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During the 21st century, more people will reside in cities than in rural areas for 

the first time in human history.  As cities expand to accommodate their growing 

population, pressure is mounting on local biodiversity and the ecosystems they support.  

This promoted the U.N. Convention on Biological Diversity in collaboration with the 

City of Singapore to develop a biodiversity index specifically for cities.  In 2014, the 

final draft of the City Biodiversity Index was released.  Twenty-three indicators comprise 

three categories that assess: native biodiversity, ecosystem services, and municipal 

support for local biodiversity.  A case-study was designed for Starkville, MS to better 

understand the merits of the index and its application to small rural town planning.  The 

research illuminated the breadth and flexibility of the index across multiple scales and the 

availability of local resources to deliver a meaningful biodiversity analysis.  
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CHAPTER I  

INTRODUCTION 

Biodiversity in cities is under constant pressure as cities expand to accommodate 

their ever-growing populations.  This pressure is seen most profoundly through habitat 

conversion to land uses that support the expansion of cities: transportation infrastructure, 

municipal services, and both commercial and residential developments (Wilcove et al., 

1998).  The direct effects of this conversion are loss of biodiversity, an increase in 

species homogenization, an increase in non-native species resulting in incidental 

mortality of native species, the spread of disease, increases in pollution, and local 

climatic change (Kowarik, 2011; Wilcove et al., 1998).  Nevertheless, biodiversity is 

present in cities; it is part and parcel of the complex environment created by urbanization.  

Many variables influence the framework and function of this novel urban ecosystem; 

increases in non-native species coupled with the decline in native species, and changes to 

the abiotic systems of climate, hydrology, and soils that consequently influence biotic 

cycles (Kowarik, 2011).  The spatial makeup of the city - whether it is homogeneous such 

as the urban core, or heterogeneous as found in the patchwork of habitats associated with 

suburban development - influences the diversity (richness) and number (abundance) of 

species (McKinney, 2002, 2006).  Although native habitat and associated species are 

threatened by land conversion and the incursion of non-native species, pockets of 

remnant habitat can be found within the urban fabric that serve as sources or sinks for 



 

2 

local native species (S. T. A. Pickett et al., 2001).  The many benefits, both direct and 

indirect, provided by biodiversity are the underpinnings of the ecological services upon 

which humans depend.  Planning efforts at the local level are needed to mitigate future 

loss and improve local conditions that can support a diversity of species while enriching 

the built environment beyond the armature of architecture.   

There is a misconception that biodiversity conservation is something that occurs 

outside of the city (Stokes et al., 2010).   In interviews with regional planners, Stokes et 

al. (2010) noted the low number of conservation measures present in local land use 

planning and comprehensive planning documents.  In a similar survey, Miller and 

colleagues noted the lack of plans or ordinances pertaining to biodiversity assessments, or 

the establishment of goals for conservation within planning documents (Miller et al., 

2009).  In the Stokes et al. (2010) survey, one respondent commented, “Biodiversity 

conservation doesn’t have an analytical basis on which to judge how good or bad we are 

doing.”  This comment illustrates the need for an assessment tool designed for the scale 

of the city that can inform planning strategies and evaluate their performance.   

A number of methods exist for evaluating biodiversity at the national and regional 

scales primarily through remote sensing technologies.  Analysis at the regional scale is 

helpful to distinguish between areas suitable for development and those containing high 

levels of biodiversity that are desirable for conservation.  At the local scale, a finer level 

of assessment is needed to understand local ecological communities and ecosystems, but 

few instruments exist.   

A biodiversity index, titled The Singapore Index on Cities’ Biodiversity or the 

City Biodiversity Index (CBI), was developed in collaboration with members of the UN 
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Convention on Biological Diversity and experts and representatives from four 

international cities (Chan, 2014).  The index was vetted in fifteen cities and refined over 

three years.  Two Canadian cities, Montreal and Edmonton, participated in the process; 

and two U.S. cities began but did not complete the process.   

The City Biodiversity Index has the potential to be the tool city planners’ need for 

evaluating their conservation planning efforts, but the discussion of its merits cannot 

move forward as literature pertaining to its application in the United States is not 

published.  I propose conducting the CBI using the City of Starkville as the location for 

this exercise.  The results from this exercise will provide a score for the City of 

Starkville, thus providing an avenue for discussion of strategies that pertain to each 

indicator.  Although it is important to obtain a baseline of data for the city, it is more 

important to act upon this information.  How will the CBI fit into the City of Starkville’s 

planning efforts?  Who will conduct this exercise in the future?  What are the resources 

available to cities as they move forward to incorporate biodiversity into their planning 

efforts?  These questions will be explored and discussed as part of this research exercise. 
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CHAPTER II  

LITERATURE REVIEW 

Biodiversity in Cities 

Urbanization as a leading threat to biodiversity 

Urbanization, and the land uses associated with the growth and development of 

urban areas, is one of the leading threats to biodiversity (Steiner, 2009; Wilcove et al., 

1998).  This is expected to continue as more rural land and natural habitat is converted to 

urban land uses in an effort to support the residents of the “first urban century” (Steiner, 

2009).  The fine scale analysis conducted by Wilcove and colleagues (1998) determined 

that habitat loss was greatest due to the activities related to the following four categories: 

agriculture, the conversion of land for commercial development, water development, and 

infrastructure development.  Two of which – commercial and infrastructure – are directly 

associated with the plague of the twentieth century – urban sprawl!  Water development – 

the capture, collection, and cleansing of water for human use and consumption – has a 

wide reach, stretching into rural communities and beyond in an effort to supply the 

countless demands of growing cities.  The ever-increasing growth of urban populations 

increases the demand for food products that outpaces local production, thus directly 

influencing the expansion of agricultural lands.  This hunger for resources is placing 

pressure on biodiversity, felt keenly along the peri-urban boundary, but also within the 

city itself, an area thought to be void of biodiversity. 
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According to the U.S. Census, the urban population in the United States has 

increased by 12.1% over the past decade (2000-2010) accounting for 80.7% of the U.S. 

population (US Census Bureau, 2012).  This growth is not limited to large cities; small 

and mid-sized cities saw the largest population growth during this period.  In addition, the 

physical footprint for the majority of U.S. cities also increased; of the 3,500 urban areas 

in the U.S. only 50 cities reduced their size during this same time frame (Berge, 2012).  It 

is the development along the peri-urban boundary (areas where the urban form is 

interlaced with the rural landscape) that is of greatest concern, as these areas are 

susceptible to biodiversity loss and landscape degradation (Groves, 2008).   

