
challenging to determine how far the geographic 
area of the watershed should extend and which 
communities should be included. For the purpose 
of this work, we consider the Halifax River urban 
watershed to consist of the river itself and all the A spoil island
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Figure 2. Cities within and adjacent to the Halifax River Urban Watershed.
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Figure 3. Location of the Halifax River Watershed (WBID 2363B) in Volusia County (from Magley 2013).
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land and water of the municipalities along the river, 
including Ormond-by-the-Sea, Ormond Beach, Holly 
Hill, Daytona Beach, South Daytona, Port Orange, 
New Smyrna Beach, Daytona Beach Shores, and 
Ponce Inlet (Fig. 2). However, the actual geographic 
boundaries used for individual chapters vary 
because data collection boundaries often differ (i.e. 
US Census tracts, natural habitats vs. manmade canal 
drainage basins). Additionally, forces outside the 
geographic boundaries have heavily influenced the 
area’s culture, history, and other social aspects, so we 
must often look beyond these boundaries in order to 
understand how we reached the conditions that this 
watershed exhibits today.
 According to the Florida Department of 
Environmental Protection (FDEP), a Water Body 
Identification number (WBID) is an assessment unit 
intended to represent Florida’s waterbodies at the 
watershed or sub-watershed scale. WBID boundary 
2363B (Magley 2013; Fig. 3), which represents the 
bulk of the urbanized portion of the HRUW including 
the relatively continuous development 
encompassing the communities of Ormond Beach, 
Holly Hill, Daytona Beach, and South Daytona, 
contains an estimated population of 24,682 and an 
estimated 9,833 occupied residential units. Such a 
high density of development and an associated 
population density of over 1,000 individuals per 
square mile in 2010 (USCB 2019), while not rising to 
the level of urban areas such as Tampa/St. Petersburg 
or New York City, is still sufficient to create significant 
drivers that can affect the watershed’s habitats, 
including the river itself. These impacts can alter not 
just the future ecological health of the area (both 
directly and indirectly), but its social and economic 
health as well. For example, the Census Bureau lists 
Daytona Beach as having a population poverty rate 
of over 28% in 2017 (USCB 2019), creating drivers 
that make it difficult to achieve either social or 

ecological sustainability. Complicating the issue, the 
interaction of social and environmental factors in the 
HRUW can make it extremely difficult to address any 
sustainability-related concern (such as the poverty 
rate) individually because inputs and constraints 
from interacting factors in the watershed (say, job 
availability or propensity for flooding) can dampen 
or negate efforts to address that issue specifically.

THE HALIFAX RIVER 
URBAN WATERSHED 

SUSTAINABILITY 
INITIATIVE

 
 Along the coast of Florida, urban areas are 
faced with numerous environmental challenges that 
affect urban resilience, including saltwater intrusion 
into coastal aquifers and drinking water sources, 
flooding and mosquito breeding from stormwater 
and tidal inundation, water quality degradation, and 
pollutant contamination of major waterways. We 
expect these and other similar threats to increase 
in the near future because of urban development 
and an increase in impervious surfaces combined 
with shifts in local sea level and global climate. 
Thus, coastal urban centers such as Daytona Beach 
could benefit from preemptive repositioning and 
rebranding that will adapt local assets to these 
trends, enhancing community well-being by 
promoting environmental resilience and enhancing 
local economic activity. 
 A number of cities and regions throughout 
the world have used sustainability as a central place-

Seabreeze/Oakridge Bridge
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branding theme successfully. In January 2019, 
Bethune-Cookman University (B-CU) and its partners 
initiated an interdisciplinary regional partnership in 
order to better understand and incorporate human 
dimensions and social factors into environmental 
research. We intend to integrate a diversity of 
expertise to address shared goals of researching and 
promoting the area’s resources (i.e. natural, 
constructed, historical, social, cultural, and human 
resources) for economic growth, and acknowledging 
“the area’s water resource and its sustainability” as a 
central place-branding theme for the HRUW.
 For the first stage of this initiative, we 
are working to establish a sustainable research-
driven program to understand and compile the 
history, trends, status, and future projections for 
the environmental, social, and economic health of 
the Halifax River ecosystem and its surrounding 
urban communities and environment. The research 
will serve as a foundation for enhancing  holistic 
sustainability and resilience within the communities 
and environment of the Halifax River Urban 
Watershed. Research-based advancement and 
enterprise centered on water resource sustainability 
is a key objective of the HRUW Sustainability 
Initiative, which complements the mission and 
objectives of B-CU’s Department of Integrated 
Environmental Science, which seeks to combine 
scientific and social information in order to make 
informed decisions regarding environmental and 
sustainability issues, particularly those related to 
water resources. Based on the project partners’ 
studies and reports, we are identifying the primary 
problems (and known drivers), gaps that have 
contributed to and would exacerbate the problems, 
and primary needs to be addressed to fill the gaps 
and address the problems.

THE ISSUE OF 
SUSTAINABILITY

 
 Sustainability (along with its cousin, 
sustainable development) is a concept and concern 
that has existed for longer than it may seem. But 
even though one of the most commonly cited 
working definitions of sustainability, 

“…meeting the needs of the 
present without compromising the 

ability of future generations to meet 
their own needs,” 

arose from the commonly termed “Bruntland Report” 
over 30 years ago (United Nations 1987), the impact 
of the ideas making up sustainability and sustainable 
development have only recently gained traction in 
our nation’s conversation. Therefore, after many years 
of seeming indifference to the concept, concerns 
about sustainability are finally moving to the 
forefront of our consciousness. Even the World 
Business Council for Sustainable Development 
(2010), an organization whose members comprise 
more than two dozen of the largest and most 
powerful corporations on the planet, noted that if we 
stay on our current development path, meeting our 
resource, energy and waste needs by the year 2050 
will require approximately 2.3 additional Earths. They 
further elaborate that attitudinal and behavioral 
change is necessary because approximately 30% 
more people will be living on this planet in just 40 
years, and the reality of shrinking resource stocks 
and changing climate will limit the ability of all 9 
billion people to attain or maintain the consumptive 
lifestyle that is commensurate with wealth in today’s 
affluent markets. Observations such as these recently 
led the UN to replace the Millennium Development 
Goals of 2000-2015 with a set of Sustainable 
Development Goals (SDGs) for all countries, 
developed and developing alike (United Nations 
2015). As Ban Ki Moon (2016) stated in a speech to 
the UNESCO World Conference in Japan, the need to 
move toward sustainability is critical because, 

“As I said often, we don’t have plan 
B because there is no planet B.”

Unfortunately, for those interested in working 
toward more sustainable lifestyles and development, 
the concept of sustainability itself can be ambiguous, 
with many possible goals and interpretations at 
many scales and from the perspective of many 
different disciplines. Indeed, it can be argued that the 
term sustainability is most useful when it is viewed 
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as a symbol; a term that is ambiguous enough to 
be embraced by many different points of view but 
coherent enough to get those points of view moving 
in a specific, overall complementary direction useful 
for engendering social change (Mazmanian and 
Kraft 2009).

APPLICATION TO 
THE HRUW

 
 Sustainability is a particularly rational 
management goal for a human-altered system like 
the HRUW, but in order to make progress we must 
realize that sustainability is a superdiscipline, a single 
field of study and practice that subsumes numerous 
traditional academic disciplines. As a result, attempts 
to address sustainability are unlikely to be successful 
if approached from one or two specific perspectives 
(such as ecology and economics alone). Rather, we 
can best address sustainability as a systems-level 
concept, with a focus on interactions between the 
many different elements of the system (ecological, 
economic, social, ethical, etc.), the flows and 
parameters active between the system’s elements, 
critical inputs and outputs, and the desired goal for 

the system’s future state and behavior (Meadows 
2008). Attempting this type of study will require 
data on the social and ecological subsystems of 
the HRUW that can influence the sustainability 
of the HRUW as a whole, and how these various 
subsystems interact to create the behaviors and 
conditions that we experience within the watershed. 
This type of work is difficult to accomplish using the 
analytical methods of a single discipline, requiring 
collective large-scale methods that can combine 
disciplinary scientific and social information using 
quantitative and qualitative methods while also 
incorporating the perspectives of stakeholders 
(such as Reiter et al 2006 and 2013 or OECD 1994; 
though see Carr et al 2007). Because of the need 
to combine scientific and social information, fuzzy 
logic, the method inspired by the processes of 
human perception and cognition, can be a useful 
tool for quantifying progress toward multifaceted, 
diverse targets such as sustainability goals (for 
example, Ducey and Larson 1999, Phillis and 
Andriantiatsaholiniaina 2001).
 Attempts to alter the trajectory of a system 
such as the HRUW toward more sustainable futures 
will require an understanding of the influence of the 
area’s subsystems on the HRUW and any constraints 
placed upon the HRUW by the larger systems of 
which it is a part, as elaborated in panarchy theory 
(refer to Gunderson and Holling 2001 for details). The 
Dutch School of Transition Management has 
demonstrated that management can modify the 
influence of factors leading to less sustainable 
futures in order to move complex systems toward 
new, more sustainable goals, but doing so requires 
adjustments in social institutions and ecological 
systems at the same time. Further, it requires 
management adjustments at more than one 
spatiotemporal scale simultaneously (say, at local, 
county, and state scales) in order to develop a 
reinforcing synergy between those efforts to prevent 
any one scale from acting as a block on the others 
(see Kemp et al 2007, Westley et al 2011, and 
Loorbach et al 2015 for examples).

Port Orange Causeway 
(aka. Dunlawton Avenue Bridge)
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THE ULTIMATE GOAL 
OF THE HRUW 

PROJECT
 
 The ultimate goal of the HRUW is to apply 
holistic, multifaceted perspectives and targeted 
strategies at multiple scales to attempt to create the 
synergy necessary to move the complex 
human-altered system that is the HRUW toward 
a state of greater social and environmental 
sustainability. This book represents the initial phase 
of the project, whereby various researchers are 
collecting the available data necessary to begin to 
build a picture of the existing state of the HRUW and 
its drivers. Once we have a picture of the existing 
state, the project can move toward identifying the 
social and environmental endpoints desired by 
the stakeholders and the thresholds required by 
ecological processes in order to identify the targets 
for social and environmental sustainability. From 
there, project personnel and stakeholders can 
make management decisions that will work toward 
these targets from both social and environmental 
directions at multiple scales in order to begin the 
transformation of the HRUW as a whole. In this 
way, the HRUW Project hopes to become a positive 
force for the community and for our surrounding 
environment, for the benefit of all.
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This chapter focuses on the physical setting and characteristics of the Halifax River Watershed (HRW). The 
National Oceanic and Atmospheric Administration (NOAA) defines a watershed as a land area that channels 
rainfall and snowmelt to creeks, streams, or rivers that eventually discharge at outflow points into reservoirs, 
bays, or the ocean. Historical data derived from maps and images, published papers and technical reports, 
and on-going research and monitoring are reviewed, summarized, and organized to describe the natural 
components of the environment. The information presented in this chapter serves as a foundation to 
(1) understanding links between human factors and impacts on the natural environment and 
(2) incorporating and managing natural resources for a potentially sustainable future for the Halifax River 
Watershed.

CHAPTER 2: PHYSICAL 
SETTING OF 
THE HALIFAX RIVER AND 
ITS WATERSHED
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CONNECTED WATERS 
AND PHYSICAL AND 

JURISDICTIONAL 
BOUNDARIES

 
River, estuary, or lagoon? Although it is called a 
river, the Halifax River is not one in the strict sense. 
The Halifax River is an estuary (strictly speaking, an 
estuarine lagoon) approximately 23 miles long (37 
km long) that runs along the eastern coast of Volusia 
County, Florida, with the city of Daytona Beach 
located centrally along its banks. An estuary is a 
semi-enclosed, coastal water body where freshwater 
from uplands flows into and mixes with saltwater 
from the ocean.
 Freshwater sources and connections to 
other brackish waterbodies: The Halifax River 
receives freshwater from the Tomoka River, Bulow 
Creek, the upper Halifax River drainage basin, a 
system of canals carrying urban stormwater runoff, 
and groundwater. The river is also connected with 
Rose Bay, Spruce Creek, and Mosquito Lagoon, which 
is the northernmost part of the Indian River Lagoon 
(IRL) system (see Fig. 1 of Chapter 1). Although 
partially isolated by an abandoned causeway and 
the present US 1 causeway, Rose Bay still contributes 
drainage to the Halifax River. The Florida Department 
of Environmental Protection (FDEP) lists both the 
Tomoka River and Spruce Creek as Outstanding 
Florida Waters (OFWs). 
 Saltwater connections: Saltwater from the 
Atlantic Ocean enters through the Matanzas inlet to 
the north and the Ponce de Leon Inlet to the south. 
The river is therefore tidal, with a semidiurnal pattern 
of two daily high and low tides. Tidal amplitude is 
approximately 2 feet (0.6 m), and a tidal node exists 
just to the east of the lower reach of Bulow Creek, 
which is considered the separation between the 
Halifax River and Matanzas River estuarine systems. 
While the annual average minimum and maximum 
salinities (salt content) range from 24 to 30 parts 
per thousand (ppt), salinity in the river varies more 
widely among locations and times due to the effects 
of rainfall and tides.
 

 Physical and jurisdictional boundaries: 
A tidal node just to the east of the lower reach of 
Bulow Creek separates the Halifax and Matanzas 
rivers. The entire length of the Halifax River is 
channeled as part of the 3,000-mile (4,800 km) 
Intracoastal Waterway (ICW). The US Army Corps of 
Engineers (USACE) is responsible for maintenance of 
the ICW.
 The Indian River Lagoon National Estuary 
Program (IRL-NEP) defines the northern boundary of 
their study area as High Bridge Road near the border 
of Volusia and Flagler counties, and the southern 
boundary as Ponce de Leon Inlet. This extension only 
applies to planning performed by the NEP program.  
And this does not mean that the Indian River Lagoon 
system is expanded to include the Halifax River.
 The Halifax River watershed falls in the Halifax 
River Planning Unit (PU 9A) of the St. Johns River 
Water Management District (SJRWMD). This planning 
unit includes portions of Flagler and Volusia counties 
along the northeast coast of Florida. Municipalities 
in the unit include the southern portion of Flagler 
Beach, Ormond Beach, Holly Hill, Daytona Beach, 
South Daytona, Port Orange, Daytona Beach Shores, 
and Ponce Inlet (Fig. 1 also see Fig. 2 of Chapter 1).
 The Halifax drainage basin encompasses 
approximately 256,600 acres (1,035 km²). The 
drainage basin refers to the river itself and all 
tributaries, other waterways and waterbodies, flows, 
seepages, and land areas that contribute water to 
flow in the river. In this book, we will use the term 
“Halifax River Watershed (HRW),” which can be 
interchanged with Halifax drainage basin. The 
basin drains approximately 25,700 acres (104 km²) of 
urbanized area. Two freshwater tributaries, Tomoka 
River and Spruce Creek, drain roughly 49,000 acres 
(199 km²) and 21,400 (86 km²), respectively.
 The HRW is part of the larger Timucuan Basin, 
which stretches from just north of Flagler Beach in 
Flagler County, FL to Rose Bay in Volusia County, 
FL. In turn, the Timucuan Basin is one of several 
watersheds that span approximately 125 miles (200 
km) of Florida’s northeast coast and cover 483,000 
acres (1960 km²) from the St. Marys River and Amelia 
Island in Nassau County through Ponte Vedra Beach 
to New Smyrna Beach.
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Figure 1. Natural and man-made canal watersheds of 
the Halifax River.

CLIMATE AND 
WEATHER

 
 East central Florida has a humid subtropical 
wet-dry climate, with monsoonal influence in 
summer and a dry winter. This specific climate 
is categorized as Cw in the Koppen Climate 
Classification System. The criteria for a Cw 
classification require 70% of the rainfall occurring 
during the six warm months (May-October) with 
the wettest month having ten times more rainfall 
than the driest month in an average year. Within the 
HRW, the total amount of rainfall during the warm 
season ranges around 64% of the yearly total, but 
the area still shows similarities to a monsoon climate, 
including distinct contrasts between two seasons, 
with a cooler season being drier (extratropical) 
than the warmer months (tropical) and a reversal in 
the direction of the prevailing winds in most years 

documented since the early 1900s. The dominant 
wind direction during most of the wet season is 
from the southeast, and the dominant wind during 
most of the dry season comes from the northwest to 
north.
 The “Wet Season” around HRW begins near 
the end of May and ends near mid-October. During 
the wet season there are daily inland progressions 
of the Atlantic and Gulf of Mexico sea breezes as a 
low pressure trough develops across the peninsula 
due to surface heating. The timing and distribution 
of daily showers and lightning storms during the 
summer months is most closely tied to the north/
south migration of the “Bermuda” high pressure 
ridge. This ridge dictates where the Gulf and Atlantic 
sea breezes collide each day to produce storms with 
frequent lightning and heavy rainfall. The median 
date for the start of the wet season in Daytona Beach 
was determined to be May 27. The months of June 
through September are the wettest, with rainfall 
almost every day. The monthly precipitation average 
is above 5 inches (13 cm) during the wet season, 
which represents about two-thirds of all annual 
rainfall accumulating in the region. Around 
mid-October, there is a sharp decrease in humidity 
and rainfall, thus ending the wet season and starting 
the transition towards the dry season. Generally, the 
wet season in this area lasts about four and a half 
months.
 The “Dry Season” in this area falls during 
the months of October through May. It starts with 
the first substantial cold front, which brings drier 
and slightly cooler air in with significant rainfall; 
however, after the first front passes, the frequency of 
rain almost always decreases. The relative humidity 
fluctuates during the month of October, but the 
months of December, January, and February average 
about 87% humidity. These months are marked 
by cold fronts followed by a line of showers and 
thunderstorms, but the frequency of rainfall is much 
less than that in the summer. Throughout February 
and March, the weather most closely resembles 
spring at higher latitudes, with wide fluctuations in 
temperatures along with occasional severe weather 
and sporadic rain events. Although most of the 
winter is marked with sparse rainfall, the area might 
receive more rainfall when one of these fronts moves 
back northward. In April, the fronts become weaker 
and yield less rainfall, but they manage to pass 
through the area and reinforce the dry and stable air 
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mass making April the driest month. In the month 
of May, the temperature starts to increase with an 
average high in the 80s and increased rainfall during 
the gradual shift to the beginning of the wet season.

GEOLOGY AND 
HYDROLOGY

 
 The Halifax River system is part of two 
distinct and connected geomorphic shoreline 
features, the Atlantic Coastal Lagoon (ACL) and 
Silver Bluff Terrace (SBT). The ACL consists of the 
Halifax River and its tributaries. Extending west 
from the ACL is SBT which consists of two sections. 
The eastern section is a former shoreline with an 
elevation of 10 ft (3.0 m) while the western section, 
being a former lagoon, has an elevation of 5 ft (1.5 
m). Flatwood (spodosols) and coastal soils (variable 
organic) are the general soils throughout the area. 
 Thousands of feet of sedimentary rock 
overlie Florida’s Cambrian crystalline basement. 
The Eocene age Avon Park Formation represents 
the oldest rock exposed at the surface in Florida 
and was deposited over 40 million years ago. The 
limestones and dolostones of the Avon Park crop 
out only in limited locations along the western 
edge of the northern part of the Florida peninsula, 
but this formation underlies the Halifax River at 
depths beginning around 150 feet (46 m). The Ocala 
Formation limestone (also Eocene) is present above 
the Avon Park in the region and an unconformity 
(missing rock record due to erosion or lack of 
deposition) separates the Ocala from overlying 
Undifferentiated Pliocene and Pleistocene shelly 
sediments. The Pleistocene Anastasia Formation 
overlies the Undifferentiated Pliocene and 
Pleistocene shelly sediments and is the uppermost 
formation mapped along most of the Halifax, 
extending some miles inland (although exactly how 
many miles is debatable), varying in thickness from 
approximately 10 to 45 feet (3-14 m; Fig. 2). By 
convention, the first named unit within 20 ft (6 m) of 
the surface is mapped and a variety of 
unconsolidated Quaternary sediments are only 
mapped when they attain a thickness of greater than 
20 ft. Even though they are not mapped, these 
sediments rest on the Anastasia Formation through 

much of the area surrounding the Halifax. 
Undifferentiated Pleistocene and Holocene 
coastal deposits occur in limited areas near the 
mouth of Spruce Creek and just north of the mouth 
of the Tomoka River (Fig. 2). 
 The Anastasia Formation consists of variably 
lithified coquina (a type of limestone primarily 
containing cemented mollusk shells) and mixtures of 
sand and shell, whereas the undifferentiated 
Pleistocene and Holocene coastal deposits include 
sediments composed of sands, silts, and clays that 
sometimes contain varying percentages of organic 
matter. A thin veneer of sediment consisting 
primarily of sand, shell, and clay underlies and 
surrounds the Halifax. The mapped units comprise 
the surficial aquifer, which serves as a partial source 
of freshwater inputs to the Halifax and provides the 
underlying foundation for the surface landforms that 
are responsible for the geomorphic position of the 
lagoon.
 Sea level is the dominant control on the 
surface landforms surrounding the Halifax. Florida 
has experienced many sea level fluctuations 
throughout its history that have left behind marine 
terraces, relict beach ridges and dunes, sand bars, 
and several other geomorphic features that tend 
to parallel the modern coast. Marine terraces and 
ridges are of particular importance to the location 
of the Halifax River. A marine terrace is a flat or low-
slope surface of erosion or deposition formed along 
a coast by wave action. Marine terraces parallel most 
of Florida’s seaward edge and represent former sea 
level high stands (Fig. 3). Ridges occur on the edge 
of the marine terraces and these represent former 
active beach ridge and dune sets (imagine the 
modern shoreline with its associated beach ridges 
and dunes - the modern Atlantic Ridge - along with 
the relatively flat “terrace” just offshore). Figure 
4 shows an idealized cross-section of landforms 
surrounding the Halifax River, including the Pamlico 
Terrace that is important to the locations of Spruce 
Creek and the Tomoka River, two of the rivers 
draining into the Halifax, along with Silver Bluff 
Terrace on which the Halifax occurs. The Silver Bluff 
Terrace fringes all of Florida except the mid-Gulf 
shoreline. The Talbot Terrace occurs at elevations 
between 25 and 42 feet (7.6 and 13 m), the Pamlico 
between 10 and 25 feet (3 and 7.6 m), and the Silver 
Bluff between 1 and 10 feet (0.3 and 3 m). 
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Figure 2. Geologic map of the area surrounding the Halifax River (adapted from Scott 1992b). The Anastasia 
Formation (Qa) and the undifferentiated Pleistocene and Holocene coastal deposits (Qph) are described in the 
text. Quaternary beach ridges and dunes (Qbd) do not occur adjacent to the Halifax on the map and are thus not 
further defined in the text.

Figure 3. Geomorphic features of the area surrounding the Halifax River, including associated marine terraces and 
ridges (adapted from Knochenmus and Beard 1971).

Figure 4. Idealized cross section illustrating the surficial geomorphic features, general underlying materials, and 
the potentiometric surface of the surficial aquifer for the region surrounding the Halifax River (adapted from 
Knochenmus 1968, German 2009).
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Rima Ridge rises 5 to 10 feet (1.5 to 3 m) above the 
Talbot Terrace, the Atlantic Coastal Ridge rises 10 to 
15 feet (3 to 4.5 m) above the Pamlico Terrace, and 
the modern Atlantic Ridge rises approximately 10 
feet (3 m) above the Silver Bluff Terrace.  The Halifax 
River lies at the lower-elevation edge of the Silver 
Bluff Terrace and is bounded by the modern Atlantic 
Ridge (Figs. 3 and 4). An additional relict barrier 
between the Atlantic Coastal Ridge and the current 
lagoon was also suggested. 
 The shore-parallel ridges represent a 
formidable barrier for stream activity, and Anastasia 
Formation coquina forms the backbone of the 
Atlantic Coastal Ridge in the vicinity of the Halifax. 
These factors, along with the region’s low-gradient 
landscape, result in relatively little surface drainage 
entering the Halifax River. In fact, Spruce Creek and 
the Tomoka River, occuring primarily between Rima 
Ridge and the Atlantic Coastal Ridge, are the only 
streams that traverse the Atlantic Coastal Ridge to 
enter the Halifax. The Tomoka River discharged a 
median value of 5.3 cubic feet per second (cfs; 150 
liters per second) near Holly Hill for the 1964 to 
2018 period and Spruce Creek discharged a median 
value of 1.6 cfs (45 liters per second) near Samsula 
for the 1950 to 2019 period. These streams have 
little channel storage or groundwater contribution, 
and most of their water transport is related to 
overland flow during high discharge. These ridges 
and associated marine terraces are the primary 
control on surface drainage in the region, resulting 
in a trellis drainage pattern. Trellis drainage is 
likened to the shape of a garden trellis, with small 
tributaries feeding into the sides of the main channel 
at perpendicular to near-perpendicular angles. The 
main stream channels tend to run along the marine 
terraces, paralleling the ridges. The Tomoka River 
drains a basin of approximately 121 sq. mi. (313 km²) 
and Spruce Creek drains approximately 96 sq. mi 
(249 km²). Groover Creek, the Little Tomoka River, 
and Turnbull Creek add another 45 sq. mi (117 km²). 
of drainage area into these streams. Other runoff 
that directly enters the Halifax without crossing the 
Atlantic Coastal Ridge drains approximately 48 sq. mi 
(124 km²).
 Groundwater certainly enters the Halifax 
River directly, with the surficial aquifer (associated 
with the surficial deposits) and the Floridan aquifer 
(associated with the carbonate rocks) representing 
potential sources. The low elevation of the Halifax 

intersects the potentiometric surface of the aquifer 
system. Although the surficial aquifer represents an 
important source of fresh groundwater in the region, 
most high capacity wells in the area withdraw 
directly from the Floridan aquifer. However, the 
shallow presence of saline water limits useful well 
depths to approximately 300 ft (900 m). 

WATER QUALITY
 
 The SJRWMD, Volusia County Environmental 
Management, and City of Daytona Beach have 
sampled water quality at fixed monitoring stations in 
the Halifax River and its watershed. Data for surface 
waters are available from 37 stations with varying 
durations and frequencies of sampling (Fig. 5; Table 
1). Bulow Creek has a 33-year dataset, whereas the 
main Halifax River has been sampled for only 5 years. 
Sampling frequency varies at each location from 
monthly to bi-monthly and quarterly, with some 
additional data gaps due to inclement weather.
 A variety of parameters are sampled at the 
fixed monitoring stations. The analytical laboratories 
use standard methods established by the Clean 
Water Act Section 304(h) and approved by the 
Environmental Protection Agency (EPA). Field 
measurements, including water quality parameters 
plus air temperature, weather, cloud cover, wind 
direction and wind speed, are taken at each 
sampling location according to established protocols 
(Table 2).
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Figure 5. Locations of water quality monitoring stations 
within the Halifax River watershed.

 Conductivity and salinity relate to how 
“salty” the water is due to the amount of dissolved 
salts and minerals. The more salts and minerals 
dissolved in the water, the faster an electric current 
travels and the higher the conductivity. When water 
temperature is measured, conductivity can be 
converted into salinity, which is a measure of the 
grams of salt per liter, or parts per thousand (ppt). 
Full strength ocean water is 35 ppt whereas pure 
freshwater is 0 ppt.
  The salinity of the Halifax River is highly 
variable in both time and space. Generally, the 
Halifax has lower salinity at the northern and central 
stations where there are more freshwater tributaries 
and canals, and the salinity increases at the southern 
stations where saltwater from the Atlantic arrives 
through Ponce de Leon Inlet. Hurricanes can have a 
major impact on salinity within the Halifax. At station 
HL09 located centrally near Oak Ridge Causeway in 
Daytona Beach, the salinity was at 29 ppt in Fall 2016 
and dropped to 8 ppt after Hurricane Irma in Fall 
2017.
  

