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Abstract
The purpose of this research is to identify aesthetic preferences for bioswale design
using a visual preference survey and community feedback in Gainesville, Florida.
Bioswales are a departure from the ubiquitous “curb- and- gutter” approach of traditional
stormwater management. This may cause concern to residents who do not understand
the importance of moving away from conventional systems and who are unsure why
bioswales might look the way they do. Designing in a way that is sensitive to the visual
preferences of a community can serve to align the cultural aesthetic values of a place to
the ecological function of bioswales. This research attempts to answer the following
question: “What aesthetic variables are preferred in bioswale design by residents in the
Gainesville, Florida, area?” Based on these aesthetic preferences, guidelines are
proposed to assist designers in understanding the aesthetics valued in bioswale design
in the Gainesville and North Florida area.
A visual preference study tested nine variables of visual preference:
•

Plant arrangement and characteristics of color, texture/diversity, and
height

•

Amount (%) of weed cover that is aesthetically acceptable

•

Amount (%) of browning vegetation that is aesthetically acceptable

•

Configuration of the bioswale testing curvilinear orientation versus straight

•

Use of elements such as gravel, stones, and check dams

In order to test these aesthetic variables, a bioswale archetype image of a
grassed swale was used as a base, onto which various design variables were overlaid.
Respondents ranked 25 images in terms of visual preference and rated eight images in
terms of maintenance concerns relating to overgrowth and browning of vegetation. In
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addition to the ranking and rating of images, the survey includes questions about
demographics, questions relating to the respondents’ landscape practices, and
questions about the participant’s perception of bioswales. The survey, administered
throughout Gainesville, Florida, was completed by 51 residents.
The survey findings indicate that respondents favor (1) a naturalistic design, (2)
the use of stone and gravel, (3) creating a wildlife habitat, (4) and no more than 50%
browning of plant material. Additionally, participants prefer the aesthetics of bioswales to
traditional stormwater management techniques and would like to see more bioswales
implemented in the Gainesville, Florida, area. This information will be valuable to
designers seeking to implement low-impact bioswale technologies that respond more
favorably to public acceptance.
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Chapter 1 - Introduction
The purpose of this research is to identify aesthetic preferences for bioswale design
using a visual preference survey and community feedback.
Bioswales are planted depressions used to convey, infiltrate, and treat
stormwater to effectively remove and break down several contaminants found in urban
stormwater runoff, including oil, grease, sediments, pesticides, nutrients, and metals
(Richman, 1998). Bioswales are a type of Low Impact Design (LID) and represent a
departure from traditional stormwater management practices. This may cause concern
to residents who do not understand the importance of moving away from conventional
systems and who are unsure why bioswales might look the way they do. It is important
to design with the public in mind to address any concerns and to introduce these new
ecological technologies within a recognizable framework. Designing in a way that is
sensitive to the visual preferences of a community can serve to align the aesthetic
values of a place to the ecological function of bioswales (Nassauer,1995a, 1995b).
This research will attempt to answer the question: “What aesthetic variables are
preferred in bioswale design by residents in the Gainesville, Florida, area?” Based on
these aesthetic preferences, guidelines are proposed to assist designers in
understanding the aesthetics valued in bioswale design in the Gainesville and North
Florida area.
To test these aesthetic variables, a bioswale archetype image of a grassed swale
was used as a base, onto which various design variables were overlaid, to test
preference for the following:
•

Plant arrangement and characteristics of color, texture/diversity, and
height
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•

Amount (%) of weed cover that is aesthetically acceptable

•

Amount (%) of browning vegetation that is aesthetically acceptable

•

Configuration of the bioswale testing curvilinear orientation versus straight

•

Use of elements such as gravel, stones, and check dams

These images were incorporated into a visual preference survey and
administered to participants in the community to determine what Gainesville-area
residents prefer in the aesthetic design of bioswales. Based on the results of this study,
recommended guidelines have been created for the appearance of bioswale design in
Gainesville, Florida. This information will be valuable to designers seeking to implement
low-impact bioswale technologies that respond more favorably to public acceptance.
An MLA thesis conducted at the University of Florida in 2013 by Mia Requesens
developed a methodology for community engagement with an emphasis on stormwater
management preferences. This research is an answer to Requesens’ research thesis
call for further and more detailed visual preference studies conducted for each
stormwater management tool, in this case, bioswales.
Chapter 1 provides context for the research, including a background summary of
the hydrological cycle as impacted by urbanization, the resulting regulatory measures
from said impacts, current stormwater management techniques, and a brief overview of
aesthetic critique of stormwater management.
Chapter 2 establishes a theoretical framework for the research, providing an
analysis of the relevant research literature concerned with aesthetics as applied to
ecologically functional landscapes.
Chapter 3 explains the methodology of the creation, administration, and
evaluation of the visual preference study, breaking it down into parts.
Chapter 4 outlines the findings of each section of the survey.

15

Chapter 5 discusses and interprets the findings of the survey, comparing findings
to other research. It also provides guidelines for designers to use in order to design
bioswales that respond more favorably to public acceptance.
Chapter 6 provides concluding discussions and recommendations for future
research.

Background: The Hydrologic Cycle
The hydrologic cycle can be simplified into three main phases: rainfall, runoff, and
evaporation. In undisturbed conditions, rainfall hits a surface and makes its way to the
permeable ground. At that point, some or all of that water infiltrates into the soil; what
does not, flows across the surface as runoff. When runoff moves slowly over terrain, it is
filtered of sediments and debris. Water continues to travel across the land both
superficially, as surface flow, and underground, as groundwater or subsurface flow,
joining larger bodies of water downhill. This surface water then evaporates into the
atmosphere to start the process again (see fig 1.1) (Horton, 1931)
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Fig 1.1 The hydrologic cycle
(Source:http://www.cleanair.pima.gov/more/WaterCycle.html)
In general, the hydrologic process can be summarized as having three primary
functions: (1) the hydrologic cycle recharges the groundwater supply as it infiltrates, (2)
self cleanses as it percolates through the soil and moves across land, and (3) moves
slowly across organic terrain (Richman,1998) (Horton, 2014).
The human population has grown rapidly and, as it has grown, it has blanketed
the once permeable Earth with miles of impermeable roads, driveways, sidewalks,
buildings, and parking lots. This urbanization disrupts the key functions of the natural
hydrological cycle by channelizing and speeding up water flows across impervious
surfaces and preventing groundwater recharge. It also increases flood potential,
increases the concentration of contaminants collected by water from impervious
surfaces, and causes channel destabilization (see fig 1.2) (Richman, 1998).
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Fig 1.2 Changes in water balance from land development
(Source: "Smart Growth / Smart Energy Toolkit - Low Impact Development.")

The Hydrologic Cycle as Effected by Urbanization
As rainfall hits impermeable surfaces in urban areas, it cannot percolate down, and
instead moves quickly across the relatively smooth surface. Along the way it collects
debris, chemicals and oil from cars, fertilizers, pesticides, heavy metals, and other toxins
from urban life. Conventional stormwater management techniques are concerned with
moving this contaminated water away from critical infrastructures as quickly as possible
(Richman, 1998) (Acomb et al, 2008).
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Fig 1.3 Traditional “curb and gutter” stormwater management technique.
(Source: The Village of Ossining, NY)
Two main systems are used for stormwater collection in the Unites States: (1)
combined systems and (2) separate systems (Mays, 2001). In a combined sewer system,
stormwater is typically channeled along a network of curbs to gutters where it is piped
underground and combined with raw sewage (see fig 1.3). From there it flows to a
treatment center, or it flows untreated directly into the waterways if the water volume is
too high to be received at the treatment center (See fig 1.4). This untreated stormwater
runoff enters waterways via a combined sewer outfall (CSO). This contaminated water
entering the waterway is also known as non-point source pollution, as it has collected
pollutants from various dispersed sources in the watershed. Non-point source pollution
makes up 80% of the pollution found in U.S. waterways (Richman, 1998) (Davis, 2005).
Even in a separate system, the network of curb, gutters, and pipes carries with it grease,
chemicals, oils, fertilizers, pesticides, heavy metals, and suspended solids. During heavy
storm events and peak flow times, excess contaminated stormwater is discharged into
waterways (Mays, 2001) (Richman,1998).
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Fig 1.4 Illustrating typical combined sewer system flow and combined sewer
outfall (CSO) of untreated water into waterways during high flow periods.
(Source: Eco Brooklyn Inc.)
Traditional stormwater management techniques are effective at moving water
away from critical infrastructure quickly and effectively. However, the impacts of these
techniques are wide ranging. This technique releases pollutants into waterways at a
single concentrated point and devastates ecological systems. It prevents groundwater
recharge throughout the landscape, which makes less water available for drinking. It
also has the potential to fail or backup and result in damaging and costly flooding as well
as exposure to pathogens and bacteria. Additionally, traditional techniques hide
infrastructure, denying the public an opportunity to understand stormwater treatment
methods and the impact it has on hydrological cycles. One might not realize the impacts
of disposing chemicals down their drain, for example, but they most likely would not
dump those same chemicals directly into a water body. This lack of understanding of our
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drainage systems results in continued impacts to our waterways by an unknowing public.
(Richman, 1998) (McCarthy, 2008).

Regulation / BMPs and LID
The Federal Water Pollution Control Act of 1948 became the first major law to address
water pollution in the United States. In 1972, Congress amended this law to regulate
discharges of pollutants into U.S. waterways, requiring permitting and compliance with
the National Pollutant Discharge Elimination System (NPDES). This law later became
known as the Clean Water Act (EPA). Additionally, Best Management Practices (BMPs)
were developed to mitigate the quantity and quality of runoff. While this did not stop
discharges, it reduced discharges slightly by requiring municipalities to reduce the
amount of pollutants carried by runoff. The most typical approach employs storage of
stormwater runoff in detention or retention basins. Detention basins are more commonly
used than retention basins (Richman, 1998) (Mays, 2001).
The Florida Department of Environmental Protection define detention basins and
retention basins as follows:
(a) Stormwater Detention Basin - Onsite stormwater detention refers to the
temporary storage of excess runoff on a site before its gradual release after
the peak of the storm inflow has passed. Runoff is held for a short period and
is slowly released to a natural or constructed water course, usually at a rate
no greater than the predevelopment peak discharge rate.
(b) Stormwater Retention Basin – A surface area used to store runoff for a
selected design storm or specified treatment volume. Stormwater is retained
onsite, with the storage volume recovered when the runoff percolates into the
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soil or evapotranspires. (Florida Stormwater Erosion and Sedimentation
Control Inspector's Manual, 2008).
While these basins are useful in slowing flow rates and partially settling out
suspended solids, the drawbacks include construction costs, pollutants can sometimes
be re-suspend, and because they often are engineered to meet the minimum
requirement these basins can be aesthetically unappealing. Research also shows that
these basins, along with minimizing impermeable surfaces, can reduce but do not
eliminate impacts downstream. The most successful approach includes their use in
conjunction with other low impact design (LID) techniques in a “treatment train,” a multifaceted approach utilizing various modes of conveyance and catchment to treat and
slow water locally, along its way downstream. (Kemp, 2009) (Urbonas, 2002)
(Requesens, 2013).
Low Impact Design (LID) stormwater management techniques fall under the
umbrella of BMPs and are concerned with reducing impacts downstream as well. They
are also known by the terms Environmentally Sensitive Design or Sustainable
Development (Davis, 2005). According to the New Jersey Stormwater Best
Management Practices Manual (2004) LID seeks:
“…to reduce and/or prevent adverse runoff impacts through sound site planning
and both nonstructural and structural techniques that preserve or closely mimic
the site’s natural or pre-developed hydrologic response to precipitation. Rather
than responding to the rainfall-runoff process like centralized structural facilities,
low impact development techniques interact with the process, controlling
stormwater runoff and pollutants closer to the source and providing site design
measures that can significantly reduce the overall impact of land development on
stormwater runoff. As such, low impact development promotes the concept of
designing with nature.”
Non-structural techniques include minimizing site impacts, disconnecting and
minimizing use of impervious surfaces, maintaining natural drainage features, and
minimizing the use of lawns and non-native plants. To further manage runoff, structural
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features may be employed that store, filter, and/or treat stormwater runoff on site. Unlike
the large detention and retention basins typical of BMPs, LID features are smaller and
constructed at the site scale. They tend to be distributed throughout the site for smaller
quantities of runoff, which more closely mimics predevelopment hydrology. These
techniques provide a variety of functions that include reducing flow speeds, which allows
for percolation and recharge of the groundwater supply, filtering out pollutants as water
passes through multiple substrates of vegetation, soil, and gravel, and enhancing
biodiversity. Examples of these features include depressions that collect water known as
rain gardens, rain barrels to capture roof runoff, small-scale infiltration basins, and
bioswales, which are vegetated linear drainage ways that convey water (see fig 1.5)
(Richman, 1998) (Acomb et al, 2008) (New Jersey Stormwater Best Management
Practices Manual).

Fig 1.5 LID site plan
(Source: http://aquafluxus.com.br/?p=2032)
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Stormwater management will become a more critical issue as populations
continue to grow and urbanization continues to develop into the natural landscape,
negatively impacting our water resources (Requesens, 2013). Florida’s population is
expected to double by the year 2060, up to 38 million. It is projected that 7 million acres
of land will be converted to urban uses
to accommodate this growth in
population (see fig 1.6) (“Florida 2060”).