Cities are biologically diverse places 

Climate and geomorphology play a role in species richness and human settlement 

patterns.  Historically, human population settlements have occurred in biologically rich 

areas that contained highly productive ecosystems that supported human settlement 

endeavors such as farming, and building of cities (Ricketts & Imhoff, 2003; Steiner, 

2009).  Unique geomorphological patterns and natural features (fresh water sources, 

arable soils, mineral resources, and defensible landscapes) provided shared support 

systems (Kühn et al., 2004).  It is no coincidence that areas of species richness are also 

areas suitable for human settlement.  Recent studies show the correlation of human 

population density and species richness (Araujo, 2003; Luck et al., 2004; Sax & Gaines, 

2003).  Sax and Gaines (2003) note that on a regional scale, biodiversity appears to be 

increasing, but begins to decline at the local scale.  Ricketts’ (2003) analysis of 

biodiversity of North America demonstrates the regional concentration of biodiversity.  

For this paper it is important to note that the southeastern region of the U.S. has a high 
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concentration of biodiversity, ranked as one of four ‘priority sets’ ecoregions; it is under 

considerable pressure as human population density in the region increases (Ricketts & 

Imhoff, 2003).  To emphasize this point, in 2016, the North American Coastal Plain was 

named the world's 36th biodiversity hotspot (Noss, 2016)  

The result of urbanization and associated land-use changes is the creation of novel 

urban ecosystems.  These ecosystems are derived from human actions resulting in new 

combinations and relative abundance of species not previously found in local native 

habitats (Hobbs et al., 2006; Marín-Spiotta, 2014).  The conversion of habitat to other 

land-uses alters the abiotic and biotic components of the ecosystem thus affecting its 

overall functioning.  Influences that alter the abiotic conditions include changes to local 

climate (ex: heat island effect), hydrology (ex: stream channelization), and soil 

composition (ex: removal, contamination) (Kowarik, 2011).  These changes alter the 

structure, function, and quality of local habitat conditions (S. T. A. Pickett et al., 2001).  

The predominant influence over biotic conditions is the introduction of non-native 

species, and the decline or removal of native species (McKinney, 2006).   

Within the urban environment there are varying degrees or levels of landscape 

change.  This is referred to as the urban to rural gradient.  Starting in the urban core, the 

landscape experiences more physical change and alteration than in the rural landscape; 

this change from very dense to less dense development strongly influence available 

habitat for species (McKinney, 2002).  McKinney explains these habitats as: 

 1. Built habitat - consisting of an abundance of buildings and impervious surfaces. 

 2.  Managed vegetation - comprised of residential, commercial and other human 

  maintained green spaces.  
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 3. Ruderal vegetation – composed of abandoned and empty green spaces that are 

 not human maintained.  

 4. Natural remnant vegetation - a patchwork of original vegetation that is 

 susceptible to non-native species intrusion.   

Each of these habitats has an influence on species diversity; and two terms are often used 

to describe these conditions: homogeneous, and heterogeneous.  The homogeneous 

landscape is easy to associate with the built habitat of the urban core as the components 

of this form share similar materials that impact the local environment in a similar fashion 

(McKinney, 2006).  McKinney (2006) notes the following characteristics, which are 

global in nature as they are shared by cities across the planet, they include: a high density 

of buildings, a dominance of impervious surfaces, and a limited diversity of vegetation.   

This landscape type severely alters the abiotic structure of the environment and limits 

species to those few who have adapted to such harsh conditions (McKinney, 2006).  

Moving along the gradient toward the rural environment, the landscape becomes more 

heterogeneous as patchworks of different land cover, building densities, and urban land 

uses pepper the landscape (S. T. A. Pickett et al., 2001).  The spatial heterogeneity of the 

urban landscape allows a certain amount of ecosystem functioning as patches of natural 

habitats serve as sources or sinks for resource between patches (S. T. A. Pickett et al., 

2001).  Araujo (2003) noted in his urban biodiversity analysis that species richness was 

greater in the ecotones, or transitions between different kinds of habitats.   

Nevertheless, the urban environment is not a substitute for native ecosystems.  

The responses of species along the urban to rural gradient have been categorized as 
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avoidance, adaptive, and exploitative.  McKinney explains these terms coined by Blair 

(Blair & Launer, 1997): 

“…wherever urbanization occurs, some species are extremely sensitive and 

disappear quickly (avoidance), some species thrive as urban commensals to the 

point that they become dependent on urban resources (exploitation), and some 

species can adapt to urban habitats but also utilize natural resources (adapters) 

(McKinney, 2006).  

Thus the species that are present within the urban context are those that are more tolerant 

of humans and the human environment (Araujo, 2003).  

Native species and habitats persist in cities in multiple forms, large and small, 

planned and neglected.  Forest Park in Portland, OR, a 4000-ha forested park situated 

within minutes of the urban core, is one example of planned conservation efforts within a 

dense urban environment (Miller & Hobbs, 2002).  On a smaller scale, gardens offer 

habitat and increase species diversity on a local level (Goddard et al., 2010, 2013).  

Pockets of native habitat which can serve as sources for biodiversity are often found in 

remnant patches along riparian corridors, railroad rights-of-way, brownfield locations, 

derelict or disturbed sites, transportation corridors, and steeply sloped lands deemed not 

suitable for development (Angold et al., 2006; Kowarik, 2011; Kühn et al., 2004).  Kuhn 

et al. (2004) notes that geological diversity is an underlying influence for survival 

endangered plant species.  Her study in Germany found that small natural areas that were 

not rigorously maintained in the city contained a number of red-listed species.  Kowarik 

(2011) confirmed this assessment by noting that self-sustaining populations of red-listed 

species occur in man-made urban settings.   
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Threats to biodiversity 

Land-use change is only one of the threats to biodiversity; the second is the 

pervasiveness of non-native species (Kowarik, 2011; McKinney, 2008; Wilcove et al., 

1998).  The risks associated with non-native species are many (Kowarik, 2011; 

McKinney, 2006; Wilcove et al., 1998):  

1. Biotic homogenization. 

2. Displacement of native species and interruption of early successional 

cycle.  