 While many coastal organisms are adapted to 
sudden changes in salinity, alterations to freshwater 
flow from land via canals that drain wetlands change 
the quantity and quality of water entering the Halifax 
River. These changes can have dramatic impacts 
on erosion, water clarity, and pollution within the 
system.
 The pH of water is a measure of the relative 
amounts of hydrogen and hydroxide ions in the 
water; and it can range from 0 to 14, with zero being 
the most acidic and 14 the most basic. A value of 7 
is considered neutral, with many freshwater sources 
reading close to 7. The minerals and salts dissolved 
in ocean water increase the pH closer to 8.2. The 
pH scale is logarithmic, so a small change in value 
represents a large change in the ratio of hydrogen 
and hydroxide ions. For instance, a change from 7.2 
to 7.1 means around 26% increase in acidity. As with 
salinity, a gradient of pH is seen at sampling stations 
within the Halifax, with pH increasing close to Ponce 
de Leon Inlet and lower pH (close to 7) found at 
the northern stations closer to freshwater inputs. 
Hurricane Matthew in 2016 increased pH throughout 
the Halifax, likely due to increased rainfall reducing 
salinity levels.   
 Chlorophyll, color, total dissolved solids 
(TDS), total suspended solids (TSS), and Secchi 
depth relate to how cloudy the water is and what 
material is responsible for any loss of transparency. 
Coastal water can contain live algae, suspended 
material such as sand or dead organisms, and 
colored pigments released from decaying plant 
material or algae (dissolved organic color). These 
materials can absorb, reflect and/or scatter light 
traveling from the surface of the water to the bottom 
of the river. Both algae and vascular plants growing 
in water require light to drive the photosynthesis 
that keeps them alive and, ultimately, supports food 
webs.
 Water clarity can vary among seasons, and 
it can change due to biological activity in the water 
column or surface runoff that carries particles. 
Heavy rains also can result in hourly variations 
in turbidity. To determine if algae, sediment, or 
pigments are causing a lack of water clarity, water 
samples are taken back to the lab and filtered. 
Chlorophyll a, b, and c measure the amount of algae 
present in the water since chlorophyll, particularly 
chlorophyll a (CHLA), represents a reliable indicator 
of phytoplankton abundance. In contrast, TSS and 
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TDS measure the amount of living and non-living 
material in the water column. Secchi depths indicate 
the clarity of the water, with the ability to see the 
Secchi disk at greater depth translating to clearer 
water. 
 For water clarity, Secchi depth and CHLA are 
the most consistently measured variables within the 
Halifax over space and time. Secchi depth exhibits 
seasonal and spatial variation. In the spring and 
summer, the northern stations have lower Secchi 
depths (lower water clarity) compared to stations 
close to Ponce de Leon Inlet in the south. In the 
summer, CHLA measurements also are higher at 
the northern stations, but in spring, CHLA exhibits a 
different pattern than Secchi depth, which suggests 
sediment or color is responsible for decreased water 
clarity. Hurricanes Matthew (2016) decreased CHLA 
levels while CHLA increased in central stations 
following Irma (2017). 
 Water temperature can greatly impact 
concentrations of dissolved oxygen (DO) within 
the water. The oxygen content of natural waters 
can vary with parameters such as temperature, 
salinity, turbulence, atmospheric pressure, and 
photosynthetic activity of algae and plants. Oxygen 
solubility decreases as temperature and salinity 
increase. In freshwater, concentrations of dissolved 
oxygen (OD) at sea level vary from 15 mg/L at 0 °C 
to 8 mg/L at 25 °C. As water temperature increases, 
water molecules spread out, and oxygen molecules 
are released into the atmosphere. Thus, the warmer 
the water, the less oxygen it can hold. A lack of 
flow combined with respiration and bacterial 
decomposition can further decrease the oxygen 
concentration. Concentrations around 2 mg/L are 
considered hypoxic, and organisms are stressed. As 
oxygen levels decline, mobile organisms such as fish 
might be able to leave the area to find higher oxygen 
concentrations, but less mobile or sessile marine 
organisms might be trapped and killed. Additionally, 
large areas with low oxygen concentrations can 
result in mortality of fish and other mobile species. 
As oxygen levels approach 0 mg/L, they are 
considered anoxic. In the Halifax, dissolved oxygen 
increases from northern stations toward the inlet, 
with cooler ocean water having a greater ability 
to hold oxygen then warmer water in the north. 
Stations 12A and 13A in the central Halifax River 
had readings around 2 mg/L in the spring of 2016. 
It is important to note that these readings are taken 

near the surface, and deeper waters may hold less 
oxygen.
 Nitrogen (N) and phosphorus (P) are 
nutrients that support growth of photosynthetic 
organisms that form the base of the food web. 
At moderate levels, these two nutrients (N and 
P) act as fertilizers for algae and seagrasses in 
coastal estuaries. Nutrients cycle within the 
system via biological and geological processes, 
but freshwater runoff from agricultural and urban 
lands, leachate from septic tanks, and sewage 
discharge are increasing the quantity of nutrients 
entering the Halifax River and other coastal areas. 
High concentrations of N and P can promote 
blooms of single-celled algae (phytoplankton) or 
larger algae (macroalgae). Phytoplankton blooms, 
exponential growth of dense patches of algae in 
the water column, limit the amount of sunlight that 
penetrates the water. These blooms can shade other 
primary producers growing on the bottom of the 
river, removing valuable habitats for fish and other 
animals. When the phytoplankton or macroalgae 
die, the resulting bacterial decomposition can lower 
concentrations of dissolved oxygen and stress fish 
and other animals. The process of building up stocks 
of organic matter is called eutrophication, and it 
represents one of the key threats to coastal systems.

NATURAL ESTUARINE 
HABITATS 

 
 The shorelines of the Halifax River are 
flanked by extensively developed landscapes that 
generate runoff. In addition, much of the shoreline 
is hardened. Natural coastal wetlands make up less 
than 3% of the HRW. The remaining natural habitats 
in the Halifax River serve multiple functions. For 
example, they act as a nursery for juvenile fish.
 The remaining natural shorelines are 
populated by native salt marsh grasses, such as 
Smooth cordgrass (Spartina alterniflora) and Hay 
cordgrass (Spartina patens). These emergent plants 
provide habitats for fish such as Summer flounder 
(Paralichthys lethostigma), and serve as food for 
mammals such as West Indian manatee (Trichechus 
manatus latirostris). Additional types of shorelines 
include mangroves, tidal flats, hydric hammocks, 
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TABLE 1.  Water quality stations and data ranges within the Halifax River Watershed (HRW) 
  (source St. Johns River Water Management District)
STATION LOCATION          YEARS
2248000 Spruce Creek          1995-2019
27010024 Tomoka River at Old Dixie HWY Bridge      1995-2019
27010579 Tomoka river at 11th St (LPGA Blvd) bridge      1995-2019
BUL  Bulow Creek at low bridge        1986-2019
FLB  Intracoastal Waterway (ICWW) under the Highway 100 Bridge in Flagler Beach 2004-2019
FWRP1  Northern section of wetland restoration project west of Intracoastal Waterway 2019
FWRP2  Central section of wetland restoration project west of intracoastal waterway 2019
FWRP3  Southern section of wetland restoration project west of intracoastal waterway 2019
HL01  Halifax River near High Bridge Road       2014-2019
HL02  Halifax River at ICWW channel marker (CM) 29     2014-2019
HL03  Halifax River center of Tomoka Basin 
HL05  Halifax River at ICWW CM 6        2014-2019
HL05  Halifax River at ICCW CM 11        2014-2019
HL06  Halifax River at ICCW CM 16        2014-2019
HL07  Halifax River at ICCW CM 21        2014-2019
HL08  Halifax River at ICWW CM 25        2014-2019
HL09  Halifax River at ICCW CM 30        2014-2019
HL10  Halifax River at ICWW CM 33        2014-2019
HL11  Halifax River 340 yards north of Orange Avenue bridge    2014-2019
HL11A  Halifax at entrance to Municipal Yacht Basin between marks 1, 2, 3, and 4 2014-2017
HL12  Halifax River at entrance to Halifax Harbor      2014-2019
HL12A  Halifax across from Bethune Pt. outfall southwest of CM 42   2014-2017
HL13  Halifax River at ICWW CM 44        2014-2019
HL13A  Halifax at ICWW CM 45 south of Wilder Cut      2014-2017
HL15  Halifax River at ICWW CM 56 
HL17  Halifax River at ICWW CM 63        2014-2019
HL19  Halifax River at ICWW CM 7        2014-2019
MAD  B19 at Madeline         2014-2019
NCBRB01 Rose Bay West at US1 Bridge        2005-2019
SC01  Spruce Creek center bridge on U.S. HWY 1      2014-2019
TAY  B19 at Taylor Rd.         2014-2019
TR02  Tomoka River downstream of U.S. 1 bridge      2014-2019
TR03  Tomoka River upstream of S.R. 40 bridge      2014-2019
TR04  Tomoka River upstream of LPGA Blvd. bridge     2014-2019
VCSC02 Spruce Creek west of SSC railroad       2014-2019
VCSC04 Spruce Creek at Williamson Blvd.       2014-2019
WIL  B19 at Willow Run         2014-2019
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and maritime thickets. Records do not indicate 
that seagrasses have ever grown in the Halifax 
River. In addition, the Tomoka Basin was known as 
historic oyster habitat, but living oysters were not 
found in 2015. Oyster beds are found at the bridge 
over Spruce Creek. More in depth information on 
the living organisms that occur in the estuarine 
habitats is presented in the next chapter, Biological 
Resources.
 White mangroves (Laguncularia racemose) 
are found in higher and drier locations above mean 
high water, with Red mangroves (Rhizophora mangle) 
located in the lower intertidal zone. Tidal influence 
is important because it disperses propagules. 
The combination of emergent, herbaceous plants 
and mangroves along the river helps contain 
contaminants carried in runoff from inland areas.
 The Tomoka Marsh Aquatic Preserve (2,809 
acres; 11.4 km²) is one of the 41 Florida aquatic 
preserves administered by the Florida Department 
of Environmental Protection’s Florida Coastal 
Office (FDEP’s FCO). The Aquatic Preserve consists 
of portions of the Halifax River (7 miles; 11 km), 
Smith Creek, Bulow Creek, the Tomoka River, the 
Tomoka Basin and an 1,100-acre (4.5 km²) mosquito 
impoundment. The Aquatic Preserve is designated 
as a manatee refuge by the federal and state 
governments.  Some seagrass beds (Ruppia maritima, 
Wigeongrass) can be found along the banks of 

Bulow Creek, with the creek largely bordered by 
the high marsh species, Black needle rush (Juncus 
roemerianus) and floodplain hardwood trees. The 
creek flows south to its confluence with the Halifax 
River.

HYDROLOGIC 
ALTERATION

 
 Ditching, dredging, filling, and impounding 
of coastal wetlands are the primary hydrologic 
alterations in the historic watershed of the Halifax 
River. Coastal wetlands are home to a large number 
of mosquitoes; many wetlands were altered to 
control their breeding.
 For example, networks of ditches and piles 
of spoil were created in the 1950s, 1960s and 1970s 
using draglines. The plan was to interrupt the life 
cycle of saltmarsh mosquitoes by creating ditches 
that were too wet and piles of spoil that were too 
dry for successful breeding. Approximately 395 acres 
(1.6 km²) of coastal wetland were ditched within 
the HRW. Although the mission in reducing the 
mosquito populations was achieved, the ditches 
and spoil negatively impacted ecological functions 
and services, such as providing habitats for fish 
and wildlife, sequestering nutrients, and protecting 

TABLE 2.  Summary of water quality parameters collected at stations within the Halifax River Watershed

FIELD SAMPLES 1  LABORATORY SAMPLES 2

Water depths    Alkalinity
Depth of sample collection  Biological oxygen demand (BOD)
Conductivity    Chlorophyll a, b, c and Pheophytin
Salinity    Turbidity
Secchi depth    Total suspended solids
Dissolved oxygen   Total dissolved solids
Water temperature   Color
pH     Nutrients (ammonia, nitrate, total phosphate, orthophosphate, total  
      Kjeldahl nitrogen)
________________________________________________________________________________________
1Measurements taken while at the sampling station. 
2Measured from water samples brought back to a laboratory.
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uplands from storms and hurricanes.
 In addition, salt marshes were diked and 
impounded to control water levels and prevent 
mosquito reproduction. The goal was to maintain 
standing water to keep female mosquitoes from 
laying eggs between May and October. The dikes 
isolate the marshes, which stops juvenile fish from 
using them as a nursery, and isolation can lead to 
low dissolved oxygen concentrations, detrimental 
fluctuations in salinity, high concentrations of toxic 
sulfides, extremely high water temperatures, high 
concentrations of nutrients, and damage to the 
saltmarsh. Therefore, dike walls have been breached 
in many impoundments, and active management of 
the 1,100-acre (4.5 km²) impoundment in the HRW 
ended in the early 1980s.
 Causeways can alter water circulation 
significantly, causing smaller tidal flow 
to the upstream side of the bridge and 
compartmentalization of the waterway. In addition 
to High Bridge, which is near the northern boundary 
of the river, there are six additional causeways that 
cross the Halifax. One causeway crosses in Ormond 
Beach (Granada Bridge: SR 40) and four causeways 
(Seabreeze: SR 430; Main Street: CR 4040; Broadway: 
US 92; and Veterans Memorial: CR 4050 bridges) 
are in the Daytona Beach area. The southernmost 
causeway is located at Dunlawton Avenue in Port 
Orange (Port Orange Causeway: SR A1A). Alterations 
in flow can have significant negative impacts on 
water quality and ecological communities.
 Besides their impacts on water circulation 
and flow, construction of causeways also results 
in borrow pits due to dredging. Dredging and 
the resulting muck deposits in borrow pits, the 
Intracoastal Waterway, and smaller channels are 
associated with elevated concentrations of copper, 
lead, and zinc.
 Floodwater or stormwater canals were 
constructed to mitigate flooding during rain events. 
These canals altered the hydrology of the HRW 
and have the added effect of conveying additional 
pollutants into the river. The Nova Canal system, 
which runs from the city of Port Orange north to 
the city of Ormond Beach, spans about 11 miles (18 
km). The LPGA, Reed, and Halifax canals are part 
of the Nova Canal system, where each conveyance 
connects to the Halifax River and discharges 
untreated stormwater into the already impaired 
river.

 Reed Canal is the central discharge point for 
the Nova Canal system. Reed Canal was designed in 
the 1930s for mosquito control, farmland drainage, 
and waste transport to the Halifax River. Reed Canal 
is tidally influenced, with the tidal cycle being 
diurnal. This water feature has a mean daily flow 
of 17 cfs (480 liters per second). Flooding due to 
increased impervious surfaces and low elevation 
(1.98 m above National Geodetic Vertical Datum) is a 
major problem in the area.

NUTRIENT POLLUTION
 
 Stormwater is a form of runoff water 
generated by precipitation. Stormwater collects and 
transports nutrients, sediments, and other materials 
through a watershed, eventually releasing them 
in a receiving waterbody such as an estuary. When 
certain substances become overabundant in an 
area, they can act as pollutants or contaminants. 
The process of nutrients being transported into a 
waterbody is called nutrient loading. Excess nutrient 
loading leads to and can stimulate eutrophication. 
Sources of nutrients and sediments carried 
by stormwater include, but are not limited to,  
agricultural practices, fertilization, and urbanization/
development.
 The Halifax River was deemed an impaired 
waterway in a 2013 report by the Florida 
Department of Environmental Protection (FDEP; 
https://floridadep.gov/sites/default/files/halifax-
river-nutr-tmdl_0.pdf ). Impaired and threatened 
waters go on the 303(d) list held by the USEPA. For 
303(d) listed waters, states are required to identify 
the pollutant causing the impairment and assign a 
priority for development of a Total Maximum Daily 
Load (TMDL). The fact that waters are identified as 
impaired indicates a serious condition that needs 
to be addressed. The FDEP report indicates that 
the river was placed on the impaired waterway 
list because it exceeded the annual threshold for 
nutrients, coliform bacteria, copper, lead, and iron. In 
2003, 2011, and 2013, total nitrogen (TN) exceeded 
the annual average threshold set by the Impaired 
Waterways Rule (IWR). Nitrogen and phosphorus 
are nutrients that limit the growth of algae, so 
excessive nitrogen and phosphorus may increase the 
incidence and severity of algal blooms.

______
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 Human activities often catalyze and 
exacerbate the eutrophication process. Nonpoint-
source pollution, such as stormwater runoff, carries 
nutrients and sediments through a watershed, and 
their delivery is often the key driver in phytoplankton 
blooms that limit the amount of sunlight that 
penetrates the water. These decreases result in 
a smaller euphotic zone, which is the zone with 
enough light for primary producers to carry out 
photosynthesis. Benthic animals that either feed 
on primary producers or rely on sunlight to catch 
prey also are affected negatively. Once the algae 
die, microbes feed on them, with this process of 
decomposition using a lot of dissolved oxygen (DO), 
which can lead to anoxic or hypoxic conditions. 
Anoxic or hypoxic can lead to mass mortalities of 
flora and fauna.
 One source of the excess nutrient loading 
to the Halifax River is stormwater pollution. The 
aforementioned three flood control canals, Reed 
Canal, LPGA Canal, and Halifax Canal, discharge 
runoff and rainwater collected in Nova Canal system 
directly into the Halifax River. For example, Reed 
Canal receives untreated urban runoff from basins 
totaling 1,250 acres (5 km²). Most of the construction 
within the watershed’s basins occurred prior to 
reliable permitting, and as a result, virtually all of the 
contaminants accumulated during dry periods get 
flushed into the canal by rainfall and discharged into 
the Halifax River. Previous assessment estimates that 
the developed area can generate between 40-50 
tons of TSS/yr/mile² of drainage basin. 
 Treated wastewater (water from sewage 
treatment plants) is discharged into the river from the 
highly populated cities adjacent to the Halifax. Cities 
such as Ormond Beach, Holly Hill, Daytona Beach 
(Bethune Point), and Port Orange have municipal 
wastewater treatment plants that are point sources 
of pollution to the river. These point sources are 
regulated by the National Pollutant Discharge 
Elimination System (NPDES), which requires permits 
that establish limits on discharges and specifications 
for monitoring and reporting (https://floridadep.gov/
water/stormwater). Other domestic and industrial 
wastewater facilities also operate with permits 
obtained through the NPDES.
 Septic systems can become a significant 
source of pollution to coastal waterways, 
groundwater, supplies of drinking water, and 
springs in highly urbanized watersheds such as the 

HRW. Areas with old and leaking septic tanks have 
waters containing exceptionally elevated levels of 
pathogens and nutrients because their functionality 
is compromised, but all septic systems fail to 
adequately remove nitrogen and phosphorus. A 
septic system (Onsite Sewage Treatment & Disposal 
System: OSTDS) consists of a septic tank and a 
drainfield. According to the Volusia County Health 
Department’s report published in 2013, there were at 
least 93,446 septic tanks in the county. The number 
was not based on exhaustive surveys, and it was 
estimated to represent 55-60% of the total number 
of septic systems in the county. Within the HRW, 
the Ormond-by-the-Sea area (the narrow portion 
of the barrier island between the Halifax River 
and the Atlantic Ocean) has a significant number 
of septic systems and some problems with water 
quality. Additional areas with potential problems 
due to septic tanks include Ormond Beach along 
the Tomoka River, Port Orange, Rose Bay, and along 
Spruce Creek.

MANAGEMENT AND 
RESTORATION

Case Study I: The Five Point Restoration Plan of 
Rose Bay
 Rose Bay is an environmentally sensitive 
estuary connected to the Halifax River. It covers 
roughly 60 acres (0.24 km²) and has a salinity range 
of 22-25 ppt. Once referred to as an outstanding 
Florida water due to its crystal blue color, the bay’s 
water quality declined, and it began displaying a 
brown color due primarily to the adverse effects of 
urbanization. After World War II, thousands of people 
migrated into the surrounding watershed, causing 
adverse effects from increasing urbanization and 
infrastructure developments. As a result, stormwater 
runoff washed pollutants such as fertilizers from 
farms, dirt from roads, oil from gas stations, and 
metals from workshops and other urban settlements 
into the bay. 
 As the surrounding communities and 
residential areas expanded, there was an increase in 
homes as well as septic tanks. As of the start of the 
restoration project in 1990, the bay had over 1,000 
septic tanks in its vicinity. Attention was not paid 
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to old leaking and broken plumbing and sewage 
fixtures used in these surrounding homes for some 
time, leaving Rose Bay open to contamination. There 
was so much sewage runoff into Rose Bay that it was 
known for having the highest fecal bacterial counts 
in Volusia County.
 Additionally, the construction of a causeway 
in 1910, designed with widely spaced supporting 
hardwood columns, blocked tidal waters in the bay. 
This causeway resulted in a slower flow of water, 
diverted circulation, and reduced access for aquatic 
species. The slower flow caused the bay to become 
stagnant, and fine particles of muck covered the 
bottom and coated oyster beds. After witnessing 
the degradation of the bay for many decades, local 
residents sought solutions to its environmental 
problems, and they began to lobby to restore the 
bay. A five-point restoration plan was designed to 
restore natural tidal flow, improve water quality, and 
increase native habitat for the fauna and flora.
 (1) Control Stormwater Runoff: The 
stormwater issues were addressed by incorporating 
road improvements, modifying swales for better 
drainage and improved water quality, and designing 
and installing ditches or retention ponds that 
provide a 14-day residence time for water, which 
leads to removal of 60% to 65% of the water’s 
nutrient load. Lands were acquired to build retention 
ponds where stormwater was stored and treated 
before release into the bay. The City of Port Orange, 
with the help of SJRWMD, finalized a project that 
allowed water from four stormwater ponds to be 
diverted to its reuse irrigation program. This strategy 
decreased the volume of stormwater running 
into Rose Bay by up to 1.2 million gallons per day, 
thereby providing the city with more water to reuse 
while allowing for additional storage of floodwater. 
Bags filled with cement were used to stabilize 
shorelines of the ponds.
 (2) Elimination of Leaking Septic Tanks: 
Leaking and damaged septic tanks were removed 
and replaced with the help of Port Orange 
Utilities and the state legislature, which provided 
sewer services to residences and businesses in 
communities surrounding the bay. Before the 
restoration, septic systems used to be placed at 
or below the water table, but now septic systems 
must remain above the water table. Although 
homeowners had to pay for replacements, the City 
of Port Orange made more affordable payment 

plans available. The city also offered reduced fees 
to homeowners who paid in full. By 2002, sewage 
treatment service had been provided to all local 
residents.
 (3) Replacement of the Causeway with 
the Existing US 1 Bridge: After the SJRWMD 
and the Florida Department of Transportation 
(FDOT) designed the removal of a causeway and 
a replacement bridge, the construction of the 
replacement bridge began in 2001. Unlike the 
previous bridge, the new bridge was designed to 
restore water flow and circulation in the bay. The 
construction was completed in 2002.
 (4) Removal of Accumulated Sediment to 
Restore Estuarine Habitat: SJRWMD, in a joint effort 
with the USACE and Volusia County, implemented 
a dredging and habitat restoration scheme that 
focused on key management goals. Beginning 
in 2004, the USACE established a section 206 
environmental restoration project to revive the 
estuarine habitat by excavating accumulated 
sediments in Rose Bay. The expectation was 
that sediment removal would benefit benthic 
communities in the bay, thereby establishing a 
sound base for the food chain and improving the 
condition of communities of higher fauna.
 (5) Removal of the Old Causeway East of 
US 1: This final phase of the Rose Bay Restoration 
Plan involved the SJRWMD and USACE working with 
the Halifax/Indian River Task Force to demolish an 
abandoned causeway that also blocked water flow 
and circulation. This removal was completed in 2007.
 A total of more than $51 million was raised 
for the completion of the restoration project, and 
dredging the accumulated sediment from the bay 
(the final stage) cost approximately $5 million. The 
acquisition of 23 acres (9.3 ha) of undeveloped 
land for a new park cost approximately $250,000 in 
addition to the $635,000 10-acre (4-ha) recreational 
park developed by Port Orange. As of 2007, the 
project had included a $12 million project to 
upgrade two neighborhoods from septic tanks to 
sewers in addition to $12 million dollars in canal 
upgrades and new stormwater ponds to assure that 
polluted stormwater no longer flowed directly into 
the bay.
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Case Study II: Stormwater Management in South 
Daytona
 There are three canals that discharge 
freshwater into the Halifax River from stormwater 
runoff collected in the Nova Canal, which runs north-
south along the river. The majority of construction 
within these basins occurred prior to permitting by 
the Water Management District; therefore, virtually 
all contaminants accumulated during dry periods are 
conveyed directly to the Halifax River. The erosion 
of the canals’ walls and material carried in runoff has 
caused a build-up of contaminated sediments within 
the canals and its outfalls to the river.
 The City of South Daytona constructed 
a detention pond called Rinker’s Pond with the 
intention of augmenting efforts to achieve long-
term water quality goals for the Halifax River and the 
Northern Coastal Basins. Rinker’s Pond (29.158068; 
-80.999042) is a constructed wet detention pond 
intended to reduce the amount of nutrients and 
total suspended solids (TSS) that enter the Halifax 
River through Reed Canal. The land was purchased 
by the city of South Daytona from Rinker’s Materials 
construction company, and the site contains 
numerous lime deposits that affect the acidity of 
the soils. Originally, the construction company 
constructed three stormwater ponds, including 
Rinker’s Pond, to detain and treat stormwater 
flowing through Reed Canal.
 With proper enhancement, the system can 
relieve organic and nutrient loading to the river 
and move the city a step closer to achieving TMDL 
requirements for its surface waters. Starting in 
October 2017, Bethune-Cookman University (B-
CU) obtained funds from the Indian River Lagoon 
National Estuary Program (IRL-NEP) and Volusia 
County Environmental Management to work with 
the city and other partners to design, construct, 
and assess a treatment wetland that was retrofit to 
Rinker’s Pond. The university monitors water quality 
and plant health to assess the effectiveness of the 
treatment. The treatment wetland is intended to 
improve filtration of nutrients and suspended solids 
from stormwater within the lower end of Reed Canal 
before it enters the Halifax River.
 Prior to construction of the treatment 
wetland at Rinker’s Pond, the site was about 6.2 acres 
(0.025 km²) with the pond constituting 0.5 acres 
(0.002 km²). Relative elevation of the site based on 
benchmark BM-16C (1972) is 3.43 m (NAVD88) as set 

by the SJRWMD. According to the Natural Resources 
Conservation Service’s (NRCS) web soil survey (WSS), 
the main substrate type is classified as Daytona 
Sand (https://websoilsurvey.nrcs.usda.gov/app/
WebSoilSurvey.aspx). This classification indicated 
that the site was moderately well-drained allowing 
for steady infiltration, which is typical of relict marine 
terraces. This classification was also an indication 
of limited water storage. Depth to the water table 
ranged from 3-5 ft (1.0 to 1.5 m). According to the 
city engineer, substrate at the site has been highly 
disturbed over the years.
 Construction of the treatment wetland 
included expansion of the pond and also the littoral 
zone around the pond. The littoral zone refers to the 
immediate area or shoreline along the perimeter of 
the pond. The littoral zone was extended from 470 
ft or 143.6 m (previously 97.5 m) along the pond 
perimeter. The pond size was increased from 0.5 
acres to 1.0 acre (2,000 m² to 4,000 m²). The elevation 
of the terrain was also lowered to a uniform 0.3 
meters from varying elevations of 0.9–2.1 meters 
in order to allow inundation for wetland plants and 
removal of non-native vegetation.
 An additional treatment marsh was built 
behind Rinker’s Pond in order to increase the 
amount of residence time by lowering the velocity 
of flow to allow absorption of nutrients by wetland 
plants. Residence time was estimated to be 12 
hours based on semi-diurnal tides and flow velocity. 
Flushing of treated water occurred in a semi-diurnal 
pattern after treatment. Flow velocity was based on 
the most recent year (2013) with an average flow 
speed of 13.3 feet per second (ft/s; 4 m/s). As the 
site is tidally influenced, the data were filtered to 
separate tidal influence from freshwater flow. Peak 
flow for the canal in 2013 was roughly 101 cfs 
(2.9 m3 /s).Grading and staking were used to 
determine the waterline as well as prepare the 
treatment area for emergent vegetation. After final 
grading, excavation, and smoothing in each portion 
of the site, coquina and emergent vegetation were 
installed. A coquina revetment was installed for the 
weirs located by the skimmer and the outfall.
 A variety of herbaceous and arborescent 
wetland plants (Black mangrove, Red mangrove, 
Smooth cordgrass, Hay cordgrass, Red cypress, 
Eastern red cedar, American sweetgum, Wax myrtle, 
Water hyssop, Sea oxeye, Saltgrass, Gulf coast 
spikerush, etc.) was planted in the new marsh area 
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after the slope had been graded to 25% over a 
larger area. Planned depth of water, seasonality, 
and frequency of flooding were considered in 
determining proper plant species. Other factors to 
consider included susceptibility of vegetation to 
brackish water, high pollutant loads, inundation 
cycles, and other environmental stresses.
 Part of the created marsh consisted of 
sloped banks that allow for increased infiltration. 
Arborescent plants such as trees and shrubs were 
planted in this area, extending from the bank of 
the created marsh up to an elevation of 2.7 meters. 
Elevation of this part of the created marsh is lower 
than pre-construction elevation as it was designed 
to allow precipitation during large storm events to 
flow into the treatment basin as well as infiltrate into 
the soil without reconnecting to Reed Canal.
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Facilitating Learning and 
Research on the Halifax 

River System
This is a summary of an  interview with Dr. Raphael D. Isokpehi and Ms. Antoinette Destefano of the 

Transdisciplinary Data Scholars Development Program at Bethune-Cookman University (B-CU).

Would you introduce yourselves and your 
program?
 Dr. Isokpehi is Professor of Biology at B-CU, 
and Ms. Destefano is a graduate research assistant. 
We are members of the Transdisciplinary Data 
Scholars Development Program at B-CU, a research 
group developing approaches to facilitate learning 
and research with existing data resources on the 
Halifax River system located in Volusia County, 
Florida. They develop and implement learning and 
research experiences that help to grow and improve 
people’s abilities to work effectively with data. 
Based on your assessments, what appear to 
be the current limitations that hinder learning 
about, and conducting in-depth research on, the 
Halifax River system?  
 A function of scholarly texts such as 
books, research reports and study reports is to 
provide textual representations of knowledge. 
In our experience, one issue is that these textual 
representations are not designed for productive, 
collaborative use by both humans and computers. 
Thus, we are addressing the need to facilitate 
learning and research on the Halifax River system by 
converting the textual representation of knowledge 
on the Halifax River system to an interactive visual-
textual representation of knowledge. Our approach 
combines the highly developed visual and analytical 
capabilities of humans with the advantages of 
computing systems in data storage, memory, speed, 
and automated processing. 

Please introduce your approach and initial 
outputs.
 Our approach incorporates visual-textual 
representation of knowledge in a four-stage 
process of Interactive Data Investigation. The four 
stages of a data investigative process are: (Stage 
1) formulate questions that can be answered with 
data; (Stage 2) design and implement a plan to 
assemble appropriate data; (Stage 3) use numerical 
and graphical methods to explore the data; and 
(Stage 4) summarize conclusions relating back to 
the original questions and cite relevant components 
of the analysis that support their interpretation and 
acknowledge other interpretations. We can perform 
these stages at different levels of data complexity or 
using various data techniques.
 Our initial outputs have focused on the 
biological elements of the Halifax River system. 
Our case study scholarly report was the scientific 
investigation by the U.S. Geological Survey (USGS) 
on finfish and selected invertebrates in the 
coastal lagoons of Northeastern Florida (https://
pubs.er.usgs.gov/publication/sir20105131). Data 
on abundance of species were collected from 
geographical areas that included the Tomoka River 
and Basin, Halifax River and Ponce Inlet. 
 We provide an example of a web-based 
resource that allows for the interactive comparison 
of the abundance values for each species. In the 
example (Fig. 1), there are noteworthy differences 
in the abundance of Lagodon rhomboides (pinfish) 
between Zone C (Flagler Beach to Ormond Beach) 
and Zone D (Ormond Beach to New Smyrna Beach). 
The worksheet is a component of a dashboard 
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that allows for connection to websites including 
those that show images of finfish or selected 
invertebrate. Additional information on interactive 
data investigation can be found at https://bit.ly/
bcuhruw01, which can be linked using the below QR 
code that can be read by a QR code reader app.