Florida deals with a large
volume of runoff due to its high amount
of yearly rainfall (54” annually versus
the national average of 30”) (Florida
Drought Conditions, 2009). Additional
urbanization will further constrain
Florida’s current stormwater
management strategy.
The conventional models of endof-pipe management are not
sustainable. Of the 1.4 million water and
sewage pipes cross the country, 1 in 5
is reaching their structural expiration
date (Kemp,2009). Every day, an
average of 700 water main breaks occur
Fig 1.6 Development projections for 2060 by
1000 Friends of Florida
(“Florida 2060”)

across the country. The cost of patching
up these failing systems is $50.7 billion
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each year and it is estimated that it would cost up to $1.1 trillion to build and replace
water and sewage lines in the next 20 years (Hollands, 2010). With nationwide budget
cuts, local municipalities are burdened with maintaining this infrastructure with limited
funds (Kemp,2009).
Florida is sixth in the country for groundwater use. Florida’s projected population
growth will tax this resource further, leading to critical water supply problems for several
areas within the state in the next 15 years (Koch-Rose, 2011). Further development to
accommodate this growing population increases the impermeable land surface, which
prevents groundwater recharge and exacerbates these concerns.
It is time to re-imagine water management. BMP/LID practices are the first
attempt at envisioning a holistic, sustainable, and more affordable approach to water
resource management. In fact, there is a small, but growing body of research that
indicates LID techniques can be quite cost effective, with an estimate of 15% to 80% in
cost savings (Penniman, Hostetler, and Acomb, 2012).
In 2007, the Environmental Protection Agency (EPA) conducted nationwide casestudies as part of a report comparing the cost of LID with traditional development
approaches. The EPA reported a cost savings of at least 15% for all LID projects when
compared to conventional development approaches, with the exception of one (see table
1.7) (Reducing Stormwater Costs through Low Impact Development (LID) Strategies and
Practices, 2007).
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Table 1.7 Summary of cost comparisons between conventional and LID
approaches
(Source: Reducing Stormwater Costs through Low Impact Development (LID) Strategies
and Practices, 2007)
Implementing LID technologies can reduce the volume of water moving through
pipes, address stormwater on site and allow some of it to percolate and recharge
groundwater supplies, as well as filtering toxins that would normally need to be treated in
a water treatment center or dumped directly into waterways (Davis, 2005) (Harris, 2013).
Although many benefits exist in implementing BMP/LID techniques, several barriers
stand in the way of more ubiquitous implementation. These barriers include perceived
costs, perceived maintenance concerns, lengthy permitting processes, and public
acceptance issues, particularly aesthetics (Davis, 2005) (Harris, 2013).
In 2009, the University of Florida (UF) Program for Resource Efficient
Communities (PREC) conducted four regional workshops in Florida (Jacksonville,
Orlando, Palm Coast, and Ocala) to obtain feedback from practitioners about LID
implementation issues. The goal of these workshops was to provide practical LID
implementation information and to facilitate discussion about strategies for advancing
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LID projects in Florida. The workshop presented an LID development plan for a 170-acre
residential community and asked practitioners to identify and rank the challenges of
implementing LID if this project were proposed in their region. Table 1.8 lists the number
of comments and the percentage of comments that fall under each category. This table
indicates that lack of public awareness, issues with acceptance of LID, and uncertainties
about LID preferences were perceived to be the most critical issues with implementing
the LID project (Jennison et al., 2011).

Table 1.8 Number and percentage of comments listed per category of LID
challenge
(Source: Jennison et al., 2011).
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Aesthetics of Stormwater Management
In creating landscapes for ecological function, aesthetics often takes a back seat as
driver of form. The potential for conflict between ecological goals and aesthetic
preferences can be significant (Parsons, 1995). Ecological function is not always
perceived to be aesthetically pleasing, just as aesthetically pleasing landscapes are not
necessarily ecologically functional (Zhang, 2013). Several studies have found a
discordance between ecological quality and aesthetic preference (Junker and Buchecker,
2008)(Parsons, 1995; Williams and Cary, 2002; van den Berg and Vlek,1998). This also
is exemplified in some of the BMP retention techniques that often times are
characterized by a basin surrounded by a chain link fence: it was designed to comply
with liability concerns and perform a function, but no consideration was given to its
aesthetics (see fig 1.9). Another example can be found in the dry detention basins
outfitted with concrete flow channels that civil engineers have been designing for
decades. While they can handle small amounts of water, they are inadequate to channel
large-flow events and have been engineered without consideration of aesthetics (see fig
1.10) (Brandes).
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Fig 1.9 Retention pond with surrounding chain link fence has been given no
aesthetic consideration.
(Source:http://www.usouthal.edu/geography/fearn/480page/02Jordan/Fig4.jpg)

Fig 1.10 Detention basin with unsightly cement flow channels.
(Source: Brandes)
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Paul Gobster, a social scientist with the United States Department of Agriculture
(USDA) Forest Service, who focuses on the perception and experience of landscapes
("Scientists & Staff." 2015), states that in order for LID to achieve full public support over
traditional stormwater management techniques, aesthetics must be addressed (Gobster,
2000). Human-dominated places are made up of landscapes reflecting cultural norms
and aesthetics that are resistant to change. At times, these anthropocentric landscapes
are not ecologically sustainable, and new approaches to preserve ecosystem vitality
must be introduced (Nassauer, 1995a) (Gobster, 2000).
One approach proposed in LID is the bioswale. Bioswales are planted
depressions used to convey, infiltrate, and treat stormwater to effectively remove and
break down several contaminants found in urban stormwater runoff, including oil, grease,
sediments, pesticides, nutrients, and metals. As stormwater enters the bioswale,
vegetation and rough surface textures slow down the water and maximize the time spent
in the swale before being conveyed. This allows for infiltration and treatment of the runoff.
As water percolates through root systems and several layers of soil and gravel,
contaminants are immobilized or taken up by plant material before recharging the
groundwater supply (see fig 1.11) (Richman).
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Fig 1.11 Example of a parking lot bioswale
(Source: Erika Mayer)
1. When it rains, stormwater runs off hard surfaces such as parking lots, streets,
roofs, and sidewalks. When the water washes over these surfaces, it collects
contaminants and debris such as motor oil, fertilizers, pesticides, sediment, and
trash.
2. Traditionally, this polluted water is collected in a gutter and piped to a treatment
center or untreated into water bodies.
3. Bioswales provide an alternative to traditional methods. Water is first channeled
to the bioswales. Then the plants and rough surface in the bioswale help to slow
the water down and maximize the time spent in the bioswale before moving down
stream. This gives the water a chance to absorb into the ground and trap
sediment and pollutants.
4. As the water begins to soak into the ground, plants roots, and several layers of
gravel and soil help to cleanse the water before it enters the local aquifer. This
process also allows storm water to replenish the groundwater supply.
The following are examples of bioswales used in various applications: roadway
median, roadside, residential, and parking lot. They represent some of the common
applications, varying aesthetics, and diversity of this tool. (See fig 1.12-1.15)
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Fig 1.12 Road
median bioswale
(Source: Aaron
Volkening/flickr)

Fig. 1.13
Roadside
bioswale planted
naturalistically
(Source:
http://www.semcog
.org/data/lid.report.
cfm?lid=174)
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Fig 1.14 Bioswale
in a residential
application
(Source:
http://www.bioswal
e.com/bioswaleprojectgallery/bios
wale-pleasant-hillca/dsc00119/)

Fig 1.15 Parking
lot bioswale
(Source:http://www
.werf.org/liveablec
ommunities/studie
s_truckee_nv.htm)

Bioswales are a departure from the ubiquitous “curb- and- gutter” approach of
traditional stormwater management. Bioswales daylight stormwater management
processes that are traditionally managed below surface. This may cause concern to
residents who do not understand the importance of moving away from conventional
systems and who are unsure why bioswales might look the way they do. It is important
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to design with the public in mind to address any concerns and to introduce these new
ecological technologies within a recognizable framework. Designing in a way that is
sensitive to the visual preferences of a community can serve to align the aesthetic
values of a place to the ecological function of LID (Nassauer,1995a, 1995b). As a result,
it will facilitate the progress of LID as a viable stormwater management alternative.
This research will be conducting a detailed visual preference study of bioswales
in the Gainesville, Florida area to answer the following question: “What aesthetic
variables are preferred in bioswale design by survey participants in the Gainesville,
Florida area?” Based on these preferred aesthetics, guidelines have been formed to
assist designers and engineers in aligning the aesthetics valued in the Gainesville area
with the ecological function of bioswales.
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Chapter 2 - Literature Review
Ecological goals and cultural aesthetic preference for landscapes have the potential for
conflict (Parsons,1995). Introducing ecologically functional design to urbanized areas
may cause issues with visual preference because ecological aesthetics and cultural
landscape aesthetics may not align. This chapter introduces landscape aesthetics and
the two schools of thought within ecological aesthetics: (1) those who believe ecological
function should drive forms in landscape architecture, and (2) those who believe
ecological design should be placed within the recognizable framework of conventional
aesthetics to be accepted by a wide public; and the role of cultural landscape aesthetics
as applied to ecological design.

Aesthetics and Beauty
In his text, Living in the Landscape, philosopher Arnold Berleant, succinctly
characterizes the natural progression of aesthetic theory in history as follows:
“Just as art emerges in the impulse to make things, human curiosity demands
explanations. Myths and tales begin to offer them. These flower in to the literary
arts, but they also lead to more direct and deliberate attempts to understand and
explain the forces that affect human life. Religion and philosophy appear. In the
effort to grasp the significance of the artistic impulse and the unusual pleasures
that art and the appreciation of nature evoke, people have devised explanations
of the character of such satisfactions. These are formalized in the area of
philosophy known as aesthetics, which concerns itself with special values found
in making and appreciating art and in the enjoyment of natural beauty” (Berleant,
1997).
The Oxford English Dictionary defines aesthetics as “knowledge derived from the
senses,” while Merriam Webster more narrowly and directly ties aesthetics to beauty
when defining it as “of or relating to art or beauty.” The perception of the aesthetics of a
place or thing can be said to be stimuli of the senses and the pleasurable reaction they
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incite. “Indeed, the notion of beauty seems deeply imbedded in our conception of
aesthetic” (Porteous, 1996).
Neal Benezra, director of the San Francisco Museum of Modern Art, asks in his
book Regarding Beauty, “Is beauty in the eye of the beholder, or does it reside instead
within the limits of the object beheld?” This question has colored beauty and aesthetic
theory for quite some time. Ancient Greek philosophers believed beauty lay in the object
itself in the way of proportion, symmetry, and order. The Golden Mean became a
celebration of beauty (Zhang, 2013) (Benezra et al.,1999). During the seventeenth
century, beauty came to be seen outside the object or place, as a subjective experience.
This led to aesthetics in the eighteenth century as beauty ‘felt,’ and determined by the
viewer. Today, measures of both subjective and objective beauty have persisted.
In an interesting experiment, Vitaly Komar and Alexander Melamid sought to find
the universality of beauty in art by conducting international polling of artistic elements.
Their results revealed the following conclusion:
“…beauty as a social construction [is] motivated by subjective factors (taste,
geography, economics, and cultural tradition) rather than an overarching set of
absolutes” (Benezra et al.,1999).

Aesthetics in the Landscape
Historically, these concepts can be seen reflected on nature in the Dutch landschap
paintings of the seventeenth century, the picturesque landscape gardens of the
eighteenth century, and the landscape paintings of the Romantic Era in the early
nineteenth century as a response to the Industrial Revolution (Berleant, 1997) (Corner,
1999). The paintings from the Pastoral movement of the Romantic Era depict expansive
views, wide lawns, gardens, and a subdued nature tamed by man (Rabb, 2009). The
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paintings of these eras became so popular during their time that they began to shape the
way landscape and estate designers devised the landscape, often creating opportunities
and vistas for future paintings (Corner, 1999) (Barnett).
Cultural views of nature came to be shaped by pictorial landscapes and have
become so imbedded in perception that their cultural origins are no longer recognized.
This contrived version of nature is now equated with a measure of ecological quality and
harmony (Nassauer,1995a). There is a difference between ecological landscapes and
those perceived to be ecological landscapes; in the latter, the ecological function may or
may not be there. Joan I. Nassauer, who works in the field of ecological design and is
Professor of Landscape Architecture at the University of Michigan, suggests that the
solution to bridge this gap is to design in a way that manages cultural expectations of the
landscape while addressing ecological function. It requires translating the language of
ecology into cultural vernacular (Nassauer,1995a) (Eaton, 1989).

Aesthetics in Ecological Design and Landscape Architecture
In terms of ecological design, aesthetic considerations can sometimes seem to be
superficial luxuries in the face of pressing ecological priorities (Meyer, 2008).
“[A]esthetics is often considered a kind of froth, difficult to analyze, easy to blow away.”
(Lynch, 1976). This is curious considering landscape aesthetics can evoke such
powerful emotions; consider some of our natural treasures like the rainbow geysers of
Yellowstone National Park (see fig. 2.1).
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Fig 2.1 Rainbow geyser, Yellowstone National Park
(Source: http://mostbeautifulplacesintheworld.org/?p=2814)
The public may not fully understand the natural processes, or their function and
importance, but there would certainly be an outcry if there were a proposal to alter it in
any way. Additionally, “amenity migration,” which is the phenomenon of people moving
to areas of scenic beauty, has been identified as one of the most important drivers of
landscape change in the U.S. (Gobster et al, 2007).
“…aesthetic experiences evoked through perception of the landscape powerfully
and regularly engage people with ecosystems. This implies that landscapes that
are perceived as aesthetically pleasing are more likely to be appreciated and
protected than are landscapes perceived as undistinguished or ugly, regardless
of their less directly perceivable ecological importance.” (Gobster et al., 2007)
In terms of landscape architecture, a shift toward ecological integrity can be
traced back to 1969 and Ian McHarg’s seminal work Design with Nature. Before this