3. Health – spread of disease and negative effects to human health. 

4. Spread of non-native species into adjoining rural environment. 

5. Impact to higher trophic levels (food web). 

6. Increase in maintenance costs. 

7. Impacts to ecosystem services.  

8. Emissions of VOC’s.    

The increase in non-native species is shown to increase species richness and abundance at 

the local level.  This is recorded not only in plant species, but birds, mammals, and 

insects (summary of literature by McKinney (2006)).  The homogenization of the 

physical environment, especially within the built habitat, provides an environment that 

supports only a limited number of species – adapters and exploiters- that can persist 

within the urban environment. 

Biodiversity is present in cities; it is part and parcel of the complex environment 

created by urbanization.  Many variables influence the framework and function of this 

novel ecosystem.  The spatial makeup of the city, whether it is homogeneous or 
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heterogeneous, influences the diversity (richness) and number (abundance) of species.  

Although native habitat and associated species are threatened by land conversion and the 

incursion of non-native species, pockets of remnant habitat are found within the urban 

fabric that serve as sources or sinks for local native species.  The many benefits, both 

direct and indirect, provided by biodiversity require planning efforts at the local level to 

mitigate future loss and improve local conditions that can support a diversity of species.  

Planning for biodiversity in cities 

Ecosystem services provided by biodiversity 

Biodiversity is a complex concept especially within the urban context.  In a 

regional survey of planners, one participant commented, “Biodiversity has become a 

nebulous issue” (Stokes et al., 2010).  This comment illustrates probable confusion or 

lack of understanding as to the role biodiversity plays within the urban environment.  

When described as ecosystem services, the ecological benefits - both direct and indirect - 

that biodiversity supports it becomes easier to understand.  The Millennium Ecosystem 

Assessment (2003) organizes ecosystem services into four categories (Figure 2.1)  :  

1. Provisioning – these are products obtained from ecosystems such as food, 

fresh water, materials for cooking and building, textile materials, 

medicinal components, and genetic resources.  

2. Regulating – these are the natural cycles of the planet that control flooding 

and disease, and impact climate. 

3. Cultural – these are associated with cultural identity and human well-

being. They may include natural elements or areas associated with 

spiritual and religious identity and values.  
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4. Supporting – these services occur over an extended time frame; they are 

the underlying mechanisms that support ecosystems and include soil 

formation, and the atmospheric, nutrient, and water cycles. 

These categories illuminate the overlapping and complex nature of ecosystems and the 

intricate role biodiversity plays in this system.  The organized framework of ‘ecosystem 

services’ provides a mechanism for understanding the role and value of biodiversity.  

Figure 2.1 Ecosystem Services  

 
Chart recreated from Ecosystems and Human Well-Being: A Framework for Assessment  
(MEA, 2003) 
 

Local influences  

Local land-use decisions influence biodiversity on a range of scales, not only 

within the municipal boundary but extending into the rural landscape (Miller, 2008).  

Areas once deemed too far from urban centers to develop - including former agricultural 
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lands - have over the past decades been converted to rural subdivisions (Miller & Hobbs, 

2002; Theobald et al., 2000).  The end result is an expanding municipal boundary that 

encompasses the development, which directly influences future land-use decisions.  

Within this typical scenario, Luck et al.(2004) describes three caveats for conservation 

planning that are germane at the local level:   

1. Conservation should occur where most people live.  As urban population 

centers are growing, conservation efforts should occur in cities.  

2. Regional conditions influence local biodiversity and efforts toward 

biodiversity. The environmental conditions and species diversity of 

neighboring landscape will influence local conditions, as species are 

transitory.   

3. Reduce human wildlife conflicts.  Assess local areas for habitats that are 

rich in biodiversity with low human density but where growth is expected 

to occur.  This identifies areas where biodiversity will mostly like be 

threatened by human incursion. 

These caveats help influence planning strategies that identify locations for local 

biodiversity conservation and ensure their integration into long-range planning efforts.  

Planning strategies  

A number of strategies are available at the local level that protect biodiversity, 

minimize expansion, and reduce conflicts.  Comprehensive plans and ordinances are one 

of the primary tools used to resolve land use and natural resource concerns (Davis & 

Baird, 2014).  Comprehensive plans are often mandated by state governments; and 

illuminate long-term goals and objectives that are deemed important to the local 
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community (Daly & Klemens, 2005; Davis & Baird, 2014).  Through this framework 

municipal policy is declared and specific purposes pertaining to zoning, land use, and 

development are codified (Davis & Baird, 2014).  Mechanisms to help implement and 

attain biodiversity goals are wide ranging and may include acquisition plans to bring 

native habitat into the public domain as parks and open space (Duerksen, 1997).  Zoning 

ordinances and other regulatory tools such as overlay districts, growth boundaries, 

planned unit development (PUD) standards, and permit fees are mechanisms local 

governments may use to implement and enforce conservation goals (Duerksen, 1997; 

Miller et al., 2009).  Biodiversity action plans and habitat conservation plans – 

mechanisms that protect multiple species - are tools utilized by regional and city planners 

to develop and implement specific conservation efforts (Cil, 2011; Franklin et al., 2011).   

Planning decisions revolve around community values and interests.  Education 

and public outreach pertaining to biodiversity is seen as one of the primary tools for 

supporting local conservation planning measures (Miller et al., 2009; Stokes et al., 2010).  

Miller and Hobbs (2002) describe these community-based efforts as “positive feed-back 

loops as they draw on local support and, in turn, foster even greater interest in local 

conservation issues”.  This connection is important as local land use is seen as being on 

the front line of biodiversity conservation or loss.  