What are your long-term goals?
 A Google Scholar search (https://scholar.
google.com/) for scholarly text on the Halifax River 
of Florida return approximately 600 results. We plan 
to use these scholarly resources on the Halifax River 
system to develop learning experiences and research 
experiences based on professionally-collected 
data in the context of river systems. We expect that 
this approach will contribute to an increase in the 
scholarly reports on the Halifax River System of 
Volusia County, Florida.

Who are your collaborators?
 We deeply appreciate the collaboration of 
faculty, staff and students at Bethune-Cookman 
University as well as our external collaborators. We 
especially acknowledge the collaborators who have 
contributed to developing the learning and research 
experiences on river systems: Arianna Sanders, 
Kaylynn Wilson, Baraka Mapp, Sarah Krejci, Shirma 
Ramroop-Butts, Tracey Almon, Junell McCall, Martine 
L Nelson, Kelly Carey, Dominique Smith McInnis, 
Asia Anuwa, Kehinde Ezekiel, Mervia Souis, Michelle 
Germeil, Matilda O. Johnson, Hyun J. Cho, Yungkul 
Kim, and Hector N. Torres.
How has your work been funded?
 Department of Education Title III Program 
at Bethune-Cookman University (P031B170091); 
National Science Foundation (EHR-1435186; 
EHR-1623371, EHR-1626602, CSE-1829717, BIO- 
1901377, and EHR- 2029363); and Department of 
Energy Minority Serving Institution Partnership 
Program (MSIPP) managed by the Savannah 
River National Laboratory under SRNS contract 
DE-AC09-08SR22470. The program’s content is 
solely the responsibility of the authors and does 
not necessarily represent the official views of the 
funding agencies.
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Figure 1. A visual analytics dashboard combining data table and website search for comparing and exploring the 
abundance patterns of finfish and selected invertebrates in coastal lagoons of Northeastern Florida, 2002-2004. 
Website for additional information: https://bit.ly/bcuhruw01
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An Interview with 
Michael Martinez-Colon

Introduce yourself
 My name is Michael Martinez-Colon 
and I am an Assistant Professor in the School of 
the Environment at Florida A&M University in 
Tallahassee, Florida. I am a geologist by training and 
I have bachelor’s and master’s degrees in Geology 
from the University of Puerto Rico in Mayaguez, 
Puerto Rico. I have a PhD in Oceanography from the 
University of South Florida in Tampa, Florida. 
 I consider myself a marine biogeochemical 
scientist because I apply biology, geology, and 
chemistry in coastal marine environments. For my 
line of research, I work with benthic foraminifera, or 
“forams.” These microscopic organisms are single-
celled “amoeba-like” protozoans that produce a 
shell, live in marine sediments, and can be found 
in all of the world’s oceans. My students and I use 
these forams as bioindicators to study the impacts 
of heavy metals in order to assess the environmental 
health of coastal marine areas. In other words, 
we use the ecological responses (changes in the 
distribution of their populations and communities) 
of these forams as ”sentinel” signatures of 
environmental change. 

Why did you choose Halifax River as one of your 
sampling locations?
 My students and I are interested in the Halifax 
River for two reasons. First, the Halifax River estuary 
serves as a natural laboratory that contains large 
numbers of living benthic foraminifera within its 
sediments. When we obtain sediment samples, we 
are able to collect living specimens of forams for use 
in the laboratory. My students expose these living 
forams to different concentrations of heavy metals 
under controlled conditions in order to study their 
biological responses. It is also well known that some 
species of foraminifera like Ammonia beccarii tolerate 
high levels of bioavailable heavy metals like copper 
and zinc, which are often associated with coastal 
marine sediments. A question that my students and 

I ask is, what make these forams tolerant to heavy 
metals? This type of question is important because, 
by understanding better their biological behavior in 
laboratory experiments, we can better understand 
how to use them as bioindicators of heavy metal 
pollution in the Halifax River estuary.
 Second, the Halifax River is a very 
understudied estuary when it comes to the use of 
forams as bioindicators of heavy metal pollution 
and environmental health. My students and I are 
very interested in determining the concentrations 
of heavy metals with respect to variables such as 
salinity, acidification, and organic matter in order to 
assess the levels of contamination in the sediments. 
This gives us an advantage in using the coastal areas 
around the Halifax River to implement and test the 
application of forams in environmental studies. 
For example, in the sediments surrounding the 
coastline of the Halifax River there are high numbers 
of Ammonia beccarii. This species of foram is known 
to be abundant when environmental conditions are 
not optimal for marine life. Thus, the Halifax River 
estuary provides us with a unique environment 
from which to study the spatial distribution of this 
foram species and how to implement its ecological 
changes as a bioindicator of environmental health 
from the perspective of heavy metal pollution. 

Are you comparing the Halifax River samples 
with samples from other environments?
 My students and I want to compare the 
environmental conditions in the Halifax River 
with those of Apalachicola Bay in Apalachicola, 
FL. These two estuaries are unique ecotones that 
provide habitat for numerous organisms, as well 
as ecosystem services including nursery and 
feeding grounds for various developmental levels 
of coastal marine species. Most importantly, they 
are experiencing multiple levels of anthropogenic 
impacts such as the socio-economic exploitation of 
their natural resources, coastal development, and 
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seawater chemical alterations. Estuaries in general 
are well known to be sinks of heavy metals, which 
are often found in high concentrations in sediments. 
The Halifax River and Apalachicola Bay are no 
exceptions. The efforts of my students and I revolve 
around understanding the long-lasting impacts 
of heavy metals on the overall health of these 
two estuaries and how they affect the physiology, 
diversity, and abundance of benthic foraminifera 
when implemented as bioindicators of pollution. 
 The long-term goals are to demonstrate the 
utility and feasibility of benthic foraminifera as a 
promising biomonitoring tool that could be utilized 
by stakeholders and “end-users” such as resource 
managers to assess heavy metal pollution. This could 
be done because my students and I are describing 
and comparing the effects of heavy metal pollution 
from a sediment quality perspective on the benthic 
foraminifera found in both estuaries.

 
Live foram from Halifax River

 
Photo of foraminifera from Halifax River

 

Photo of the author (right).
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SECTION TWO
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CHAPTER 3: Historical 
Human-Induced 
Impacts on the 
Watershed  

This chapter focuses on the history of post-Columbian use of the Halifax 
River watershed from an economic and social perspective. Data derived 
from maps and images, government documents, travelogues, and   
locally authored papers are used to examine changes in the watershed’s 
environment from approximately 1700 to 1970. The chapter seeks to 
establish the evolution of riverine economies, transportation, settlement 
and tourism with respect to its impact on the watershed.  The paper 
concludes that although the Halifax River has seen a relatively short 
period of use, there has been significant human impact on the watershed 
since the beginning of European settlement in the region, especially from 
agriculture, logging and transportation needs.
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INTRODUCTION: 
EARLIEST 

RECORDS OF THE 
HALIFAX WATERSHED

 
 Compiling a brief history of the Halifax 
River Watershed is challenging for several reasons. 
Perhaps the most serious handicap is the lack of 
scholarship on the subject. While several local 
scholars and amateur historians have written 
extensively about the history of the railroads, towns 
and their notable citizens, and tourists of the Halifax 
region, very little solid scholarship about the 
watershed itself exists. Moreover, the work that has 
been produced is uneven at best, and ranges from 
sound history with a strong archival basis to local 
hagiographies of Henry Flagler and the notable 
residents. Environmental histories that go beyond 
archaeological accounts or plantation histories are 
thin on the ground.
 While this paper uses the various local 
histories and popular tourism books for their 
descriptions and microhistories, it reaches deeply 
into the Florida and Volusia County archives as well. 
What follows is a very brief summation of a larger 
story that needs someday to be written.
 Although the Halifax watershed itself has 
a short history of extensive usage, it is noted in 
some of the earliest records of Spanish Florida. The 
Spaniards named the entire watershed ‘Mosquito.’ 
Indeed, the 1569 Memorial of Captain Antonio de 
Prado describes the Ponce de Leon Inlet as the Port 
of Mosquito and warns against its violent inhabitants 
(Strickland 1965). In 1605, the governor of Spanish 
East Florida, Don Pedro de Ybarra, sent Alvaro Mexia 
to the Halifax region to map the area. Mexia noted 
a village at the headwaters of the Halifax, which he 
identified as Nocoroco, now in Tomoka State Park 
(Griffin 1949). From the shell middens excavated at 
Nocoroco, we know the headwaters of the Halifax 
were rich with oysters and hard shell clams, although 
razor clams, quahogs, ark shells, horse mussels, and 
left-handed whelks also were found, suggesting 
seasonal collection in the tidewaters. Fish, turtle and 
alligator remains also were found, although the diet 

apparently trended overall towards an agricultural 
economy supplemented by deer and other game 
(Griffin 1949). Mexia described the bay at Nocoroco 
as having “a gravelly bottom” (Griffin 1949), which 
probably alluded to the coquina shells (Griffin 1949).
 Several indigenous communities made use of 
the Halifax before the Spanish arrival. The 
Spanish had identified the Timacua as the chief tribe 
in the area, and had carried out several excursions to 
eradicate potential threats to the Spanish holdings 
around St. Augustine. After  the  Creek Yemassee 
were driven out of South Carolina and Georgia 
in the late seventeenth century, several groups 
retreated into northeast Florida and encountered 
the remnants of the Timucua, who by then had 
been battered into compliance by the Spanish. After 
numerous aggressive raids into Timucua territory 
by both the Creek and the Seminoles, the Timucua 
were removed or killed. Scattered communities on 
the Halifax and Mosquito Lagoon survived until the 
Seminoles absorbed them and eliminated their 
identity (Ehrmann 1940).
 English colonists renamed the Mosquito  
River in honor of George Montagu Dunk, Earl of 
Halifax. In a letter dated May 8, 1765 James Grant, 
British governor of East Florida, asked for permission 
to establish a small fort at “…Mosquetto Harbor, 
which, from its Soundings, Your Lordship will See is 
the best-which discovered in this Province.... I expect 
that a Number of People will soon settle at land near 
the Mosquettos…” (British Colonial Office Records; 
Strickland 1965). By 1766, Richard Oswald, a noted 
British diplomat, had received a grant of 20,000 acres 
from the British crown to establish a plantation, 
Mount Oswald, at the former site of Nocoroco.  
Oswald altered the site, clearing, damming and 
draining over 400 acres for rice. Construction waste, 
broken pottery and discarded metal implements 
were piled at the shoreline of the Tomoka Basin 
(Griffin 1949).
 However, European settlement remained 
sparse. A 1776 map of Britain’s southern colonies 
(Figure 1) identifies the Halifax and Tomoka Rivers, 
as well as Spruce Creek, Mosquito Inlet, New Smyrna 
and Mount Tucker (SLF 2019). By 1833 mapmakers 
identified a settlement on the Mosquito inlet called 
Ross and a nearby Delespines Grant, as well as the 
notorious Mosquito sandbar and the offshore ‘Bulls’ 
just south of the inlet (SLF 2019). The next year, a 
different cartographer marked the region just west 
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of the Halifax as Trumbull’s Swamp (State Library 
of Florida fmc0226), and Dunlawton and Putnam 
appear by 1837 (State Library of Florida fmc0245). 
An 1838 map identifies more habitation just north 
and west of the Halifax, including Bulow and Volusia 
(SLF 2019), (SLF 2019), but the settlements were still 
small and sparse. The palmetto and insect infested 
wetlands of the Halifax were not yet desirable, and 
maps drawn as late as 1860 show little change (SLF 
2019). It was not until 1873 that a map of Florida 
suggests some sort of permanent settlement 
beyond New Smyrna, with the listing of Port Orange 
and Palmetto (SLF 2019). Daytona did not appear on 
Florida maps until 1878 and Holly Hill and Ormond 
made it on the map in 1884, along with the new 
railways (FMC0224).
 Part of the difficulty lay in access. The 
Mosquito Inlet’s notable sand bar was a formidable 
obstacle for sea travel, roads were impracticable, 
and the mosquito- friendly interior thickened 
rapidly with brush along the river. In 1870, a travel 
itinerary noted that the head of the Halifax River was  
reachable only through Bulow’s Creek, ten miles of 
difficult marsh out of Bulow landing. The creek itself 
was marked by “…occasional hammocks, covered 
with palmetto and cedar.”  The same source notes 
the thickness of palmetto along the banks, with sisal 
hemp further downriver (Hooker 1940). Finally, its 
odd configuration made it more of a lagoon than a 
river. The itinerary mentioned that the Halifax did 
not enlarge gradually the way most rivers do:  “…
it is as wide at its head as anywhere (about a mile) 
and square across” (Hooker 1940). The Halifax River 
thus offered physical challenges to settlement not 
encountered with other southern watersheds. 

 Another challenge was a very real risk of 
disease. In the early years, Halifax settlements  
struggled with malaria and yellow fever, exacerbated 
by mosquitos which bred in the built drainage 
canals, cisterns, and storage tanks. While sunk 
artesian wells lessened the problem, the 
environment was generally unhealthy away from the 
shoreline (Atwell and Clarida 1998). However, the 
wells and canals impacted the region’s recharge area 
at a scale not practiced in the native period.

Figure 1. East-Central Florida in 1776 Source: State 
Library of Florida fmc0213.
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EARLIEST ECONOMIES: 
SUGAR AND LUMBER

 
 A sugar mill was built in the area near 
Nocoroco sometime in the eighteenth century 
(Griffin 1949), but Oswald’s holding at Mount Oswald 
was the first recorded plantation, producing indigo, 
rice, oranges and timber as well as sugar. In 1768, Dr. 
Andrew Turnbull sponsored over fourteen hundred 
Greeks, Italians, Minorcans and Corsicans to farm 
his sugar holdings at New Smyrna, which he named 
in honor of his wife’s birthplace. The experiment 
proved to be a failure. Turnbull’s plantation workers 
became embroiled in political struggles, and the 
young settlement was abandoned by 1777 
(Strickland 1965).
 Other early planters struggled against the 
unhealthy conditions, local native attacks, and
Spanish privateers. Most British ventures were 
abandoned after 1783, when Florida was returned 
to the Spaniards. Mount Oswald survived until 1785, 
but finally, it too was abandoned. Surviving accounts 
of unhappy officers at the Mosquito inlet garrison 
suggest that the Inlet and river were unpleasant 
places to be. The conditions did not deter the 
Spanish government, which granted one Antonio 
Ponce 170 acres of land “at Orange Grove at the bar 
of the Mosquito” in 1803 (Strickland 1965). 

 When the Americans acquired Florida in 
1827, the older British and Spanish grants were sold 
to new owners (Strickland 1965) and sugar farming 
continued. In 1803, using land grants from the 
Spanish government, Samuel and William Williams 
established a 2200-acre sugar plantation at New 
Smyrna near Mosquito Inlet, and by 1822 a similarly 
sized tract at Spring Garden on the St. John’s River 
north of DeLand. In 1817 Samuel Williams also 
established a 3200-acre tract for a family-run sugar 
and orange plantation on the upper Halifax. Another 
early plantation owner in the region was General 
Joseph Hernandez, who held several tracts on the 
Matanzas River and elsewhere. Hernandez and the 
various generations of the Williams family were not 
alone in developing the upper reaches of the Halifax 
watershed for extensive sugar cultivation. Several 
others took advantage of the old Spanish land grants 
to try their hand at production. The U.S. Board of 
Land Commissioners set up offices in St. Augustine 
and Pensacola to determine the validity of prior 
grants by the Spanish, creating complex plat maps 
to assess the individual claims. Not every claim was 
honored.
 Once the Board had sorted out the claims, 
it opened Florida to new grants by the late 
1820’s (https://www.floridamemory.com/items/
show/232540). Because of the strong interest in 
sugar and shipping accessibility, grant applications 
were especially vigorous in the New Smyrna region. 

Dunlawton Sugar Mill
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The land came under a succession of plantation 
owners and consortia, all interested in a 
potentially lucrative crop (Siebert 1957). Those with 
proven Spanish land grants noted the high 
speculative interest and sold their grants at a 
profit. One Spanish grantee, John Russell of New 
Providence, had traded his schooner Perseverence to 
the Spanish governor for 4675 acres ten miles north 
of Ormond. His son sold the plantation to wealthy 
South Carolinian Charles Bulow in 1821, who 
bequeathed it to his own son John Bulow to plant 
in sugar and cotton. The Bulow Plantation and the 
Bulowville settlement became one of the most 
prosperous holdings in east Florida (Wilson 1945). 
 The sugar mill at Dunlawton Plantation 
provided the first settlement of the Port Orange 
region. For the first time, the Halifax River showed 
some visible stress as sugar by-products made their 
way into the system and changed water chemistry. 
Sugar waste, in the form of organic waste, heat, 
sludge, and extra sugars, is likely to have found its 
way into the Halifax. Remnants of sugar processing 
equipment testify to large quantities of waste 
entering the river at the key plantation points 
(Siebert 1957). Mid-twentieth century photographs 
of the Dunlawton plantation ruins give an indication 
of the extent of processing there (Atwell and Clarida 
1998).
 By 1835, there were at least sixteen 
plantations on the Halifax watershed, most of them 
shipping sugar and indigo by way of the Mosquito 
Inlet (Strickland 1965). Few plantations were as 
successful as the Bulow and Dunlawton holdings, 
but sugar brought in a good living. In between the 
plantations, scrub, palmetto and wetland continued 
to hamper extensive development, and few visited 
the watershed for non-commercial reasons. One 
of the exceptions was John James Audubon, who 
stayed with John Bulow in 1831 on a birding trip. 
Audubon was especially impressed with the region’s 
brown pelicans (Wilson 1945), and noted the varied 
wildlife during their camping trips into the local 
forests. 
 All the sugar/indigo plantations in the Halifax 
region fell prey to local Seminole destruction during 
the unrest that began ca. 1835 (Atwell and Clarida 
1998). Plantations and sugar mills were raided and 
burned as far west as De Leon Springs (Siebert 1957), 
prompting the settlers to evacuate. Although Bulow 
tried to hold out, and offered Bulowville for troops 

and refugees, it was obvious to all that even at the 
largest plantation in the region there was no safety 
(Wilson 1945). When troops returned a few years 
later to bury the dead and assess the damage to the 
New Smyrna area, only the iron pots and mills had 
survived (Siebert 1957). While settlement resumed 
after the 1850’s, the sugar industry at New Smyrna 
and the Halifax never recovered. There was some 
attempt made to salvage the abandoned kettles of 
the Dunlawton sugar plantation for saltmaking in 
the Port Orange area, and some salt was sold inland 
during the Civil War. However, the salt industry never 
became a major concern in the Halifax.
 Another early product was southern live oak, 
Quercus virginianus. By 1766 there are records of 
Bahamian settlers arriving at Mosquito Inlet to cut 
and export live oak for shipbuilding (Strickland 
1965), and lumbering was one of the activities at 
Mount Oswald. While oak was a desirable wood for 
various applications that required durability and 
resistance, southern live oak possessed qualities that 
filled an important economic niche. Live oak grows 
outward as well as upward, and can be identified in 
part by its large extended boughs. To support the 
weight of the boughs, live oak exudes a thickening 
sap into the tree capillaries, making southern live 
oak the densest of American oaks, producing the 
strongest angled wood pieces at the trunk-bough 
intersections. Both qualities were valuable in 
shipbuilding, which required strong, dense, bent 
one-piece wood components called knees to frame 
the ship. However, wastage was high because most 
of the dense and bent wood was useless for planking 
(Atwell and Clarida 1998), and so board feet of live 
oak eventually became less in demand relative to 
northern red oak and white oak, which produced 
straight boards that were easier to lumber and mill.
 The acquisition of Florida by the United 
States in 1821 opened up the Halifax for potential 
lumbering. In the winter months, hundreds of 
woodsmen, called Live Oakers, were shipped south 
to process the oak for northern shipyards. The 
industry was dangerous given the conditions, but 
remained lucrative well into the later nineteenth 
century. The amount of lumber that floated down 
the Halifax and the erosion on the upper banks from 
both lumbering and transport wharfs would have an 
impact on the river, as did the angled logs that sank 
or went astray, causing entanglements and siltation.
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TRAVELING THE 
HALIFAX

 
 Despite the environmental challenges to 
European settlement along the Halifax, the chief 
barrier to early development remained accessibility 
even after settlers returned to the area following the 
Seminole Wars and Florida was incorporated as a 
state in 1845. Audubon writes of nearly dying after 
getting lost in the cold mangrove swamps during 
a hastily assembled winter trip down the Halifax 
with Bulow (Wilson 1945). There were very few ways 
into the Halifax before the later nineteenth century; 
although the 1834 Florida map noted an “Old Road” 
near the Mosquito Inlet, it provides no further detail 
(SLF 2019). This may have been a reference to the 
1837 King’s Road, which took travelers as far south 
as New Smyrna (SLF 2019). A few sand trails also cut 
through the palmetto forests into the interior, where 
better roads along the St. Johns River watershed 
connected travelers to north Florida. Towns that 
boasted roads used crushed oyster shell to provide a 
surface. Most families along the river, however, relied 
on the river for transportation (Atwell and Clarida 
1998; SLFG 2019). In the 1830’s, flat boats carried 
plantation goods down the Halifax to Live Oak 
Landing north of Mosquito Inlet. There schooners 
took the cane, molasses and cotton for further 
processing in Charleston, Savannah and New York 
(Wilson 1945). 
 As early as the 1820’s, investors proposed that 
the northeast coast of Florida be channelized to 
connect the three river systems between 
Jacksonville and the Mosquito Inlet, potentially 
opening up over 500 miles to commerce and safe 
navigation (47th Congress 1882). A navigation map 
drawn for Congressional approval in 1825 suggested 
three canal cuts, including a three mile cut to 
connect Matanzas with the Indian River, and a 
second one-third mile cut to connect the Indian and 
Mosquito (Halifax) Rivers (SLF 2019). Nothing came 
of the proposal, as Congress was unconvinced that 
the area would be sufficiently developed to justify 
the expense.
 The dangerous entry at the Mosquito 
Inlet compounded the problem of communication 
and river commerce. The treacherous sandbar that 
brought the nickname ‘Killer Inlet’ to the entrance 

had claimed several vessels since the Spanish had 
first mapped the region (Strickland 1965). Governor 
Grant’s eighteenth century request for a fort at the 
inlet was intended to aid distressed ships that 
carried sugar and oak across that sandbar (Strickland 
1965). By 1830, there was enough commerce via the 
Mosquito Inlet that the planters and ships’ captains 
petitioned Congress to erect a lighthouse, arguing 
that the live oak supplies alone were a matter of 
naval security. The Mosquito Inlet Light Station, built 
by 1836, was never put fully into service. A storm 
undermined the foundations and the Seminoles 
destroyed the remains, with one survivor of the 
Seminole Wars claiming to have seen the local chief 
wearing the lighthouse reflector as a war bonnet 
(Strickland 1965; Carter 1959; NAR 1836).  
 While the lighthouse did not survive to 
protect the harbor bar and offer aid to commercial 
schooners, the need for protection was very real. 
When a French schooner wrecked in the early years 
of the nineteenth century, all hands were 
slaughtered by the Seminoles, and in 1837 the 
steamer John McLain was wrecked with all 
armaments. Wrecks continued through most of the 
nineteenth century, sometimes made more tragic by 
storms (Strickland 1965). However, travel by 
schooner was still the safest and quickest way from 
St. Augustine to New Smyrna Beach. With a fair wind, 
a schooner could make the run in ten hours (Hooker 
1940). 
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SETTLEMENT 
1865-1900

 
 After the Civil War, the federal government 
offered forty-acre land grants to freedmen veterans 
of the Union Army and others in several places that 
the government wished to develop, including the 
Halifax River and Mosquito Inlet (Strickland 1965). 
Other northerners also took advantage of a strong 
northern economy to settle on the Halifax. 
Settlement was slow at first - the 1870 itinerary 
guided the river traveler by the named residences 
and plantation house ruins on either side of the 
Halifax (Hooker 1940) – but almost five hundred 
freedmen were settled on the Halifax with help from 
the United States Freedman Bureau as early as 1866. 
The 1870 itinerary mentions three freed veterans 
of the 34th U. S. Colored Infantry Regiment upriver 
from Bethune Point and others closer to Port Orange 
(Hooker 1940).
 While sugar never recovered as a significant 
crop in the Halifax area, citrus proved to be just as 
lucrative. Although most oranges were grown 
further north before the Civil War, oranges were 
grown in the Halifax watershed since the days of 
Mount Oswald, and the region was known for wild 
oranges. As orange juice became popular in the 
northern states, planters in north and central 
Florida expanded cultivation (Davis 1937). By 1848, 
the region called Musquito as recently as 1827 was 
renamed Orange County (SLF 2019).
 However, the American settlers along the 
Halifax and St. Johns Rivers learned the hard way 
that oranges were a tricky crop when a three-day 
hard freeze in early 1835 supposedly destroyed 
every citrus above the 28th parallel. It was enough 
to kill generations-old trees above the roots and halt 
the citrus industry in north Florida (Davis 1937). To 
make matters worse, a shipment of Mandarin 
orange trees from China to East Florida in 1838 
arrived infested with purple scale, Lepidosaphes 
beckii (Davis 1937), a disease that would not be 
eradicated until the mid-1870’s. The traditional 
orange groves were so devastated that orange 
planting shifted away from the St. Augustine region 
towards the Halifax and upper reaches of the St. 
Johns (Davis 1937), where groves budded on sour 
stock and protected by live oak thrived (Atwell and 

Clarida 1998). Just south of the Dunlawton Estate 
ruins, the Vass orange grove produced ca. 75,000 
oranges in the 1870’s. Sutton’s Grove, further 
downriver, possessed somewhere between 
600-800 trees, and produced ca. 100,000 oranges 
yearly (Hooker 1940). The 1870 Itinerary praised a 
Mr. Fowler of Fowler’s Bay, a Harvard man from New 
Hampshire who had preached in Massachusetts 
and farmed in Minnesota before volunteering at the 
Washington army hospital and as an army chaplain 
in the Civil War. Over the past five years, the Itinerary 
claimed, Mr. Fowler had “dug more miles of 
ditches, cleared more acres of heavy hammock, 
raised a larger orange nursery, tried more 
agricultural experiments, and seen less leisure hours 
than any other man in the State (Hooker 1940). Men 
like Fowler were determined to tame the Halifax.
 One pre-Civil War company,  R. N. Swift & 
Bro. of New Bedford MA,  operated a timber trade in 
live oak in the 1860’s, loading onto lighters at Swift’s 
Wharf south of Silver Beach from the mill eight miles 
upriver. The 1870 Itinerary mentioned that a good 
deal of it still waited shipment two years after having 
been cut (Hooker 1940), suggesting that shipping 
was still risky, prohibitive and mercurial. All the same, 
the Swift brothers of Massachusetts were especially 
successful, stocking thousands of board feet of live 
oak and red cedar every year. These woods made 
the Mosquito Inlet a priority for northern naval 
protection during the Civil War, although Union 
attempts to secure the Swift wood failed (Strickland 
1965).
 Other ventures were not so successful. The 
Florida Land and Lumber Company, formed in 1865 
by philanthropic-minded Union army officers 
stationed at Hilton Head SC at the close of the war, 
founded a colony in 1866 that it named Port Orange 
in anticipation of the farms the company wanted to 
create. The stated goal was “To secure homesteads 
for freedmen and others, and to furnish a profitable 
investment for capital” (Strickland 1965). With an 
anticipated influx of one thousand freedmen, the 
company believed it would have sufficient labor and 
capital to make its goals work. The colony also built 
an integrated schoolhouse, reflecting the ideals of 
the officers who founded the company. The 
company pledged $30,000 in stock, paying in 
$20,000 to build and operate a steam-powered 
sawmill. The venture failed. The ex-officers may have 
been progressive for their time and optimistic, but 
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had few business skills. The company built a 
two-story mill with triple the capacity needed, as 
well as a mill in Bangor, Maine, forcing the 
company to mortgage its Port Orange property to 
finish building and purchase its first logs (Hooker 
1940). By 1869, the school had disbanded and most 
of the bankrupt company owners left. Several of the 
freedmen stayed and formed Freemanville, today an 
African-American neighborhood in Port Orange. The 
Florida Land and Lumber Company was not alone 
in failure. Several post-war regional plantations and 
orange groves founded on the Halifax were 
abandoned within a few years of the grant (Hooker 
1940).
 Salt was processed on the Hillsborough River 
in the mid-nineteenth century, and the local salt 
works was the site of a failed Union campaign in 
the Civil War (Strickland 1965). However, the region 
lacked the phosphate fields that would be 
developed in western Florida.
 Safe access remained a problem for those 
with industrial or citrus activity on the watershed. 
There was no official act to improve the Matanzas 
Haulover until 1844 (47th Congress 1882:1229), and 
the changes were too small to improve ease of 
transport. To attract regular steamships on the 
Halifax, the leaders of the young community of 

Daytona formed a committee in 1880 to raise 
monies to improve the Mosquito Inlet and access to 
the Indian River (47th Congress 1882:1237, 1239). 
By 1882, U.S. Chief Engineer H. G. Wright reported to 
Congress via the Secretary of War that Daytona 
desperately wanted the Mosquito Inlet access 
improved to aid in their citrus exports, but were 
“compelled to employ all their available capital in 
rendering their lands productive and have little to 
spare in establishing routes of communication” (47th 
Congress 1882:1233). In late 1887, retired General 
Orville Babcock (proprietor of Ponce Park) sponsored 
a new and permanent lighthouse at Mosquito Inlet 
(Strickland 1965), designed to be tall enough to warn 
vessels well before the sandbar. 