38

work, landscape architecture had primarily been concerned with aesthetics, typified by
the writings and work of Theodora Kimball, Henry Hubbard, John Simmonds, Garret
Eckbo and James Rose, among others (Mozingo, 1997). In Design with Nature, McHarg
introduces a model for determining ecologically sound landscape suitability based on
biophysical analysis and logic. He believes this model for suitability supersedes all other
considerations and frees ecological function from the “shackles” of aesthetic convention
(Mozingo, 1997) (McHarg, 1969) (Zhang, 2013).
This marked a shift in landscape architecture discourse that split the discipline
into two camps on the issue of aesthetics. For some, design based purely on aesthetics
carried a superficial stigma. This came to be known as “ecological determinism” and was
criticized for being anti-humanistic and culturally naïve (Mozingo, 1997). Not long after,
this shift to ecology as determinant of design was met with proposals to incorporate
aesthetics into the discourse, most notably in the 1976 article Visual Ecology, by Robert
L. Thayer, founder of the Landscape Architecture Program at the University of California,
Davis (Zhang, 2013). The consideration of aesthetics in ecology came to be known as
“ecological aesthetics,” and marked an area ripe for conflict. In The Shared Landscape:
What does Aesthetics have to do with Ecology? the authors point out the following:
“The ecological value of a landscape might, in and of itself, give pleasure to a
person who knows how to recognize relevant ecological phenomena. This
recognition may occur separately from or along with the feeling of pleasure that is
understood as aesthetic experience. Whether the pleasure that derives from
recognizing ecological value ‘‘counts’’ as an aesthetic experience is at the heart
of the aesthetics–ecology controversy” (Gobster et al, 2007).
There are times where ecological quality and aesthetics will align, but this is not
always the case. What is aesthetically pleasing may not be ecologically responsible, as
exemplified by the lawns common to the cultural landscapes of the U.S. (Gobster et al,
2007). This idea is echoed in Thayer’s 1989 article, The Experience of Sustainable
Landscapes, where he writes that ecologically valuable landscapes are not necessarily
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beautiful (Thayer, 1989). An example of this can be found in the case of a prairie and
savannah restoration in the Forest Preserve District of DuPage County west of Chicago.
Ecologists held that in order to restore the landscape’s ecological function, exotic trees
needed to be removed from the site and periodic controlled burns were needed. This
was met with community resistance; they preferred the trees for aesthetic, recreational,
and privacy reasons. Additionally, they maintained that the dense canopy cover helped
to counter urban heat island effect and improved air quality more effectively than the
prairie/savannah landscape being proposed. During this study, social science researcher
Paul H. Gobster concluded that instead of arguing which values were more important, it
was best to respect the legitimacy of all views and find a way to best integrate them to
achieve the combined goals of ecological function and aesthetics. He conceded that this
would not be an easy task, but is increasingly necessary (Gobster, 2000). During his
doctoral research on the aesthetic attributes of green infrastructure at the University of
Florida, Bo Zhang identified four possibilities for aesthetic and ecological combinations:
“a landscape can be (1) beautiful and ecologically functional, (2) ecologically functional
but not beautiful, (3) beautiful but not ecologically functional, (4) not beautiful and not
ecologically functional” (Zhang, 2013). The first possibility seems the most appropriate in
terms of accomplishing both ecological and aesthetic goals, but how do we get there?
Zhang goes on to ask, “Should one be innovative or conventional?” (Zhang, 2013). In
other words, should designers be innovative in their design of ecological landscapes,
introducing new forms and aesthetics, or should they create ecological landscapes
within a conventional, recognizable aesthetic?
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Ecological Aesthetics
There are largely two schools of thought in ecological aesthetics and design: (1) those
who believe ecological function should drive forms in landscape architecture, and (2)
those who believe ecological design should be placed within the recognizable framework
of conventional aesthetics in order to be accepted by a wide public. Theorists such as
Catherine Howett, James Corner, and Michael Hough, believe designers must move
away from conventional aesthetics, where new forms and innovation will come forward
in ecological aesthetics. Others such as Joan Nassauer and Louise A. Mozingo, believe
designing ecologically healthy landscapes can be achieved and accepted by a wider
audience using vernacular landscape cues (Nassauer, 1997).

(1) Ecology as Driver of Form
Starting with McHarg’s writings, this idea of ecological determinism is echoed in the
writing of landscape architect Anne W. Sprin, who wrote the following in 1988:
“Patterns formed by nature’s processes and their symmetry across scales have
long been appreciated by close observers of the natural world. Recent
developments in mathematics and science afford new insights into this geometry
and aesthetics of form generated by dynamic processes, be they natural or
cultural, and point to new directions for design” (Spirn, 1988).
Landscape architect Michael Hough advocates for finding new alternatives to
form from natural processes and bridging the gap between urbanism and nature. He
points out that the “pedigree” landscapes typified by expansive lawns have low
biodiversity and use up resources such as water and fertilizers to keep it looking healthy,
which he describes as follows:
“…aesthetic and cultural baggage of a past era, transported to hostile climatic
environments and wholly inappropriate to them” (Hough, 1984) (Mozingo, 1997).
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Additionally, like McHarg, he states that landscape aesthetics should be shaped by
ecological goals; design objectives can be integrated afterward (Mozingo, 1997). The
idea is that by bringing to light and reintroducing natural processes that are largely
hidden from urban living, new forms will result, connecting the user with nature and
fostering an understanding of natural processes. These new forms will serve as the new
ecological aesthetic (Howett, 1987). The assumption is that these new forms will be
meaningful and accepted because the user will recognize the ecological function and
therefore it’s value and beauty (Lyle, 1994).
In his essay Ecology and Landscape as Agents of Creativity, landscape
architecture theorist James Corner calls for invention of new forms that move away from
the “calcified conventions” of how people relate to landscapes characterized by singular
uses, pictorial qualities, and hierarchy. These new forms would enable dynamic
landscapes that allow for improvisation and change, taking on a “self-organizing life of
their own” (Corner, 1997).
“…a truly ecological landscape architecture might be less about the construction
of finished and complete works, and more about the design of ‘processes,’
‘strategies,’ ‘agencies,’ and ‘scaffoldings’ – catalytic frameworks that might
enable a diversity of relationships to create, emerge, network, interconnect, and
differentiate” (Corner, 1997).
He goes on to point to architect Rem Koolhaas’ proposal for the Parc de la Villette in
Paris as one that exemplifies this approach:
“The resultant ‘image’ of such designs may not be one that is currently thought to
be ecological in appearance (which, as I have argued, remains fallaciously bound
up with ideas of untouched and native ‘nature’), but its strategic organicism--its
deployment as an active agent, a metabolic urbanism--aspires to nothing less
than the injection of indetermination, diversification, and freedom into both the
social and Natural worlds – values that are surely central to any ecological, moral,
and poetic notions about evolutionary and creative life’ (Corner, 1997).
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(2) Ecology Within a Recognizable Framework of Cultural Aesthetics
The other school of thought on the topic of ecological aesthetics is primarily concerned
with public acceptance. It is suggested that in introducing ecological design society-wide
in the form of public infrastructural improvements, construction codes, as well as
voluntary adoption of new sustainable techniques, it is important to strategize and
present these designs within the existing aesthetic framework. Using familiar aesthetic
language that will communicate to the public the ecological benefit of the design while
making it clear that the design is intentional, managed, and cared for. Nassauer points
out that the public responds to signs of human intention in the landscape and that this
intention is communicated through the way a landscape looks. Where this intention
seems absent, sites may be mistaken for neglected lands or lands awaiting development,
which can mean the difference between “a nature preserve and a dumping ground”
(Nassauer, 1995a). She suggests that including cues of human intention is the way to
design ecosystems recognized for their function and beauty. These cues can be
determined through research on aesthetic preference (Nassauer, 1995a) (Zhang, 2013).

Aesthetics and the Role of Culture
Zhang contends that most anthropocentric environments are shaped by the forms of the
last three thousand years. Changes in aesthetics are a response to geography, climate,
societal, and cultural needs (Zhang, 2013) Nassauer states that human-dominated
landscapes are a reflection of cultural norms that are resistant to change. This
resistance is because landscape appearance is perceived to be an indication of those
who care for it (Nassauer, 1995a,1995b). In a study conducted in the Minnesota
suburbs, participants were asked to describe the owners of homes based on their
landscape. The owners were described as hard workers, lazy, bad neighbors or good
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neighbors, and stewards, all based on the appearance of their land (Nassauer, 1995b).
In order to make changes accepted by the public, Nassauer believes they need to be
placed within a recognizable framework. The average citizen may say and feel that they
care about the environment, but if one were to propose to that same citizen to convert
their lawn to a native or xeric landscape that would save them money and conserve
water resources, you may find there is a hesitation to adopt what could seem like a
“radical” or “fringe” landscape. This is because for many, the landscape is a reflection of
themselves: their class, their neighborliness, how hard working they believe themselves
to be. In the U.S., a neat, clean, weed-free lawn tends to be the status quo landscape; a
sign of pride and esteem (Nassauer, 1995a). It is the power of these implications that
drives people to design landscapes of convention,
“People make landscapes according to what they believe their neighbors will
think or cautious assessment of market expectations” (Naussauer, 1995b).
This sentiment of resistance to change can be summarized by the acronym
“NIMBY” which stands for “Not in my back yard.” It means resistance to change of one’s
landscape for fear of what it may reflect upon them. This can occur even when they
believe the change would be beneficial and should be made, they just do not want it
happening near them (Nassauer, 1995a).
The NIMBY phenomenon is precisely why this school of thought, which is
concerned with public acceptance, believes visual preference must be considered when
introducing ubiquitous infrastructural changes. Resistance from the public could set back
sustainable, LID development advances so desperately needed, all over the issue of
aesthetics. Additionally, Zhang warns that placing too much emphasis on the role of
ecological knowledge leads to the “’if ecological, then beautiful’ illusion” (Zhang, 2013).
In her 1997 paper The Aesthetics of Ecological Design, landscape architect Louise A.
Mozingo states the following:
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“Ecological spaces, especially those in close proximity to urbanized areas where
most people live, should be appealing aesthetic experiences. If we expect the
public to enthusiastically reorganize its environmental preferences, the ecological
landscapes themselves should engage public interest and motivate support for
their expansion and replication. This is central to the acceptance and promotion
of ecological design” (Mozingo, 1997).
She goes on to say that positive public reception to ‘in the ground’ projects
exemplifying the marriage of ecology and aesthetics are what will facilitate the radical
shift of environmental priorities needed (Mozingo, 1997). In 1997, McHarg himself
conceded that aesthetics had a place in ecological design when he stated it would
“require a fusion of science and art” (McHarg, 1997).

The Issue of Public Acceptance
One cannot have the discussion of ecological design and aesthetics without addressing
the issue of public acceptance. Nassauer points out that cultural landscapes are
resistant to change. There are many examples where this is the case. In 2014, the
Gainesville Community Redevelopment Agency held a meeting with community leaders,
stakeholders, engineers, landscape architects, students, and representatives from Public
Works to discuss the redevelopment of a previously demolished public housing site. The
idea was to create a mixed use, mixed income site in a largely residential sector of East
Gainesville, Florida. Designers put forth ideas for sustainable, low-impact designs for
stormwater management, similar to those employed by an LID community on the other
side of town. The response from members of this community was that they did not like
the aesthetics of LID and did not want LID implemented at the proposed site in East
Gainesville. There are many variables that could be examined for why this was the
sentiment among this group; however, this demonstrates that aesthetics matter, even
over issues of ecological health. Psychologist Terry C. Daniel asks in Aesthetic
Preference and Ecological Sustainability in the anthology Forests and Landscapes,
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whether people prefer sustainable landscapes. He concludes that while the public may
support the idea of ecological health, they may not like some of the techniques and
resultant landscapes of getting there. Natural agents found in forest ecosystems such as
insects, disease, fire, etc., are not typically favored by the public “either as process or for
their most obvious and visible effects on the forest” (Daniel, 2001). Daniel goes on to say
that ecological systems are in constant flux, even those stages favored by the public are
temporal (Daniel, 2001). The question is how to accommodate aesthetic preference in a
dynamic system in flux?
Another issue that often comes up in ecological design is public aversion to
native plants, some of which are not propagated to have massive flowers and extended
bloom times like some ornamentals. Instead, their value lies in their function within the
ecosystem as a food source and habitat. It should be noted that there is a growing
sector of the population who appreciates native plants for their beauty, the wildlife they
attract, and the lack of resources they require if planted within their native range. Still,
for the vast majority of the public, native plants have a perceived impression of “messy”
or un-maintained plants. Municipalities often plant native landscapes in groupings that
are laid out in a way that demonstrates intention and care to avoid this misconception by
the public (Harris).
Both Mozingo and Zhang point to numerous experiments and research that
demonstrate public aversion to certain landscapes and the importance of visual
preference testing: (Kaplan and Kaplan, 1989) (Littlewood, 1996) (Ulrich, 1981) (Vining,
Danial, & Schroeder, 1984) (Ribe, 1990) (Schroeder, 1991) (Purcell and Lamb, 1998)
(Hull et al., 2001) (Nassauer, 1992, 2004) (Gobster and Westphal, 2004)
(Mozingo, 1997) (Zhang, 2013).
There is a perceived issue with public acceptance of ecological aesthetics. While
the public may support the concept of ecological health, they may not like some of the
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techniques and landscapes that result. Further research of public visual preference of
ecological design must be conducted to better understand aesthetic concerns.

A Call for Research and Testing
It no longer seems feasible to have mass expanses of natural, unpopulated areas,
where nature exists “over there” and development and urbanization exists “over here”
(Amidon et al, 2009). In order to accommodate the needs of a growing population as
well as those of the planet and its continued function, adaptation of our conventional
management strategies must occur (Requesens, 2013). As Spirn suggests in her article
The Poetics of City and Nature, when natural processes are neglected in city design, the
risk of natural hazards and the degradation of natural resources increases; a sense of
connection to a larger whole beyond ourselves is forfeited (Spirn, 1988). Nature must be
reintroduced to our daily environments. A better interface must be designed where the
public can begin to understand and protect ecological function.
Marica Muelder Eaton, Professor of Philosophy at the University of Minnesota,
points to theorist J.O. Urmson who suggests, “…that we empirically discover what
criteria people apply when they respond in ways that they identify as aesthetic.” These
criteria can be determined through research (Eaton, 1989). Ecological design must be
researched and tested in terms of aesthetic preference and ecological function, which
can then be distilled into applicable guidelines (Zhang, 2013).
Bioswales are one example from the ecological design toolkit and begin to
address some of the impacts of urbanization on the hydrological cycle by mimicking
natural processes. As ecologically functional designs, their aesthetics may not be
embraced by a wide audience.

47

Ecological goals and cultural aesthetic preference for landscapes have the
potential for conflict (Parsons,1995). Research will reveal whether allowing ecological
function to drive design or placing ecological design within a recognizable framework is
the most conducive approach to begin weaving ecological design within our urbanized
areas.
This research will be conducting a detailed visual preference study of bioswales
in the Gainesville, Florida, area in an attempt to answer the following question: “What
aesthetic variables are preferred in bioswale design by participants in the Gainesville, FL
area?” Based on these preferred aesthetics, guidelines have been formed to assist
designers in aligning aesthetics valued in the Gainesville area with the ecological
function of bioswales.
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Chapter 3 – Methodology
The purpose of this research is to identify aesthetic preferences for bioswale design
using a visual preference survey and community feedback. A visual preference survey
was developed in order to test Gainesville, Florida, residents’ aesthetic preference of
bioswale design. The survey method was selected for convenience of showing variable
bioswale design scenarios with the intent of eliciting feedback from respondents. The
objective of the survey was to reach a representative demographic of Gainesville
residents, determine their aesthetic preference of bioswale design, and use their
feedback in the creation of guidelines to assist designers in understanding the aesthetics
valued in the Gainesville area.