A matter of scale 

The composition of regional landscapes has an influence on local biodiversity and 

may influence local planning efforts.  Biodiversity exists on a hierarchal scale and 

therefore is not necessarily restricted to a specific site (Noss, 1989).  Having an 

understanding of regional ecosystems will help inform local land use planning decisions 
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and reduce potential human wildlife conflicts (Dramstad et al., 1996; Luck et al., 2004; 

Niemelä, 1999).  At the regional landscape scale, land cover patterns and habitats are 

easily discernable and the points of connectivity to the urban environment are revealed 

providing valuable information on future development and conservation sites (Groves, 

2008; Miller, 2008; Underwood et al., 2011).  The scale of these assessments is suitable 

for regional planning and identifying important patches and corridors of habitat that 

interface with the urban environment.  This is beneficial to local planning but biodiversity 

assessment at a smaller scale is needed to provide greater understanding of the local 

ecosystems (Groves, 2008).  

In a survey of municipal planning departments conducted by Stokes et al. (2010), 

a comment from a respondents stated, “biodiversity conservation doesn’t have an 

analytical basis on which to judge how good or bad we are doing.”  Although there are a 

number of biological assessment tools available for planners, they primarily exist at 

scales that are not easily translated to the scale of the city.  Two tools specifically – 

Greenprinting by the Trust for Public Land and Vista by NatureServe – are designed for 

the scale of the city but are limited in their scope.  Both tools utilize ArcGIS mapping 

software to analyze local natural resources (in the case of Greenprinting, social and 

cultural perspectives are incorporated into the process) to inform land use decisions and 

highlight areas to focus conservation efforts (NatureServe, 2015; Trust for Public Land, 

2015).  The Nature Conservancy offers a comprehensive framework of assessment and 

conservation action planning designed for project or site-level planning (The Nature 

Conservancy, 2015).  The TNC method is an adaptive management technique that urges 

repetitive assessment and monitoring to ensure that planning strategies are meeting 
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project goals and standards (The Nature Conservancy, 2015).   Although these tools are 

designed for the local scale, they are specialized - TNC methodology addresses local 

biodiversity and habitat health, Greenprinting incorporates social and cultural inputs, and 

NatureServe-Vista is tooled for planners to inform land-use decisions and address 

singular components of municipal planning.   

The City Biodiversity Index (CBI), a tool developed through a cooperative effort 

of four international cities: Curitiba, Montreal, Nagoya, and Singapore, in conjunction 

with the U.N. Convention on Biological Diversity, was devised as a biodiversity 

assessment tool specifically for cities (Chan, 2014).  Twenty-three indicators comprise 

three categories that assess: native biodiversity, ecosystem services, and municipal 

support for local biodiversity (Chan, 2014).  The index was tested in fifteen international 

cities over the three-year development process.  Two North American cities participated 

in this process: Montreal, Quebec, and Edmonton, Alberta, Canada (C. UNEP, 2010).  

Montreal has a long history of commitment to the environment; they formalized their 

conservation efforts through a combination of planning policies that support sustainable 

development, prioritize their natural heritage, and enhance existing ecological networks 

(I. UNEP, 2008b).  Edmonton developed the “ecological network” as a solution to 

biodiversity threats identified through the CBI assessment.  By embracing the river that 

runs through the city, a network of habitat patches and linkages was established that 

connect natural areas to semi-natural areas throughout the city (I. UNEP, 2008a).  The 

conservation action plans for these cities demonstrate the benefits of this tool.  
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Literature strengths and gaps 

This literature review illustrates the impact urbanization has on native 

biodiversity, primarily the ongoing conversion of native habitat to urban land uses  as 

cities continue to expand to meet the demands incurred by population growth (Steiner, 

2009; Wilcove et al., 1998).  Novel urban ecosystems - characterized by alterations in 

biotic and abiotic components that affect the structure, function, and quality of the local 

ecosystem (Hobbs et al., 2006; S. T. A. Pickett et al., 2001) – limit the presence of native 

species while promoting the persistence of non-native species, creating homogenous 

biotic environments that mimic the built landscape of the urban environment (Kowarik, 

2011; McKinney, 2006).  In spite of the threats, biodiversity persists within the urban 

environment; its richness, structure and function reflect the human habitat that is present 

along the urban to rural gradient, shifting as they transition from homogenous to 

heterogeneous habitats (McKinney, 2002, 2008).   

Moving forward, biodiversity conservation efforts should occur in cities - where 

most people live (Luck et al., 2004).  To reduce the human-wildlife conflicts that 

inevitably occur with habitat conversion, city planners must develop solutions that reflect 

the character and values of the local community (Daly & Klemens, 2005; Duerksen, 

1997).  These methods are reflected through cities’ comprehensive plans, zoning 

ordinances, conservation action plans, and regulatory codes (Davis & Baird, 2014; 

Duerksen, 1997).  

Additionally, assessment tools are needed to measure the progress and 

performance of local actions as well as identifying local areas of conservation value 

(Stokes et al., 2010).  The tools currently available are primarily applicable at the 
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regional scale, with only a handful that are applicable to the county or city scale (Groves, 

2008).  These tools utilize GIS mapping technology to highlight areas of low or high 

conservation value that is useful in land-use decision making (NatureServe, 2015; Trust 

for Public Land, 2015).  Nevertheless, these tools do not meet the assessment needs of 

planners to help determine local levels of biodiversity or measure the performance of 

planning efforts to protect and promote biodiversity.  A gap exists between the needs of 

planners and the tools available.  The City Biodiversity Index has the potential to fill this 

need, but a discussion at this level would be presumptive as there is no literature 

pertaining to its application in the United States.  I propose conducting the CBI using the 

City of Starkville as the location for this exercise.  The results from this exercise will 

provide a score for the City of Starkville, thus providing an avenue for discussion of 

strategies that pertain to each indicator, and to its usefulness as a tool in biodiversity 

conservation planning for cities.  As part of the discussion, examples from other North 

American cities – those that have utilized this tool, and others with strong conservation 

planning efforts - will be incorporated into the discussion.  Although it is important to 

obtain a baseline of data for the city, it is more important to act upon this information.  