Renovation of the Veterans Memorial Bridge (2019)
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HOTELS & RAILROADS
 
 Before the railroad arrived in central Florida, 
travelers arrived in Volusia County by one of three 
routes: a long overland journey, by schooner, or on 
the waterways. The sugar plantation at Bulow’s 
Landing marked the beginning of the Halifax land 
route. From there one turned west to the Tomoka 
River “at Grover’s ten miles; then past Luke Williams’ 
place, one mile; thence to McDaniels’ twenty miles; 
thence round by Mrs. Murray’s, to New Smyrna 
fifteen mile…” (Hooker 1940 207).
 For visitors, a hotel was already in operation 
by 1870 across from Silver Beach (Hooker 1940 209). 
At Oyster Point, on the north end of a marsh island, 
there was a postal road to Enterprise, 33 miles inland 
on Lake Monroe, part of the St. Johns River system 
accessible via Palatka (Hooker, 1940). The tourist 
season remained strictly seasonal to winter and early 
spring because the river was too difficult to travel for 
nine months of the year without some sort of direct 
link to steamer passengers. 
 In 1850, the federal government approved 
a large land grant to Florida for disbursement to 
transportation companies that would develop 
swamplands (Akin 1979). After 1876, Florida granted 

millions of acres to railroad and canal companies 
as well, in the hope of encouraging development. 
However, most of the interest lay in northern and 
western Florida, given that Daytona, Ormond and 
New Smyrna were at the time miniscule settlements 
with a swamp and forest interior (Strickland 1967). In 
1885, Daytona boasted no more than 321 people in 
the census. To the north, St. Augustine and 
Jacksonville recorded 2300 and 7600 residents 
respectively, while Key West (the largest city in the 
state) boasted 10,000. In total, the east coast may 
have had 53,000 people when Henry Flagler first 
conceived connecting Key West to St. Augustine 
(Corliss 1960). This probably contributed to the 
disinterest shown by Florida’s earliest major railroad 
investor, Henry Bradley Plant, in creating lines in the 
Halifax region. Instead, Plant connected Jacksonville 
to Tampa via Palatka, DeLand and Sanford (Johnson 
1966).
 The newly chartered Florida Coast Line Canal 
and Transportation Company obtained over half a 
million acres in 1881 to create an inland waterway 
along the east coast from St. Augustine to Biscayne 
Bay. A large portion of this grant was sold to the 
Albert P. Sawyer’s Boston and Florida Coast Land 
Company (Akin 1979 28). To pay for the heavy 

Warren Calloway collection.
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dredging equipment, the latter appealed to Henry 
Flagler, who funded the company and became titular 
head (Akin 1979).
 Flagler’s Jacksonville, St. Augustine and 
Halifax River Railway (JSH) and his St. Johns and 
Halifax Railway - later consolidated into the Florida 
East Coast Railway in 1885 - commanded about one 
quarter of all the public lands Florida had deeded for 
railways (Doherty 1980; Akin 1979, 25). In order to 
gain the rights for steamer and development 
projects in North Florida, he was obliged to include 
rail lines south in the deal (Mendez 2009). In 
anticipation of utilizing these lines, Flagler bought 
and rebuilt roads to Ormond and Daytona, building 
the Hotel Ormond in 1892 and bridging the Halifax 
River (Corliss 1960 199). By 1884, Flagler’s railroads 
connected Daytona, Holly Hill, and Ormond with the 
north and New Smyrna with the new inland town of 
DeLand (FLS 2019).  By 1886, Flagler also controlled 
the lines that linked Daytona to St. Augustine 
by way of Palatka (Doherty 1980). In 1887, the 
company, nicknamed the White Railroad, proudly 
announced that Daytona could now be reached 
from Jacksonville in four hours (FLS 2019).
 In 1890, Flagler invited several executives of 
local steamer companies to meet with him and 
consolidate efforts between the Indian River 
Steamship Company and his railroad. Flagler was 
convinced that a reliable steam and rail service into 
the Halifax area would promote profitable tourism 
and river development. Moreover, Flagler wanted a 
share of the freight traffic that accompanied the 
increase of agriculture in the south Halifax and 
Indian River areas (Mendez 2009). In the early 1890’s 
Flagler established a steamboat line connecting 
Daytona to Palm Beach (Corliss 1960). He would 
be the first to operate a steam service out of New 
Smyrna and up the Halifax to take advantage of the 
citrus industry (Walter 1947). By 1892, the Florida 
East Coast Railway had connected New Smyrna with 
St. Augustine (Corliss 1960, 199). There were regular 
excursion trains on the JSH as well, which prompted 
extensive timber cutting along the track to provide a 
view (FLS 2019).
 By 1904, over eight million acres had been 
deeded to railroads in coastal Florida, while nine 
million acres had been awarded to canal and 
drainage companies (Akin 1979). When relationships 
between Flagler and the Florida government cooled 
in the opening years of the twentieth century, 

Governor Jennings pushed to have several of the 
grants revoked to stem Flagler’s growing power 
(Akin 1979, 26), but by 1910 a combination of 
political maneuvering and a friendlier governor put 
Flagler on top of land grants again.
 With the introduction of rail freight lines and 
a safer harbor entrance, logging and citrus increased 
dramatically (Strickland 1965). Despite a memorable 
freeze in 1886 when temperatures sank to 22 
degrees Fahrenheit in January (Strickland 1965, 254), 
by 1894 there was a prominent business in oranges 
and pineapples in the Indian River area. Freezes 
continued, the worst of them ruining crops as far 
south as Palm Beach, but by then the citrus industry 
was firmly rooted in the Halifax area (Corliss 1960 
200). 
 Railroads brought needed supplies and 
public interest to the Halifax, but they also brought 
coal runoff, deforestation for fuel and aesthetics, and 
erosion. The latter was especially noticeable around 
the bridges needed to carry the rails over wetlands 
and smaller streams. While sugar and timbering had 
brought some environmental change, the railroad 
and the subsequent land development that followed 
altered the Halifax watershed permanently and 
indelibly.

Figure 2: Undated (early twentieth century) Riverboat 
on the Halifax. Source: Florida State Archives, 
PR09452 
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SETTLEMENT
 
 After the Seminole Wars decimated the 
Halifax region, the biggest population center was 
the tiny Tomoka Settlement. However, the generous 
federal terms for settling the region following the 
Civil War attracted northern investors. Matthias Day, 
a sugar mill manufacturer from Mansfield Ohio, 
purchased the old Williams family grant residual of 
3200 acres in 1870 and drew up plans for a 
settlement. Within six years it was incorporated as 
Daytona in honor of its founder at a special July 26, 
1876 Centennial ceremony (Atwell and Clarida 1998, 
7). Other northerners like Charles Grover Burgoyne 
saw potential and invested heavily in creating a 
genteel society of well-off winterers along the 
Halifax and Daytona shores. The celebrated 
Burgoyne mansion, known as the ‘castle’, testified to 
the wealth brought in by this new type of settler. In 
1896 thirteen community leaders drove in the 
pylons for the Halifax River Yacht Club (FLS 2019) 
near the South Bridge of what would be Orange 
Avenue. In doing so, Burgoyne and others 
introduced higher pleasure-minded traffic to the 
river, and extensive bank erosion at the site. In some 
ways the damage had already begun. River ferries 
like the power launches Dixie, Roxana, Halifax and 
the Yankee Doodle took dozens across the river 
regularly to the beaches as early as 1903 (FLS 2019). 
Others used smaller boats that eventually decayed 
along the banks (FLS 2019). The Uncle Sam and the 
Cherokee took tourists up the still largely 
undeveloped Tomoka River twice a week in what 
were advertised as the largest steamers available 
(FLS 2019). One photograph shows a packed 
steamer motoring past a serene islet near Daytona 
seemingly untouched by settlement (FLS 2019; 
Figure 2). A colored postcard of the period 
showing a pre-bridge view across the Halifax 
towards Seabreeze highlighted the clear blue of the 
river (FLS 2019).
 By 1918 the Army Corps of Engineers (ACE) 
estimated 292 registered steamers and motor boats, 
300 launches and at least as many pleasure boats in 
tourist season on the Halifax. Sightseeing was not 
the only reason for an increase in boating. Fishing 
and hunting were other popular activities along the 
Halifax. Fowler’s Bay (or Rose Bay) was noted for the 
best oysters on the east coast in 1870. The Halifax 

and Hillsborough Rivers were noted for abundant 
venison in 1870, and so many oysters that the oyster 
banks were obstructing navigation (Hooker 1940 
212). 
 Commercially, a broad range of staples, 
vegetables, beer, oranges, grapefruit, and machinery 
also travelled by boat (65th Congress:7). By 1918 
Ormond had begun construction of a 750-foot 
municipal dock to match the dock and warehouse in 
Daytona. There was little need for heavy dock 
facilities as of yet, as the small amount of heavy 
industrial freight could come by train (65th Cong: 8). 
By 1922 the amount of petrol and industrial 
lubricants shipped to New Smyrna and into 
Daytona via the Intracoastal had increased 
significantly. By 1926, Halifax residents held a public 
hearing in Daytona asking the federal government 
for better transportation facilities and cheaper 
freight rates, suggesting that commerce along the 
waterways had shown noticeable increase (69th 
Cong:16-18). Daytona, Seabreeze and Ormond all 
pledged better dock and freight facilities (69th 
Cong:25). 
 A report to Congress from the Secretary of 
War and the Chief of Engineers in December of 1918 
mentions that there was a local request to extend 
and dredge an improved channel to the required 
five foot depth into Smith’s Creek at the head of the 
Halifax for the sake of the Florida Coast Line Canal & 
Transportation Company, which carried freight from 
Jacksonville. At the time of the report, almost 9500 
tons of freight was estimated to travel to and from 
Jacksonville down the Indian to the head of the 
Halifax, as well as an additional 26,860 tons 
freighted locally. While the Army Corps of Engineers 
(ACE) divisional engineer suggested that the request 
be deferred until after the current World War, it 
found the proposal worthy (65th Cong: 11). The 
Chief Engineer did not agree, citing the inefficiency 
of devoting resources that produced only localized 
benefits to a sparsely inhabited area. Halifax officials 
persisted, arguing that channelization of the Volusia 
coast was far less costly than building ports. Most 
federal interest in dredging remained with the St. 
Johns River and with the Indian River south of the 
Inlet (65th Cong: 6).
 Despite the Chief Engineer’s estimation, 
by the end of the First World War the region had 
achieved a reputation as far away as New England 
for fruits and vegetables (65th Cong:9). By 1926 ACE 
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identified the Halifax watershed as extending eleven 
miles west of the river in a narrow strip 
comprising 7776 acres. It was characterized as 
hardwood hammock with a fertile chocolate loam 
base. Celery and strawberries, at the time very 
popular foods on northern tables, topped the list of 
produce promoted by the ACE report (69th Cong: 
77). In the 1920’s, speculators bought up large tracts 
of Halifax shoreline to sell to unsuspecting 
would-be settlers. One photograph showed a large 
billboard advertisement for 10 acres of farmland. The 
Chicago-based seller claimed that the land would 
support three crops a year of “corn, cotton, sugar 
cane, celery, potatoes and all kinds of vegetables, 
pecans, figs, strawberries, peaches, oranges and 
grapefruit” as well as poultry (Atwell and Clarida 
1998). Farming plots of 55x145 square feet of what is 
today Ridgewood and Palmetto Avenues, 
completely overgrown by palmetto and oak, were 
selling for $400 and under (Atwell and Clarida 1998). 
While would-be farmers from outside Florida took 
the bait from newspaper advertisements, they rarely 
saw actual photographs of this bountiful land. In 
the case of the sale above, the sign was perched less 
than a foot above water, in wetland. Those who did 
establish farms in the swamps surrounding the 
Halifax invested heavily in drainage canals to flush 
the waste down river. Even the good farmland, 
where vegetables, citrus and fern thrived, relied on 
drainage canals by the 1930’s. 
 Daytona also benefitted from the orange 
groves. The amount of citrus labeled from Volusia 
County and sent to the huge cities of the 
northeast in the early twentieth century could 
not fail to impress upon city dwellers in cold and 
cramped northern towns what delights the Halifax 
had to offer. By 1926, oranges and grapefruit 
accounted for nearly all the shipped produce out 
of the Halifax (69th Cong:32). The ACE defined the 
northern limits of the orange and citrus belt as New 
Smyrna, but noted that eastern Volusia County 
shipped 234,000 boxes of citrus in 1923/4, ninety-
five per cent of that going to Boston, New York and 
Philadelphia (69th Cong:77). 
 On the east bank of the Halifax, tourism and 
winter communities grew rapidly after the railroad’s 
presence. In 1888, John Anderson and Joseph Price 
opened a hotel at Ormond to accommodate the new 
railroad travelers in the three-month spring season 
(Strickland 1967). By 1890, the hotel had attracted 

Flagler’s attention and eventual ownership. By 1899, 
Flagler doubled the size of the hotel to 150 rooms, 
plus a swimming pool (Mendez 2009).  The Ormond 
Hotel eventually had 375 rooms and a golf course, 
to attract several northern elites seeking relief from 
the winters (Dunbaugh 1925). Benefactors like John 
D. Rockefeller became regular visitors (Atwell and 
Clarida 1998; SLF 2014: PC2609). 
 One visitor was James Hathaway, a cycling 
and racing enthusiast from Massachusetts 
(Strickland 1967). His discovery that the sand of 
Ormond and Daytona were firm enough to take 
motorcars led to his promotion of the first 
automobile race at Ormond in April 1902 (Strickland 
1967). Word got out, and the following year 
hundreds of spectators were there to see the first 
official race, sponsored by the AAA and featuring 
several cars shipped by rail to Ormond. Shortly 
afterwards, several prominent northerners with ties 
to the new automobile industry established the 
Florida East Coast Automobile Association in
 Daytona to promote more races (Strickland 1967).
 By 1904 it was apparent that the annual races 
were a success, as over 4000 spectators packed onto 
the beach and filled the sole hotel to capacity. By 
1906, the Daytona races featured a world record 
holder as one the contestants (Strickland 1967). 
ACE noted that 26 automobiles traveled the Halifax 
in 1918 as freight (65th Cong:7). Others attended 
for the frequent and often dangerous speed trials 
on what was becoming the ‘world’s most famous 
beach’. While speed trials ended in Daytona after 
one too many fatalities, stock car racing continued. 
The racing craze also made Daytona a popular place 
to motor, creating by the later 1920’s a demand for 
more paved roads and bridges (Atwell and Clarida 
1998).
 The Halifax River Bridge was built in the early 
twentieth century to connect wealthy Ormond with 
the mainland. The Daytona elites also invested in 
beachside homes, and they found the monies for 
a local bridge. South Bridge began as a boardwalk 
bridge by 1880. The Coronado Bridge spanned the 
river at New Smyrna Beach. A concrete bridge had 
replaced it by the First World War to accommodate 
the motor traffic. In 1918, ACE listed seven 
drawbridges from Ormond to New Smyrna Beach 
(65th Cong :6). 
 More hotels appeared to accommodate this 
first generation of snowbirds (Atwell and Clarida 
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1998). The Riviera Hotel in Holly Hill (now a senior 
assisted living facility) advertised “Old World Charm 
with New World Comfort” (FLS 2014: FR0761). An 
advertisement in the 1919 Florida Times-Union 
Travel Guide called Daytona “one of the most 
beautiful resort cities in Florida, with a population of 
15,000, a score of good hotels and many fine drives 
to other points of interest” (Florida Times-Union 
1919). The Halifax area also attracted early aviators. 
By 1916, at least four seaplanes operated out of 
Ormond and Holly Hill.
 Daytona also developed the Halifax River’s 
tourism potential. The town promoted itself as a 
paradise for boating, fishing and summer 
recreation year round, and advertised ‘jungle 
cruises’ on coal-powered steamboats down the 
Tomoka to see the alligators. A 1920’s photograph 
shows a six foot grouper caught near Daytona (SLF 
2014, N030554, N030553), and tarpon over five feet 
in length were also caught. In the 1920’s another 
Halifax leisure industry caught national attention 
when noted boat builder Bill McCoy of Holly Hill 
set up a successful rum running operation using 
his schooner Arethusa (renamed Tomoka) from the 
Bahamas into the East Coast. Prohibition-era black 
market dealers peddled the rum as the ‘Real McCoy’.
 Investors and speculators flocked to the 
region in the early 1920’s, prompting Daytona, 

Daytona Beach and Seabreeze to incorporate in 
1926 to manage the investment boom (Atwell and 
Clarida 1998).  Within a year the federal government 
had recognized Ormond and Ormond Beach, Holly 
Hill, Daytona Beach and its suburbs Seabreeze and 
Daytona, Port Orange, Wilbur-by-the-Sea and Inlet 
Terrace as incorporated cities with approximately 
20,000 people in the Halifax region (69th Cong: 77). 
Rare aerial photos from the 1920’s show the Halifax 
River’s evolution into a waterway serving Daytona 
Beach for both commerce and tourism (Figure 3). By 
the time the photograph was taken, sand bars had 
begun to pile up at the Orange Avenue Bridge and 
small fires in the distance indicate land clearance 
for farming. Steam and motor yachts are thick in the 
marina. On beachside, development had already 
claimed large portions of Daytona Beach with motor 
traffic (SLF 2014: RC10748, PR78616, RC10749). On 
the other hand, contemporary postcards continued 
to emphasize the unspoiled beauty of the river, 
fronted by inviting lawns, shady oaks and the 
occasional simple pier for fishing and boats (SLF 
2014: PC2954). Daytona was promoted as the perfect 
mid-class destination for those of comfortable 
means (Florida Times-Union 1919).
 Photographs of Ormond and Daytona 
highlighted the lush tropical foliage that framed 
civilized homes like the Burgoyne castle or 

Newly renovated Veterans Memorial Bridge (2020)
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Rockefeller’s Casements, combining northern 
comforts with plenty of yard space, larger windows, 
and porches for Florida light and tropic breezes. The 
stronger winds of the occasional hurricane in 
paradise were less mentioned, although on occasion 
spectacular wrecks, as in the case of the schooner 
Nathan Cobb in 1896, were hard to ignore (Atwell 
and Clarida 1998). 
 In 1924, the Daytona Morning Journal 
(November 30, 1924) advertised the Inlet Terrace 
Subdivision, praising the spot “Where The Ocean ad 
River Meet. Set off like a gem in a gorgeous tropical 
setting.” To make the project more attractive, the 
Mosquito Inlet was renamed the Ponce de Leon Inlet 
in 1926 to give it a romantic air and to downplay the 
insect problem. The development included the 
luxurious Inlet Terrace Hotel (Strickland 1965). 
 The massive storms of 1926 and 1928, paired 
with the onset of the Great Depression in 1929, 
cooled investment dramatically (Atwell and Clarida 
1998). The half-finished Terrace Hotel project was 
abandoned (Strickland 1965), and Ponce Inlet 
development slowed. Wealthier tourists, however, 
still managed to visit the Halifax. A 1931 postcard 
and photograph of the Halifax River Yacht Club 
shows a well-developed harbor with motor yachts, 
as well as almost a dozen diesel tour boats and river 
ferries (SLF 2014: PC 13407, RC16388). Other 
postcards depict the parkland on south Beach Street 
as a tropical paradise (SLF 2014: PC 12503, 0706). 
The palmetto-choked would-be farmland advertised 
just fifteen years earlier had receded from the 
urbanized banks, and the photographs of roads and 
bridges testify to the heavy usage by motorcars and 
powerboats. Enough commercial river commerce 
existed in the 1930’s to justify the installation of a 
special rotating Fresnel lens at the Ponce de Leon 
lighthouse, which remained in use until 1970. 
 By the mid-1930’s, the Halifax region was 
again popular, in part because of the creation of the 
Good Roads Movement that engendered the Dixie 
Highway. A 1933 travel pamphlet for middle-class 
travelers on the road listed several places in Daytona 
and the region where one could find inexpensive 
accommodations (SLF 2014). At first autocamps, a 
sort of early trailer rental park, attracted tourists of 
limited means, but the sanitation issues were quite 
serious. Investors took the autocamp idea to a new 
level with motor hotels (motels). By 1939, there were 
thirty-nine motels and upscale hotels along the 

lower Halifax, as well as several tourist houses for 
rent (Liston 1996).

Figure 3. Looking West in 1925: Daytona Beach and its 
suburbs Seabreeze and Daytona, Port Orange, Wilbur-
by-the-Sea and Inlet Terrace. Source: Florida State 
Archives RC10748.

 During the Second World War, the federal 
government invested heavily on industrial 
applications along the Halifax.  Daytona Boat Works 
was awarded a Navy contract and the airport was 
converted to a Naval air station for the duration of 
the war. The army also placed a major WAC training 
center in Daytona (Atwell and Clarida 1998). While 
naval building ceased after the war, former service 
personnel praised Daytona and several retired to 
the area. By the 1950’s Daytona, now the largest 
city in Volusia County, boasted a population of 
over 22,000 (Cong 3.11). Its reputation as a center 
for boating, fishing and recreation on the Halifax 
attracted middle-class tourists and wintering 
northerners who looked for a less expensive 
experience than that offered by Miami or Tampa (SLF 
2014: PC13492, Cong 3:14). The Halifax River Yacht 
Club’s membership soared (SLF 2014; PC 13408), and 
sightseeing river tours on one of several steamboats 
were an expected component of a Daytona vacation. 
 The increased population and traffic after the 
Second World War took its toll on the bridges, all of 
which needed extensive repairs or outright 
replacement (Cong 3:15). In 1959, the old South 
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Bridge was replaced by the bascule-type New South 
Bridge and renamed the Veteran’s Memorial Bridge. 
It was one of three completely rebuilt bridges in the 
1950’s, allowing more traffic and river commerce. 
Dredging also increased for the larger boats needing 
access to the Halifax. As early as June 1926, Volusia 
County had voted to raise almost 1.5 million dollars 
through bonds to support extensive dredging of the 
Inlet for increased commercial traffic. The so-called 
‘Port Plan’ was designed to help both lumber and 
citrus exports and to more easily obtain all the 
desired goods and automobiles from the north. 
Nothing came from the ambitious and expensive 
plan at first, and the Great Depression put a hold on 
dredging (Strickland 1965 260; Daytona Morning 
Journal, June 15-16, 1926).
 Local dredging in the 1950’s resulted in large 
amounts of spoil deposited in small man-made 

banks (Cong 3:24). Locals appealed to government 
agencies to keep dredge spoil banks on the Halifax 
to a minimum, citing a depreciation of the value of 
lands and a degradation of use. Daytona insisted 
that spoil areas could only be created at great 
expense, and requested that the expense to create 
spoil banks be taken out of county hands (80th 
Cong:24). However, a sustained federal program 
of dredging would not take effect until the 1960’s, 
when Congress authorized dredging in the Ponce 
Inlet. At that time the hope was that such a project 
would not only aid shipping, but would also increase 
recreational and commercial shrimping activities, as 
well as increase property values (Strickland 1965).
 There was also an increase in the import of 
Ojus limestone from Dade County to the Halifax 
watershed for road construction. While there was still 
a demand for the more local Ocala rock that could 

Figure 4: The colors of a Daytona postcard postmarked April 1966
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be trucked in, with improved dredging it became 
more economical to ship Ojus rock, gravel, and 
concrete (Cong 3:31). By the mid-1950’s, 
manufacturing, shipping and dredging left notable 
runoff and visible impact on the water quality of the 
Halifax and on the riparian landscape (80th Cong:13). 
 Daytona’s naval activities during the war had 
increased manufacturing, printing and motor repair. 
A Congressional investigation of the Intracoastal 
Waterway in 1947 suggested that Daytona residents 
had grown alarmed at some of the development 
following the Second World War. As growth 
threatened the Tomoka River, Florida established 
Tomoka State Park in 1945 to protect a section of 
plantation era Florida, Tomoka native archaeology, 
and wildlife. 
 The colors of a Daytona postcard postmarked 
April 1966 suggest extensive dredging in the 
Halifax Harbor area and down the center of the river. 
The upper stretches of the river north of Daytona 
remain less developed, as are the beachside banks. 
The card itself describes the scene as an “Aerial View 
of Daytona Beach, Florida, showing the five bridges 
crossing the Halifax River, connecting the
 Mainland to the Peninsula and the World’s Most 
Famous Beach on the Atlantic Ocean. From top 
to bottom are the Ormond Rockefeller Memorial 
Bridge, the Seabreeze Bridge, the new Main Street 
Bridge, the Broadway Carlton-Blanke Bridge, and 
the South (Memorial) Bridge. Also shown, in the 

foreground are the Municipal Yacht Basin, City 
Island, and the city of Daytona Beach, with the cities 
of Holly Hill and Ormond Beach blending into the 
background.” (SLF 2014: PC16020. For the makers 
of this card, the river had been carefully managed 
by bridges that gave access to the ‘World’s Most 
Famous Beach”. By 1976, the beachside banks had 
been effectively developed (SLF 2014: COM07478). 
With the subsequent development of the coastal 
beachfront, the Halifax River faded from central 
significance in the minds of the residents.
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CHAPTER 4: 
Early  Daytona: 
People and Events 
Nancy Long, President of the Heritage Preservation Trust and a retired
 Professor of English from Bethune-Cookman University, was interviewed 
concerning the early settlers, famous people, and events of the 
Daytona Beach area throughout the nineteenth and the twentieth 
centuries. The Heritage Preservation Trust was established in 2006 by 
concerned citizens to help preserve the architectural and historical 
heritage of the Volusia County area and is a 501 (c3) non-profit 
Corporation.

Hotchkiss House
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The following is an excerpt from one of Nancy Long’s 
published articles. 

Would you introduce yourself and the Heritage 
Preservation Trust?
 Yes, my name is Nancy Long. I’m a retired 
English professor from Bethune-Cookman College 
(now University); I taught for 34 years. And I am also 
the President and I guess you’d call me the founder 
of the Heritage Preservation Trust. I wrote a letter to 
a newspaper editorial section about 14 years ago; 
and at that time, we were very worried about how 
the history of Daytona was being destroyed. The 
Lilian Place, which is the oldest house on beachside,  
looked like it was going to be torn down. So, when 
I wrote the letter to the editor I was pretty much 
pleading that something had to be done to save the 
Lilian Place. Built in 1884 by one of the city’s first 
settlers, the Lilian Place is the oldest house on 
Daytona’s beachside. There is also the Hotchkiss 
house that is located next door to the Lillian.
 Then I got a phone call that evening from 
an elderly woman, Pat, who was 80 years old and a 
granddaughter of Laurence Thompson who built 
the house; and she said Nancy why don’t we have a 
meeting and I said okay. Three days later, we set up 
a meeting at the Halifax Museum. I figured it’d be 
Pat and a few of her friends. Well, about 65 people 
showed up and that is how the Trust got started. 
We are all volunteers and have been working for 14 
years now to preserve the history here at the Lilian 
Place.

How did civilization start in Daytona Beach?
 Well, until 1893, Daytona Beach was a 
wilderness. It was inhabited for thousands of 
years by Native American tribes, most notably the 
Timucuans and the Mayacans who were decimated 
after explorers from Europe brought diseases 
to which they had no resistance. These Native 
Americans lived on the plentiful fish and shellfish of 
the Halifax River. The shell midden banks along the 
river banks are testimony to the many generations of 
native inhabitants.

Who were some of the first European settlers?
 In 1804, twenty families accepted the 
Spanish Government offer of land and moved to the 
area to establish sugar plantations and rice fields. 
They were fairly well established, so they developed 

the land somewhat.  Samuel Williams claimed 33,000 
acres from the Atlantic Ocean to west of the Halifax 
River, and he built his home “The Orange Grove” 
on the river (near today’s Orange Avenue). Then, 
towards the beginning of the 1800s, the Seminole 
Indians waged a war against the United States; and 
they pretty much went through and burned down all 
the plantations. After Samuel Williams died in 1811 
his son inherited the plantations, but he abandoned 
the property when the Seminole Indians destroyed 
the plantations in 1835. A second sugar and corn 
plantation was built on the North Peninsula which 
consisted of 1,071 acres owned by Benjamin Heriot 
and Joseph Woodruff. In 1856, Elsah Swift acquired 
the property and cut the oaks and red cedar trees 
for lumber for government ships. John and Charles 
Bostrom, who visited the area in the 1850s, settled 
at Silver Beach, formerly called William’s Hogs Pen 
(now the site of Lilian Place Heritage Center). After 
a few months, the brothers decided to move north 
to the Ormond Beach area. John Hawks and four of 
his Army friends who had served in the Union Negro 
regiment established a sawmill on the Halifax River 
and invited 500 families of freed men to live in the 
area. The sawmill failed, and the Negro settlers left 
for work in other areas.

How was the town Daytona Beach established? 
 After the Civil War, there came renewed 
interest down here. In 1871, Matthias Day from 
Mansfield, Ohio came to the area and purchased the 
old (Samuel) Williams land grant of 2,145 acres for 
$1,200 down payment and a mortgage of $800. Day 
decided that this area was a nice spot; he wanted to 
develop a town here. He built the first hotel in the 
area, called the Colony House, which when he could 
not get shingles for the two-story building became 
known as the “Palmetto House” as palmetto fronds 
were used for the roof temporarily. Later the 
building was expanded to the Palmetto Hotel run 
by Mrs. Mary Hoag. Day’s plan was to sell the lots of 
land to newcomers to develop the town which he 
called “Tomoka.” 
 He convinced ten families from 
Cincinnati to settle in the area. Day’s colony 
had eight houses plus tents for new arrivals. 
Laurence Thompson was one of them; he right 
away built a little house over on (now) Beach 
Street, which was just a dirt road at the time. 
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Josie Rogers: First female medical doctor
And first female mayor of Daytona Beach. Photo 
courtesy: Halifax Heritage Museum

Then Thompson built a dry goods store next door 
which still exists. So, all of the 10 families were 
very successful and hardworking; they established 
businesses and they started to build their houses.
 However, with the slow trickle of settlers and 
failure to sell his lots of land, Matthias could not 
keep up the mortgage payment and defaulted on 
the loan and returned to Ohio. Ironically, in 1872, 
the residents officially named the town in his honor 
instead of Tomoka like Day was going to name it, and 
that is how Daytona was borne. Yes, well, he inspired 
the people to come down and he is believed to be 
a good friend of these settlers who came down; he 
convinced them he was like a leader. Matthias Day 
really did a lot to get the area developed. 
 By 1875, seventy people lived in twenty 
frame houses and a number of wood shacks along 
the river road which became known as Ridgewood 
Avenue. Land cost $1 for a small house lot up to $10 
for a riverfront location per acre. The site was still 
hard to access as the only means was by foot or boat. 
 Life was made difficult by the swarms 
of mosquitoes every evening, and the constant 
outbreaks of malaria and yellow fever. Even worse 
were the wild hogs which roamed freely through the 

town and enjoyed sleeping under the wood frame 
houses, causing infestations of fleas and the spread 
of disease. Due to the “stock law” which allowed 
animals to roam freely, little could be done to control 
the hogs. In 1876, the residents decided to 
incorporate the area into a town so that they could 
address the problem.