Scope of Research
The visual preference survey tested a variety of aesthetic variables in bioswale
design:
•

Plant arrangement and characteristics of color, texture/diversity, and
height

•

Amount (%) of weed cover that is aesthetically acceptable

•

Amount (%) of browning vegetation that is aesthetically acceptable

•

Configuration of the bioswale testing curvilinear orientation versus straight

•

Use of elements such as gravel, stones, and check dams

Patterns of aesthetic preference were identified, as well as those relating to
demographics, and later used to formulate guidelines for bioswale design in the
Gainesville area.
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The visual preference study along with methods and locations for engaging with
respondents was submitted to the University of Florida’s Institutional Review Boards.
The study was approved and included a consent form informing respondents of their
rights and allowing their answers to be used in this research (See Appendix A).

Survey Methodology Overview
The visual preference survey addresses the question, “What aesthetic variables are
preferred in bioswale design by respondents in the Gainesville, Florida, area?”
The survey is organized as follows:
-

Cover page with the definition of a bioswale and an example image of a grassed
bioswale (which later serves as the base image for all subsequent bioswale
images).

-

One page of demographic questions relating to gender, age, ethnicity,
occupation, education, housing type, and ownership.

-

25 images that rank* preference with two follow-up questions that probe
respondents about what they like about their most favorite and what they most
dislike about their least favorite. These images test preference for plant
arrangement, color, texture/diversity, use of weirs, and configuration.

-

Three questions relating to how much time and resources the participant spends
in their own landscape.

-

Eight images to rate* the tolerance for seasonal browning and overgrowth of
plant material.

-

Five questions relating to how respondents feel about bioswales and whether
they would like to see them implemented in their own landscapes and
communities.
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*Please note the distinction between “ranking” and “rating.” In ranking people must
chose and order images from the given options, while in rating, respondents may choose
to opt out of rating any scene, or give multiple scenes the same rating (Heiss, 2007).
The following is a break down of each section of the study and its intention.

Cover Page
The cover page of the study introduces respondents to bioswales. It includes the
definition for a bioswale as follows:
“A bioswale is a linear vegetated depression used to move stormwater. In
addition to serving as a flood control, it also treats stormwater as it filters through
the vegetation and soil, improving water quality. Bioswales are used as a
sustainable alternative to traditional stormwater management techniques, which
pipe contaminated stormwater to a treatment center or directly into waterbodies.”
Along with the definition, the cover page shows an image of the grassed bioswale used
as a base image for the ranking portion of the survey (See fig 3.1).

Demographic Questions
The first page of demographic questions identifies the respondents’ backgrounds and
gauges the diversity of respondents. The questions ask respondents their gender, age,
ethnicity, occupation, education, housing type, and ownership.

Twenty-five Images for Visual Preference Ranking
The following images tested preferences for individual variables (in order):
-

Vegetation height

-

Vegetation texture

-

Vegetation arrangement

-

Use of gravel and stone

-

Use of check dams (weirs)

-

Configuration
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-

Use of color (vegetation)
The images were uniform in view and used the same de-saturated base image to

isolate the variables and make them stand out in the scene. (See fig 3.1) The images
were presented in axonometric view, seen from average standing height (six feet),
approximately eight feet from the start of the bioswale.

Fig 3.1 De-saturated base image of grassed swale at Gainesville Regional Airport.
The base image depicts a roadside, grassed bioswale located at Gainesville
Regional Airport. A roadside bioswale was chosen as the archetype, the assumption
being that it is the most commonly used, municipally implemented type of bioswale. Onto
this base image, scenes were created to test each variable by arranging elements onto
the image using Adobe Photoshop.
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Category Images
The following images were created for each of the categories (listed above) to be rated
by respondents. The number of images per category range from two to four, depending
on the complexity of the variable being tested. They are arranged in order from minimal
to extreme for each variable.

Height
This category determines preference for vegetation height and whether a clear line of
sight is preferred over a more full, vegetated planting. One type of grass was used
throughout to keep the focus on height as the variable (see fig 3.2).

Fig 3.2 Images testing preference for height
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Texture
This set of images tests uniform texture versus varying grades of texture at 20%, 50%
and 80%. These percentages illustrate a realistic range of diversity, with visible
differentiation between one image to the next. Texture was subsequently added to the
same image as percentage increased. To the extent possible, other variables such as
color were omitted from the images to isolate the variable of texture (see fig 3.3).

Fig 3.3 Images testing preference for texture
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Arrangement
The arrangement category is concerned with placement of vegetation, testing three
types: Uniform with no breaks, uniform with breaks, and random naturalistic. This
represents the three most common landscape arrangements. A monoculture of grass
was chosen to keep the focus of evaluation on arrangement and not plant material,
color, height or any other variable (see fig 3.4).

Fig 3.4 Images testing preference for arrangement
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Use of gravel and stone
This category concerns itself with the use of landscape stones and gravel with three
images that depict no gravel, moderate use of gravel, and use of gravel with larger
landscape stones. In bioswale design, gravel is used as an added layer of filtration as
stormwater percolates through. In some cases it can be incorporated below the topsoil.
To isolate this variable, the same planting design was maintained throughout all three
images to keep the focus of evaluation on the use and amount of gravel and away from
other variables such as plant material choice (see fig 3.5).

Fig 3.5 Images testing preference for use of gravel and stone
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Use of check dams
These images address the use of check dams, also known as weirs. The term check
dam was used in the study because it is a more familiar term to the public. In bioswale
design, Check dams are used to alter the water-flow characteristics by collecting and
holding water behind the dam structure until it reaches a certain height and spills over
into the next pool. This slows water moving downstream and maximizes time spent in
each section, giving the water a chance to percolate. These images test preference of
structure type: No check dam, rectangular check dam, stone check dam, and v-notch
check dam. To isolate this variable, the same planting design was maintained
throughout all four images to keep the focus of evaluation on the use and appearance of
check dams (see fig 3.6).

Fig 3.6 Images testing preference for check dams
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Configuration
These two sets of images test the preference for a linear approach versus a curvilinear
one, shown with and without vegetation to demonstrate what it would look like grassed
or planted, as well as to clarify what was being tested in the scene (see fig 3.7).

Fig 3.7 Images testing preference for configuration
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Color of Vegetation
These images test the use of color in plant material. The first image presents only
shades of green in plant foliage, the next introduces 20% color through blooms, and the
last image shows color through blooms and differing foliage color at 50%. These
percentages were chosen because they illustrate a typical range of color, with visible
differentiation between one image to the next. The images are intended to depict blooms
in the spring season, primarily utilizing Florida native plants (see fig 3.8).

Fig 3.8 Images testing preference for color
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Additional Questions Relating to Participant Landscape Practices
This section asks three questions about how much time and resources the respondent
spends in their own personal landscape. The questions ask how much time they
dedicate in their landscape each month, whether they hire a service to provide
landscape maintenance, and if they have a lawn and how often it is mowed. The intent
of these questions is to determine the landscape awareness of the participant and how
dedicated they are to it appearing manicured. The questions as they appear in the
survey include:
-

How many hours do you work on your landscape each month?

-

Do you hire someone to maintain your yard? If so, how often do they come by
every month?

-

If you have a lawn, how often do you mow it?

Eight Images for Rating
This section presents additional images for rating. As mentioned earlier, respondents are
not required to choose any of the images. Alternatively, they can choose more than one.
This differs from the ranking section in which each image needs to be arranged in terms
of preference and all images must be addressed.
The directions for this section ask respondents to identify those images that
apply to the given statement, or to check another circle if they believe no images apply
to the statement. The images used for this rating section look to test seasonal browning
tolerance and overgrowth tolerance in terms of maintenance. A base image with desaturated color was chosen. It depicts the bioswale perpendicularly and close up, to
allow for detailed evaluation of each of the scenarios (See fig 3.9). A variety of plants
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were chosen to depict unique seasonal characteristics, including evergreen perennials
and native Florida annuals that die back seasonally. A gravel bottom was used to
contrast and best illustrate overgrowth of plants and weeds.

Fig 3.9 Base bioswale image used to test tolerance for seasonal browning and
overgrowth.

Browning
These images test tolerance for seasonal appearance referred to as “browning.”
Respondents were given the following directions:
“Please check all the images below that you believe look unacceptable in terms
of maintenance. You may select more than one image. If you believe none of
these scenarios needs maintenance, please check here: !”
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The intent is to determine the extent of seasonal browning that respondents can
tolerate before they believe it looks unacceptable and maintenance should occur, and
therefore identify how much maintenance would be required to please the majority of
residents. The images are shown with 20%, 50%, and 80% browning, as it highlights the
contrast from one image to the next and illustrates typical, seasonal browning habits of
the plants shown (see fig 3.10).

Fig 3.10 Images testing tolerance for seasonal browning

Overgrowth
These images test tolerance for overgrowth. The directions are the same as those for
the browning section. The intent is to determine how much maintenance would be
required to please the majority of residents along a spectrum of “very manicured” to
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“naturalistic.” The images are shown with 20%, 50%, and 80% overgrowth as it
highlights the contrast from one image to the next and illustrates realistic overgrowth in
Gainesville, Florida (see fig 3.11).

Fig 3.11 Images testing tolerance for overgrowth

Questions Relating to Participant Perception of Bioswales
The last five questions seek to determine how respondents feel about bioswales overall,
asking respondents to answer the following:
-

Identify a favorite image of those presented throughout the survey (using the
small, white number at the bottom left of each image for identification)

-

Whether they prefer the aesthetics of bioswales to that of traditional curb-andgutter techniques

63

-

Whether they would implement bioswales on their own property

-

Whether they would like to see more bioswales in their community

-

Whether they have any concerns about bioswales in general
These questions are meant to gauge how respondents feel about bioswales and

identify their and concerns and misconceptions. Additionally, it provides insight into
potential future areas of research. Below are the questions as they appear in the
survey:
-

Of all the sets of images, which one did you prefer the most? Why? Please use
the number on the bottom left of the images to identify your preference.

-

Do you prefer the aesthetics of a bioswale to traditional stormwater management
techniques? Why or why not? (This question is accompanied by an image of a
curb and gutter, see fig 3.12 below)

Fig 3.12 Traditional “curb and gutter”
Stormwater management
-

Would you like to see more bioswale projects in your community? Why or why
not?

-

If you were/are a homeowner, would you implement bioswales on your own
property? Why or why not?

-

Are there any concerns you have with bioswales?
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Quantitative Analysis
This research project is an answer to Mia Requesens’ research thesis call for further and
more detailed visual preference studies conducted for each stormwater management
tool; in this case bioswales. Similar to her analysis, the 51 surveys turned in by
respondents for this study were analyzed using Qualtrics online survey software. A
sample survey along with answers from each of the surveys was uploaded onto the
software system. A series of Qualtrics Survey Statistics was used to analyze the data
(See Ch. 4 for results) (Requesens, 2013).

Sample Characteristics
The target population for this study was the city of Gainesville residents. Respondents
were from various locations across the city to ensure representation of diverse
populations within the community. The following are locations where respondents were
sourced (See fig 3.13):
1. The Greenhouse Church
2. Life South Blood Center NW 13TH street location
3. The Gainesville Gourmet Club
4. UF students (I asked classmates to distribute surveys to their roommates in
other disciplines)
5. Earth Pets
6. S & S Dry Cleaners
7. The Co-Op
- Wild Iris Bookstore
- Sequential Artists Workshop
8. The Church of Holy Colors artist’s studios
9. Downtown farmer’s market at Bo Diddley Plaza
10. Recreation, Cultural Affairs and Public Works Committee meeting
- Audubon Society
11. Art in Public Places Trust meeting
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12. Alachua County Public Library
13. Siembra Farms

Fig 3.13 Map of Gainesville, FL showing 4 city quadrants and locations where
surveys were administered
Surveys were distributed in all four quadrants of the city (NW, SW, SE, NE) delineated
by Main Street running north to south, and University Avenue running east to west,
intersecting in the downtown area. Surveys were administered at group meetings,
markets, bible study groups, etc. This sample of respondents who reside throughout the
city is actually more diverse than what the numbered locations on the map represent.
Gainesville census data was also referenced to determine representation within survey
results, specifically looking at age and ethnicity.
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Number of Respondents
Recommendations for sample size in conjoint analysis differ. According to Akaah and
Korgaonkar, a smaller sample size of fewer than 100 is typical (Akaah, 1988) (Zhang,
2013). For this study, the target number of respondents was 50 and the actual number of
respondents totaled 51.

67

Chapter 4 – Findings
Demographic Results
The survey begins with demographic questions, although all parts of the survey were
optional. Because not all respondents answered the demographic questions, variance
exists in the number of responses.
As table 4.1 illustrates, women make up the majority of respondents at 60%.
Women make up 52% of the population in Gainesville, indicating an overrepresentation
of women in the survey (American Fact Finder-Results).
#
1
2

Answer
Male
Female
Total
Table 4.1: Survey Participant Gender

Response
16
24
40

%
40%
60%
100%

Table 4.2 identifies the ages of respondents. The majority of respondents fall into
the age range 22 to 25 years old. The census data age categories are divided slightly
differently (see Table 4.3) (American Fact Finder-Results). However, it is evident that 18
to 21-year olds were underrepresented in the study. A participant age range that more
closely mimics census data is desirable whenever possible. It is important to note that
82% of 18 to 24-year-olds in Gainesville are students at one of the three area colleges
and tend to be highly transient (American Fact Finder-Results).
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Age of Respondents
#

Answer
18 to 21
years
22 – 25 years
26 to 30
years
31 – 40 years
41 – 50 years
51 to 60
years
61 to 70
years
71 years and
over
Total

1
2
3
4
5
6
7
8

Response

%

1

3%

8

20%

5

13%

6
7

15%
18%

6

15%

5

13%

2

5%

40

100%

Table 4.2 Age of Respondents

Gaineville, FL Census Data: Population Age
70+
65-69
60-64
55-59
50-54
45-49
40-44
35-39
30-34
25-29
20-24
15 -19
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30

Fig 4.3 Gainesville Census Data: Age
(Data source: American Fact Finder-Results)
Table 4.4 Illustrates that White, non-Hispanics comprise the majority of
respondents in the survey. When compared with 2010 census data, a significant
underrepresentation in the African American population is apparent, as well as a slight
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underrepresentation in the Asian population, and overrepresentation in the White, nonHispanic population. This is likely due to lack of adequate diversity in locations selected
for survey administration in Gainesville (see fig. 4.5) (American Fact Finder-Results).