How can the CBI fit into rural town planning?  Who will conduct this exercise in the 

future?  What are the resources available to cities as they move forward to incorporate 

biodiversity into their planning efforts?  These questions will be explored and discussed 

as part of this exercise.  A previous research effort, conducted in 2014, that utilized the 

CBI as a metric for evaluating past comprehensive plans for the City of Starkville, will 

provide historical context for discussion of strategies that pertain specifically to Starkville 
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based upon the results of the CBI.  This frames the primary reason for the following 

research.   
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CHAPTER III  

METHODOLOGY 

This chapter details the methodology for conducting the City Biodiversity Index 

(CBI) for the City of Starkville.  Although the CBI provides the structural framework for 

obtaining a score for each indicator, the methods used to execute certain indicators need 

further explanation.  The chapter organization corresponds with the CBI categories and 

concludes with the questionnaire provided to the Starkville Board of Aldermen.  First, a 

brief overview of the CBI is provided and accompanied by a table that outlines its 

organization.  Second, the components that make-up the city profile are clarified and 

resources used to compile this category are provided.  Third, the twenty-three indicators 

(organized into three sub-categories) are spelled out and data collection methods 

illuminated.  Fourth, the questionnaire provided to the Starkville Board of Aldermen is 

explained.    

It was determined that a case study methodology was the best course of action for 

conducting this research project.  As Deming and Swaffield (2011) explain: "case studies 

are complex, multifaceted investigations into a particular place, project, organization, or 

landscape."  This is an appropriate description of the CBI process as it requires cities to 

systematically collect and record data pertaining to local biodiversity across a range of 

functionalities.  Throughout the investigation each component is documented through 

written descriptions, numerical data, maps, and photographs.  Data gathered during the 
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investigation for each indicator are analyzed based upon formulas provided within the 

body of the CBI and used to determine a score for each indicator.  The flexibility of the 

CBI framework promotes additional statistical and spatial analysis by the administrator(s) 

but is not required to determine a score.  

City Biodiversity Index Overview 

The objectives behind the development of the CBI as a self-assessment tool are 

two-fold (Chan, 2014):  

1. To facilitate local governments in benchmarking biodiversity conservation 

efforts within the urban context; and 

2. To develop an iterative tool for measuring progress in conservation efforts 

that reduces the loss of biodiversity within the urban context.  

The CBI is a compilation of indicators and variables from two environmental 

assessment indices: 2005 Environmental Sustainability Index, and the 2008 

Environmental Performance Index (National Parks Board, 2008).  Twenty-three 

indicators comprise three categories, and together they generate an overall index score.  

They include:  

1. Assess native biodiversity in the city; 

2. Assess ecosystem services provided by native biodiversity; and 

3. Assess governmental support for local biodiversity conservation.  

A scoring procedure for each indicator is provided within the body of the index.  Each 

indicator utilizes the point-ratio method - a value for the indicator is based upon the 

calculated outcome of each indicator.  A value between zero and four is assigned to each 

indicator totaling 92 possible points for the CBI.  The sub-score for each category 
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emphasizes their importance within the index and serves as a guide for cities (based upon 

their score) on where to focus their efforts (Chan, 2014): 

1. Native biodiversity in the city – 40 total points  

2. Ecosystem services provided by native biodiversity– 16 total points 

3. Governmental support and management of biodiversity– 36 total points  

The CBI is designed as an iterative tool that promotes periodic reassessment of 

cities' efforts towards protecting and promoting biodiversity.  To be clear, the CBI is not 

a comparative tool between cities, as each city is unique; instead, it is a self-evaluation 

tool for cities to examine their progress towards meeting their conservation goals.  The 

developers of the CBI suggest reassessment every three years so that tactical alterations 

to programs can be quickly made. 

In order to immediately move forward in the self-assessment, baseline data are 

accumulated providing a frame of reference for each successive assessment.  Similar to 

processes undertaken in developing cities' comprehensive plans, a picture of the city is 

developed as historical data - archived in local museums, universities, and municipal 

offices - is compiled to create a snapshot of the city's development and engagement with 

the natural environment from founding to present day.   

Table 3.1 illustrates the organization of the CBI which includes a city profile, and 

twenty-three indicators (each briefly described) organized into three categories as noted 

above: native biodiversity, ecosystem services, and governmental support.  The complete 

text of the The User’s Manual on the Singapore Index on Cities’ Biodiversity can be 

found at the Singapore National Parks Board website: 

www.nparks.gov.sg/biodiversity/urban-biodiversity. 
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Table 3.1 Summary of score chart for the Singapore Index on Cities’ Biodiversity.  

      
The index is organized into two parts: 1) profile of the city, 2) 23 indicators and allowable points.  
Reproduced from The User’s Manual on the Singapore Index on Cities’ Biodiversity (Chan, 
2014) which can be found at the Singapore National Parks Board website: 
https://www.nparks.gov.sg/biodiversity/urban-biodiversity. 

SINGAPORE INDEX ON CITIES’ BIODIVERSITY
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Site: Location and size of city, climatic information, precipitation history.  Inclusion of maps is beneficial.
Demographics: Population figures and density.  Inclusion of regional population is beneficial to provide context to the 
regional influences.
Economic: GDP, GNP, per capita income, key economic activities, drivers and pressures on biodiversity.
Physiographic regions and Geomorphic complexion of the city.  Inclusion of brownfield sites is beneficial.
Biodiversity features: Ecosystems within the city, species within the city, quantitative data on populations of key species of 
local importance, relevant qualitative biodiversity data .
Administration: Agencies and departments responsible for biodiversity, and management of natural areas.
Resources: provide web links and documentation of resources 

P
A
R
T
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I 
- 
In
d
ic
a
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r
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Indicator