Who are some notable people and their 
contributions to growing the area?
 Lorenzo Dow Huston was elected the first 
mayor of Daytona, and the first problem addressed 
was declaring the wild hogs as a public nuisance 
which legally allowed elimination of the hogs from 
the town. Drainage was the next issue as reduction 
of surface water would eliminate malaria outbreaks. 
Fresh water wells were dug to provide fresh drinking 
water, and for many years Daytona was known as the 
“Fountain City” with its pure water wells.   
 The first school was begun in 1872 in William 
King’s house with 15 students and schoolmaster J. 
Smith. In 1876, the first public school building was 
built on Canal Street (now Palmetto Ave.)  The one 
room schoolhouse was also used for church services, 
parties, and gatherings. The first public school 
teacher was Ms. Lucy Cross, who later went on to 
establish Rollins College in Winter Park, FL.
 In her booklet “Remembrances of an Early 
Daytona Childhood,” Maria Pope describes what 
life was like for children at that time. She was the 
granddaughter of Mayor Huston and the first child 
officially born in Daytona on Nov. 14, 1874. She 
discusses the children bathing in the river every day 
and mastering the row boats and sloops at a very 
early age. The river abounded with fish, 
oysters, shrimp and crabs. At night, one could 
venture offshore in a rowboat with a lantern, and the 
mullet would jump in the boat, providing an easy 
meal. Yacht and boat racing became a favorite 
pastime. Maria’s father passed away when she was 
only six months old, so her grandpa Mayor Huston, 
whom she called “Papa,” helped raise her and her 
sister. Her recollections of the early town and the 
people provide detailed insight of what life was like 
as a youngster growing up in a “frontier settlement.” 
 The area grew slowly as communication and 
travel to the site was difficult, although a ferry was 
established across the Tomoka River which helped 
with travel from St. Augustine and a stagecoach 
route was expanded to Volusia Landing on the 
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St. John’s River. In 1881, there was a recorded 
population of forty-five men who voted to reelect 
Mayor G. Wallace. 
 The area on the Beachside, once overrun 
with hogs and wildlife, was slowly domesticated. J.D. 
Mitchell built a house in 1870 near the ocean south 
of today’s Main Street. J.W. Smith established his 
homestead “The Memento” in 1873 north of Main 
Street, and nearby he built a cemetery which exists 
today as “Pinewood Cemetery.”  The first 
person buried there was his own 19-year-old 
daughter who died in 1887. Sea Captain John 
Bottiphur built a house south of Silver Beach which 
he filled with Chinese curios from his travels. With his 
carriage and horses, he used the beach as his 
“driveway.”  Later he learned that he had built his 
house on the wrong lot, and thus he had to move 
the building. He later suffered financial losses but 
remained in the area until his death.
 In 1884, D.D. Rogers bought 47 acres of land 
along the ocean and divided it into lots for vacation 
homes. He called the development “Seabreeze.”  His 
daughter Josie Rogers was a prominent citizen in 
the growing town. She was born in 1876 at the same 
time the town was incorporated. Her parents had 
moved from New Jersey in hopes that the Florida 
climate would be healthier for her ill mother. Her 
father was a civil engineer who made surveys of the 
area from Jacksonville south. In her memoires, “In 
Retrospect, Daytona and the Early Years,” Josie 
discusses her life as the first female doctor in 
Daytona. She received her medical degree from 
Hahnemann Medical College in Chicago in 1907 and 
practiced medicine in Daytona for nearly 50 years. 
She never married, travelled extensively, and was 
very active in the community. One interesting tale 
was that her father established the first ice factory in 
the area in 1886. Ice was frozen in 100 lb. cakes and 
shipped by sailboat all over the area. The ice factory 
was “mysteriously burnt down” in 1887 when her 
father became active in working for “clean politics” in 
the town. This spurred her in her later life to become 
active in politics and she was elected the first female 
mayor in 1922. She died in 1975 at the age of 98.
 Around 1886, Laurence Thompson from 
Cincinnati, who was the City Clerk, built his house 
on Silver Beach Avenue (today the building is Lilian 
Place Victorian Museum).  He was one of the ten 
men who Matthias Day had recruited to move his 
family south to settle the town. In 1875 he and his 

wife Mary Eliza, with 3 yr. old Lilian and 6-month-old 
Lawrence, traveled by train to Jacksonville, took the 
steamboat to Enterprise, traveled by mule and 
wagon to New Smyrna, and then sailed on a 
schooner to the Daytona area. Laurence built a 
small house and then a dry goods store across 
from the Halifax River, and these buildings still exist 
today. He went on to establish a real estate and 
insurance business. He, his wife Mary Eliza, and their 
daughter Lilian were very active in the community 
and especially supportive of Mary McLeod Bethune 
in her goals to establish a school for educating the 
black children in the area. 
 In 1904, Mary McLeod Bethune moved to 
Daytona and started her school with “$1.50, five little 
girls, and faith in God” according to her life story. 
Mary was the 15th of 17 children born to former 
slaves in 1875, and she was the first of their children 
born free after the Civil War. 

Mary McLeod Bethune: Founder of Bethune-Cookman 
University. Original source of the image: Scurlock 
Studio photo, Archives Center, National Museum of 
American History

She was a strong woman of great faith who would 
let nothing stop her from acquiring an education. 
The school she started in Daytona grew rapidly 
thanks to her dynamic personality and passion for 
betterment of Black youth. She actively solicited 
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support for her school from the many prominent 
“snowbird” visitors who wintered in Daytona:  
J.D. Rockefeller, Thomas White (White Sewing 
Machines), John Gamble (Proctor and Gamble), 
and E.H. Hotchkiss (Hotchkiss Stapler Co.) as well 
as convincing local residents to support her cause. 
The school rapidly grew in attendance, expanded 
into a high school, then a college, and today exists 
as Bethune-Cookman University. She was a leader 
in women’s rights and Black voting rights, and 
eventually served as advisor for four presidents, 
becoming a close friend to President Franklin Delano 
Roosevelt and his wife Eleanor. After a lifetime 
devoted to education and betterment of youth, 
Mary passed away in 1955 at the age of 79.

Mathias Day: Founder of Daytona Beach 
Photo courtesy: Halifax Heritage Museum

How did the early settlers travel and move to the 
Daytona Beach area?
 The location was hard to access as the only 
means was by foot or boat. Actually, to get to 
Daytona Beach for the Thompson family and the 
settlers they would have had to take the train from 
Cincinnati to Jacksonville, then get a steamboat and 
go over to Enterprise, which was a big trip. Then 
from Enterprise, they would go by a mule or 
horse-drawn wagon to New Smyrna Beach. Then 
from New Smyrna they’d have to get a little sloop or 

a boat. Sometimes there were crewed trails. And you 
would have to come up by mule or horse. So, yes, 
it was a heck of a way to travel. Well, you couldn’t 
come to Daytona Beach; there was no railroad nor 
direct boat route. So the only way was the train that 
only stopped in Jacksonville at that time, and then 
from there you had to figure out how you could 
possibly get a boat. But that portion of the Halifax 
River travels north, so it made it more difficult if you 
were trying to go south. Therefore, at that time that 
was the route that everyone took: the steamboat 
from Jacksonville through St. John’s, and then you 
would go to New Smyrna and then travel this way.

Then how did snowbirds come down to winter in 
this area? 
 Gradually more houses were built up and 
more people moved down. Then the railroad had 
come through and it was apparent that people, 
especially the rich people up north, started to come 
down. The town continued to develop at an 
increasing pace as the first “Central Bridge” was built 
in 1887 linking the mainland to the beachside. A 
second bridge was built in 1899 connecting City 
Island to the Silver Beach area, and finally the third 
“Seabreeze Bridge” was constructed in 1902. By the 
start of the twentieth century, Daytona had grown in 
30 years from wilderness to a developed town and a 
winter tourist destination. The wealthy 
“snowbirds” provided a major boost to the economy, 
and this pattern continues today. The first snowbirds 
this area had were globally well-known rich people 
like J.D. Rockefeller, Thomas White (White Sewing 
Machines), John Gamble (Proctor and Gamble), and 
E.H. Hotchkiss (Hotchkiss Stapler Co.).
 One of the prominent “snowbirds” was E.H. 
Hotchkiss, who became a millionaire from 
marketing the first stapler world-wide. In 1905, 
he built a three story “Queen Anne style” winter 
residence on the river next to the Lilian Place, the 
Thompson’s home. Those snowbirds stayed here just 
for a couple months out of the year, and as soon as it 
started getting hot they hopped in their yachts and 
took off.

When did the people get electricity, water, and 
sewer systems at their personal homes?
 We were told that they started to bring in 
electricity over to the beachside in 1920. That was 
the time Mr. Thompson’s brother Henry, who built 
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the house (the Lilian House), extended the house 
about twelve feet and enclosed it so that the kitchen 
was established; and he also brought in electricity 
and running water and he put bathrooms inside. 
Up until then you would have had to use kerosene 
lamps and go outside to go to the bathroom. If you 
wanted water you would have had to use the cistern 
down below on the ground level. 
 These windows that Henry Thompson built 
go all the way up into the ceiling and if you opened 
up all of these windows, you would have had the 
ocean breeze. If you went up to the fourth floor 
tower and opened up those windows, it was like a 
suction so it probably was a lot of nice breeze 
coming through. Also they had the big porches. In 
fact, this Lilian house didn’t get air-conditioning until 
the late 1980s.

Tell us more about the Lilian Place and the 
Thompson family.
 The Lilian Place was built in 1984. Lawrence 
Thompson, his wife Mary Eliza, and their three 
children lived here until two boys eventually got 
married and moved out. The daughter Lillian 
remained a spinster all her life. She actually was 
supposedly in love with an Englishman but he was 
the fourth son and in those days just like today the 
fourth son doesn’t get an inheritance. So I guess that 
her mother didn’t think that this fellow was fit for 
her daughter so she broke them up, and as a result 
Lillian never married. And when her parents passed 

away, she inherited the house and she lived here till 
her death in 1934. Then the house went to a cousin; 
the cousin is the one who named it after Lillian so it 
became known as the Lilian Place.
 The Thompson family were big supporters of 
Mrs. Bethune. Both Mary Eliza and Lilian were 
charter members of the Palmetto Club and started to 
have fundraisings and they did all they could to help 
Mrs. Bethune with her effort. Both Mary Eliza and 
Lilian worked at and helped a black kindergarten; 
they were very much interested in helping educate 
the black children of the area. When Mrs. Bethune 
started her school here in town, she needed much 
financial help. I know that Mr. Lawrence Thompson 
was one of her first Board of Trustees members; 
and later on, his son became the treasurer for Mrs. 
Bethune.

There was also a prominent woman and her 
family, the Rogers family.
 Mr. Rogers’ family was one of the main 10 
settler families that came down from up north. Mr. 
Rogers and Mr. Thompson, as they became very 
productive in business, built nice houses over on 
the mainland side and then eventually purchased 
some land over on beach side. At that time, nobody 
really lived on the beach side because you had hogs 
and panthers; it was very wild. People were afraid of 
storms as they’d always heard about the hurricanes. 
Regardless, Mr. Rogers purchased some of the places 
over there and pretty soon he mapped it out so it 

Riverwalk Park, Port Orange
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became the first real development on the beach 
side. His daughter Josie, being one of the first 
children born in the area in town, went on to 
become the first female mayor and the first female 
doctor here in Daytona Beach. She was very 
educated and she never married, so she traveled 
quite a bit until she died at the age of 98. She never 
had any children but the great nieces have given us 
some of her items that would have been in her 
doctor’s office, so we have them up on the second 
floor for display here at the Lillian Place.

I know that you have many stories to share about 
Mary McLeod Bethune.
 Mrs. Bethune probably is the most 
remarkable person who lived in this area. She was 
the fifteenth of 17 children; she was the first child 
born free. The first 14 children were actually born in 
slavery, but her parents were married and all of the 
children were legitimate under the marriage, which 
was probably very rare back then. Mrs. McLeod, 
mother of Mary, instilled in her girls especially the 
importance of purity and being married and so there 
were those kinds of values that were stressed.
 Mrs. McCloud actually worked for her 
previous masters and Mary would accompany her 
over to the house. One day, the story goes that her 
white children were reading books and Mary 
McLeod picked up a book and the kids come over 

and says to her you don’t know how to read and they 
gave her a picture book. Well, this really made Mary 
upset and she decided that she was going to learn 
how to read. So I guess she was quite a woman of 
her will even at that age.
 One day, a woman visited Mary’s family and 
said that they were starting a new school in
 Mayesville, South Carolina; and one black child from 
each family would be permitted to go to school. 
Mary just begged and begged and begged she 
wanted to be the one who would go to school. So 
that child walked six miles to and from Mayesville 
every day in order to learn how to read and write. 
She was so passionate about it and she did very well; 
she made it up to 6th grade. When it was the time for 
her to be ready to go to another school, the family 
didn’t have the money. So she ended up spending 
another year probably picking cotton and helping 
the family.
 Then her former teacher came and said that a 
Mormon lady had given a scholarship for one black 
child to go to school and they decided to give that 
scholarship to Mary. So, the whole town helped pack 
her up and she went off on her adventure. Then she 
graduated from Barber Scotia Seminary. She wanted 
to be a missionary but at that time they would not 
allow blacks to go to Africa so she comes back south; 
she eventually meets her husband Albertus Bethune. 
They get married and had one child. Mary came 
down to Palatka, Florida and she wanted to start a 
school. Somebody said to her that Daytona is where 
you need to go; so she came down here and was 
spending time trying to look if there is a place for a 
school. That was when she gets word that 
everything that they had in Palatka had burned 
down to the ground. She took it as a sign of faith; 
and this is how she settled in Daytona Beach and 
started her first school with only five little girls and 
her son. Then, it rapidly expanded because the black 
mothers were so excited to have a place for their 
children to get educated. The school kept growing 
and eventually she also became famous as she 
talked to all the wealthy people around the town to 
raise funds for her school. She began to give 
speeches and use her leadership skills to organize 
groups in the Red Cross when they had a huge 
hurricane down here. Eventually, somebody heard 
her speech and asked her to go to Washington D.C., 
which led to her Washington career. She ended up 
serving as advisor for four presidents and became 

The Lilian Place (photo taken in 2019)
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very close friends with Eleanor Roosevelt and 
Franklin Delano Roosevelt. She was very influential in 
trying to get programs for black youth. Meanwhile, 
the school continued to prosper and she finally got 
to travel to Africa, and they gave her an award. She’s 
just a famous woman and very well respected. 
She really was able to bridge the gap between 
whites and blacks, especially in Daytona Beach; and 
she’s credited with why Daytona was able to 
integrate easier than other places. Even for Jackie 
Robinson, this is the first place he was allowed 
to play baseball. So they credit all of that to Mrs. 
Bethune. 
 Another big benefactor to Mrs. Bethune was 
the Hotchkiss family. As previously mentioned, Mr. 
Hotchkiss was the wealthiest marketer of the first 
stapler. He built the house next door to the Lilian 
Place in 1905 which we now call the Hotchkiss 
house. But he died at a young age; and Hotchkiss’ 
daughter Gertrude Heyn inherited the house and 
was well-known as a generous benefactor to Mrs. 
Bethune, donating funds for the Heyn Chapel built 
inside of White Hall on the BCU campus. When I 
taught at Bethune-Cookman all those years, we 
would go into the Heyn Chapel and I never knew 
who Heyn was. What turns out was that Gertrude 
Hotchkiss was married to Mr. Heyn so her name was 

Gertrude Hotchkiss Heyn; and she is the person that 
donated the money for the chapel to Mrs. Bethune. 
In 1959, Gertrude donated the Hotchkiss House 
to the Halifax Hospital to be auctioned off to raise 
funds for the medical facility. Today this structure has 
been preserved and converted into a cultural event 
site as part of the Lilian Place Heritage Center.

We can’t forget about the race and NASCAR.
 Probably the most influential person in this 
area is Bill France. In 1903, William Vanderbilt 
became the first to race cars on the Daytona 
beachside, and Daytona’s fame as the “Birthplace of 
Speed” was established. Speed records were set on 
the hard-packed sand and people from around the 
world traveled to “the World’s Most Famous Beach” to 
participate in these races and attempt to set speed 
records. In 1934, a young car mechanic named Bill 
France moved to Daytona. He was a gas station 
operator who began racing on the beach track. 
France started to work on some of the cars when 
he had the bright idea and convinced people that 
it was time to build a big speedway. So right out 
about four miles from the ocean they established the 
International Speedway because when you race on 
the beach you have to depend on the tide and the 
weather. Eventually Bill was able to organize a group 

Daytona Beach Bike Week (2013)
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of interested men for the creation of NASCAR in 
1947, the National Association of Stock Car
Automobile Racing. In 1957, he fulfilled his vision of 
an official hard track speedway built at Daytona and 
established the Daytona 500 Race, established as the 
first major race of the season for NASCAR every year.

How did Daytona Beach become a place for 
motorcycles and bikers?
 If you go even worldwide and mention 
Daytona Beach, then people started to recognize it 
by the famous beach and the race after they 
established the Speedway out there. Then again, 
it was the draw of the beach that you can actually 
drive on; and we have at least 21 miles of flat beach. I 
don’t think there’s hardly anywhere else that you can 
really drive fast and drive far on the beach so that 
was the attraction. Naturally, if cars were racing on 
the beach, pretty soon you had motorcycle racing 
and so that’s how Daytona became a draw for the 
motorcycles and eventually we now have the annual 
Bike week which is in the spring and now we even 
have it in the fall, the Biketoberfest. These are people 
that are drawn to the area for the good weather, the 
ocean, and now with the Speedway out there they 
like to race.

How do you raise awareness of historical values 
and maintain the historic houses? 
 Well there is a big problem because 
Daytona Beach and the area pretty much have built 
their economy on development, which means you 
tear down anything that’s old. I know that my group, 
the Heritage Preservation Trust, when we were able 
to save these two and a half acres and three 
buildings from demolition, that was a big step. The 
neighborhood was zoned for condos; and we helped 
to push Daytona Beach to establish an historic 
ordinance when we started the Trust in 2006. At that 
time we mostly wanted to promote an ordinance 
and also historic programs, and encourage people to 
start to value their history. 
 In 2002, the Lilian Place was a beautiful 
bed-and-breakfast place, but the owner’s wife 
became very ill and died suddenly; she was in her 
early 50s. And that’s how the Trust got involved, 
because we knew that he could not keep the place 
up and it looked like he was going to go bankrupt. 
When we started the Trust, all we wanted to do was 
find a buyer who would save the Place; we never 

ever planned on owning it. But, when he abandoned 
the property in 2008, it just rotted and we knew 
that Daytona, as with most cities, has a clause called 
demolition by neglect. If you let a property decay 
enough even if it’s on the Historic Register, you can 
go in and tear it down. So we were afraid that’s what 
was going to happen to the Lilian Place.
 We were fortunate to apply for and obtain 
the Volusia County’s ECHO (Environmental, Cultural, 
Historic, Outdoor recreation) grant (https://www.
volusia.org/services/community-services/echo/) 
funding to purchase this property; and it was under 
the guise of endangered property because it truly 
looked like this was going to be torn down. So then 
we acquired and worked on it to save it. The 
Hotchkiss House next door was the same story; they 
were tearing everything down because the house 
was in very poor shape. We felt that if we couldn’t 
acquire it that it would be demolished so we were 
able to get another ECHO grant and were able to 
purchase that as well. I said it’s been 14 years; and 
we’re still working on these properties and trying to 
make sure that they’re maintained and preserved.
 We have all volunteers working at the Lilian 
Place except for a maintenance man to whom we 
pay a small stipend each month. We have 
fundraising events like afternoon teas and historic 
programs such as History Wine Wednesdays. At this 
point we are trying to complete the properties and 
get the zoning changed, and make sure that we 
can preserve these properties. If we can start to run 
private events, that’s our biggest push. We’re trying 
to market it now because it’s the best-kept secret in 
the whole area, the most beautiful spot for weddings 
and private parties; and that is probably going to be 
the only way that we can survive. And then also you 
know we have our members and I’m always asking 
for support. Basically, a lot of baking, writing grants, 
and then just working hard to have fundraisers. 

Final words?
 Daytona Beach has grown from a wilderness 
in the 1870s to a prosperous city of over 70,000 
people with expanding development and increasing 
population today. Tourism continues to be the main 
staple of the economy, and “snowbirds” escape the 
harsh cold weather every winter to travel to this 
haven of a warmer climate and ocean view. With 
expanded Bike Weeks and continued racing at the 
Speedway, Daytona Beach will continue to be a 
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“mecca” for tourists from around the world. It 
remains the “World’s Most Famous Beach.”  
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CHAPTER 5: Health and 
Wellness Profile of the 
Community in the Halifax 
River Watershed

This chapter examines the demographic, socioeconomic and health 
characteristics of the population residing in the Halifax River watershed. 
The Halifax River watershed spans eight cities/towns (Ormond-by-the-Sea, 
Ormond Beach, Holly Hill, Daytona Beach, South Daytona, Daytona Beach 
Shores, Port Orange and Ponce Inlet), 55 Census blocks, 27 census tracts 
and 9 zip codes (32176, 32174, 32118, 32117, 32114, 32119, 32129, 32127 
and 32168) all within Volusia County, Florida. The total population of 
residents along the watershed is approximately 76,000. The objective of 
this chapter is to present the most recent data obtained at the finest level 
of detail possible (mostly at the Census block group and tract levels) and 
to provide a comparison of the characteristics of the residents in the 
watershed with the state of Florida and the United States, when possible.
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DATA
 
 Data was retrieved from PolicyMap, a 
data and mapping tool for accessing information 
regarding communities across the U.S. 
(https://www.policymap.com/). PolicyMap curates 
data from public and proprietary sources such as 
the U.S. Census Bureau and the Centers for Disease 
Control (CDC). PolicyMap also creates unique data, 
including indices combining different indicators 
and trends over time. This chapter includes a series 
of tables that indicate the original source(s) and 
year(s) for data obtained from PolicyMap as well as 
the geographical unit of analysis (e.g. census block 
group, tract, county, etc.). Detailed descriptions of 
each indicator can be found in the appendix.

GEOGRAPHIES
     
 Human administrative boundaries such as 
census tracts, cities, and counties do not align 
perfectly with natural features like the Halifax River 
Watershed. ArcGIS was used to select administrative 
boundaries (e.g. census block groups, tracts, zip 
codes, etc.) overlapping with the Halifax River 
Watershed. Indicators were downloaded at the most 
detailed level possible (e.g. census block groups)
and are summarized in this chapter. Census blocks 
are the smallest geographic unit used by the U.S. 
Census Bureau. Census blocks are grouped into 
block groups, and then into census tracts, which 
often coincide with limits of cities, towns or other 
administrative areas. For data available at the Census 
block group and tract levels, we calculated the 
average, standard deviation, minimum and 
maximum. Although we compare the average block 
group and tract values with state and national 
statistics, the standard deviation, minimum and 
maximum values can give a sense of the variability 
seen in the Halifax River Watershed population. For 
example, average prevalence of whites was 88.5% 
across census block groups, however the prevalence 
ranged from 19.7% white to 100% white.
 It must be noted that the modifiable areal 
unit problem (MAUP), a source of statistical bias 
that results when point-based measures are 
aggregated into areas, could affect the accuracy of 
the descriptive statistics calculated for census block 
groups and tracts.

DEMOGRAPHIC 
CHARACTERISTICS

 Table 1 shows the demographic 
characteristics of the population residing in the 
Halifax River Watershed and comparisons with the 
state of Florida and the United States. Data were 
obtained from PolicyMap, but are derived from the 
2014-2018 Census, and they were available at the 
2010 census block group level except for percent 
non-English speaking and percent of households 
with grandparents responsible for grandchildren, 
which were available at the census tract level only. 
Table 1 shows the mean, standard deviation, 
minimum and maximum across census block 
groups.
 Approximately 87.3% of Halifax River 
Watershed residents identified as White compared 
with 75.4% at the state level and 72.8% in the U.S. 
Only 7.8% of the residents identified as Black 
compared with 16.1% in the state of Florida and 
12.7% across the United States. Asians living in this 
area made up only 1.2% of the residents compared 
with 2.7% across the state of Florida and 5.4% in 
the United States. In terms of ethnicity, 94.3% of all 
residents in this area were non-Hispanic, much more 
than 74.8% at the state level and 82.2%, which is the 
national average. Thus, in terms of race/ethnicity, 
the population in the Halifax River Watershed is less 
diverse compared with Florida and the United States 
as a whole. Just 2.2% of the Halifax River Watershed 
population was non-English speaking, much lower 
than for the state (11.9%) and U.S. as a whole (8.5%). 
In addition, fewer people were foreign born.
 Median age of residents was 52.9 years 
compared with 42.0 years in the state and 38.0 years 
across the nation. The prevalence of older adults 65+ 
is also much higher compared with state and 
national statistics. Approximately half of the 
population was male, which is consistent with
 estimates for the state and U.S. overall. 
 A higher prevalence of veterans was noted 
in the Halifax River Watershed (12.3%) - more than 
across Florida (8.86%) and the U.S (7.5%). Fewer 
homes are reported to be single-headed households 
with children (7.5%), compared with the state and 
national averages (both 11.3%). Finally, only 0.7% of 
households had grandparents responsible for 
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Figure 1. Census Block Groups Overlapping the Halifax River Watershed

grandchildren – lower than Florida (1.4%) and the 
U.S. (1.5%). 
 Overall, the Halifax River Watershed was less 
racially and ethnically diverse, was older, and had a 
higher percentage of veterans compared with 
Florida and the nation.

SOCIOECONOMIC 
CHARACTERISTICS

 
 Table 2 describes various socioeconomic 
characteristics of the population residing along the 
Halifax River Watershed, with comparisons to the 

state and U.S. when available. Data on the PolicyMap 
website came from a variety of sources, including 
the Census, Centers for Disease Control (CDC), and 
the USDA, and are available at different 
geographic levels. Indicators include educational 
level, per capita income, percentage living in 
poverty, relative social vulnerability, food access, 
homeless population, and those on governmental 
assistance such as food stamps.
 Relative to Florida and the U.S., the average 
block group-level prevalence of a high school 
diploma or higher was greater among residents in 
the watershed (91.2%), although the proportion with 
a Bachelor’s degree or higher was fairly comparable. 
Per capita income across census block groups in the 
watershed ($30,993) was higher than the state 
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Figure 2. Map of Census Tracts Overlapping Halifax River Watershed 

average ($28,774) but slightly lower than the 
national average ($31,177). However, the percentage 
in poverty was higher in the Halifax River Watershed 
(16.5%) compared with the state and U.S. averages – 
14.8% and 14.1% respectively. Overall, the 
population residing in the Halifax River Watershed 
has similar socioeconomic characteristics with 
residents in the state and nation based on the 
indicators assessed. 
 Overall social vulnerability and its four 
subcomponents: 1) socioeconomic status, 2) 
household composition and disability, 3) minority 
status and language, and 4) housing and 
transportation were available by census tract, but 
data were not available at the state and 
national levels (as with all indicators, please refer to 
the Appendix for further detail). Approximately 22% 
of census tracts had “high” social vulnerability in the 
housing and transportation access subcomponent, 
and approximately 15% had “high” social 

vulnerability in terms of socioeconomic status and 
household composition and disability status 
subcomponents. However, 0% of census tracts had 
high social vulnerability in the minority status and 
language ability subcomponent. 
 In terms of food access, of the 13 census 
tracts with data, 30.8% were designated as “food 
deserts.” According to the United States Department 
of Agriculture, Economic Research Services (USDA 
ERS), a food desert includes neighborhoods that lack 
healthy food sources. Measures of food deserts take 
into account at least some of the following 
indicators of access: (1) Accessibility to sources of 
healthy food as measured by distance to a store or 
by the number of stores in an area, (2) 
Individual-level resources that may affect 
accessibility, such as family income or vehicle 
availability, and (3) Neighborhood-level indicators of 
resources, such as the average income of the 
neighborhood and the availability of public 
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transportation. Additionally, 40.7% of all census 
tracts in the watershed were identified as low 
income and low access, which means that they are 
low-income tracts with at least 500 people or 33% of 
the population living > 0.5 miles (in urban areas) or 
>10 miles (in rural areas) from the nearest 
supermarket or large grocery store. The adult and 
child food insecurity rates in Volusia County were 
about 1% higher than the overall rates in Florida 
(data were not available at the national level). 
Meanwhile, the population receiving food stamps 
was the same for Volusia county and Florida overall 
(14.6%).
 According to the U.S. Department of Housing 
and Urban Development (HUD) in 2018, 683 persons 
were reported as living homeless in the Continuum 
of Care area overlapping with the Halifax River 
Watershed. In Volusia County, average Special 
Supplemental Nutrition Program for Women, Infants, 
and Children (WIC) program redemptions per capita 
in 2012 was $16 and approximately 2.3% of the 
population received Supplemental Security Income 
(SSI) in 2018. Unfortunately these data were not 
available at the state or federal levels. 