Ethnicity

1

Answer
White, nonHispanic

Response

%

31

78%

2

African American

4

10%

3

Hispanic
Asian – Pacific
Islander
Native American
Other
Prefer Not to
Answer
Total

4

10%

1

3%

0
0

0%
0%

0

0%

40

100%

4
5
6
7

Table 4.4 Survey Participant Ethnicity

Gainesville, FL Census Data: Ethnicity
Other
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Asian- Pacific Islander
% of Gainesville population

Hispanic
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Fig 4.5 Gainesville Census Data Ethnicity
(Data source: American Fact Finder-Results)
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Table 4.6 shows the highest level of education achieved by respondents, with the
majority holding a Masters degree, and 92% with some college or higher. Gainesville
census data indicate that for residents 18 years and older, 78% had some college or
higher (American Fact Finder-Results).

Education
#

Answer
Less than High
School

1

Response

%

0

0%

2

High School / GED

3

8%

3

Some College
2-year College
Degree
4-year College
Degree
Masters Degree
Doctoral Degree
Professional Degree
(JD, MD)
Total

3

8%

3

8%

11

30%

15
2

41%
5%

0

0%

37

100%

4
5
6
7
8

Table 4.6 Survey Participant Education
The results in Table 4.7 indicate that the majority of respondents live in singlefamily homes. The average number of Gainesville residents who live in single-family
homes is 34%. Census data on other types of housing were difficult to compare as
housing was characterized differently that it was in this survey (American Fact FinderResults).
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Type of Residence
#

Answer

1
2
3
4

Response

%

Single family
home

31

78%

Townhouse
Mobile home
Apartment
Total

3
2
4
40

8%
5%
10%
100%

Table 4.7 Survey Participant Housing Type

Table 4.8 illustrates that both renters and owners were almost equally
represented in the survey. According to Gainesville census data, 64% of the population
rents while 36% are homeowners (American Fact Finder-Results).6666 This indicates
that renters were underrepresented in the study.

Home Ownership
#
1
2

Answer
Rent
Own
Total

Response
18
22
40

%
45%
55%
100%

Table 4.8 Survey Participant Rent/Own

Image Ranking Results
This section used images to test visual preference. Following are the variables being
tested (in order):
-

Vegetation height

-

Vegetation texture

-

Vegetation arrangement
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-

Use of gravel and stone

-

Use of check dams (weirs)

-

Configuration

-

Use of color (vegetation)

Each variable included a set of images to be ranked by preference. It is important
to note that all parts of the survey were optional. Some respondents did not rank all the
sections. Some chose to only rank their favorite, least favorite, or only one or the other.
This accounts for the variance in total number of responses.
The following results are shown in bar charts. Images that were given a vote of “1,”
as most preferred, are represented by the blue bar. Images ranked “2,” as a little less
preferred, are shown in red. Images given a ranking of “3,” as even less preferred are
shown in green, and all images that were given a “4” as least preferred, are shown in
purple. Please note that in some cases there are only 3 images, in which case, a 1 to 3
ranking was used. Similarly, there is one set of images testing configuration where there
are only 2 images and a 1 to 2 ranking was used.

Vegetation Height Results
Fig 4.10 shows how the four images testing preference for height were ranked. While it
was very clear that respondents disliked Image 1 the most, images 3 and 4 had the
greatest preference (see fig 4.9).
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Fig 4.9 Most preferred= image 4 / Least preferred= image 1
Height Responses
Key: 1= like most (blue) 2= liked very much (red) 3=liked (green) 4= liked the least or not
at all (purple)

Table 4.10 Results for Images Testing: Height
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Vegetation Texture Results
Fig 4.11 below shows the images that were ranked. Image 5 has the least amount of
texture of all four of the images, while Image 8 has the most diversity of texture. Fig 4.12
shows some clear results in terms of preference across the board. Image 8 was highly
preferred over all the others, followed by Image 7, Image 6, and Image 5, which was the
least preferred by a large margin.

Fig 4.11 Most preferred= image 8 / Least preferred= image 5
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Texture Responses
Key: 1= like most (blue) 2= liked very much (red) 3=liked (green) 4= liked the least or not
at all (purple)

Table 4.12 Results for Images Testing: Texture

Vegetation Arrangement Results
The results from this category are evenly divided across all images with a slight
preference for Image 10, which depicts even spacing between plantings and is the least
natural looking (See fig 4.13- 4.14)
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Fig 4.13 Most preferred= image 10 / Least preferred= image 11
Arrangement Responses
Key: 1= like most (blue) 2= liked (red) 3=liked the least or not at all (green)

Table 4.14 Results for Images Testing: Arrangement
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Use of Gravel and Stone Results
The result of preferences for gravel and stone indicates a clear preference for Image 14,
which has the greatest coverage of gravel and stones of the three images. Image 12
was ranked as the least preferred and has no gravel or stones (See fig 4.16).

Fig 4.15 Most preferred= image 14 / Least preferred= image 12
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Use of Gravel + Stone Responses
Key: 1= like most (blue) 2= liked (red) 3=liked the least or not at all (green)

Table 4.16 Results for Images Testing: Use of Gravel + Stone

Use of Check Dams Results
Fig 4.18 illustrates that the majority of respondents prefer Image 17, which features
stone check dams. Image 18 depicts v-notch check dams, which was the least preferred,
followed closely by Image 15, which had no check dam (See fig 4.17).
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Fig 4.17 Most preferred = image 17 / Least preferred = image 18

Use of Check Dams Responses
Key: 1= like most (blue) 2= liked very much (red) 3=liked (green) 4= liked the least or not
at all (purple)

Table 4.18 Results for Images Testing: Use of Check Dams
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Configuration Results
Fig 4.20 illustrates a clear preference for Image 21/22, which showcases a curvilinear
orientation. There are two numbers for each of these images because two images were
shown for each orientation, one without plants and one with plants so that respondents
were able to see the swale base image clearly as well as what it would look like planted
(See fig. 4.19).

Fig 4.19 Most preferred= image 21/22, Least preferred= image 19/20
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Configuration Responses
Key: 1= like most (blue) 2= liked the least or not at all (red)

Table 4.20 Results for Images Testing: Configuration.

Color of Vegetation Results
The results from this section indicate that respondents have a strong preference for
Image 25, which is the image with the most color. Image 23 has the least color and was
the least preferred (See fig 4.21 and 4.22).
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Fig 4.21 Most preferred= image 25 / Least preferred= image 23

Color of Vegetation Responses
Key: 1= like most (blue) 2= liked (red) 3=liked the least or not at all (green)

Table 4.22 Results for Images Testing: Color
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Results of Questions Relating to Participant Landscape Practices
To determine the awareness and dedication of respondents to their own landscapes, the
first question in this section asked, “How many hours do you work on your landscape
each month?”
-

28 total responses were given

-

54% work on their landscape five hours or less each month, with the majority
working zero hours per month on their landscape

-

93% work on their landscape 10 hours or less each month

The next survey question asked, “Do you hire someone to maintain your yard? If so, how
often do they come by every month?”
-

29 total responses were given

-

72% of respondents do not hire someone to maintain their yard

The final question from this section asks, “If you have a lawn, how often do you mow it?”
-

26 total responses were given

-

42% mow their lawn every 1 to 2 weeks in the summer

-

23% go longer than 2 weeks between mows in the summer

-

35% do not have lawns

The results characterize the respondents of this survey as not dedicating a significant
amount of time to their landscapes outside of mowing their lawns.

Image Rating Results
This section is split into two categories (“Browning” and “Overgrowth”) and tests
tolerance for seasonal browning and overgrowth of plants to determine at what point the
majority of respondents believe maintenance should occur.
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Plant Browning Results
Fig 4.24 reflects that 64% of respondents believe Image 29, which represents 80%
browning, is unacceptable in terms of maintenance. Thirty-eight percent (38%) believe
Image 28, which depicts 50% browning, is also unacceptable. Respondents have a
higher tolerance for the amount of browning in Image 27, which represents 20%
browning. Thirty-six percent (36%) of respondents found all the images to be acceptable
and no maintenance to be necessary (see fig 4.23).

Fig 4.23 Images used to test tolerance for Browning
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Plant Browning Responses

Table 4.24 Results for Images Testing Tolerance for: Seasonal Browning

Plant Overgrowth Results
Fig 4.26 illustrates that slightly more than half of respondents do not believe any
of the images need maintenance. Forty-nine percent (49%) believe Image 33, which
represents 80% overgrowth, needs maintenance, while 24% of respondents believe
Image 32, which depicts 50% overgrowth, needs maintenance. No respondents believe
Images 30 or 31 need maintenance (See fig 4.25).
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Fig 4.25 Images used to test tolerance for Overgrowth

Plant Overgrowth Responses

Table 4.26 Results for Images Testing Tolerance for: Plant Overgrowth
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Results of Questions Relating to Participant Perception of Bioswales
The last portion of the survey asks five demographic questions to determine how
respondents feel about bioswales. The first question asks, “Of all the sets of images,
which one did you prefer the most?”
-

43 total responses were given

-

21% prefer Image 25

-

12% prefer Image 22

-

Both images were the most preferred in their respective categories (see fig 4.27)

-

Image 25 has the most color, in terms of blooms, of all the images

-

Image 22 is the only curvilinear example in the survey and overwhelmingly
preferred over the straight configuration
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Fig 4.27 Images 25 and 22, the most preferred from the survey
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Responses for Most Preferred Image in the Survey

Image 33
Image 32
Image 31
Image 30
Image 27
Image 26
Image 25
Image 24
Image 23
Image 22
Image 21
Image 17
Image 14
Image 8
Image 3
Image 1

# of Votes

0

2

4

6

8

10

Table 4.28 Results for Most Preferred Image from Survey
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The second question in this portion asked, ”Do you prefer the aesthetics of a
bioswale to traditional stormwater management techniques?” The majority (89%) of
respondents prefer the aesthetics of bioswales to traditional stormwater management
techniques (See fig 4.29).

Responses for Preference to Bioswales

Both

# of Votes
No

Yes

0

5

10

15

20

25

30

35

40

45

Table 4.29 Results for preference of bioswales over traditional stormwater
management techniques
Total Responses: 46
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The next question in this section asked, “Would you like to see more bioswale
projects in your community?” Eighty-eight percent (88%) would like to see more
bioswales in their community (See fig. 4.30)

Responses to Seeing more Bioswales in the Community

Maybe

# of Votes
No

Yes

0

5

10

15

20

25

30

35

40

Table 4.30 Results for whether respondents would like to see more bioswales in
their community
Total responses: 41
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Question four asked respondents, “If you were/are a homeowner, would you
implement bioswales on your own property?” The results in fig 4.31 show that of the 31
responses, 81% of respondents would implement bioswales on their property.
Responses to Implementing Bioswales at Home

Maybe

# of Votes
No

Yes

0

5

10

15

20

25

30

Table 4.31 Results for whether respondents would implement bioswales on their
own property
Total Responses: 31
The final question in the survey asks respondents, “Are there any concerns you
have with bioswales?” Of the 27 total responses, 67% have no concerns. The most
common concern is maintenance. Other concerns include costs associated with building
and maintenance, flooding, overgrowth reduced visibility, potentially providing habitat for
poisonous snakes, and sustainability.

Summary
In reviewing the results, the following images make up the most preferred and
least preferred from the survey.
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Height
Most preferred:

Least preferred:
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Texture
Most preferred:

Least preferred:

95

Arrangement
Most preferred:

Least preferred:
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Gravel and Stone
Most preferred:

Least preferred:
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Check Dams
Most preferred:

Least preferred:

98

Configuration
Most preferred:

Least preferred:

99

Color
Most preferred:

Least preferred:
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Browning
The majority of respondents believe Image (29) needs maintenance.
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Overgrowth
The majority of respondents believe none of the images needs maintenance.

The following chapters discuss these results in further detail and provide
guidelines based on the information obtained from the survey.
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Chapter 5 – Analysis + Guidelines
This chapter further analyzes the survey results from Chapter 4. Each section under
“Images for Ranking” and “Images for Rating” are interpreted to better understand
respondent preference. Respondent preference is clear and distinct, with over 50%
preference identified in seven of the nine variables tested. Results testing the variable of
“Height” indicate a preference of 43% for Image 4 depicting vegetation approximately
three feet tall and a preference of 38% for Image 3 depicting vegetation approximately
two feet tall. The four images used to test this variable illustrate a progression of
vegetation height, therefore it can be concluded that respondents prefer vegetation over
two feet in height. Results testing the variable of “Arrangement” are inconclusive in terms
of preference as there was no majority over 50% for any one image. The three images
used to test this variable are dissimilar, making a distinction of preference difficult.

Images for Ranking:
Vegetation Height
Height was tested using four images of progressively taller plantings, beginning with no
vegetation and progressing to a height of approximately three feet. As discussed in
Chapter 4, Image 4 is preferred by 43% of respondents and shows approximately three
feet of vegetation. Image 3 is the second most preferred at 38% and shows
approximately two feet of vegetation. Image 1 shows no vegetation and is the least
preferred by 78% of respondents (see fig 5.1).

103

Fig 5.1 Most preferred= image 4 / Least preferred= image 1
The following are common sentiments among respondents who prefer Image 4:
-

They like the increased vegetation

-

They like that it looks more natural

-

They like that it creates more habitat for wildlife

-

They like that it screens the parking lot in the background

Seventy-eight percent (78%) of respondents rate Image 1 as their least favorite and
state that they dislike it for the following reasons:
-

It looks like a barren ditch

-

Bleak

-

Boring

-

Sad
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-

Sparse

-

Looks like it has no life

Image 4 generated the most preference, with the highest vegetation of all four
images, however, this does not represent the majority of respondents. The combined
preference for Image 3 and Image 4 is 81%. This indicates that the majority of
respondents prefer a vegetation height of two to three feet in bioswale design. Eight
respondents explicitly express preference for the three-feet tall vegetation for its ability to
screen a visually unappealing feature such as the parking lot. Three respondents
commented they prefer vegetation 2 feet tall for its proportionality to the surrounding
landscape. Five respondents also support the assertion that bioswales provide habitat
for wildlife. The type of wildlife mentioned was insects and birds. It is important to note
that one of the concerns for bioswales, expressed in the survey by two respondents, is
providing habitat for snakes. While respondents may like the idea of providing habitat for
some wildlife, it seems there are certain species that would be of concern to Gainesville
residents. This is also a concern Requesens found in her research when she tested
visual preference of stormwater management systems in Alachua, Florida (Requesens,
2013). There are design measures that can be taken to discourage snakes, which
include keeping vegetation trimmed, preventing unruly brush and grasses from growing
into large mass plantings, and allowing breaks in plantings so that cover is not so dense
(Johnson and Main)(Johnson and McGarrity).
Eight respondents comment that they prefer a “natural look” when commenting on
their preferences within this set of images. This common sentiment was repeated
throughout various parts of feedback from this survey. In his research testing the
aesthetic attributes of green infrastructure with visual preference surveys, Bo Zhang
found that “naturalness is firmly associated with the perception of beauty” (Zhang, 2013).
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Berit Junker and Matthias Buchecher conducted aesthetic preference testing for river
restorations, comparing aesthetic preference with ecological objectives. They also found
a strong correlation between perceived naturalness and aesthetic preference. The
preferred scenes were not always the most natural even though they were perceived to
be more natural (Junker and Buchecker, 2008). There have been several attempts to
quantify perceived naturalness (Ode et al, 2009) (Palmer, 2004) (Purcell and Lamb,
1998). A study researching indicators of perceived naturalness used the following figure
to define the inverse relationships between naturalness and stewardship, and coherence
and disturbance (see fig. 5.2) (Ode et al, 2009).