 Number Indicator Description Maximum 

Score
Native Biodiversity in the City

1 Proportion of natural areas in the city 4 points
2 Connectivity of habitats 4 points
3 Native biodiversity in built-up areas (bird species) 4 points
4 Change in number of vascular plant species (native) 4 points
5 Change in number of bird species (native) 4 points
6 Change in number of butterfly species (native) 4 points
7 Change in number of city selected species 4 points
8 Change in number of city selected species 4 points
9 Proportion of protected natural areas 4 points
10 Proportion of invasive alien species 4 points

Ecosystem Services Provided by Biodiversity
11 Regulation of quantity of water 4 points
12 Climate regulation: carbon storage and cooling effect of vegetation 4 points
13 Recreation and education: area of parks with natural areas 4 points

14 Recreation and education: number of formal education visits per child to parks and natural 
areas per year. 4 points

Governance and Management of Biodiversity
15 Budget allocated to biodiversity 4 points
16 Number of biodiversity projects implemented by the city annually 4 points
17 Existence of local biodiversity strategy and action plan 4 points
18 Institutional capacity: number of biodiversity related functions 4 points

19 Institutional capacity: number of city and local government agencies involved in 
inter-agency cooperation pertaining to biodiversity matters 4 points

20 Participation and partnerships: existence of formal or informal public consultation process 4 points

21 Participation and partnerships: number of agencies/private companies/NGOs/academic 
institutions with which the city partners on biodiversity activities, projects, and programs. 4 points

22 Education and awareness: is biodiversity or nature awareness included in school curriculum 4 points

23 Education and awareness: number of outreach or public awareness events held in the city per 
year 4 points

T
O
T
A
L
S

Native Biodiversity in the City 40 points
Ecosystem Services Provided by Biodiversity 16 points
Governance and Management of Biodiversity 36 points

Maximum Total Score 92 points
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Part 1 - City Profile  

A thorough profile of the city is required which often encompasses areas 

addressed in a comprehensive plan process.  The intent of the profile is to place the City 

geographically and illustrate pressures placed on biodiversity through natural and 

anthropomorphic influences.   

By establishing a comprehensive picture of the City, thoughtful analysis 

pertaining to environmental stewardship can be accomplished.  Table 3.2 notes the 

components the CBI requests participating Cities to compile; the categories cover 

demographics and economic data, geographic and physiographic location and mapping, 

as well as ecosystems found within the City.  Previous and current Starkville 

Comprehensive Plan documents were consulted (1976, 1981, 1993, 2005, 2016).  

Although three of the oldest comprehensive plans were not complete, they each provided 

tidbits of information that shed light into the goals of the City and concerns of the 

community at that time.  They also illustrate the development pattern of the City over the 

past 40 years and the objectives the City accomplished during the same time frame.  

Contemporary planning theory and values are apparent in the text and realized within the 

current form of the City.  The most recent Starkville Comprehensive Plan 2016 places 

value in Smart Growth principles and calls attention to local ecological resources.  The 

plan elucidates the ecological, social, and economic benefits of these resources and 

encourages further discussion and action.  Data and maps from this document are 

referenced within the results chapter and proved to be a valuable resource in compiling 

the city profile.  
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Figure 4.53 Location of Natural Areas with Publicly Accessible Lands 

 
Natural areas within the city parks system are indicated by the shaded area.  16th Section Land  
is the large parcel located along the southern boundary of the city.   
Base map obtained from Google Earth. 
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1000 persons.  According to the CBI manual, the more publicly accessible parks with 

natural areas that exist within a city the higher the score.  In order to obtain a score of 

four for this indicator, 0.9-hectares per 1000 persons must be available.  The City of 

Starkville has 0.193-hectares of accessible parks with natural areas which falls within the 

allowable range (0.1- to- 0.3-hectares/1000 persons) to obtain a score of one out of four 

possible points.  

193.79-hectares / 1000 persons = 0.193 ha/1000 persons 

Table 4.13 Area of Parks with Publicly Accessible Natural Areas  

Location	 												Area	 		
McKee	Park	 2.00	 ha	 		

Brush	Arbor	Cemetery	 0.75	 ha	 		
Moncrief	Park	 0.25	 ha	 		

JL	King	Park	 6.79	 ha	 		
16th	Section	Land	 184.00	 ha	 		

Total	 193.79	 ha	 		
 

Educational Services Provided by Biodiversity - Score 2 out of 4 

Indicator 14 evaluates how often school age children below 16 years of age are 

exposed to the natural environment.  This is accomplished by reviewing scheduled local 

school activities and curriculum based field trips (Table 4.14).  The Starkville Oktibbeha 

Consolidated School District has a comprehensive environmental education program 

titled YES! (Youth Environmental Science!) which incorporates field trips to two 

protected natural areas (Noxubee Wildlife Refuge, and Plymouth Bluff Environmental 

Center) for each student in grades three through eight.  Although not part of the YES! 

program, children in grades one and two also participate in activities related to the natural 
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sciences.  Each academic year, students in the lower grades take part in two field trips to 

local farms, pumpkin patches, or wildlife centers (per conversation with Judy Woodrow, 

Ph.D., Assistant Superintendent of Curriculum and Instruction).  

Table 4.14 Formal Educational Visits by Public School Students 

Formal	Educational	Visits	to	Natural	Areas	
Elementary	Education		

Activity	 Grade	 Duration	 Visits	
Field	trip	to	a	farm,	pumpkin	patch,	or	wildlife	center.		 1st	 1/2	day	 2	
Field	trip	to	a	farm,	pumpkin	patch,	or	wildlife	center.		 2nd	 1/2	day	 2	
		 	  		

YES!	Program	
Activity	 Grade	 Duration	 Visits	

Noxubee	-	Larry	Box	Environmental	Education	Center	 3rd	 full	day	 1	
Noxubee	Wildlife	Refuge	&	Plymouth	Bluff	Nature	Center	 4th	 full	day	 4	
Noxubee	Wildlife	Refuge	&	Plymouth	Bluff	Nature	Center	 5th	 full	day	 4	
Noxubee	-	Larry	Box	Environmental	Education	Center	 6th	 full	day	 2	
Noxubee	-	Larry	Box	Environmental	Education	Center	 7th	 full	day	 2	
Noxubee	-	Larry	Box	Environmental	Education	Center	 8th	 full	day	 2	

	 Total	Annual	Visits	 19	
Annual visits to natural areas are part of the Starkville Oktibbeha Country School District 
curriculum.   