GENERAL HEALTH 
CHARACTERISTICS

 
 Table 3 shows the general health 
characteristics of the residents in the Halifax River 
Watershed as compared with the state of Florida 
and the nation. Data are available at the census 
tract, county or state level and originally come from 
the CDC. Average life expectancy for the residents 
along the Halifax Watershed is reported at 77.4 years 
(data were not available at the state or federal level 
in PolicyMap). The infant mortality rate and the 
percentage of infants born at low birth weight were 
slightly higher in Volusia County compared with the 
state (6.8 vs. 6.1 per 1,000 births, and 9.5% vs. 8.7% 
with birth weight < 5lbs 8oz respectively). On 
average, a lower percentage of all births were to 
teenage mothers < 20 years old in Florida compared 
with the United States (5.7% vs. 9.0%). 
 More adults residing in this area report seven 
(7) or more days of fair or poor health (24.0%) 
compared with both the state (19.5%) and national 
averages (17.8%). Likewise, a higher prevalence of 
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adults report 7+ days of poor physical health 
relative to the state and U.S. overall. Finally, the 
average prevalence of adults reporting more than 
7 days of poor mental health was slightly higher 
than the national average (21.8% vs. 20.9%), though 
slightly lower than the state average of 22.5%. 

HEALTH BEHAVIORS
 
Table 4 describes reported health behaviors of 
the residents in census tracts along the Halifax 
Watershed as compared with the state of Florida 
and the United States. Data in PolicyMap come from 
the CDC Behavioral Risk Factor Surveillance System 
Survey (BRFSS). Average prevalence of adults 
smoking cigarettes regularly was fairly similar across 
the Halifax River Watershed population (18.1%) and 
the U.S. overall (18.0%), but both were slightly 
higher than the prevalence in Florida overall (16.8%). 
On average across tracts, fewer adults engaged in 
binge drinking compared with both the state 
average and the national average (11.7% vs. 15.6% 
and 16.4%, respectively). Average obesity was 30.8% 
across Halifax River Watershed census tracts (state 
and national data were not available). On average, 
only 15.8% of the residents in the Halifax Watershed 
tracts report meeting their physical activity 
recommendation in the previous 30 days in 2013 
compared with 18.9% in Florida and 30.4% in the 
United States. Similarly, a higher proportion across 
Halifax River Watershed tracts was physically 
inactive. There are fewer individuals on average in 
this area who adhere to the United States 
Nutritional Guidelines to have at least five servings 
of fruits and vegetables daily when compared with 
the state and national averages, 15.0% vs. 19.0% 
and 17.1% respectively. Overall, an average of 82.1% 
of people residing in this area are reported having 
access to a primary care doctor or other health care 
provider and 75.2% reported to have a physical 
check-up in the past year. These are higher than 
both state and national prevalence.

DISEASE & DISABILITY 
CHARACTERISTICS

  
 Table 5 shows incidence/prevalence/deaths 
from various infectious/chronic diseases for Volusia 
County, Florida, and the United States, as well as 
average prevalence of various conditions across 
census tracts encompassed within the Halifax River 
Watershed. Sexually transmitted disease (STD) and 
chronic disease mortality rates at the county level 
came from the CDC. Compared with the state of 
Florida and the nation, there were fewer cases of 
HIV per 100,000 people and a lower incidence of 
both chlamydia and syphilis per 100,000 people in 
Volusia County. Volusia had fewer HIV diagnoses per 
100,000 people (15.9) than Florida as a whole (26.6), 
but more than the U.S. overall (14.0). Incidence 
of gonorrhea was higher in Volusia County than 
Florida, but lower than the national incidence. 
 In terms of mortality from chronic diseases, 
coronary heart disease, cancer and stroke deaths per 
100,000 people were all higher in Volusia County 
compared with Florida as a whole (national data 
were not available). Although state and U.S. data 
from the CDC’s Behavioral Risk Factor 
Surveillance System Survey in 2013 were not 
available for prevalence of ever being diagnosed 
with various conditions, average prevalence of 
depression across census tracts in the Halifax River 
Watershed was 19.7%, and average prevalence of 
diabetes, hypertension, and high cholesterol were 
15.6%, 46.5% and 46.6% respectively.
 Finally, data coming from the 2014-18 
census reports average disability prevalence for 
census tracts in the watershed was higher for both 
total and vision disabilities compared with both 
Florida and the U.S., however, hearing disabilities 
were less prevalent.
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HEALTH CARE 
EXPENDITURES AND 
HEALTH INSURANCE 

COVERAGE
 
 National, State, and Census tract-level data 
on average health care expenditures and prevalence 
of health insurance coverage on the PolicyMap 
website were obtained from the U.S. Census 
(2014-2018), Quantitative Innovations and are shown 
in Table 6. Compared with Florida and the nation, 
average annual expenditures were higher across 
Census tracts in the watershed for all categories 
(medical care, prescriptions, medical office visits, 
dental care) except eyeglasses/contact lenses.
 A larger percentage of people living in 
census tracts within the Halifax Watershed did not 
have health insurance compared with the United 
States, but was similar to the prevalence for all of 
Florida. On average across census tracts in the 
watershed, a higher proportion had both 
direct-purchase health insurance and Medicare 
relative to the state and nation, but the prevalence 
of those with Medicaid and employer-based health
 insurance were lower. According to the Health 
Resources and Services Administration (HRSA) in 
2019, all census tracts within the Halifax Watershed 
are classified as underserved areas, meaning they 

have too few primary care providers, high infant 
mortality, and/or a high elderly population.

CRIME, SUICIDE & 
OPIOID OVERDOSE 

DEATHS
 
 Crime, suicide and opioid overdose rates are 
shown in Table 7 for Volusia County and Florida 
overall, as well as for the U.S. overall when available. 
There were 379 violent crimes per 100,000 people in 
Volusia County in 2017, compared with 394 and 408 
violent crimes in Florida and U.S., respectively. 
Homicide rates were quite similar for Volusia 
County and the entire state (approximately 6 per 
100,000 people), however suicide rates per 100,000 
people were much higher in Volusia County (23.3) 
compared with Florida as a whole (15.3). Finally, 
Volusia County had more opioid deaths per 100,000 
than either the state or nation.
 Table 8 displays the number of health care 
facilities for residents in the Halifax River Watershed. 
PolicyMap data was obtained from the Health 
Resources and Services Administration (HRSA), 
Substance Abuse and Mental Health Services 
Administration (SAMHSA) and the Convenient Care 
Association. There are no hospitals, community 
health centers or retail-based health care 
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establishments, but there are 3 nursing facilities, 2 
mental health treatment facilities and 3 drug and 
alcohol treatment facilities. PolicyMap data on other 
amenities came from the Institute of Museum and 
Library Services (IMLS) and the U.S. Department of 
Agriculture (USDA). There are 2 libraries, 19 museums 
and historical societies, 2 farmer’s markets, and 86 
designated SNAP (food stamps) retail locations. 
According to PolicyMap data derived from the 
Environmental Protection Agency (EPA), there are 23 
reported brownfield locations in 2018. A brownfield 
is a property for which expansion, redevelopment, 
or reuse may be complicated by the presence 
or potential presence of a hazardous substance, 
pollutant, or contaminant. 

CONCLUSION
 
 The data described in this chapter provides 
an overview of the demographic and health profile 
of residents along the Halifax River Watershed as 
analyzed from databases at both census tracts 
and zip code levels. This chapter seeks to present 
the reader with a ranking of the health profile of 
the residents along the Halifax River Watershed 
when compared with the residents of the state of 
Florida and the United States. Health characteristics 
compared in this chapter encompass indicators of 
physical health, mental health and social health. It is 
important to note that these analyses are based on 
data accessed at the time of writing this chapter.
 Finally, readers must be reminded that while 
comparisons between the Halifax River Watershed 
population, Florida and the United States were 
based on averages across census block groups 
and tracts (where available), it is important not to 
overlook the variability across census block groups 
and tracts overlapping the Halifax River Watershed. 
The standard deviation, minimum and maximum 
values presented in the tables can give a sense of 
the variability seen in the Halifax River Watershed 
population. For example, while the average 
prevalence of poverty across census tracts was 
16.5%, the prevalence of poverty varied from 4.4% to 
40.5% across the 27 census tracks. 
 Additionally, readers must be reminded again 
that the modifiable areal unit problem (MAUP), a 
source of statistical bias that results when point-

based measures are aggregated into areas, could 
affect the accuracy of the descriptive statistics 
calculated for census block groups and tracts.
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APPENDIX: DETAILED 
DESCRIPTION OF 
EACH INDICATOR

Indicator/Description
Demographics 
Population: Estimated count of population   
between 2014-2018.

Population Density (ppl/m2):  Estimated number of 
people per square mile between 2014-2018. The 
population density was determined by taking the 
count of people and dividing it by the square 
mileage of the area.

Race
White (%): Estimated percent of the population 
that is White, by single classification of Census race, 
between 2014-2018. Percentage calculations are 
suppressed in cases where the denominator of the 
calculation was less than 10 of the unit that is being 
described (e.g., households, people, householders, 
etc). Such areas are represented as having 
‘Insufficient Data’ in the map. Denominators for 
percentage calculations were created by summing all 
of the component data items in a particular  
dataset.

Black (%): Estimated percent of the population that is 
Black or African American, by single classification of 

Census race, between 2014-2018. Percentage 
calculations are suppressed in cases where the 
denominator of the calculation was less than 10 of 
the unit that is being described (e.g., households, 
people, householders, etc). Such areas are 
represented as having ‘Insufficient Data’ in the map. 
Denominators for percentage calculations were 
created by summing all of the component data items 
in a particular dataset.

Asian (%): Estimated percent of the population 
that is Asian, by single classification of Census race, 
between 2014-2018. Percentage calculations are 
suppressed in cases where the denominator of the 
calculation was less than 10 of the unit that is being 
described (e.g., households, people, householders, 
etc). Such areas are represented as having 
‘Insufficient Data’ in the map. Denominators for 
percentage calculations were created by summing all 
of the component data items in a particular 
dataset.

American Indian & Alaskan Native (%): Estimated 
percent of the population that is American Indian or 
Alaska Native, by single classification of Census race, 
between 2014-2018. Percentage calculations are 
suppressed in cases where the denominator of the 
calculation was less than 10 of the unit that is being 
described (e.g., households, people, householders, 
etc). Such areas are represented as having 
 ‘Insufficient Data’ in the map. Denominators for 
percentage calculations were created by summing all 
of the component data items in a particular 
dataset.
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Native Hawaiian & Other Pacific Islander (%): 
Estimated percent of the population that is Native 
Hawaiian and Other Pacific Islander, by single 
classification of Census race, between 2014-2018. 
Percentage calculations are suppressed in cases 
where the denominator of the calculation was less 
than 10 of the unit that is being described (e.g., 
households, people, householders, etc). Such areas 
are represented as having ‘Insufficient Data’ in the 
map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Non-White (%): Estimated percent of the population 
that is not White between 2014-2018. Percentage 
calculations are suppressed in cases where the 
denominator of the calculation was less than 10 of 
the unit that is being described (e.g., households, 
people, householders, etc). Such areas are 
represented as having ‘Insufficient Data’ in the map. 
Denominators for percentage calculations were 
created by summing all of the component data 
items in a particular dataset.

Ethnicity 
Hispanic (%): Estimated percent of the population 
that is Hispanic or Latino between 2014-2018. 
Estimated percentage calculations are suppressed 
in cases where the denominator of the calculation 
was less than 10 of the unit that is being described 
(e.g., households, people, householders, etc). Such 
areas are represented as having ‘Insufficient Data’ in 
the map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Non-Hispanic (%): Estimated percent of the 
population that is Not Hispanic or Latino between 
2014-2018. Percentage calculations are suppressed 
in cases where the denominator of the calculation 
was less than 10 of the unit that is being described 
(e.g., households, people, householders, etc). Such 
areas are represented as having ‘Insufficient Data’ in 
the map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Other 
Median Age (years): Estimated median age of 
the population between 2014-2018. American 

Community Survey (ACS)  employs values to indicate 
top range of ages; a value of 116 indicates a median 
age of 115 or older. Medians are suppressed in 
cases where the sample of the average was less 
than 10 of the unit that is being described (e.g., 
households, people, householders, etc). Such areas 
are represented as having ‘Insufficient Data’ in the 
map.

Population 65+ (%): Estimated percent of the 
population age 65 years and older between 
2014-2018. Percentage calculations are suppressed 
in cases where the denominator of the calculation 
was less than 10 of the unit that is being described 
(e.g., households, people, householders, etc). Such 
areas are represented as having ‘Insufficient Data’ in 
the map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Male (%): Estimated percent of the population that 
was male between 2014-2018. Percentage 
calculations are suppressed in cases where the 
denominator of the calculation was less than 10 of 
the unit that is being described (e.g., households, 
people, householders, etc). Such areas are 
represented as having ‘Insufficient Data’ in the map. 
Denominators for Percentage calculations were 
created by summing all of the component data 
items in a particular dataset.

Veterans (%): Estimated percent of the 
population 18 years and older who are veterans 
between 2014-2018. Veterans are men and women 
who have served (even for a short time), but are not 
currently serving, on active duty in the U.S. Army, 
Navy, Air Force, Marine Corps, or the Coast Guard, 
or who served in the U.S. Merchant Marine during 
World War II. People who served in the National 
Guard or Reserves are classified as veterans only if 
they were ever called or ordered to active duty, not 
counting the 4-6 months for initial training or yearly 
summer camps. Civilians include both those who are 
veterans and those who are nonveterans.

Non-English Speaking (%)*: Estimated percent of 
population age 5 and older speaking English ‘less 
than ‘very well’’ between 2014-2018. Those 
speaking English less than ‘very well’ include people 
who reported speaking a language other than 
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English and indicating their English-speaking ability 
as ‘Well,’ ‘Not well,’ or ‘Not at all.’ Percentage 
calculations are suppressed in cases where the 
denominator of the calculation was less than 10 of 
the unit that is being described (e.g., households, 
people, householders, etc). Such areas are 
represented as having ‘Insufficient Data’ in the map. 
Denominators for percentage calculations were 
created by summing all of the component data 
items in a particular dataset.

Average household size: Estimated average 
household size between 2014-2018. A household 
includes all the people who occupy a housing 
unit as their usual place of residence. Averages are 
suppressed in cases where the sample of the average 
was less than 10 of the unit that is being described 
(e.g., households, people, householders, etc). Such 
areas are represented as having ‘Insufficient Data’ in 
the map.

Single-Headed Households with Children (%): 
Percent of households that are single-headed 
families (male householder with no wife present, or 
female householder with no husband present) with 
own children in 2010. The US Census Bureau 
identifies the householder as the person in whose 
name the home is owned, being bought, or rented. 
If there is no such person present, any household 
member 15 years and older can serve as the 
householder for the purposes of the Census. 
Percentage calculations were suppressed in cases 
where the denominator of the calculation was less 
than 10 of the unit that is being described (e.g., 
households, people, householders, etc). Such areas 
are represented as having “Insufficient Data” in the 
map. These data are mapped to the 2010 Census 
boundaries.

Households w/Grandparents Responsible for 
Grandchildren (%)*: Estimated percent of 
households that have grandparents living with and 
responsible for their own grandchildren under age 
18 between 2014-2018. Responsibility indicates that 
the grandparent is financially responsible for food, 
shelter, clothing, day care, etc., for any and all 
grandchildren living in the household. Percentage 
calculations are suppressed in cases where the 
denominator of the calculation was less than 10 of 
the unit that is being described (e.g., households, 

people, householders, etc). Such areas are 
represented as having ‘Insufficient Data’ in the map.

Socioeconomic Status 
HS Diploma or Higher (%): Estimated percent of 
population 25 years and older with a high school 
diploma or greater level of education between 
2014-2018. Percentage calculations were suppressed 
in cases where the denominator of the calculation 
was less than 10 of the unit that is being described 
(e.g., households, people, householders, etc). Such 
areas are represented as having ‘Insufficient Data’ in 
the map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Bachelor’s or Higher (%): Estimated percent of 
population 25 years and older with a Bachelor’s 
degree, graduate, or professional degree between 
2014-2018. Percentage calculations were suppressed 
in cases where the denominator of the calculation 
was less than 10 of the unit that is being described 
(e.g., households, people, householders, etc). Such 
areas are represented as having ‘Insufficient Data’ in 
the map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Per Capita Income ($): Estimated per capita income 
in the past twelve months, as reported between 
2014-2018. Per capita figures were suppressed in 
cases where the sample of the calculation was less 
than 10 of the unit that is being described (e.g., 
households, people, householders, etc). Such areas 
are represented as having ‘Insufficient Data’ in the 
map.

People in Poverty (%): Estimated percent of 
population living below poverty level between 
2014-2018. Percentage calculations were suppressed 
in cases where the denominator of the calculation 
was less than 10 of the unit that is being described 
(eg, households, people, householders, etc). Such 
areas are represented as having ‘Insufficient Data’ in 
the map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Social Vulnerability (%)
Overall : Social vulnerability level as of 2016. Social 
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vulnerability refers to populations that are 
particularly vulnerable to disruption and health 
problems as a result of natural disasters, 
human-made disasters, climate change, and extreme 
weather. The Geospatial Research, Analysis, and 
Services Program (GRASP) within the CDC created 
the Social Vulnerability Index (SVI) to help flag areas 
that will be in greatest need of support and recovery 
assistance in the case of a disaster or extreme 
weather event. The index is comprised of four 
categories of vulnerability—socioeconomic status, 
household composition and disability, minority 
status and language, and housing and 
transportation. Data from the 2012-2016 ACS 
informs the score for each category.

Socioeconomic Status Category: Socioeconomic 
status social vulnerability level as of 2016. This is one 
of the four categories of indicators that 
contributes to the overall Social Vulnerability Index. 
It includes population below the federal poverty 
level, unemployed population, per capita income, 
and population with no high school diploma. This 
measure can be used to identify areas that may not 
have adequate funds to evaucate before or recover 
from a disaster. Social vulnerability refers to 
populations that are particularly vulnerable to 
disruption and health problems as a result of natural 
disasters, human-made disasters, climate change, 
and extreme weather. The Geospatial Research, 
Analysis, and Services Program (GRASP) within the 
CDC created the Social Vulnerability Index (SVI) to 
help flag areas that will be in greatest need of 
support and recovery assistance in the case of a 
disaster or extreme weather event. The index is 
comprised of four categories of vulnerability—
socioeconomic status, household composition and 
disability, minority status and language, and housing 
and transportation. Data from the 2012-2016 ACS 
informs the score for each category.

Household Composition & Disability Status:
Household composition and disability status social 
vulnerability level as of 2016. This is one of the four 
categories of indicators that contributes to the 
overall Social Vulnerability Index. It includes 
population age 65 or older, children age 17 or 
younger, civilians with a disability, and single-parent 
households. This measure can be used to identify 
areas with high concentrations of people that may 

be physically susceptible to health challenges due to 
adverse conditions, or may have specific needs for 
evacuations. Social vulnerability refers to 
populations that are particularly vulnerable to 
disruption and health problems as a result of natural 
disasters, human-made disasters, climate change, 
and extreme weather. The Geospatial Research, 
Analysis, and Services Program (GRASP) within the 
CDC created the Social Vulnerability Index (SVI) to 
help flag areas that will be in greatest need of 
support and recovery assistance in the case of a 
disaster or extreme weather event. The index is 
comprised of four categories of 
vulnerability—socioeconomic status, household 
composition and disability, minority status and 
language, and housing and transportation. Data 
from the 2012-2016 ACS informs the score for each 
category.

Minority Status & Language Ability: Minority status 
and language ability social vulnerability level as of 
2016. This is one of the four categories of indicators 
that contributes to the overall Social Vulnerability 
Index. It includes population that identifies as a 
race or ethnicity other than non-Hispanic White, 
and population over the age of 5 that speak English 
“less than well.” This measure can be used to identify 
areas that may need targeted public outreach and 
information campaigns, or may need interpretation 
services. Social vulnerability refers to populations 
that are particularly vulnerable to disruption and 
health problems as a result of natural disasters, 
human-made disasters, climate change, and extreme 
weather. The Geospatial Research, Analysis, and 
Services Program (GRASP) within the CDC created 
the Social Vulnerability Index (SVI) to help flag areas 
that will be in greatest need of support and recovery 
assistance in the case of a disaster or extreme 
weather event. The index is comprised of four 
categories of vulnerability—socioeconomic status, 
household composition and disability, minority 
status and language, and housing and 
transportation. Data from the 2012-2016 ACS 
informs the score for each category.

Housing & Transportation Access: Housing and 
transportation access social vulnerability level as of 
2016. This is one of the four categories of indicators 
that contributes to the overall Social Vulnerability 
Index. It includes number of housing units in 
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larger multifamily buildings (with 10+ units), mobile 
homes, crowding, households without access to a 
car, and population living in group quarters such as 
prisons or dormitories. Crowding is defined as the 
number of housing units with more residents than 
rooms. This measure can be used to flag areas where 
the housing stock may be at-risk during a disaster, or 
populations that may not be able to heed an 
evacuation order. Social vulnerability refers to 
populations that are particularly vulnerable to 
disruption and health problems as a result of natural 
disasters, human-made disasters, climate change, 
and extreme weather. The Geospatial Research, 
Analysis, and Services Program (GRASP) within the 
CDC created the Social Vulnerability Index (SVI) to 
help flag areas that will be in greatest need of 
support and recovery assistance in the case of a 
disaster or extreme weather event. The index is 
comprised of four categories of 
vulnerability—socioeconomic status, household 
composition and disability, minority status and 
language, and housing and transportation. Data 
from the 2012-2016 ACS informs the score for each 
category.

Other 
Homeless Population (Count): Point-in-Time (PIT) 
count of all homeless who are sheltered (i.e., in 
emergency shelter or transitional housing) or 
unsheltered (i.e., in a place not meant for human 
habitation) in 2018. The PIT counts are based on 
the number of homeless persons on a single night 
during the last week in January 2018. Continuums of 
Care (CoC) are local planning bodies responsible for 
coordinating the full range of homelessness services 
in a geographic area, which may cover a city, county, 
metropolitan area, or an entire state. Areas for which 
HUD did not report data are displayed as gray on the 
map.

Low Income, Low Access (All): Low Income and Low 
Access status, as of 2015. Includes low-income tracts 
with at least 500 people or 33 percent of the 
population living more than .5 miles (in urban areas) 
or more than 10 miles (in rural areas) from the 
nearest supermarket, supercenter, or large 
grocery store. A low-income tract has a poverty rate 
of greater than 20 percent, has a median family 
income (MFI) of less than or equal to 80 percent of 
the state-wide MFI, or is in a metropolitan area and 

its MFI is less than or equal to 80 percent of the 
metropolitan Tracts for where no data were available 
are labeled “Insufficient Data” on the map.

Food Desert (13 tracts): Healthy Foods 
Financing Initiative Designated Food Desert status as 
of 2006. Food deserts are areas where people have 
low access to a supermarket or large grocery store. 
More detailed Food Desert data can be found in the 
“ERS/USDA Food Desert Data” section of the Federal 
Guidelines tab on PolicyMap. Low access is defined 
in this study as: (a) in urban tracts, the percentage of 
people that live more than one mile from a 
supermarket or large grocery store or (b) in rural 
tracts, the percentage of people that live more than 
10 miles from a supermarket or large grocery store. 
These data were published by the Economic 
Research Service (ERS/USDA) as a part of a 2009 
report to U.S. Congress. In the 2009 report, the ERS 
used 1-kilometer square grids as the base of the 
analysis as a method for measuring distance from 
the nearest source of healthy foods. For the 2011 
release of the data online, the ERS converted the grid 
data to census tract level data.

Food insecurity rate (%): Estimated food insecurity 
rate in 2017. The food insecurity rate represents 
the number of food insecure people as a percent 
of all people. Food insecurity refers to the United 
States Department of Agriculture’s measure of lack 
of access, at times, to enough food for an active, 
healthy life for all household members and limited 
or uncertain availability of nutritionally adequate 
foods. These data are published as part of Feeding 
America’s Map the Meal Gap project. See the Data 
Directory for a link to the source’s full 
methodology. Areas for which data are not reported 
display as “Insufficient Data” on the map.

Child Food Insecurity Rate (%): Estimated child food 
insecurity rate in 2017. The child food insecurity 
rate represents the ratio of the number of children 
in food-insecure households to the total number 
of children in the relevant geographic area. Food 
insecurity refers to the United States Department 
of Agriculture’s measure of lack of access, at times, 
to enough food for an active, healthy life for all 
household members and limited or uncertain 
availability of nutritionally adequate foods. These 
data are published as part of Feeding America’s Map 
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the Meal Gap project. See the Data Directory for a 
link to the source’s full methodology. Areas for which 
data are not reported display as “Insufficient Data” on 
the map.

Population Receiving Food Stamps (%): Percent of 
population that received Food Stamps in July 2016. 
The number of Food Stamp recipients in 2016 
divided by the 2016 Census Population Estimate. 
Any county for which the number of food stamp 
recipients is not available or is fewer than five is 
displayed on the map as having Insufficient Data.

WIC Redemptions Per Capita ($): Total dollar amount 
of WIC Program (Special Supplemental Nutrition 
Program for Women, Infants, and Children) benefits 
redeemed through WIC-authorized stores, divided 
by county population, in 2012. Areas where data are 
not available or where there are fewer than four WIC-
authorized stores in a county are labeled 
“Insufficient Data” on the map.

SSI Recipients (%): Percent of population who 
received Supplemental Security Income in 2018. 
PolicyMap divided the total number of SSI recipients 
in 2018 by the 2018 Census Population Estimate. Any 
state or county for which the data is not available is 
displayed on the map as having Insufficient Data.

General Health 
Life expectancy: The average number of years a 
person born in this tract would be expected to live, 
as of 2010 to 2015.

Infant Mortality per 1,000 Births: Rate of deaths of 
infants under one year old for every 1,000 live births 
by maternal residents of the United States in 2016. 
The rates are suppressed when there are fewer than 
20 deaths reported, because the figure does not 
meet the National Center for Health Statistics 
standard of reliability or precision. County-level data 
are only available for counties with populations of 
250,000 or more. Areas where data were either not 
reported or suppressed by the source are labeled as 
“Insufficient Data” on the map.

Percent Infants Low Birthweight: The percent 
of total infants born with birth weight less than 
2,500 grams (5 lb 8 oz) in 2017. Each birth record 
represents one living baby. County-level data are 

shown only for counties with populations of 100,000 
persons or more. Percents are not calculated in areas 
where the denominator was less than 10. Areas 
where data were either suppressed or not reported 
display on the map as having Insufficient Data.

Percent of All Births By Teenage Mothers: The 
percent of all live births where the mothers are 
residents of the United States under age 20 in 2017. 
Each birth record represents one living baby. 
County-level data are shown only for counties with 
populations of 100,000 persons or more. Percents 
are not calculated in areas where the 
denominator was less than 10. Areas where data 
were either suppressed or not reported display on 
the map as having Insufficient Data.

Percent of Adults Reporting Fair or Poor Health in the 
Past 30 Days: Estimated percent of adults reporting 
fair or poor health in the past 30 days in 2013. To 
determine self-assessed health, respondents were 
asked to rate their health as poor, fair, good, very 
good, or excellent. Estimates are 
population-weighted averages based on data from 
the CDC Behavioral Risk Factor Surveillance System 
survey, Census Metropolitan delineation files, and 
2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Reporting 7 or More Days of Poor 
Mental Health in the Past 30 Days: Estimated percent 
of adults reporting seven or more days of poor 
mental health in the past 30 days in 2013. 
Respondents were asked to report the number of 
days out of the past 30 days where their mental 
health was not good due to stress, depression, and 
problems with emotions. Estimates are 
population-weighted averages based on data from 
the CDC Behavioral Risk Factor Surveillance System 
survey, Census Metropolitan delineation files, and 
2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
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areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Reporting 7 or More Days of Poor 
Physical Health in the Past 30 Days: Estimated 
percent of adults reporting seven or more days of 
poor physical health in the past 30 days in 2013. 
Respondents were asked to report the number of 
days out of the past 30 days where their physical 
health was not good due to illness and/or injury. 
Estimates are population-weighted averages based 
on data from the CDC Behavioral Risk Factor 
Surveillance System survey, Census Metropolitan 
delineation files, and 2009-2013 Census American 
Community Survey 5-year estimates for adult 
population and household income by age and race. 
Estimates are suppressed in areas where the 
population for which ACS income by age and race 
data are available is less than 20; these areas are 
displayed as having “Insufficent Data” on the map.

Health Behaviors 
Percent of Adults Reporting to Smoke Cigarettes 
Regularly: Estimated percent of adults reporting to 
smoke cigarettes regularly in 2013. Respondents 
were considered regular smokers if they responded 
“every day” or “some days” to the question, “Do you 
now smoke cigarettes every day, some days, or not 
at all?” Estimates are population-weighted averages 
based on data from the CDC Behavioral Risk Factor 
Surveillance System survey, Census Metropolitan 
delineation files, and 2009-2013 Census American 
Community Survey 5-year estimates for adult 
population and household income by age and race. 
Estimates are suppressed in areas where the 
population for which ACS income by age and race 
data are available is less than 20; these areas are 
displayed as having “Insufficent Data” on the map.