Fig 5.2 The relationship between each indicator (shape of vegetation patches,
level of succession, fragmented patches of woodland) and the concepts of
naturalness, stewardship, coherence and disturbance.
(Source: Ode et al, 2009)
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Naturalness, disturbance, stewardship, and coherence are defined as:
“…naturalness is described as relating to how close a landscape is to a
perceived natural state, where perceived naturalness can be different from
ecological naturalness…a natural landscape provides a landscape with
restorative properties and a higher quality of habitat for humans.
Disturbance - a lack of contextual fit and coherence, where elements deviate
from the context.
Stewardship - reflects human care for the landscape through active and careful
management.
Coherence - reflects the unity of a scene, where coherence may be enhanced
through repeating patterns of colour and texture. Coherence is also a reflection of
the correspondence between land use and natural conditions in an area”
(Ode et al, 2009).
The study found that the most preferred landscape scenes were located in the top left
quadrant of the graph (see fig 5.2) where naturalness and coherence are high. The least
preferred landscape scenes were located in the bottom right quadrant of the graph
where stewardship and disturbance are the highest (Ode et al, 2004).
Conclusion: Isolating the variable of height, these results indicate that designers should
include vegetation approximately two to three feet tall in their design to achieve an
aesthetic that is preferred, as it is perceived to be “natural” by residents in the
Gainesville area.
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Vegetation Texture
Texture was tested using four images of progressively more diverse plantings. The first
image shows a monoculture planting and progresses to 80% diversity, utilizing six
different plant species. Image 8 is preferred by 80% of respondents and shows the most
diversity. Image 5 shows no diversity of vegetation and is the least preferred by 72% of
respondents (see fig 5.3).

Fig 5.3 Most preferred= image 8 / Least preferred= image 1

Common trends are identified in the feedback from respondents for why they prefer
Image 8:
-

Higher diversity of vegetation

-

More natural-looking
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-

More biodiversity

-

Looks lush

-

More vibrant

-

Most beautiful

Of the feedback respondents gave for why they liked Image 5 the least, the following
represent common sentiments:
-

Boring compared to others

-

Looks monotonous

-

Has the least sense of design

-

Looks too plain

-

Looks weedy

-

Seems unnatural

One respondent commented on Image 5 saying, “I like them all - preferred the ones
with more variety.” Another stated, “It looks ok, but not as natural as the others.”
There is a recurring reference that perceived naturalness is associated with
beauty. Naturalness here is defined by the respondent/viewer as what they perceive to
be a natural scene, though in actuality, these scenes may not be the most natural
(Junker and Buchecker, 2008). This corroborates results found in other visual
preference testing as mentioned in the “Height” section above (Junker and Buchecker,
2008) (Zhang, 2013) as well as testing and research done by Paul Gobster, Joan I.
Nassauer, Terry Daniel, Gary Fry, Rachael Kaplan, Steven Kaplan, and James Palmer
who also found that perceived naturalness was associated with beauty (Gobster et al,
2007) (Palmer, 2004) (Kaplan and Kaplan, 1989) (Home et al, 2010).
Theorists contend that course texture vegetation, when compared to finer
textures, can suggest a well-functioning ecological process (Zhang, 2013) (Howett,
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1987) (Meyer 2001, 2008). If respondents associate a well-functioning ecosystem with
naturalness, then it can be argued that a coarse textured vegetation is perceived to be
natural. Zhang states that, “Coarse vegetation texture provides a scene better
configuring the abstract concept of biodiversity” (Zhang, 2013). The texture in Image 8 is
defined by the fine leaves of the grass and holly juxtaposed with the broad leaves of the
iris, crinum, and canna lilies. This texture is coarse, as it is not comprised primarily of
fine textures, and adds to the definition of individual plant specimen. This allows viewers
to distinguish a diversity of individual plant specimen; for the viewer this embodies the
concept of biodiversity (Zhang, 2013). Feedback from respondents echoes these
findings with statements such as, “I like the diversity of vegetation, looks most natural”
and “most biodiverse = good for animals/insects and plants.”
Robert Home, Nicole Bauer, and Marcel Hunzinker conducted visual preference
research to determine whether appreciation for urban green spaces is cultural or
biological. In their work, they similarly found that landscapes with little vegetative
complexity were less preferred, which is supported by these results as well (Home et al,
2010) (Zhang, 2013). However, there is a threshold for amount of complexity. Five
respondents comment that Image 8 is too busy and complex, noting that it is “ too busy,
too much variety” and “too ornamental and busy.” This indicates that limiting the number
of unique species and creating a plant palette will allow for texture, diversity, and
cohesion.

Conclusion: Based on the results of this section, when testing the variable of texture
designers should employ a plant palette to create a coarse plant texture. This can be
achieved by juxtaposing plants of contrasting leaf size, color, height, and shape. To
address respondent concerns of over-complexity of design, repeating patterns of texture
with a limited plant palette will add cohesion to the design.
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Vegetation Arrangement
This portion of the survey assessed preference for arrangement and was tested using
three images with differing compositions. Image 9 presents a uniform, solid planting;
Image 10 comprises uniform plantings with breaks; and Image 11 depicts intermittent
plantings with breaks (see fig 5.4). For this set of images, preference is higher for Image
10, with 40% of respondent preference; followed by 33% for Image 9; and 29% for
image 11. Because no clear majority exists for any one image, it is difficult to conclude a
distinct respondent preference in terms of arrangement.

Fig 5.4 Most preferred= image 10 / Least preferred= image 11
Respondent feedback for preference of these images ranges from, “it looks the
most natural” for Image 9 and Image 11 to “it looks the most well kept” and “I like the
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pattern of the clusters – looks manicured” for Image 10, which is slightly more preferred.
These statements exemplify the extremes of the wide range of aesthetic preference.

Conclusion: There is no clear indication of whether the majority of Gainesville residents
prefer a more natural-looking plant arrangement or a landscape with cultural cues, such
as clustering, that signal care, design, and intention in the landscape. While there is a
slight preference for the latter, it can be argued that Gainesville residents are nearly
evenly divided on this issue.
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Use of Gravel and Stone
This section assesses respondent preference for the use of gravel and stone in bioswale
design. This was tested using three images that range from no gravel or stone in Image
12 and progress to Image 14, which depicts generous use of visible gravel and large
landscape stones of approximately three feet by one foot dimensions. A distinct
preference for Image 14 emerged, with 69% of respondents preferring it. Image 12,
which has no gravel and stone, is the least favored by 81% of respondents (see fig 5.5).

Fig 5.5 Most preferred= image 14 / Least preferred= image 12
Reasons cited by respondents as to why they prefer Image 14 include the following:
-

The rocks add contrast and visual interest

-

It looks more adequately maintained
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-

It is reminiscent of a creek bed

-

It is more natural looking

-

The rocks may help filter water and reduce mosquitoes

Reasons respondents offer for liking Image 12 the least include the following:
-

It looks boring and unnoticeable

-

It looks unintentional

-

It looks too plain

-

It looks haphazard and inconsistent, with many ditch areas unfinished

-

It looks least designed

-

It looks spotty and unconnected
Based on this feedback, respondents prefer the contrast and interest of stone in

the design of the bioswale. The stone appears natural to some, while to others it gives a
more designed appearance. Stone seems to bridge the gap between natural and
intentional design and so is a preference among both groups. The use of natural
materials such as wood and stone can be restorative to the viewer in that they do not
detract from the natural setting (Kaplan and Kaplan, 1998). This may account for why
both camps, i.e. those who prefer natural scenes and those who prefer designed
scenes, found Image 14 to be preferred.

Conclusion: The results of this section indicate that designers should employ gravel
and landscape stone in bioswale design and it is favored by the Gainesville area
residents.
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Use of Check Dams
This section assesses preference for the use of check dams, also known as weirs. Four
images were used to test this variable: Image 15 has no check dam; image 16 depicts a
geometric, square-cut check dam; Image 17 features a stone check dam; and Image 18
depicts a v-notch check dam (see fig 5.6). Results indicate a preference for Image 17 by
59% of respondents. Image 18 is least preferred by 47% of respondents.

Fig 5.6 Most preferred= image 17 / Least preferred= image 18
Reasons for this preference include the following:
-

It looks tended to and natural

-

It looks most natural

-

The rock adds in more interest and the natural style blends in more effectively
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-

The stone adds character

Image 18, which featured V-notch check dams, is least preferred:
-

It looks like an engineer solution

-

It looks least natural

-

It is visually distracting

-

It has odd angles

-

It looks too industrial and manufactured

-

The natural design is interrupted by industrial units

Similar to the results mentioned above in the “Use of Gravel and Stone,” the stone
check dam seem to bridge the gap between seeming natural and looking intentional and
designed. The presence of human elements in a natural scene can be comforting and
reassuring to the viewer because it serves as a marker that people have been present in
the area (Kaplan and Kaplan, 1998). However, there is a balance between natural
appearance and having human-designed elements. Image 18 contains elements of both
but is described negatively by two respondents as looking like an “engineer solution.”
Another respondent comments on Image 18 being, “too industrial and manufactured.” As
mentioned in the previous section, using natural elements such as wood and stone can
have a restorative effect on the viewer and may account for the preference of the
natural-looking stone check dam over the other concrete, geometric options (Kaplan and
Kaplan, 1998).

Conclusion: Based on the feedback from this section, designers should use natural
materials in the design of check dams, as residents in the Gainesville area prefer this.
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Configuration
This section addresses preference for configuration in bioswale design. Two sets of two
images are presented to test this variable; one with vegetation and one without. This
serves to clarify to the viewer the configuration of the design underneath the vegetation.
-

Images 19/20 depict a linear bioswale orientation

-

Images 21/22 illustrate a curvilinear approach with a curving radius of
approximately three feet (see fig 5.7).

-

82% of respondents prefer Images 21/22

Fig 5.7 Most preferred= image 21/22. Least preferred= image 19/20
Reasons given for the preference of Image 21/22 include the following:
-

Meandering makes it more interesting
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-

Reminiscent of a river or creek

-

Natural river-like look

-

Better filtration from a functional standpoint

-

Visually stimulating

Images 19/20 were the least preferred. The following reasons were offered:
-

It’s ok, but not as visually pleasing as curved

-

The straight lines look more engineered and less interesting

-

Straight and boring, seems fake

-

Less natural

-

Looks more man-made

-

Ok, but I like the other better

-

Synthetic or unnatural

For the majority of respondents, the curvilinear orientation provides a more natural
and interesting appearance. This preference for a curvilinear bioswale may be explained
by a well-studied concept of “mystery” in the landscape. Kaplan and Kaplan conducted
visual preference studies testing three variables: mystery, coherence, and complexity.
They found that mystery was the most powerful variable of the three in determining
preference for a scene (Kaplan and Kaplan, 1989). A scene can be considered
mysterious if it provides an opportunity to learn something more that is not readily
apparent or that the scene tempts one to learn partially hidden information. Ways to
achieve this include a curvilinear orientation with partially hidden portions. Kaplan and
Kaplan state that, “Partial obstruction, often from foliage, and even modest land-form
changes can enhance this sense of Mystery” (Kaplan and Kaplan, 1989). Similarly, the
Japanese aesthetic idea of “yugen” deals with the concept of mystery and is often
applied to Japanese garden design. Most commonly this is expressed using a curvilinear
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path with partially hidden views around bends. While the curvilinear bioswale is clearly
visible in the forefront, as it fades into the background, this idea of mystery and partially
obscured areas adds to the sense of mystery around its bends.

Conclusion: Based on the results of this section, designers should accommodate a
curvilinear orientation in bioswale design whenever possible, as it is preferred by
Gainesville area residents.
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Color of Vegetation
This portion of the survey assesses preference for the use of color in plant material
expressed through foliage and blooms. Three images were used to show a progression
of color, beginning with shades of green in Image 23, 10% color in Image 24, and 50%
color in Image 25 (see fig 5.8). Image 25 is preferred by 76% of respondents. It also is
the most preferred image from the survey, indicating a strong respondent preference for
color through foliage and blooms. Image 23 is the least preferred by 74% of
respondents.

Fig 5.8 Most preferred= image 25 / Least preferred= image 23

Respondents offer the following as reasons for this preference:
-

More color adds energy
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-

More flowers/biodiversity is better

-

More color is always better

-

Flowers make everything better

-

Flowering plants are attractive and soothing

-

Color and diversity promote pollinators

-

Variety, flowers, height

-

Hides the bioswale with colorful plants

Image 23 is the least favored for the following reasons:
-

No flowers

-

No color, still looks good but I still prefer color

-

Less interesting

-

Less biodiverse

-

Not enough beauty in colors

-

Less variety, but still acceptable

In Messy Ecosystems, Orderly Frames, the author contends that cues indicating
human intention can be used to frame novel ecosystems in order to assimilate them into
our cultural landscapes. One of the cues she discusses is using bright, flowering plants
with large blooms. Not only do most people find them attractive, but they seem more
ornamental and intentional than plants that have small, less profuse blooms. Some
native plants have small flowers that may be mistaken for weeds (Nassauer, 1995a). It
could be the reading of this cue that respondents overwhelmingly favor Image 25 by
76%. Five respondents rated Image 25 as their least favorite and offered the following
reasons: “too ornamental, showy, and busy,” “too many flowers,” and “draws too much
attention to itself. Like it’s meant to be a garden rather than a (semi) natural water
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treatment.” This indicates there is a threshold, among some respondents, for preference
of amount of color in the design.