To calculate the score, the total number of formal visits per year to natural areas is 

averaged by number of participating grade levels.  As with previous indicators, there is a 

direct correlation between the outcome and the score.  The greater the number of formal 

visits per year the higher the score (up to 4).  To score a four, there must be on average 

greater than three formal visits per year.  Students in the Starkville Oktibbeha 

Consolidated School District average 2.375 visits per year, meeting the requirements to 

score a two out of four possible points for this indicator.   
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19 visits per year / 8 grade levels = 2.375 

The score seems low for this indicator considering the visits for grades four 

through eight specifically are full days at environmental centers where each student is 

immersed in environmental science curriculum.  Nevertheless, the indicator is measuring 

visits per year, not the quality of the visits or the extent of time spent within the natural 

environment.  

Category 3 - Governance and Management of Biodiversity 

The third category explores the extent the municipality is involved in the 

governance and management of local biodiversity.  This is accomplished by assessing 

three areas where municipalities have the most influence and are part of the day-to-day 

operational fabric of the city; they include: institutional capacity, partnerships, budget, 

planning, and education.  The nine indicators that comprise this category review these 

areas through the lens of environmental stewardship.  Six of the indicators are paired, the 

first may look for the presence of a biodiversity-related function, while the second 

measures the extent of that function.  

A total of 36 points is possible for this category.  Starkville, on its first assessment 

scored 13 total points, as Table 4.15 illustrates.  This category presents opportunities for 

municipalities to demonstrate their long-range commitment to biodiversity not only 

within their community but also to their peer municipal groups.  Through efforts such as 

policies, procedures, contracts, and initiatives, subsequent scores for each indicator can 

increase.  
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Table 4.15 Governance and Management of Biodiversity 

Indicator	 Indicator	Description	 Score								
(4	possible)	

15	
Budget	allocated	to	biodiversity	

0	Evaluation	of	financial	commitment	towards	local	biodiversity	through	city	
budgetary	allocations.		

16	

Number	of	biodiversity	projects	implemented	by	the	city	
annually	 0	
Biodiversity-related	projects	and	programs	the	city	is	a	key	collaborator.		Projects	
may	include	biodiversity	conservation,	recovery,	restoration,	surveys,	etc.		

17	

Policies,	rules,	and	regulations	-	Existence	of	local	biodiversity	
strategy	or	action	plan	

0	Evaluates	the	existence	of	local	biodiversity	strategies	or	action	plans	that	
incorporate	elements	of	national	or	international	biodiversity	conservation	
initiatives.		

18	
Institutional	capacity	(presence)	

2	Biodiversity-related	functions	the	city	uses	such	as	herbariums,	botanical	
gardens,	zoos,	etc.	

19	
Institutional	capacity	(effectiveness)	

0	Number	of	city	or	local	governmental	agencies	involved	in	inter-agency	
cooperation	pertaining	to	biodiversity-related	matters	(planning,	water,	
transportation,	etc.).	

20	
Participation	and	partnership	(presence)	

4	Existence	of	formal	or	informal	public	consultation	process	pertaining	to	
biodiversity-related	matters	

21	
Participation	and	partnership	(effectiveness)	

2		Number	of	agencies	the	city	partners	with	related	to	biodiversity	activities,	
projects,	etc.	

22	
Education	and	awareness	(formal	education)	

4	
Is	biodiversity	or	nature	awareness	included	in	local	school	curriculum.	

23	
Education	and	awareness	(public	awareness)	

0	Number	of	public	outreach	or	awareness	events,	programs,	or	projects	held	in	
the	city	each	year.		

		 Category	Total	(36	possible	points)	 12	
The scores for the Starkville case study were determined using the equations provided in the 
Users' Manual on the Singapore Index on Cities' Biodiversity (Chan, 2014) which can be located 
at: https://www.nparks.gov.sg/biodiversity/urban-biodiversity.  

Budget Allocated to Biodiversity - Score 0 out of 4 

The municipal budget is one means of determining the City's commitment toward 

environmental stewardship, and indicator 15 examines this commitment.  It can be 
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inferred that the amount spent by the City is representational of the City's commitment to 

biodiversity initiatives and programs.  This financial commitment can be a line-item 

within the City budget, or it may include out-sourced actions performed by private 

organizations on the City's behalf.  The key is that the budgetary item is relative to 

environmental stewardship or biodiversity-related matters.  As mentioned above, the 

proportion of the annual budget designated to environmental stewardship is seen as 

representational of the City's commitment to biodiversity, as such, scoring for this 

indicator is based upon that proportion.  For a city to earn a score of four, it must allocate 

greater than 3.7% of its annual budget to supporting biodiversity-related matters, whereas 

a score of zero is earned if less than 0.4% is allocated.  Scores one through three are 

situated between these two end points.  

Two approaches were used to determine Starkville's score for this indicator.  The 

first was to look at the general budget for line-item expenditures that could be considered 

supportive of biodiversity.  The second was to interview the heads of City departments to 

determine if aspects of their operation could qualify as environmental stewardship and 

thus supportive of biodiversity.  

A review of the 2015 general budget revealed a single line item for landscaping 

(Fund 022 - Sanitation, Department 341).  Beautification efforts occur within the city on 

an annual basis, which is contracted out each year to a local landscape company that 

provides plant design, installation, and maintenance.  For the 2015 budget, the 

expenditure on this service was $43,000.00.  Used alone, this budgetary item was 0.2% of 

the $18,188,850.00 annual budget which would have garnered a score of zero for this 

indicator as it was less than 0.4%.   
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$43,000.00 / $18,188,850.00 = .0024 

During the summer of 2015, interviews were conducted with the heads of five 

departments to discern if departmental activities were supportive of biodiversity, they 

included: Community Development, Utilities, Public Services, Environmental Services 

and Sanitation, as well as Parks and Recreation.  Discussions coalesced around 

environmental stewardship and supporting activities such as: tree planting programs, 

stream restoration, habitat restoration/maintenance, educational programs, and 

community outreach activities.  Although each department has varied activities within the 

natural environment, none supported biodiversity-related activities outright.  Landscape 

maintenance, primarily in the form of mowing and tree trimming, was a small component 

of each department.  The one exception was Environmental Services and Sanitation 

which had budgeted $258,859.00 for landscaping which includes supplies and labor.  