Percent of Adults Reporting to Engage in Binge 
Drinking: Estimated percent of adults reporting to 
engage in binge drinking in 2013. Binge drinking is 
defined as having 5 or more alcoholic drinks on an 
occasion for men, and 4 or more drinks on an 
occasion for women. Estimates are population-
weighted averages based on data from the CDC 
Behavioral Risk Factor Surveillance System survey, 
Census Metropolitan delineation files, and 2009-
2013 Census American Community Survey 5-year 
estimates for adult population and household 

income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Reporting to be Obese (BMI >30: 
Estimated percent of adults reporting to be obese (a 
body mass index of 30 or greater) in 2017. BMI is 
calculated as a respondent’s reported weight in 
pounds divided by reported height in inches, 
squared and multiplied by a factor of 703. Weight 
status categories are determined by the CDC. A 
BMI of 30.0 or higher is considered obese; 25.0 to 
29.9, overweight; 18.5 to 24.9, normal weight; and 
below 18.5, underweight. Estimates are population-
weighted averages based on data from the CDC 
Behavioral Risk Factor Surveillance System survey, 
Census Metropolitan delineation files, and 2009-
2013 Census American Community Survey 5-year 
estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Reporting to be Physically Inactive 
in the Past 30 Days: Estimated percent of adults 
reporting to be physically inactive in the past 30 
days in 2013. Respondents answered “no” to the 
question, “During the past month, other than your 
regular job, did you participate in any physical 
activities or exercises such as running, calisthenics, 
golf, gardening, or walking for exercise?” Estimates 
are population-weighted averages based on data 
from the CDC Behavioral Risk Factor Surveillance 
System survey, Census Metropolitan delineation files, 
and 2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map. County, county subdivision, place, and tract 
estimates are not available for Mississippi because 
the statewide value for this variable fell outside a 
normal distribution of values.
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Percent of Adults Reporting to Meet Physical 
Activity Recommendations in the Past 30 Days: 
Estimated percent of adults reporting to meet 
physical activity recommendations in the past 30 
days in 2013. Respondents reported doing enough 
physical activity to meet the aerobic exercise 
guideline of 150 minutes (or 75 equivalent minutes 
of vigorous activity) and the muscle strengthening 
guideline of two activities per week. Estimates are 
population-weighted averages based on data from 
the CDC Behavioral Risk Factor Surveillance System 
survey, Census Metropolitan delineation files, and 
2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map. County, county subdivision, place, and tract 
estimates are not available for Arkansas, Colorado, 
Tennessee, and West Virginia because statewide 
values for this variable fell outside a normal 
distribution of values.

Percent of Adults Reporting to Eat <1 Serving of 
Fruit/Vege per day: Estimated percent of adults 
reporting to eat less than 1 serving of 
fruit/vegetables per day in 2013. Respondents were 
asked how many times per day, week, or month 
they consumed fruit and vegetables, including 100 
percent pure fruit juices, fresh fruit, frozen fruit, 
canned fruit, cooked or canned beans, dark green 
vegetables, orange-colored vegetables, and other 
vegetables not including fried potatoes. Estimates 
are population-weighted averages based on data 
from the CDC Behavioral Risk Factor Surveillance 
System survey, Census Metropolitan delineation files, 
and 2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Reporting to Eat 5+ Servings of 
Fruit/Vege per day: Estimated percent of adults 
reporting to eat five or more servings of 
fruit/vegetables per day in 2013. Respondents were 
asked how many times per day, week, or month 

they consumed fruit and vegetables, including 100 
percent pure fruit juices, fresh fruit, frozen fruit, 
canned fruit, cooked or canned beans, dark green 
vegetables, orange-colored vegetables, and other 
vegetables not including fried potatoes. Estimates 
are population-weighted averages based on data 
from the CDC Behavioral Risk Factor Surveillance 
System survey, Census Metropolitan delineation files, 
and 2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Reporting to Have a Personal 
Doctor or Health Care Provider: Estimated percent of 
adults reporting to have a personal doctor or health 
care provider in 2013. Respondents indicated having 
at least one person they think of as a 
personal doctor or health care provider. Estimates 
are population-weighted averages based on data 
from the CDC Behavioral Risk Factor Surveillance 
System survey, Census Metropolitan delineation files, 
and 2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Reporting a Physical Checkup in 
the Past Year: Estimated percent of adults reporting a 
physical checkup in the past year in 2013. 
Respondents were asked how long it had been since 
they last visited a doctor for a routine checkup. A 
routine checkup is a physical exam, not an exam for 
a specific injury, illness, or condition. Estimates are 
population-weighted averages based on data from 
the CDC Behavioral Risk Factor Surveillance System 
survey, Census Metropolitan delineation files, and 
2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.
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Infections Diseases 
HIV Diagnoses/100,000: Rate of confirmed HIV 
diagnoses per 100,000 people in 2017. HIV 
diagnoses includes confirmed diagnoses of HIV 
infection or infection classified as stage 3 (AIDS) 
confirmed by laboratory analysis. Estimates are 
statistically-adjusted values based upon actual case 
counts reported to CDC by state and local health 
departments. HIV diagnoses data for each year are 
typically reporting to the CDC by the following June. 
Values in areas with fewer than 5 reported cases 
and/or population less than 100 are suppressed. 
Areas where values were suppressed for privacy or 
were not reported are labelled as “Insufficient Data” 
on the map. 

HIV Cases/100,000: Rate of persons living with an 
HIV diagnosis per 100,000 people in 2016. Persons 
living with HIV are limited to persons aged 13 and 
older living with an HIV infection diagnosis. Location 
is based on residence at time of earliest diagnosis. 
Estimates are statistically-adjusted values based 
upon actual case counts reported to CDC by state 
and local health departments. HIV diagnoses data 
for each year are typically reporting to the CDC by 
the following June. Values in areas with fewer than 5 
reported cases and/or population less than 100 are 
suppressed. Areas where values were suppressed for 
privacy or were not reported are labelled as 
“Insufficient Data” on the map.

Incidence of Chlamydia/100,000 People: Rate of new 
chlamydia cases reported per 100,000 people in 
2017. State totals include data provided from 
unknown counties.

Incidence of Gonorhea/100,000 People: Rate of new 
gonorrhea cases reported per 100,000 people in 
2017. State totals include data provided from 
unknown counties.

Incidence of Syphilis/100,000 People: Rate of new 
primary and secondary syphilis cases reported per 
100,000 people in 2017. State totals include data 
provided from unknown counties.

Chronic Diseases 
Coronary Heart Disease Deaths per 100,000 People 
Rate of deaths per 100,000 people from coronary 
heart disease in 2017 among adults ages 35 and 

older. Coronary heart disease deaths are classified 
with ischaemic heart diseases as cause-of-death 
under the International Statistical Classification of 
Diseases and Related Health Problems (ICD-10 Codes 
I20-I25). Values are calculated using annual 
population estimates developed by National 
Center for Health Statistics (NCHS), which are based 
on decennial census counts. Rates are not displayed 
in areas with fewer than 20 coronary heart disease 
deaths. Areas where data were suppressed or not 
reported are labeled as “Insufficient Data” on the 
map.

Cancer Deaths per 100,000 People: Rate of deaths 
per 100,000 people from cancer in 2017 among 
adults ages 35 and older. Cancer deaths are 
classified with malignant neoplasms as 
cause-of-death under the International Statistical 
Classification of Diseases and Related Health 
Problems (ICD-10 Codes C00-C97). Values are 
calculated using annual population estimates 
developed by National Center for Health Statistics 
(NCHS), which are based on decennial census counts. 
Rates are not displayed in areas with fewer than 20 
cancer deaths. Areas where data were suppressed or 
not reported are labeled as “Insufficient Data” on the 
map.

Stroke Deaths per 100,000 People: Rate of deaths per 
100,000 people from stroke in 2017 among adults 
ages 35 and older. Stroke deaths are classified with 
subarachnoid haemorrhage, Intracerebral 
haemorrhage, cerebral infarction, or unspecified 
stroke under the International Statistical 
Classification of Diseases and Related Health 
Problems (ICD-10 Codes I60, I61, I63, and I64).
 Transient ischaemic attack (TIA) deaths are not 
included. Values are calculated using annual 
population estimates developed by National 
Center for Health Statistics (NCHS), which are based 
on decennial census counts. Rates are not displayed 
in areas with fewer than 20 stroke deaths. Areas 
where data were suppressed or not reported are 
labeled as “Insufficient Data” on the map.

Percent of Adults Ever Diagnosed With Depression: 
Estimated percent of adults ever diagnosed with 
depression in 2013. Respondents answered yes to 
the question, “Has a doctor, nurse, or other health 
professional ever told you that you have a depressive 
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disorder, including depression, major depression, 
dysthymia, or minor depression?” Estimates are 
population-weighted averages based on data from 
the CDC Behavioral Risk Factor Surveillance System 
survey, Census Metropolitan delineation files, and 
2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Ever Diagnosed With Diabetes: 
Estimated percent of adults ever diagnosed with 
depression in 2013. Respondents answered yes to 
the question, “Has a doctor, nurse, or other health 
professional ever told you that you have a depressive 
disorder, including depression, major depression, 
dysthymia, or minor depression?” Estimates are 
population-weighted averages based on data from 
the CDC Behavioral Risk Factor Surveillance System 
survey, Census Metropolitan delineation files, and 
2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Percent of Adults Ever Diagnosed With High Blood 
Pressure (Hypertension): Estimated percent of adults 
ever diagnosed with high blood pressure 
(hypertension) in 2013. Respondents answered yes 
to the question, “Has a doctor, nurse, or other health 
professional ever told you that you had high blood 
pressure?” Responses indicating a diagnosis of high 
blood pressure related to pregnancy are excluded. 
Estimates are population-weighted averages based 
on data from the CDC Behavioral Risk Factor 
Surveillance System survey, Census Metropolitan 
delineation files, and 2009-2013 Census American 
Community Survey 5-year estimates for adult 
population and household income by age and race. 
Estimates are suppressed in areas where the 
population for which ACS income by age and race 
data are available is less than 20; these areas are 
displayed as having “Insufficent Data” on the map.

Percent of Adults Ever Diagnosed With High 
Cholesterol: Estimated percent of adults ever 
diagnosed with high cholesterol in 2013. 
Respondents answered yes to the question, “Has a 
doctor, nurse, or other health professional ever told 
you that you had high blood pressure?” Estimates are 
population-weighted averages based on data from 
the CDC Behavioral Risk Factor Surveillance System 
survey, Census Metropolitan delineation files, and 
2009-2013 Census American Community Survey 
5-year estimates for adult population and household 
income by age and race. Estimates are suppressed in 
areas where the population for which ACS income by 
age and race data are available is less than 20; these 
areas are displayed as having “Insufficent Data” on 
the map.

Disability 
Total Disabilities: Estimated percent of the civilian 
noninstitutionalized population with one or more 
types of disabilities between 2013-2017. 
Percentage calculations are suppressed in cases 
where the denominator of the calculation was less 
than 10 of the unit that is being described (e.g., 
households, people, householders, etc). Such areas 
are represented as having ‘Insufficient Data’ in the 
map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Vision Disability: Estimated percent of the civilian 
noninstitutionalized population who are blind or 
have serious difficulty seeing even when wearing 
glasses between 2013-2017. Percentage calculations 
are suppressed in cases where the denominator of 
the calculation was less than 10 of the unit that is 
being described (e.g., households, people, 
householders, etc). Such areas are represented as 
having ‘Insufficient Data’ in the map. Denominators 
for percentage calculations were created by 
summing all of the component data items in a 
particular dataset.

Hearing Disability: Estimated percent of the civilian 
noninstitutionalized population who are deaf or 
have serious difficulty hearing between 2013-2017. 
Percentage calculations are suppressed in cases 
where the denominator of the calculation was less 
than 10 of the unit that is being described (e.g., 
households, people, householders, etc). Such areas 
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are represented as having ‘Insufficient Data’ in the 
map. Denominators for percentage calculations 
were created by summing all of the component data 
items in a particular dataset.

Healthcare 
Average Annual Dollars per Person Spent on Medical 
Care: Average annual dollars spent out of pocket per 
person on medical care in 2017. This includes costs 
of all other sub-categories, plus other healthcare 
costs such as emergency department visits, hospital 
stays, mental health services, outpatient treatments, 
and other medical care services. Over the counter 
medications, mobility devices, and health insurance 
premiums are not included. This includes only the 
amount paid for by the patient or the patient’s 
family. It does not include any payments made by 
private or public insurance. For a summary of the 
methodology that PolicyMap and Quantitative 
Innovations developed to create these estimates.

Average Annual Dollars per Person Spent on 
Prescriptions: Average annual dollars spent out of 
pocket per person on prescription medications in 
2017. Over the counter medications are not 
included. This includes only the amount paid for by 
the patient or the patient’s family. It does not include 
any payments made by private or public insurance. 
For a summary of the methodology that PolicyMap 
and Quantitative Innovations developed to create 
these estimates.

Average Annual Dollars per Person Spent on 
Medical Office Visits: Average annual dollars spent 
out of pocket per person on medical office visits in 
2017. This includes all office visits to physicians,
 physician’s assistants, chiropractors, midwives, 
nurses, optometrists, therapists, social workers, and 
other health care providers. This includes only the 
amount paid for by the patient or the patient’s 
family. It does not include any payments made by 
private or public insurance. For a summary of the 
methodology that PolicyMap and Quantitative 
Innovations developed to create these estimates.

Average Annual Dollars per Person Spent on Dental 
Care: Average annual dollars spent out of pocket per 
person on dental care in 2017. This includes visits to 
dentists, dental hygienists, orthodontists, and other 
dental care providers. This includes only the amount 

paid for by the patient or the patient’s family. It does 
not include any payments made by private or public 
insurance. For a summary of the methodology that 
PolicyMap and Quantitative Innovations developed 
to create these estimates.

Average Annual Dollars per Person Spent on 
Eyeglasses or Contact Lenses: Average annual 
dollars spent out of pocket per person on eyeglasses 
or contact lenses in 2017. This only includes the cost 
of corrective lenses. Office visits to optometrists or 
opthomologists are included in the “Medical Office 
Visits” category. This includes only the amount paid 
for by the patient or the patient’s family. It does not 
include any payments made by private or public 
insurance. For a summary of the methodology that 
PolicyMap and Quantitative Innovations developed 
to create these estimates.

Percent of People Without Health Insurance: 
Estimated percent of the population without health 
insurance coverage between 2013-2017. Percentage 
calculations were suppressed in cases where the 
denominator of the calculation was less than 10 of 
the unit that is being described (e.g., households, 
people, householders, etc). Such areas are 
represented as having ‘Insufficient Data’ in the map. 
Denominators for percentage calculations were 
created by summing all of the component data 
items in a particular dataset.

Percent of People With Health Insurance: Estimated 
percent of the population with health insurance 
coverage between 2014-2018. Percentage 
calculations were suppressed in cases where the 
denominator of the calculation was less than 10 of 
the unit that is being described (e.g., households, 
people, householders, etc). Such areas are 
represented as having ‘Insufficient Data’ in the map. 
Denominators for percentage calculations were 
created by summing all of the component data 
items in a particular dataset.

Percent of People With Medicare: Estimated percent 
of the population with Medicare as their health 
insurance coverage between 2013-2017. Medicare 
is public health insurance for people 65 and older or 
for people with certain disabilities.
Percent of People With Medicaid: Estimated percent 
of the population with Medicaid as their health 
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insurance coverage between 2013-2017. Medicaid, 
or Medical Assistance, is public health insurance for 
those with low incomes or a disability.

Percent of People With Employer Based: Estimated 
percent of the population with employer-based 
health insurance coverage between 2013-2017. 
Employer-based health insurance includes insurance 
through a current or former employer or union (of 
this person or another family member).

Medically Underserved Areas: The purple areas on 
the map are Census tracts that qualify as Federal 
Medically Underserved Areas (MUA), as of October 
2019. Medically Underserved Areas are designated 
by the Health Resources and Services Administration 
as having too few primary care providers, high infant 
mortality, high poverty, and/or a high elderly 
population. Medically Underserved Populations 
(MUP) are areas where a specific population group is 
underserved, including groups with economic, 
cultural, or linguistic barriers to primary medical 
care. If a population group does not meet the criteria 
for an MUP, but exceptional conditions exist which 
are a barrier to health services, they can be 
designated with a recommendation from the state’s 
Governor.

Crime, Suicide & Opioid Overdose Deaths
Violent Crimes/100,000 People: Total number of 
violent crimes reported per 100,000 people in 2017. 
PolicyMap divided the total number of violent 
crimes that were reported in a county or place by the 
population count provided by the FBI and multiplied 
that ratio by 100,000. The place population count 
is an estimate from the FBI. The county population 
count is an estimate of the number of people served 
by the agencies within the county that report 
offenses. Data was reported to the FBI for selected 
places and counties by the FBI. County counts reflect 
the sum of all reported offenses from agencies 
within the county that submitted data to the FBI. The 
county count may not include all offenses if 
agencies within the county did not report or if 
reported figures did not comply with FBI reporting 
standards. Those places or counties either not 
reporting to the FBI or not complying with FBI 
reporting standards and, thus, not compiled by the 
FBI, are shown as having Insufficient Data in the 
map. PolicyMap recommends consulting the Data 

Directory for more information on the data.

Homicide Rate/100,000 People: Rate of deaths from 
homicide per 100,000 population in 2017. Homicide 
deaths are classified with assault as cause-of-death 
under the International Statistical Classification of 
Diseases and Related Health Problems (ICD-10). 
Rates are calculated using annual population 
estimates developed by National Center for Health 
Statistics (NCHS), which are based on decennial 
census counts. Values representing fewer than ten 
persons per geography were suppressed by CDC. 
Areas where data were suppressed or not reported 
are labeled as Insufficient Data on the map.

Suicide Rate/100,00 People: Rate of deaths from 
suicide per 100,000 population in 2017. Suicide 
deaths are classified with intentional self-harm as 
cause-of-death under the International Statistical 
Classification of Diseases and Related Health 
Problems (ICD-10). Rates are calculated using annual 
population estimates developed by National 
Center for Health Statistics (NCHS), which are based 
on decennial census counts. Values representing 
fewer than ten persons per geography were 
suppressed by CDC. Areas where data were 
suppressed or not reported are labeled as 
Insufficient Data on the map.

Opioid Overdose Deaths/100,000 People: Rate 
of deaths from all opioid overdoses per 100,000 
people in 2017. Deaths from opioid overdose are 
classified as cases where the death certificate listed 
drug poisoning as the underlying cause of death, 
including unintentional (X40-X44), suicide (X60-X64), 
homicide (X85), and undetermined (Y10-Y14) drug 
poisonings, and listed opioid poisoning (T40.1, T40.2, 
T40.3, T40.4) as an additional cause of death. Opioid 
poisoning includes all specified opioid overdoses, 
including heroin, fentanyl and other synthetic 
opioids, oxycodone and other natural or 
semi-synthetic opioids, and methadone. Opioid 
overdoses with no specified opioid drug type or no 
specified drug listed on the death certificate are not 
included, but may end up in the data for unclassified 
narcotics (T40.6) or unclassified drugs (T50.9)
 classifications, respectively. Deaths due to multiple 
types of opioids are reported in every applicable 
opioid category, so categories are not exclusive and 
totals for all opioids should be taken as estimates 
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‘Insufficient Data’ on the map.
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CHAPTER 6: The 
Determinants of 
Economic Developments 
in the Halifax River 
Watershed
This chapter explores the mutual impacts of economic 
growth on the Halifax River watershed and its effect on 
the well-being of the river and its ecosystems. While 
the drivers of economic development in the Halifax 
River watershed – manufacturing, construction, 
tourism, real estate development and health services 
have provided a reasonable return on investment, the 
community can benefit by implementing sustainable 
development practices that will result in less adverse 
effects on the resources required for the area’s
 economic drivers now and in the future.
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INTRODUCTION
 
 Since the Deltona-Daytona Beach-Ormond 
Beach metropolitan statistical area (MSA) mirrors in a 
large measure the Halifax River Watershed, their 
underlying economic development characteristics 
are likely to be similar with respect to region, 
environment, demographics, employment, income 
(or median income), and other economic indicators 
(especially, endowed resources like the river and 
ocean that enhance the seafood industry and 
tourism or hospitality industry; and subsequently 
jobs or employment). Therefore, the externality 
effects stemming from the Deltona-Daytona Beach-
Ormond Beach MSA will simultaneously spill over to 
the Halifax River Watershed. In essence, the 
Deltona-Daytona Beach-Ormond Beach MSA 
externality effects (such as positive externalities or 
spillover benefits) flow in tandem with the Halifax 
River Watershed -- since the Halifax River Watershed 
is to a large extent a microcosm of the Deltona-
Daytona Beach-Ormond Beach MSA. As a result, 
this study utilizes the Deltona-Daytona Beach-
Ormond Beach MSA as a proxy for the Halifax River 
Watershed.
 The region covered by the Deltona-Daytona 
Beach-Ormond Beach MSA is shown in Fig. 1. In 
Though the main objective of the chapter is to 
identify the determinants of economic development 
in the Halifax River Watershed, major economic 
indicators such as population, economic growth, per 
capita income, exports, and unemployment are also 
discussed, as they are a parts of the overall economic 
development. In addition to discussing the 
economic indicators, the chapter also analyzes the 
industry clusters that have contributed to the 
economic development in the region.

POPULATION IN THE 
DELTONA-

DAYTONA BEACH-
ORMOND BEACH 

MSA
 
 According to the data available from the U.S. 
Census Bureau, the population in the Deltona-
Daytona Beach-Ormond Beach MSA increased from 
174,894 in 1970 to 668,365 in 2019, almost a 4-fold 
increase (Fig. 2). Though the population significantly 
increased between 1970 and 2017, the growth 
rate of the population slowed down over time. For 
example, between 1970 and 1979, annual average 
growth rate of the population in the Deltona-
Daytona Beach-Ormond Beach MSA was 4.30%. 
Then it declined to 3.95% between 1980 and 1989, 
2.39% between 1990 and 1999, 1.94% between 2000 
and 2009, and 1.39% between 2010 and 2019.
 The age distribution of the population 
in three cities of Daytona Beach, Deltona, and 
Ormond Beach are presented in Fig. 3, while the 
corresponding shares for each of the three cities are 
presented in Table 1. Since the information on age 
distribution of the MSA population is not available, 
the age distribution of the population in three cities 
is included to represent that of the MSA. Nearly 60% 
of the total population in three cities fall between 
ages 20 and 65 years. Elderly population (65 years 
and over) accounts for 20% of the population in 
the three cities. As evident from the information 
presented in Table 1, the share of elderly population 
in Daytona Beach, Deltona, and Ormond Beach is 
19.9%, 15.6%, and 29.4%, respectively
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Figure 1. Deltona-Daytona Beach-Ormond Beach 
Metropolitan Statistical Areas (MSA). Sources: City 
Population (n.d).

ECONOMIC GROWTH 
IN THE DELTONA-
DAYTONA BEACH-
ORMOND BEACH 

MSA
 Economic growth is measured as the growth 
rate of the real gross domestic product (GDP) or the 
real per capita GDP. The Bureau of Economic Analysis 
of the U.S. Department of Commerce reports data 
on GDP at only the national, state, and metropolitan 
statistical areas (MSAs) and the GDP data at the MSA 
level are reported only for the period 2001-2018. 
Before discussing the economic growth of the MSA, 
it is useful to discuss the level of per capita income 
in the region and how it compares with the per 
capita incomes of the State of Florida and the United 
States. As Fig. 4 illustrates, the per capita income of 

the Deltona-Daytona Beach-Ormond Beach MSA has 
remained below that of the State and the nation. 
 Economic growth rates of the Deltona-
Daytona Beach-Ormond Beach MSA by industry for 
the period 2002-2018 are presented in Table 2. All 
industries presented in Table 2 contracted during the 
Great Recession of 2008-2009. Based on the annual 
average growth rate of the eleven industries 
presented in Table 2, wholesale trade has the highest 
growth rate of 4.2% followed by 3.5% for 
manufacturing, and 3.2% for finance, insurance, real 
estate, rental, and leasing.
 The economic growth rate of the 
Deltona-Daytona Beach-Ormond Beach MSA has 
outperformed that of the State of Florida and the 
United States in 2002, 2003, 2007, 2012, and 2013. 
The economic growth rate of the MSA has lagged 
behind that of the State of Florida and the United 
States in the rest of the years during the 1998-2018 
period (see Fig. 5).
 The largest employers in the Deltona-
Daytona Beach-Ormond Beach MSA in 2018 are 
presented in Table 3. The largest employers in the 
MSA are mainly in the educational services and the 
health care services sectors.

EMPLOYMENT 
SITUATION IN THE 

DELTONA-
DAYTONA BEACH-
ORMOND BEACH 

MSA
 According to the Florida Department of 
Economic Opportunity, Local Area Unemployment 
Statistics (LAUS), total labor force of the Deltona-
Daytona Beach-Ormond Beach MSA increased from 
181,015 in 1990 to 300,516 in 2018 while the total 
employment of the MSA increased from 171,494 in 
1990 to 289,140 in 2018. The unemployment rate 
in the Deltona-Daytona Beach-Ormond Beach MSA 
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during the period from 1990 to 2018 is presented in 
Fig. 6. As the figure illustrates, the unemployment 
rate in the Deltona-Daytona Beach-Ormond Beach 
MSA have been lower than that of the State of 
Florida between 1990 and 2001 and has remained 
above the State since 2002.

EXPORTS IN THE 
DELTONA-

DAYTONA BEACH-
ORMOND BEACH 

MSA
 Merchandise exports of the Deltona-Daytona 
Beach-Ormond Beach MSA between 2005 and 2018 
are presented in Fig. 7. As the figure illustrates, the 
value of exports from the Deltona-Daytona Beach-
Ormond Beach MSA has dropped in recent years, 
after posting a significant growth between 2012 
and 2015. The largest exporting industries the 
Deltona-Daytona Beach-Ormond Beach MSA include 
Transportation Equipment Manufacturing (NAICS 

Code 336), Machinery Manufacturing (NAICS Code 
333), Computer and Electronic Product 
Manufacturing (NAICS Code 334), Electrical 
Equipment; Appliance; and Component 
Manufacturing (NAICS Code 335), and Textile 
Product Mills (NAICS Code 314).

LOCATION QUOTIENT 
ANALYSIS

 In a survey of U.S. metropolitan statistical 
areas (MSA), Slaper et al. (2018) categorizes U.S. 
regional industrial cluster development using six 
measures – traded cluster growth, local cluster 
growth, traded cluster diversity, local cluster 
diversity, traded cluster strength, and local cluster 
strength. Utilizing location quotients (LQ), shift-share 
analysis, and other criteria to identify robust clusters, 
Slaper et al. (2018) found that estimates of
traded cluster strength is directly related to 
increases in wages and salaries and also directly 
related to productivity growth as well as directly or 
positively related to gross domestic product growth.
 In this chapter, we used Mattoon and Wang 
(2014)’s approach to examine determinants of 
economic development in the Deltona-Daytona 

Figure 2. Total Population in the Deltona-Daytona Beach-Ormond Beach MSA. Source: The U.S. Census Bureau.
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Figure 3. Population by Age Group in Daytona Beach City, Deltona City, and Ormond Beach City, 2017. Source: The 
U.S. Census Bureau.
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Beach-Ormond Beach MSA. The LQ methodology 
was used to identify, based on employment share, if 
an industry is concentrated more or less in a given 
MSA than the comparative area – in this case, the 
State of Florida (FL). In line with the U.S. Bureau of 
labor Statistics, the location quotient (LQ) is defined 
as ratios that allow an area’s distribution of 
employment by industry to be compared to a 
reference or base area’s distribution (Mattoon and 
Wang, 2014). 
 Location quotient (LQ) analysis helps identify 
the industry clusters that have contributed to 
economic growth in the Deltona-Daytona Beach-
Ormond Beach MSA. These industry clusters are 
identified if they have a relatively larger share of 
employment in Deltona-Daytona Beach-Ormond 
Beach MSA in comparison with the State of Florida. 
The location quotient is calculated using the 
following formula:

where e(i,MSA) is the employment in industry 
sector i in Deltona-Daytona Beach-Ormond Beach 
MSA; e_MSA is the total employment (all industries) 
in Deltona-Daytona Beach-Ormond Beach MSA; 
E(i,FL) is the employment in industry sector i in 
Florida; E_FL is the total employment in Florida.
 The key assumptions needed to 
operationalize the location quotient approach are 
that the regional production technology is identical 
to state production technology (i.e. equal labor 
productivity) and that local tastes and preferences 
are identical to national tastes and preferences (i.e., 
equal consumption per worker). Assuming the State 
economy is self-sufficient, the comparison between 
the community and the State benchmark gives an 
indication of the degree of specialization or 
self-sufficiency.
 Three important location quotient values 
derive from the self-sufficiency interpretation of 
location quotients. A location quotient of one (LQ = 
1.0) means the region has the same proportion of 
economic activity in sector i as does the State. The 
region just meets its local consumption 
requirements through local production of the 
specified good or service. If the location quotient is 
less than one (LQ < 1), the region is not producing 
enough to meet local needs. If the location quotient 
is greater than one (LQ > 1), the region has a larger 
proportion of its economy in sector i than does the 

State, and the excess can potentially be exported. 
 Table 4 presents location quotients by 
Industry in Deltona-Daytona Beach-Ormond Beach 
MSA for the period from 2002 to 2018. Essentially, we 
are comparing the employment concentration of the 
Deltona-Daytona Beach-Ormond Beach MSA with 
the State of Florida. For example, if LQ > 1, then the 
specific industry in the Deltona-Daytona Beach-
Ormond Beach MSA has an employment 
concentration above the Florida average. Table 4 
shows the LQ by industry in the MSA – from this 
illustration, the MSA indicates a viable mix of 
agriculture, construction, manufacturing, retail trade, 
educational services and healthcare together with 
the hospital management services as also depicted 
in Figure 5 right upper quadrant. As Table 4 posits, in 
2018 the MSA has an LQ > 1 with respect to 
agriculture, forestry, fishing and hunting (1.15); 
construction (1.13); manufacturing (1.38); retail trade 
(1.18); educational services (1.25); healthcare and 
social assistance (1.20); and accommodation and 
food services or hospitality management services 
(1.23). 
 Table 4 implies that the MSA has a higher 
concentration of agriculture, forestry, fishing and 
hunting by about 15 percent above FL. Likewise, the 
MSA is 13 percent above FL in construction, 38 
percent above FL in manufacturing, 18 percent 
above FL in retail trade, 25 percent above FL in 
educational services, 20 percent higher in healthcare 
and social assistance, as well as 23 percent higher 
in accommodation and food services (or hospitality 
management services). Moreover, these identified 
clusters with LQ greater than one in which the MSA 
is most competitive should be utilized as a proper 
mix of an economic development strategy for the 
Halifax River Basin. In addition, this MSA 
development strategy mix is further buttressed in 
Table 2 by the economic performance indicators in 
such industry clusters like construction, 
manufacturing, wholesale trade, retail trade, 
professional and business services as well as 
educational services, healthcare, and social 
assistance over the period of 2002-2018; especially in 
2018.
 The location quotients were also calculated 
for major occupational groups (Table 5). Of the 
twenty-two occupations presented in Table 5, nine 
occupations reported a location quotient exceeding 
1, indicating that these occupations have a higher 
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Figure 4. Per Capita Income in Deltona-Daytona Beach-Ormond Beach MSA, 1970-2018. Source: U.S. Bureau of 
Economic Analysis.