Conclusion: Based on the results from this portion, it is clear Gainesville area residents
prefer bioswale design that incorporates color, in this case approximately 50% color.
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Plant Browning
These images test the tolerance for browning (dormant or dead plants) in the landscape.
Four images show the progression from no browning in Image 26, 20% browning in
Image 27, 50% browning in Image 28, and up to 80% browning in Image 29 (see fig 5.9).
Sixty-four percent (64%) of respondents found Image 29 to be unacceptable in terms of
maintenance. This is followed by 38% of respondents who believe Image 28 needs
maintenance. One can conclude that the majority of Gainesville residents tolerate 50%
seasonal browning before they believe maintenance needs to occur, which is illustrated
in Image 28. This means all the scenarios illustrated in Images 26, 27, and 28 are
acceptable by the majority of respondents.

Fig 5.9 Image 29 was unacceptable in terms of maintenance
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Respondents offer the following reasons as to why they believed Image 29 needs
maintenance:
-

If in a maintained environment, should be manicured

-

Leaves are clearly dead

-

Very noticeable wilting and dried up foliage that should be removed so it looks
neater, cleaner

-

Plants are dead

-

Dead foliage seems to indicate lack of upkeep

-

Plants need water, dead plants look unattractive

-

If natural growth can replace dead vegetation, let it be. May just need minimum
cut and removal of dead vegetation

In this case, respondents have a certain level of expectation of maintenance. The
browning of plants depicted in the image include grasses that become dormant in the
winter months, but become green in the spring with new growth, wildflowers that as
annuals die back in the winter but reseed in the spring and summer, and perennials that
shed basal leaves for the winter. While these are natural processes, respondents prefer
a more manicured appearance. This could be explained in our cultural landscape
preferences that have led us to believe browning equals a plant that is dying or in need
of water. While this may be the case, there is also the process of browning which is
natural and part of the plant’s life cycle.

Conclusion: Based on these results, designers should employ a maintenance schedule
that addresses browning before it reaches an excess of 50% browning.
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Plant Overgrowth
The following four images test respondent tolerance of overgrowth. Overgrowth is
represented by the growth and reseeding of existing plants, as well as seeding of
unintended plants (“weeds”). The images progress from no overgrowth in Image 30, to
20% overgrowth in Image 31, 50% overgrowth in Image 32, and 80% overgrowth in
Image 33 (see fig 5.10). The results from this section indicate that 51% of respondents
do not believe any of the images needs maintenance. Forty-nine percent (49%) believe
Image 33 looks unacceptable in terms of maintenance. While not the majority, it is very
close to being half of the respondents.

Fig 5.10 All images were acceptable in terms of maintenance
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Respondents offer the following comments as to why they believe Image 33 needs
maintenance:
-

Gone a bit too far with overgrowth and invasion of unintended plants

-

Purposeful design gets completely lost

-

The grass is covering the flowers, looks overgrown

-

No edge, messy
Although the majority of respondents do not think any of the images needs

maintenance, it seems that there is still a large number of respondents who expect some
amount of maintenance. Throughout the survey, many respondents claim to prefer the
“natural-look,” however, it seems non-applicable when it comes to maintenance. This is
likely the result of our cultural landscape preferences that are dictated by social norms
as expressed in the writings of Joan Nassauer (Nassauer, 1995a). It is possible that the
majority do not believe any images need maintenance because there was no browning
in the images, just more plants. Under realistic conditions, the overgrowth process would
include some browning. For the purposes of isolating the variable of overgrowth,
browning was not shown. What results is a very lush-looking scene and could account
for the results indicating no maintenance was needed.

Conclusion: Based on these results, the majority of Gainesville respondents do not
believe any of the images depicting overgrowth needs maintenance. However, 49%
believe Image 33 showing 80% overgrowth needs maintenance. Designers should
employ a maintenance schedule that addresses overgrowth before it reaches an excess
of 50%.
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Guidelines
Several studies have found that there is a discordance between ecological quality and
aesthetic preference (Junker and Buchecker, 2008)(Parsons, 1995) (Williams and Cary,
2002) (van den Berg and Vlek,1998). The intended result of this research is to form
guidelines that assist designers in aligning the aesthetics valued in the Gainesville/North
Florida area with the ecological function of bioswales.
Of the 9 variables assessed, all produce conclusions of distinct preference, with
the exception of the variable of arrangement. These conclusions have been synthesized
into the guidelines that follow.
These guidelines can assist designers in approaching bioswale design that
considers public visual preference in the Gainesville, Florida area. Further, these
guidelines serve as a launching point for future research.

Bioswale Design Principles and Standard Dimensions
Bioswales must be designed to effectively slow down and treat small volumes of water
as well as accommodate peak flows during large storm events with limited erosion.
LATIS (Landscape Architecture Technical Information Series) suggests successful
bioswale design is comprised of 3 components:
• Conceptual, engineering, and planting design
• Construction of the swale at the project site, including swale grading,
construction of check dams, if any, and establishment of vegetation
• Periodic inspection and maintenance of the built swale
(Richman, 1998)
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In Florida, bioswales are required to capture the first 2.5” of a three-year, onehour storm event. Areas larger than 10 acres should utilize multiple swales for treatment
of runoff (Clark and Acomb, 2008). LATIS cites the following as typical dimensions for
bioswale design regarding longitudinal slope, swale cross-section (shape), and length
(see fig 5.11) (Richman, 1998).

Fig 5.11 Components of bioswale dimensions
(Richman, 1998).
Longitudinal Slope: The appropriate range for longitudinal slope of the bioswale is 0%
to 6% while optimum slope to prevent erosion is 0% to 2%. If the slope is 1% or less,
using a perforated pipe as an underdrain may be used to move excess water once the
soil is saturated to prevent standing water (Richman, 1998). The granular backfill around
the underdrain pipe is typically surrounded by a geotextile fabric to keep sediments from
entering and blocking water from exfiltrating to surrounding soils (see fig 5.13) (Lucas,
2005). Swales with a slope between 2% and 6% will need to slow water velocity to
prevent erosion within the swale; this is achieved using check dams every 50 feet to 100
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feet along the length of the swale. Check dams allow for ponding of water, dissipating
the energy from its velocity (Richman, 1998) (Clark and Acomb, 2008).

Swale Cross-Section (shape): The four standard cross-section shapes for a bioswale
are rectangular, triangular, trapezoidal, and parabolic (see fig 5.12). Rectangular is the
least common of the four as the vertical slopes are difficult to maintain. Regarding side
slope, a 3:1 (horizontal:vertical) is the steepest recommended slope to limit erosion. The
recommended bottom width of a bioswale is between two feet and eight feet, which
allows for more treatment area and pollutant removal. In terms of bioswale depth, six
inches should be added to maximum design flow depths. This is known as “freeboard”
and is a preventative dimension to address possible overflow concerns (see fig 5.13)
(Richman,1998).

Fig 5.12 Four common cross-sections for bioswale design: (from left to right)
rectangular, triangular, trapezoidal, and parabolic
(Richman, 1998).
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Typical Bioswale Section:

Fig 5.13 Typical bioswale section and soil profile
(United States. Oregon Department of Transportation, 2014) (Enhanced by Erika Mayer)
Length: “Residence time” is the amount of time it takes water to enter the bioswale and
travel the length to the outlet. Bioswale length should be calculated to accommodate at
least five minutes of residence time. A longer residence time allows for greater pollutant
removal (Richman, 1998).
Soils: Bioswales are most effective in well-draining soils, otherwise an underdrain
system will be required. Sites where treatment of excess phosphorus is a priority should
utilize soils containing low phosphorus rates and high sorption capacity of phosphorus.
Sites in which excess nitrogen is a concern should utilize organic matter and mulch to
establish high carbon levels for nitrogen capture (Clark and Acomb, 2008).

There are conditions where it would be inappropriate to implement a bioswale:
•
•

Flat grades or steep slopes
Fill areas
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•
•

Sites where concentrated flows would erode a swale’s vegetation
Sites with very sandy soils where the swale channel would be subject to
erosion or bank sloughing even when water flows at low velocities

•

Sites with high water tables where groundwater reaches the bottom of the
swale. Bioswales should be designed at least two feet above the water
table
(Clark and Acomb, 2008) (Richman, 1998) (“Grassed Swales”)

Guideline #1: Naturalistic Design
Bioswales can provide opportunities for visual respite from the urban environment. For
Gainesville area respondents, a naturalistic design is preferred. When designing a
bioswale, opt for a curvilinear path as opposed to a linear orientation whenever possible.
A bioswale with curves more closely mimics how water moves through natural systems,
reminiscent of a creek. By mimicking these natural systems, designers can enhance the
sensation of being in a natural environment (see fig 5.14).
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Fig. 5.14 Curvilinear bioswale with gravel and landscape stone at Missouri
Botanical Gardens
(Source:http://www.davisenterprise.com/local-news/hg-heres-what-smart-gardenersknow/)
When designing the degree of curvature of the bioswale path, it is important to
consider flow rates and volume of water moving through the swale. Curves should be
mild for bioswales accommodating high flow rates and volumes in order to prevent
erosion of bottom and sides of the bioswale (United States. Oregon Department of
Transportation, 2014). Erosion can be problematic if discharge velocities exceed three
feet per second (Richman, 1998). If space is an issue, a subtle curve can be
implemented to add interest as opposed to a linear orientation (see fig 5.15).
Additionally, be sure to provide additional freeboard allowance at bends using the super
elevation equation:
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Additional freeboard (feet)= 100 – yr velocity (ft/s2)* 100 – yr Width (ft)
Gravity (32.2 ft/s2) *Centerline radius of curvature (ft)
(Boscacci, 2004)

Bioswale Curvature for Low Flow Rates and Ample Construction Area:

Bioswale Curvature for High Flow Rates or Limited Construction Area:

Fig 5.15 Degree of curvature for low flow rates/ available surface area (top image)
and curvature for high flow rates/ limited available surface area (bottom image)
(Source: Erika Mayer)

Using check dams will slow the velocity of water and dissipate energy (Richman,
1998). They can be placed at intervals between curves to prevent erosion of bank walls.
If using check dams, opt for a natural material such as stone (see fig 5.16). Avoid
geometric-style check dams that look engineered, such as v-notch check dams.
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Gainesville respondents prefer stone check dams that look naturalistic as they enhance
that narrative. To prevent standing water that breeds mosquitoes, check dams should be
designed to pond water that can infiltrate within 24 hours. This can be adjusted through
frequency and placement of check dams (Richman, 1998).

Fig 5.16 Stone check dams
(Source: Erika Mayer)z

Finally, use vegetation to create a natural appearance by opting for irregular
plant clusters and avoiding linear, uniform planting designs (see fig 5.17). Use
vegetation to obscure man-made elements and unsightly features whenever possible,
such as parking lots and overflow structures. It is important to be sure plantings near
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overflow structures do not disrupt its function with overgrowth blocking the structure. By
obscuring these man-made elements, designers can enhance the sense of respite
cultivated by mimicking nature.
DO: Naturalistic, irregular planting design

DO NOT: Linear, uniform planting design

Fig 5.17 Naturalistic planting design (left) versus uniform planting design (right)
(Source: Erika Mayer)
Overview:
-

Use curvilinear alignment as it more closely reflects how water moves through
natural systems, reminiscent of a creek.

-

If check dams are necessary, opt for a more natural look with stone check dams
as opposed to a geometric-style check dams.

-

Use vegetation to obscure unsightly, man-made elements whenever possible.

Guideline #2: Provide Habitat
“Providing habitat” is very important to Gainesville-area respondents. Use plantings that
attract wildlife and provide them with cover, food, and forage opportunities. Florida native
plants provide high habitat for local wildlife; exotic species also serve this purpose,
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however some species can be invasive and require more resources in terms of water
and fertilizer (Ober and Knox) (Richman, 1998).
To attract butterflies it is important to allocate larval host plants near nectar plants
in order to feed adult butterflies and provide the correct plant species for them to lay their
eggs. There are several butterfly host and nectar plants, such as Butterfly Milkweed, that
function in a bioswale setting and are critical for monarch butterfly populations.
Birds require food, water and cover for survival. Bird diets vary by species and
can include berries, insects, nectar, nuts, or seeds (Cowley). American Beautyberry and
Viburnum ‘Mrs.Schiller’s Delight are two native plant species that provide berries that
attract birds (see fig 5.18). Additionally, after large storm events, ponding bioswales
provide an attractive water source for birds and other wildlife. Below is a list created by
the University of Florida’s IFAS Extension that lists Florida native plants that benefit
native wildlife. This list is not exhaustive and represents plants that tend to be readily
available at local nurseries (see figs 5.19 and 5.20) (Ober and Knox).
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Fig. 5.18
Create habitat
for wildlife
(Source: Erika
Mayer)

Florida Wildlife- attracting Annuals and Perennials

Table. 5.19 Florida Wildlife- attracting Annuals and Perennials
(Ober and Knox)
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Florida Wildlife- attracting Shrubs and Small Trees

Table 5.20 Florida Wildlife- attracting Annuals and Perennials
(Ober and Knox).
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The Florida Native Plant Society (http://www.fnps.org) and The Florida
Association of Native Nurseries (http://www.afnn.org) have excellent online resources for
selecting appropriate native plants that are tailored to your site and attract wildlife.
Additionally, NSIS.org serves as an online resource that assists in customizing plant lists
to attract specific bird and butterfly species.
It is important to recognize that annual plants, which typically have a short life
spanning one to three seasons, will die and become brown at the end of their life.
Maintenance is required to remove spent plants from the landscape and should be
addressed promptly. Perennials, which live for several years depending on the species,
can become woody and sparse in terms of foliage. It may be required to cut them back
hard in the winter to produce new growth. This is an additional maintenance concern that
should be recognized and addressed accordingly.
Additionally, it should be understood that butterfly larval host plant foliage will be
eaten by caterpillars. This will negatively affect the appearance of the plant as
caterpillars defoliate the plant. It is recommended that butterfly larval host plants be
planted close to evergreen perennials that can disguise these plants as they undergo
these natural processes.
While respondents prefer bioswales that attract wildlife such as insects and birds,
there is an expressed concern about bioswales providing habitat for snakes. There are
design measures that can be taken to discourage snakes from taking cover in bioswales.
First, avoid large-fruiting plants, such as citrus. Fallen fruit can create an issue with
rodents and attract snakes. Secondly, avoid very dense plantings. Snakes seek cover in
dense brush to avoid predation from birds of prey. Keep vegetation trimmed and prevent
brush and grasses from growing together into large mass plantings. Allow for breaks in
plantings so that available cover is limited and intermittent (see fig 5.18) (Johnson and
Main) (Johnson and McGarrity).
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Overview:
-

Use vegetation that provides habitat for wildlife such as birds, butterflies, and
other insects. This can usually be achieved using native plants, particularly those
that serve as larval host and nectar plants for insects, as well as fruiting species
that attract birds.

-

Avoid large fruiting trees as fallen fruit can create an issue with rodents and
snakes.

-

Avoid very dense plantings as they may provide habitat for snakes and rodents.

Guideline #3: Use Variety to add Contrast and Texture
Use a palette of diverse plants to provide texture, cohesion, and repetition in the design.
Texture can be achieved by juxtaposing plants with different-sized leaves, colors,
shapes, and heights. For example, plant a shrub-type specimen, such as Viburnum ‘Mrs.
Schiller’s Delight’ next to a large-leaved, vase-shaped plant like a ‘Giant Apostles’ Iris for
contrast and interest. This creates a visual distinction between plants so that the
boundaries of each specimen are apparent (see fig 5.21).
Using a variety of plant heights can further delineate these boundaries and
emphasize contrast and texture. Planting a smaller plant next to a taller one adds
interest and breaks up a planting of similar height. Continue to use contrast through the
use of color in foliage and blooms (see fig 5.21). Respondents responded favorably to
bioswale design that employed a variety of plant heights up to three feet tall with 50%
color.
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Fig. 5.21 Use a palette of diverse plants to provide texture, cohesion, and
repetition in the design
(Source: Erika Mayer)
Cohesion and repetition through the use of a plant palette add a sense of intention
and keep the design from getting too busy. Repeating an irregular pattern (as opposed
to a liner and uniform pattern) will keep the planting design naturalistic and cohesive
(see fig 5.22). Complete fidelity to the repeating pattern is not necessary; slight
variances will add interest.
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Fig. 5.22 Use repetition of a planting pattern to add cohesion and intention to the
planting design
(Source: Erika Mayer)
When plants have similar leaf sizes, heights, and color, it can be difficult to
distinguish between specimen and species. This results in a design that looks
homogenous. Avoid grassed swales and monoculture plantings as respondents least
preferred this look.
Create a planting design with the functionality of the swale in mind. Woody plants are
usually not planted in the lowest zone of a bioswale as branches can trap debris and
block water from flowing. Additionally, it is important to consider plants’ water
requirements when designing the planting plan. The lowest zone should be planted with
hydric plants that tolerate high, fluctuating moisture levels; the middle zone (side slope)
should be planted with species that prefer slightly drier conditions and if possible,
provide erosion control with fibrous roots or rhizome structure; and the highest zone
should be planted with trees and shrubs that can tolerate dry conditions (see fig 5.23).
Tree canopy can obscure visibility across the swale and should be limited if visibility is
required in areas for safety concerns (Richman, 1998).
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Fig. 5.23 Illustrates bioswale planting zones
(Richman, 1998).
Overview:
-

Layer various plant textures for added contrast and definition.

-

Use color in foliage and blooms to add contrast and interest in design

-

Vary height of plantings

-

Avoid grassed swales and monoculture plantings

Guideline #4: Use Stone and Gravel
Gainesville respondents favor a bioswale design that employs stone and gravel over
those that do not. Using stone in the design of a bioswale adds interest and contrast.
Additionally, it serves as an added layer of filtration and can be reminiscent of a creek,
which is viewed as an amenity. Use gravel along the bottom of the bioswale and
landscape stone of varying sizes along the edge of the bioswale basin whenever
possible.
If the bioswale needs to be more than three feet deep to accommodate flow
volume, stone at the base of the swale may be obscured by its depth and surrounding
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planted material. If space permits, consider wide and shallow bioswale geometry to
accommodate a similar volume, maximize treatment surface, and allow visibility of stone.
Alternatively, side slopes may be terraced and stone may be used on upper levels to
maximize visibility of the stone (see fig 5.24) (Richman, 1998).

Fig. 5.24 Bioswale sections
(Source: Erika Mayer)

Guideline #5: Maintenance
With any design, maintenance should be considered throughout the design process.
Designs should reflect maintenance capabilities and budgets. If maintenance will be
limited, consider planting evergreen perennials that are slow growing and do not reseed
or spread quickly. Giant Apostle’s Iris and viburnum species are both examples that
would fit these criteria. These require less maintenance than annuals, as they have less
browning, do not reseed readily, and do not require constant trimming.
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While a natural appearance of a design is preferred, this is not the case when it
comes to maintenance and seasonal browning. A maintenance regimen should be
incorporated that addresses browning and overgrowth of plant material before it gets in
excess of 50%. When using wildflowers and annuals, such as Coreopsis and Gallardia,
spent plants should be trimmed before they reach 50% browning. Some grasses and
deciduous plants, such as Muhly grass and American Beautyberry, will need to be cut
back in the winter to clear brown leaves, stems, and to promote new growth.
Weeding to control spreading of unwanted and invasive plants is critical to
maintain the appearance and functionality of the bioswale. Invasive species can quickly
populate the base of the bioswale and begin to trap debris and inhibit the flow of water.
The spread of unwanted plants can distract from the original planting design, resulting in
an overgrown appearance that can lead to poor public perception (Richman, 1998).
Maintenance inspections should be conducted before seasonal rains, and during
and after major storm events. These inspections should ensure clear flowlines of surface
drainage systems and overflow structures, repair damage caused by erosion, and
remove any sediment buildup and debris that can inhibit flow and result in poor public
perception (Richman,1998). Capacity for soil infiltration should be tested annually to
identify any clogging in the system (Clark and Acomb, 2008). For those swales not
utilizing a gravel bottom and experiencing drainage issues, a rototill may be used to
break through compacted soils to restore drainage properties (“Grassed Swales”).
Additionally, geotextiles may be used as a preventative measure against erosion on the
banks of swales and save on maintenance costs down the line (Richman,1998).
It is important to understand the maintenance needs of a bioswale and of all
plants in the plant palette. Maintenance is required more often for bioswales, however
are less costly than costs for maintaining traditional curb and gutter systems (Clark and
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Acomb, 2008). A maintenance plan should ensure functionality of the bioswale and that
browning and overgrowth will be addressed before it reaches an excess of 50%.

Guideline Conclusions
The guidelines formed here have been synthesized using the results and comments
from respondents in the Gainesville area. Respondents had clear preferences on all
variables tested, with the exception of “Arrangement.” Strong preferences were captured
by this research, particularly for the variables of “Configuration,” “Use of Gravel and
Stone,” “Color,” and “Texture,” which all resulted in preferences of over 69% for one
image in each category. Eighty-eight percent (88%) indicate that they would like to see
more bioswales implemented in the community. This suggests that the Gainesville
community is accepting of the implementation of bioswales and have distinct
preferences for how they would like the bioswales to look.

While this research provides valuable data on nine variables of aesthetics, further
research is needed to better understand the range within each variable. The variables of
“Height” and “Color,” for example, only tested height up to three feet and 50% color in
the design. Beyond those measures is unknown in terms of preference and should be
explored. This is the case with every variable in this set; more data must be sourced to
better understand Gainesville- area residents’ preference for bioswale designs.
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Chapter 6 – Conclusion
Due to Florida’s increasing population, which is expected to double by 2060, existing
stormwater management practices in Florida must be re-imagined to accommodate
harmful urban runoff. Current end-of-pipe systems cannot handle the additional seven
million acres of urban landscape that is needed to accommodate this population growth
(“Florida 2060”). In fact, aging stormwater infrastructure is already showing signs of
collapse. The Sun Sentinel reported that in August 2014 that 800 municipal officials from
around the state gathered to discuss aging infrastructure. They cited several recent
examples of infrastructure failure, including a water main break in Sarasota that
shutdown Tamiami Trail for a day; the collapse of a canal in Brevard county when heavy
rains caused underground pipes to collapse; and a water main break in Miami that
caused a dangerous sinkhole. With Florida becoming the third most populous state in
the country this year, it is clear that reliable systems are needed (Ferreira, 2014).
In addition to infrastructure concerns, Florida uses its groundwater supply at an
alarming rate, ranking sixth in the nation for groundwater use. Many areas within the
state are expected to have critical water supply problems within the next 15 years (KochRose, 2011). Expanding urbanization prevents groundwater recharge and only
exacerbates these concerns.
In order to address these issues head on, Florida must move in a sustainable
direction by weaving low-impact stormwater management techniques into urban areas to
address runoff locally. Bioswales are one tool in the low-impact stormwater toolkit that
can begin to address runoff on site, recharge groundwater, and lessen the volume and
environmental impacts downstream. Their implementation and acceptance is critical in
moving toward a more sustainable approach to stormwater management. This research
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provides information to guide designers in designing bioswales that will be accepted by a
wide audience in Gainesville, Florida. Further research of this tool, and others within the
toolkit, is needed in order to advance their implementation and quell concerns that
designers and the public may have of their use.

Future Directions for Research
Additional visual preference studies should be conducted for all types of low-impact
stormwater management techniques. Results will likely vary from city to city and further
testing of visual preference should be conducted in other locations as well.
The concern of maintenance and implementation cost came up during this study.
Further research into maintenance costs for bioswales and possible options for more
affordable maintenance of public bioswale projects, such as work release crews, is
recommended. According to this research, Gainesville respondents would like to see
more bioswales in their community. It would be valuable to consider whether residents
would be willing to pay higher taxes to support LID projects. Additionally, post occupancy
evaluations of existing projects would be useful to provide hard data on performance
over the years and during large storm events.

Considerations for Future Surveys
There were some factors and limitations of the study that should be considered in future
research:
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Survey Format
The 11 x 17 format of the survey was quite awkward for respondents to work with,
particularly when they were distributed at the farmer’s market and there was a lack of
hard surfaces. Thick poster board “clipboards” were provided, but did little to facilitate
the process. In the future, an 8.5 x 11 format may be easier to handle.
There were several pages that had only a few sentences of text. On such large
format paper, it was easy to pass them over when flipping to the following page. There
were instances that these questions went unanswered, possibly because they were not
seen. In the design of future surveys, there should be thoughtful consideration of page
layout in order to ensure every page is seen.

Survey Length
The length of the survey was an issue for some respondents. Some did not complete the
entire survey, or commented on how long it was. The survey takes approximately 15
minutes to complete, longer for some. This seems to be just over the amount of time
respondents were willing to spend on the survey. The recommendation for reformatting
this survey to make it more palatable would be to eliminate the “Additional Demographic
Questions” as they did not provide information that was particularly useful in creating the
guidelines. It may also be useful to exclude the “Overgrowth” and “Browning” sections
and include them in a separate study that focuses on maintenance concerns specifically.

Survey Directions
Three respondents misunderstood the following directions:
“Please check all the images below that you believe look unacceptable in terms
of maintenance. You may select more than one image. If you believe none of
these scenarios needs maintenance, please check here: !”
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A few respondents selected their favorite image as opposed to selecting the image they
believed needed maintenance. It may be useful to test clarity of directions using pilot
surveys to ensure the intention is clear.

Clarity of Images Used in the Survey
Testing of images using pilot surveys may also be beneficial. In the section testing
preference for check dams, one participant commented that they did not like the orange
color of the v-notch check dam. The v-notch check dam does have a slightly orange hue,
although this was not intentional and not a variable that was being tested. Similarly, in
the section testing preference for gravel and stone, two respondents mentioned they did
not think the gravel in Image 12 looked intentional. In fact, this image has no gravel,
what they are referring to is actually a reflection in a small puddle of water at the bottom
of the bioswale. It is clear from this feedback that pilot tests would be useful to clarify any
misunderstandings respondents may have during the survey.

Limitations of Using Two to Four Images to Test Each Variable
Supplementary research should be conducted to further explore the individual aesthetic
variables introduced in this study. Two to four images were used to test each of the nine
variables in this study. As such, a progression range of extremes was established for
each variable. This left possibilities outside of this range untested. For example,
preference for vegetation height was tested with a progression of images that depicted a
range showing no height in vegetation, to the final image, which showed vegetation
approximately three feet tall. The image showing three feet of vegetation height was
preferred, however it is unknown whether respondents would prefer vegetation higher
than three feet, as that was not tested. A more detailed exploration of each of the nine
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variables tested in this research would be beneficial to garner a clearer understanding of
preference.

Survey Incentives and Sample Size
It was difficult to garner survey participation without an incentive. It is likely more surveys
would have been administered had there been some kind of reward for doing so. Future
researchers should look at possible ways to incentivize survey participation.
Recommendations for sample size in conjoint analysis differ. According to Akaah and
Korgaonkar, a smaller sample size of fewer than 100 is typical. (Akaah, 1988) (Zhang,
2013). For this study, the target number of respondents was 50 and the total number of
surveys attained was 58, however seven of those surveys were filled out incorrectly,
leaving 51 for use in this study. Future research should aim for a larger sample size in
order to offset loss of surveys.

Demographics
Survey participant demographics that closely reflect those of the community being
studied are preferred. This ensures appropriate representation of all populations within
the community. In this study, African-American and Asian populations were
underrepresented while White, non-Hispanic populations were overrepresented. Future
research should consider diverse participant sourcing to closely reflect participant
demographics with those of the community being studied.

Conclusion
The resulting guidelines from this research are by no means comprehensive, but instead
can begin to assist designers on how to approach bioswale design that considers public
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visual preference in the Gainesville, Florida, area. Additionally, it provides a
methodology for future aesthetic preference testing of bioswales in other locations.
Results from this study of 51 Gainesville-area residents indicate that 91% would
prefer bioswales to traditional stormwater techniques and that 93% of residents would
like to see more bioswale projects in their community. The responses to these questions
indicate that Gainesville-area survey respondents are accepting of the aesthetics of
bioswale technologies, although they do have visual preferences for what they look like.
This differs from the sentiments expressed by the East Gainesville community at a public
meeting in 2014, where participants expressed aversion to the aesthetics of LID
(referenced in chapter 2). It would be useful to investigate this disparity of sentiments.
By continuing research on low-impact stormwater management techniques,
Florida can begin to adapt its management strategies for future water needs and
concerns. It is only through the testing and research of new and alternative technologies
that Florida can prepare for these changes.
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Appendix A: Stormwater Visual Preference Study
( Survey format is 11” x 17”, resized to fit 8.5” x 11” )
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