Figure 5. Economic Growth in the Deltona-Daytona Beach-Ormond Beach MSA. Source: Bureau of Economic 
Analysis.
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concentration of employment in the Deltona-
Daytona Beach-Ormond Beach MSA than that in the 
State of Florida. The occupations include, 
community and social service occupations; 
education, training, and library occupations; 
healthcare practitioners and technical occupations; 
healthcare support occupations; food preparation 
and serving related occupations; building and 
grounds cleaning and maintenance occupations; 
sales and related occupations; construction and 
extraction occupations; installation, maintenance, 
and repair occupations; and production 
occupations. Each of these occupations were further 
divided into sub occupational categories and the 
results are presented in the Appendix. Appendix 
Tables A1-A10 show the breakdown of occupations 
that posted location quotients exceeding 1 in Table 
5. While the location quotients provide us with 
useful information about industry concentration, in 
determining whether an industry is truly 
concentrated in a region, and if that industry 
represents a strategic advantage, an LQ is only one 
piece of information. The analyst should also 
consider the number of firms and total number of 
employees. This helps to determine whether the 
region has the critical mass of firms and employees 
to provide a stable or growing base for the future.
 Simple mapping of the level of LQ and the 
change in LQ, as shown in Fig. 8, helps us identify the 
potential industry clusters. There are four potential 
combination of industries. A “weak and declining” 
industry (LQ < 1 and declining over time) should not 
be considered a potential cluster. A “weak and 
growing” industry (LQ < 1 and increasing over time) 

could be a potential industry of focus for economic 
targeting efforts. A “strong and declining” industry 
(LQ > 1 and declining over time) could be 
considered at risk and deserves special 
consideration to identify why it is weakening. A 
“strong and growing” industry (LQ > 1 and increasing 
over time) could be a potential industry cluster 
and such industry should be of focus for economic 
targeting efforts. Such industries have a competitive 
advantage over other regions and may have further 
growth potential.

SUMMARY AND 
CONCLUSIONS

 In this study, we examined determinants of 
economic development in the Halifax River 
Watershed (HRW) by using the Deltona-Daytona 
Beach-Ormond Beach MSA as a proxy for the HRW, 
since the HRW in a large measure is a microcosm of 
the MSA. Hence the externality effects or spillovers 
in the MSA and HRW are not mutually exclusive. 
In so doing, the Location Quotient (LQ), which is a 
methodology that helps to identify industry clusters 
that have contributed to economic growth in the 
area of interest (HRW via MSA) based on 
employment share, is posited to highlight the effects 
of these clusters on economic development 
indicators in the HRW based on employment share. 
For example, to identify if an industry is 
concentrated more or less in a given MSA relative to 
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the comparative area; in this case, the MSA and the 
State of Florida, respectively.
 The results indicate that over the study 
period, the HRW (or MSA) suggests a viable mix of 
agriculture, construction, manufacturing, retail trade, 
educational services, healthcare, and hospitality 
management. Specifically, in 2018, the  MSA has an 
LQ > 1 with respect to agriculture, forestry, fishing 
and hunting, construction, manufacturing, retail 
trade, educational services, healthcare and social 

assistance, as well as accommodation and food 
services (or hospitality management), implying that 
the MSA outperformed the State of Florida with 
respect to these industry clusters given employment 
share and as such should be adopted as the right or 
proper mix of an economic development strategy for 
the Halifax River Watershed.

Figure 6. Unemployment Rate in the Deltona-Daytona Beach-Ormond Beach MSA (Source: The Florida 
Department of Economic Opportunity).

Figure 7. Deltona-Daytona Beach-Ormond Beach MSA Exports, 2005-2018. Source: The International Trade 
Administration.
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Figure 8. Identification of Industry Clusters That Contributed to Economic Growth. Source: The U.S. Bureau of 
Labor Statistics.
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CHAPTER 7:  
Investigating the 
Potential Adoption of 
Restorative Justice by 
Communities in the 
Halifax River Watershed

This chapter focuses on restorative justice. What follows is an elaboration based on existing literature, relative 
to two areas of human activity that seem to function as important contexts for such an elaboration, namely 
the criminal justice system and religious or theological expression, Further research, subsequent to this 
elaboration, would endeavor to reveal the extent to which the points made in what follows are reflected in 
the lives of those in the Halifax River watershed. For now, this elaboration functions as a kind of baseline for 
later comparative work.
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NECESSITY FOR THIS 
STUDY & JUSTICE 

REFORM
 As will be further elaborated below, 
restorative justice is a system that focuses on those 
who have been harmed. It involves addressing 
those harms in concrete ways, and entails direct 
communication between those who were harmed 
and those who did harm. It offers the possibility for 
social reconciliation and solidarity (Tutu, 2000). 
 A notable example of the implementation of 
restorative justice on a very large scale is the Truth 
and Reconciliation Commission in South Africa 
during the years immediately following Apartheid 
(Tutu, 2000), while a more recent and local example 
is the Promise Program conducted by Broward 
County Schools in Florida (Broward County Schools, 
2020). The program involves secondary education 
students who are involved in alleged conduct 
violations at school, functioning as an alternative 
to more conventional retributive systems. Program 
administrators note positive results for the young 
people involved. A review of current programs as 
documented by the Florida Restorative Justice 
Association reveals limited examples, if any, of 
restorative justice being practiced in the 
communities located within the Halifax River 
watershed (FRJA, 2020).
 In working through a restorative process, one 
attempts to identify who was harmed, who did the 
harm, and what community was involved; but the 
purpose is not to assign blame but to identify needs. 
The emphasis is to live rightly within the multiple 
relationships a person experiences and maintains; 
and understanding what living rightly means 
becomes apparent as the process unfolds. While 
admitting the importance of acting on principle, 
restorative justice also looks to the future as an 
intentional exercise focused on bringing forth the 
greatest level of well-being for those involved. 
 There is a possibility that restorative justice 
offers a promising approach to justice reform for 
those in the Halifax River watershed. Considering 
other examples raises this possibility. For instance, 
Sherman et al (2015) studied 12 restorative justice 

initiatives conducted over a two-decade period in 
Australia and the United Kingdom. The initiatives 
were implemented using identical protocols by 
facilitators that received similar if not identical 
training. Their findings reveal significant benefits 
to those harmed across a wide range of offenses. 
Benefits included decreased levels of post-traumatic 
stress, less fear of a subsequent harm, less 
inclination to seek revenge, and greater satisfaction 
with the justice system. For those who did harm, 
there was a decrease in repeat offending measured 
over a two-year period after an initial offense. 
Decreased recidivism was most pronounced for 
those who entered the study with an already high 
level of repeat offending. It should be noted 
however that when expanded to a 15-year period, 
the rate of recidivism was much the same for those 
who were involved in restorative justice initiatives 
compared to those who were not. Nonetheless, their 
study illustrates the viability of restorative justice 
as an approach to justice reform, and other studies 
illustrate the promise of restorative initiatives as well 
(Tsui, 2014; Calhoun and Pelech, 2013; Jeong et al 
2013).
 In terms of juvenile justice, Abrams (2013) 
underscores the need for reform by urging readers 
to consider a growing tendency to address “adult” 
level crimes committed by minors through the use 
of “adult” (726) retributive proceedings, thus 
deviating from an earlier historical emphasis on 
youth rehabilitation. While Abrams further argues 
that the “number of youth in the correctional system 
is at a 35 year low,” she points out that reductions 
are often the result of budgetary constraints 
and increases in “diversion programs” such as 
“community restitution” (734). These programs may 
or may not exhibit restorative characteristics and, as 
she also points out, are often criticized for 
ineffectiveness (734). For those young persons who 
are incarcerated, Abrams documents numerous 
studies that illustrate harms done to youth as well as 
evidence that youth incarcerated as adults are more 
likely to commit crimes and return to incarceration 
later in their lives (736).
 In the context of more conventional 
retributive systems, alarming levels of adult 
incarceration are well documented (De Giorgi, 2015). 
For instance, De Giorgi (2015) cites Bureau of Justice 
Statistics (BJS) 2014 data that indicates a population 
of over 2 million incarcerated adults, from jails to 
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larger penitentiaries, in the United States (5), Even 
more alarming is the high rate of African-American 
males in that population (6). Based on studies such 
as these, justice reform is clearly necessary. 
Given the promise of restorative initiatives and the 
need for justice reform, Armstrong (2014) argues 
that the relationship between restorative initiatives 
and retributive practices (the basis for the criminal 
justice system in the United States) is complicated by 
variance in how restorative justice is understood and 
implemented. Armstrong criticizes those who argue 
that restorative initiatives can be implemented 
within retributive frameworks by, among other 
things, considering reparation as a form of 
punishment. As she emphasizes, “While capable of 
operating within a retributive paradigm, such 
practices would no longer exist as part of restorative 
theory but merely as an alternative punishment 
within a retributive system” (365), Moreover, she 
adds that, 

“While reconciliation of restorative justice and 
the retributive paradigm is possible through 
accepting reparation as fulfilling the basic 
demands of punishment…this perverts 
restorative justice’s underlying rationale and 
removes much of its original appeal. To 
attempt such reconciliation would distort the 
fundamental concepts of restorative justice 
and in doing so, would mutate the concept 
beyond its original parameters” (371).

Armstrong concludes that “greater effort must be 
made to establish that which constitutes the core 
principles of restorative justice theory” (372).
Elaborating an ethics, among other things, specifies 
the core principles involved as well as how they are 
understood and implemented. Conceptualizing the 
ethics of restorative justice following from the lived 
experience of those who implement restorative 
initiatives goes a long way toward determining 
precisely what such core principles are.
 Paul (2015) admits that many advocates of 
restorative justice see this approach as “quite distinct 
from – almost opposite of – the traditional justice 
approach” (274). Yet, his research found that 
perceptions about a distinction between both forms 
of justice are often blurred. As Paul argues, “although 
[restorative justice facilitators] and public members 
[those surveyed from the general public] appear to 

have quite different conceptualizations about what 
they want justice systems to do, there is some 
overlap that restorative justice proponents can 
use…” (292). Paul’s work underscores the importance 
of remaining attentive to the lived experience of 
those involved in restorative initiatives as well as 
members of the larger public. These more general 
observations noted above prompt consideration of 
further study relative to communities located within 
the Halifax River Watershed. Such a study may also 
contribute to defining more precisely (and by way of 
example) the ethics of restorative justice.

ELABORATING A 
DEFINITION OF 

RESTORATIVE JUSTICE
 Howard Zehr (2009) defines restorative 
justice in terms of three interrelated assumptions, 
principles, and values. In practicing restorative 
justice, one assumes “when people and relationships 
are harmed, needs are created,” that “the needs 
created by harms lead to obligations,” and that these 
obligations lead to healing or “putting right” the 
harm where doing so is considered a just response 
(Zehr  2009). Following from these assumptions, 
practicing restorative justice entails acting in ways 
that are consistent with three principles, each of 
which defines a just response. As Zehr (2009) 
summarizes,

“A just response acknowledges and repairs the 
harm caused by, and revealed by, wrongdoing 
(restoration); encourages appropriate 
responsibility for addressing needs and 
repairing the harm (accountability); [and] 
involves those impacted, including the 
community, in the resolution (engagement).”

The values that are consistent with these 
assumptions and principles include “respect,” 
“responsibility,” and “relationships” (Zehr 2009).
 Jarem Sawatsky (2008) explains further that 
restorative justice is a virtue that contrasts against 
retributive models. His suggestion of a cooperative 
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effort that restores relationships leads to a sense of 
justice in communal terms, one that is not a source 
of fear but rather is seen as constructive for a more 
peaceful society.
 Wenzel et al (2008) offer a largely similar 
definition of restorative justice, but add to it the 
implementation of punishment by an offender. Zehr 
(2009) and Sawatsky (2008) exclude punishment as 
part of a restorative process while arguing instead 
for restitution as a constructive step toward restoring 
relationships. Consistent with this, Wenzel et al 
elaborate the constructive nature of restitution 
largely in psychological terms.

RESTORATIVE JUSTICE 
BASED ON FAITH-
BASED INITIATIVES

 Armour et al (2008) contextualized similar 
levels of success in terms of faith-based initiatives 
involving offenders that self-identified as Christian. 
From the Prison Fellowship to the Christian 
Restorative Justice Mentors Association and the 
larger Restorative Justice Ministries Network, faith-
based restorative initiatives are evident. 
 Restorative justice emphasizes reconciliation, 
forgiveness and grace, while not lessening 
accountability (Tutu, 2000). It is therefore a system 
that focuses on central understandings in the 
Christian tradition. In terms of faith-based 
initiatives, implementing restorative justice suggests 
theological understandings that are consistent with 
restorative justice. Little appears in the literature that 
directly elaborates a restorative theology. Moreover, 
the extent to which a restorative theology is 
embodied in the religious experiences of those in 
the Halifax River watershed remains to be seen. 
Nonetheless, for this initial elaboration, two 
references noted below are significant.
 Hough (2007) elaborates a restorative 
theology through a study of restorative justice, a 
comparative study of retributive approaches to 
justice, and an examination of restorative justice 
initiatives in Canada. She underscores concerns by 
members of First Nations that restorative justice not 

be seen as “indigenous,” “unsophisticated” (85) or 
operative in primarily indigenous communities. She 
develops her understanding of restorative theology 
by first examining the theological origins and 
significance of restoration as a central theme in 
Christianity. She distinguishes restoration from 
reconciliation where restoration is the realization of 
-- and a return to -- right relationships while 
reconciliation might otherwise lead to a “limited 
relationship that allows us to interact peaceably with 
others while straining to achieve restoration” (93). 
She grounds her understanding of restoration in a 
study of Scripture and defines restorative theology 
in light of that study. As Hough continues, the “two 
pillars” (111) upon which restorative theology are 
built include “theological anthropology” (who we are 
as understood through Scripture) and sensitivity to 
multicultural concerns (111). She notes a 
relationship between the work of H. Richard Niebuhr 
by referring to his communitarian ethics (113). 
Hough deepens her elaboration of a theological 
anthropology by suggesting the role that “Ubuntu” 
plays in understanding who we are (109). Following 
the work of Desmond Tutu, she describes Ubuntu as 
an understanding where the humanity of one 
person is constituted by their recognition of the 
humanity of other persons. Ubuntu, she argues, 
provides a suitable theological anthropology that is 
consistent with scriptural notions of neighbor or love 
of neighbor. Yet, while suggesting the importance 
of considering Niebuhr’s work, she does not explore 
this more fully – particularly in terms of Curran’s 
relationality-responsibility model. In addition, her 
process for developing a restorative theology relies 
on an examination of various restorative initiatives 
but is itself not based on a praxis model as outlined 
below.
 Regher (2008) argues that restorative justice 
initiatives have become increasingly pragmatic, and 
the elaboration of them has left behind important 
theological foundations, particularly in terms of 
the roles that forgiveness and mercy play in one’s 
Christian practice. He identifies retributive themes in 
Scripture and how restorative justice understood in 
light of them seems not to fully address the Biblical 
implications of these themes. As a remedy, he offers 
that judgment in some sense is present in restorative 
justice because the process, when carried out well, 
invites an offender to judge themselves (40). Further, 
judgment is present in restorative justice as a 
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consequence of appreciating and honoring the 
narratives or stories of those who have been harmed, 
and in an offender offering restitution (40-41). Yet 
the notion of a restorative theology itself is not 
elaborated, and instead Regher relies on prevailing 
theological assertions.
 Beyond the writings of Hough and Regher, a 
review of one additional reference is in order, and it 
may well be the most central of these three for the 
current project. Ada María Isasi-Díaz (2004) explains 
the central role that reconciliation plays in doing 
justice where justice itself is understood as a process. 
She argues that, “Very simply said, it is not possible 
to conceptualize reconciliation apart from justice, 
and one cannot be a justice-seeking person 
without an ongoing practice of reconciliation” (220). 
She bases this on a reading of Scripture and the 
central role that reconciliation played for a 
community committed to spreading faith in Jesus, 
recognized as one who they understood as the 
incarnate reality of a reconciling God. As she 
continues,
 “Following this biblical tradition, many 
systems of Christian ethics and moral theology today 
eschew a theoretical approach to justice that focuses 
on universals apart from any social context or on 
rational reflections that attempt to demonstrate 
their validity for being self-enclosed systems” (220).
 Justice as a process “does not avoid rationality 
but rather proposes normative reflections that are 
historic and contextual” (221) by relying on the lived 
experience of those who seek to challenge injustice. 
Central in that project are the experiences of those 
who suffer injustice. Reconciliation becomes a “moral 
choice” (221) that is based on hope for a better 
future created from the witness of diverse peoples, 
each with their role to play, where one recognizes a 
“plurality of truths” (224) emerging from reflection 
on lived experience. As she emphasizes, 

“Reconciliation is a moral choice because it 
makes one remember that all persons have 
themselves been, at some point in their lives, 
oppressors and exploiters. This makes one 
understand that good intentions are not 
enough. Moral action requires the risk of 
taking steps together, of being accountable to 
each other, of participating in a process that 
concentrates on the future precisely by 
working to alter the present” (224-5).

METHOD OF 
INTELLECTUAL 

INQUIRY – A PRAXIS 
MODEL 

SUGGESTED FOR 
FURTHER RESEARCH

 Some time ago, Driver (1981) argued in 
favor of a Christology that follows from an ethics. 
Elaborating a restorative theology follows this 
recommendation. Following from Labacqz (1987) 
and others, if doing justice can be conceptualized 
as lessening injustice, then a restorative theology 
becomes a way to understand liberation. This 
suggests a method of inquiry for elaborating 
restorative theology that is shared by other 
liberation theologies. 
 Phan (2000) argues that while liberation 
theology is an especially significant development 
in the history of Christian experience, perhaps “the 
most influential since the Reformation” (40), he 
argues against seeing this as a set of nearly identical 
theological constructs. Nonetheless, he emphasizes 
the possibility of recognizing similarities in terms of 
method. A central characteristic or element in that 
method is praxis and a “critical analysis” of praxis (43). 
Phan (2000) further describes shared experiences 
of particular social contexts as a common basis for 
theological praxis. Social contexts in his elaboration 
tend to be defined in terms of ethnicity, economic 
status, gender, sexual orientation, and similar 
matters of group identity. Those involved in 
theological praxis share a corresponding experience 
of injustice that is related to the social location of 
those involved. Alternatively, the proposed research 
project organizes theological praxis around a 
common aim or practice: doing justice as 
engagement in restorative justice initiatives. Those 
doing so likely occupy a variety of social contexts.
 Bevans (2013) identifies a rather generic 
“Praxis Model” for theological inquiry. His definition 
outlines the component parts of the model as 
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follows: an analysis of current reality, revelation by 
focusing on the action of God in history, a 
recognition of the complexities of cultures in 
themselves and in relation to one another, an 
emphasis on action as a constructive element in 
theology such that a focus is maintained on 
“orthopraxis” at least as much as “orthodoxy” (193), 
and the notion that theology originates in ordinary 
or lived experience. Bevans further argues that a 
strength in this model is “showing the dynamic 
relationship between knowledge and action” (193). 
Following from Phan, the implementation of Bevans’ 
model has tended to be based on the shared 
experiences of those in a particular social context. 
Yet, there is nothing intrinsic to Bevans’ model to 
preclude a common practice or initiative as an 
organizing theme.
 Trokan (1997) outlines praxis in 
methodological terms as a cyclical process of action, 
reflection, and the formulation of new action. As he 
further argues, this takes on a variety of forms when 
applied to theological reflection. One example is 
the “Groome Shared Praxis” model which includes 
“naming present action, critical reflection, making 
accessible the Christian Story/vision, a dialectical 
hermeneutic, and a response.” This model, and others 
like it, can be applied to instances when shared 
experiences of a particular aim or initiative function 
as organizing themes. Another, similarly, follows the 
work of Holland and Henroit and includes “insertion, 
social analysis, theological reflection and pastoral 
planning” (147). 
 Social analysis of some sort is therefore a 
central methodological characteristic of liberation 
theologies. Phan (2000) illustrates this by suggesting 
that Liberation Theologies rely on economic analysis 
inclusive of social classes and the economic 
relationships among them. Black liberation 
theologies, he further suggests, revolve around a 
social analysis of race, racism, and the injustices that 
follow from both. Similarly, other forms of liberation 
theologies focus on forms of social analysis that are 
in keeping with the needs and hopes of those upon 
whom a liberation theology is focused. 
 After rehearsing the relationship between 
Latin American liberation theologies and their 
reliance on Marxist economic analysis coupled with 
social analysis understood more comprehensively, 
informed by the social sciences, Phan stresses 
one understanding in particular: the “liberation-

theopraxis” (47) of Asian liberation theologies. 
Relying on the work of Aloysius Pieris, he defines 
this as a combination of social analysis and 
introspection. In doing so, Phan suggests the role 
that introspection plays for social transformation. 
 Social analysis and introspection (two 
elements of a method for theological inquiry) are 
joined by the role that narratives play. Story telling 
contributes to introspection and makes liberation 
theologies “concrete” (50). Those who experience 
injustice in their everyday lives are the primary or 
preferred story-tellers resulting in stories from “the 
underside of history” (Phan, p. 49, Gutierrez, 1974). 
Similarly, those who share experiences of injustice by 
working on a common initiative can share narratives 
that function as a starting place for theological 
praxis.
 The development of theology from “the 
underside of history” in the work of story-telling 
suggests the final methodological characteristic 
of liberation theologies: the employment of 
hermeneutics and in particular, “the hermeneutical 
circle” (Phan, 2000, Segundo 1977). Quoting 
Segundo, Phan outlines this as follows:

“Firstly, there is our way of experiencing reality 
which leads us to ideological suspicion. 
Secondly, there is application of our 
ideological suspicion to the whole ideological 
superstructure in general and to theology in 
particular. Thirdly, there comes a new way of 
experiencing theological reality that leads us 
to exegetical suspicion, that is, to the suspicion 
that the prevailing interpretation of the Bible 
has not taken important pieces of data into 
account. Fourthly, we have our new 
hermeneutic, that is, our new way of 
interpreting the fountainhead of faith (i.e., 
Scripture) with the new elements of our 
interpretation at our disposal” (Phan, 2000, p. 
51).

The concept of ideology in the above is well 
understood following Pieris (1992) who defines this 
as a “programmatic worldview” (24). As Pieris argues 
further, ideologies consist of an idealized notion of 
a future, or a sense of purpose, both consistent with 
one’s worldview, where one imagines a reality that 
transcends the present. Reading Segundo’s steps in a 
“hermeneutical circle” quickly reveals a form of praxis 
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where interpretation itself is the action in question.
 The process as a whole leads to (and in 
fact exhibits in its execution) the necessity of 
“conscientization.” As Isasi-Diaz (2004) explains, 
“Conscientization is a process through which one 
becomes aware, with no more than a moment of 
insight, that there is something suspicious about 
one’s condition” (82). She goes on to elaborate 
conscientization as a form of “critical awareness” 
(82) where one rejects “magical,” (82) simplistic or 
unquestioned explanations but rather “delves into 
problems,” and is “open to new ideas” (82). A person 
replaces magical explanations with a thorough 
understanding of real causes. Conscientization, as 
she concludes, is itself a form of praxis.
 Further investigation of the role that 
restorative justice might play in communities 
located in the Halifax River watershed might offer 
a way to advance reforms of the justice system. 
Such an investigation follows from a theoretical 
understanding of restorative justice as elaborated 
above, evidence of its use in the concrete examples 
noted earlier, and the possibility that restorative 
justice might be beneficial for these communities.  It 
is suggested that an investigation of this sort follow 
a praxis model.
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CHAPTER 8. Final 
Thoughts
Toward Understanding 
the Halifax River Urban 
Watershed System
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A View of the Halifax River Urban Watershed 
System written by Michael Reiter
 In the Introduction to this book, I made the 
point that sustainability is a particularly rational 
management goal for human-altered systems such 
as the Halifax River Urban Watershed (HRUW) given 
our present development and consumption paths, 
population growth, and lack of apparent options 
for continuing our existing consumptive lifestyle. 
While the details for any one application can be 
subject to differences in interpretation, achieving 
something that we can recognize as sustainability 
will nonetheless require a change in both attitude 
and approach when it comes to our relationship with 
our ecological and social environment. 
 The Introduction also made the point that 
sustainability is best addressed as a systems-level 
concept, focusing on interactions between the 
system’s many different elements (ecological, 
economic, social, ethical, etc.), the flows between 
them, critical inputs and outputs, and our 
desired goal. We must therefore have a decent 
understanding of those different system elements, 
their behaviors, and their interaction and influence 
upon each other before we can adjust them with a 
particular goal in mind. This book begins to collect 
the information needed to build a picture of the 
existing state of the HRUW, including its social and 
environmental condition and its thresholds, to help 
us identify targets for social and environmental 
sustainability. 
 A good way to begin to build a systems-
level  picture of the HRUW is to engage in a 
thought experiment where one realizes that all the 
past and present actions and conditions discussed 
in this book have interacted through time to lead us 
to the present state of the HRUW. The watershed’s 
indigenous populations and original environmental 
conditions, combined with the interactions caused 
by migration of other populations into the area, 
influenced the type and rate of development 
around the Halifax River. That development helped 
drive the early economic activity of the area, which 
influenced the establishment of settlements, the 
immigration of other peoples, the need for and 
development of social organization, and the creation 
of infrastructure to support that new population. The 
populations were part of a growing and changing 
economy dependent on environmental resources 
and influenced by both internal and external 

factors, leading to social “winners” and “losers” with 
different sets of outcomes and differing levels of 
influence on future development and environmental 
conditions. As the attempt to gain resources for that 
development altered the ecology of the area, some 
individuals and locales found themselves with more 
resources, opportunities, and options than others in 
the expanding social system, helping to enhance the 
existing structural inequities existing in the growing 
and changing economy. Indeed, the utilization of 
the area’s resources through the historic trajectory 
of the watershed’s development and the growth of 
its population have arguably led to the point where 
we are experiencing notable negative ecological 
impacts from that rate of use.
 From the preceding chapters, we can start 
to build a picture of a modern developed landscape 
driven by past economic activity and notable 
population movement; activity dependent upon, but 
also reshaping, the natural resources that spurred 
the modern development of the region in the first 
place. The physical attributes of the HRUW, while 
presently a major drawing card for the area and 
its economy, are showing notable signs of impact 
from that activity that, when combined with the 
changes we are experiencing in climate and coastal 
hydrology, can provide a potential threshold to 
development in the watershed if not considered 
in future plans. Those plans unfold, like the early 
development of the HRUW, through the interaction 
of external forces and the local environmental and 
social conditions, with the local conditions providing 
encouragement or constraint. While extractable 
environmental resources, conflicts between peoples, 
and external economic and leisure interests in the 
area were the major local variables historically 
(despite the early difficulties with transportation in 
the area), today’s conditions are far more complex. 
The past dominance of sugar, railroads, and 
lumber has given way to a diversified economic 
system highly connected to the rest of the country. 
Compared to the region’s historical development, 
our current system can be seen from the preceding 
chapters to have a new array of economic and social 
strengths and weaknesses, as well as a significantly 
larger footprint on the surrounding environment. 
Indeed, the levels of variability in social and 
environmental health indicators seem to indicate 
that both restorative justice and sustainability efforts 
could be useful, while the economics of the region 
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seem to suggest that resources to help support 
these efforts are available. Connecting sustainability 
and social justice efforts would help ensure that any 
sustainability initiatives address interacting social 
and environmental dimensions simultaneously while 
helping to ensure community engagement and buy-
in, as would be necessary when trying to successfully 
modify a complex system like the HRUW.
 Looking at the watershed in this fashion, 
clearly, we have arrived at our present set of 
circumstances in the HRUW by a combination of 
multiple factors occurring on multiple scales over 
long periods, not by any one action, activity, or 
population. Some of the present circumstances may 
be acceptable to us, and others may not. Some of 
the present conditions may be maintainable for the 
time being without much interference on our part, 
others may not. Some of the variability in social 
conditions may be appropriate and/or equitable to 
the residents of the HRUW, others may not. However, 
even those ecological and social conditions that 
appear to be acceptable for now are not likely to 
continue that way given our current lifestyle, pace 
of consumption, and population growth. To be 
able to maintain a satisfactory quality of life for 
ourselves while helping to assure the same for future 
generations (the essence of sustainability), we need 
to change our approach to social welfare and our 
view of ecological welfare. One important step to 
accomplishing that transition is being able to see 
the area around us as a set of seemingly unrelated 
processes that are in actuality constantly influencing 
each other in both beneficial and detrimental 
ways when it comes to the goal of sustainability. 
Only then can we hope to nurture the beneficial 
processes and revise the detrimental ones in order 
to enhance the sustainability of the HRUW. This book 
is a small, but necessary, start toward that change of 
viewpoint, and we hope that you will join us as we 
try to support the sustainability of the HRUW’s social 
and ecological systems for the benefit of all, today 
and into the future.
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