Used alone, this budgetary item was 1.42 % of the 2015 annual City budget.  This 

percentage falls within the range (0.4% - 2.2%) to score a 1 for this indicator.  

$258,859.00 / $18,188,850.00 = 0.0142 

Together, these two items would constitute 1.65% of the 2015 budget.  This new 

total still falls within the 0.4% - 2.2% range to earn a score of one. 

$43,000.00 + $258,859.00 / $18,188,850.00 = 0.0165 

It is difficult to use this later calculation to justify the score for this indicator as 

the $258,859.00 is used for landscape maintenance that primarily involves mowing local 

rights-of-way, trimming overhanging branches along sidewalks and roadways, applying 

herbicide as needed, as well as purchasing supplies for these activities (per conversation 
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with head of department).  The maintenance activities relate more to public health and 

safety than to environmental stewardship or habitat enhancement that supports 

biodiversity.  Therefore, the budgetary item used to determine the score for this indicator 

is the line item for contractual landscape services.  The line item for this services was 

$43,000.00 and represented 0.2% of the annual 2015 budget.  The City of Starkville, 

therefore, scored a zero for this indicator, as the budgeted amount is less than the 

minimum required (0.4%) to score a one for this indicator.  For Starkville to earn a score 

of one, it would need to allocate twice the current amount, approximately $86,000.00 

annually towards activities that support biodiversity-related matters.  

Number of Biodiversity Projects Implemented by the City Annually - Score 0 out of 4 

Indicator 16 assesses the number of City-sponsored programs or projects 

pertaining to biodiversity that are implemented annually.  Projects can be far-ranging and 

exist on multiple scales but each must place an emphasis on biodiversity-related matters.  

Activities may include conservation or restoration efforts, the procurement of "green" 

services, or the enhancement of existing amenities and facilities.  These same activities 

may include multiple partners within the public and private realms.  It is important that 

the City (or City departments) is the primary sponsor.  As a method of tracking projects 

and evaluating their success over time, each program should be listed and categorized as 

having a focus on either biodiversity or ecosystem services.   

Scoring for this indicator is based upon the number of biodiversity-related 

programs or projects conducted on an annual basis.  To score a four, the City must 

sponsor and implement more than 71 programs annually.  To obtain a score of one, a 

minimum of 12 programs must be carried out.  Unfortunately, the City of Starkville 
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sponsors very few programs that support biodiversity resulting in a score of zero out of 

four possible points for this indicator.   

Nevertheless, there are a few programs in place that are worth mentioning.  

Starkville Electric, the public utility, is responsible for maintaining the City's status as a 

Tree City USA affiliate.  Membership in the Arbor Day Foundation's Tree City program 

required a number of changes to city policy and procedures that pertain to the urban tree 

canopy.  Annual reporting of investments and expenditures in the care of urban trees is an 

annual obligation the City must meet to maintain its membership.  Activities beyond the 

'care of urban trees' related to the Tree City USA program could be considered for this 

indicator.   

Another on-going program is through the Department of Environmental Services 

and Sanitation who actively promote and facilitate curb-side recycling.  Although this 

program fits better in a sustainability initiative, the effort towards conserving resources 

should be mentioned.  The department also maintains an active litter control program, 

staffing positions dedicated to roadside litter pick-up (per conversation with head of the 

department).  This activity could be considered within this indicator as it helps to reduce 

environmental contamination that may adversely impact wildlife and human health.  

Additionally, the City annually contributes to the Oktibbeha County Heritage Museum 

which also serves as a demonstration site for sustainable landscape practices such as 

stormwater capture, filtration, and infiltration methods.  Planted with a variety of native 

species and non-invasive ornamentals, this landscape highlights microhabitats and their 

benefit to local wildlife.   
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Policies, Rules, and Regulations Pertaining to Biodiversity - Score 0 out of 4 

Indicator 17 evaluates the presence of policies, rules, and regulations that pertain 

to biodiversity, specifically a cohesive strategy developed by the City to address 

biodiversity-related matters.  The CBI manual refers to this strategic document as a Local 

Biodiversity Action Plan or Local Biodiversity Strategy.  Any City-based plan should 

align with national initiatives and agendas concerning biodiversity-related matters as well 

as international objectives or targets established by the U.N. Convention on Biological 

Diversity (CBD) as mentioned in the Aichi Biodiversity Targets.  The Aichi Targets are 

comprised of 20 objectives devised to strengthen and secure biodiversity on the planet 

through knowledge building, promotion of sustainable practices, and the enhancement of 

ecosystem services - of which biodiversity is the underlying component.  

The United States does not have a national strategic biodiversity action plan for 

Cities to consult, but during the Johnson and Nixon administrations a series of Acts 

(Clean Air Act (1963), Clean Water Act (1972), and the Endangered Species Act (1973)) 

were signed into law.  These acts serve to safeguard the American public from pollution 

and conserve endangered species by protecting their habitat.  Three departments within 

the Federal Government administer these laws; the Environmental Protection Agency 

(EPA) manages both the Clean Air Act and the Clean Water Act, and the Fish and 

Wildlife Service (FWS) and National Oceanic and Atmospheric Administration (NOAA) 

administer the Endangered Species Act.  Between these governmental bodies, a multitude 

of documents, policies, rules, and regulations have been produced and serve as guidelines 

that state and local governments must follow.  
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The City of Starkville follows the guidelines and standards established by the 

Mississippi Department of Environmental Quality and by proxy the EPA, but regulations 

set forth by these entities are specifically focused on air, land, and water quality as they 

pertain to the protection of public health and welfare.  Although these benefits stretch 

beyond the human realm, they do not specifically support biodiversity.  In 2005, the 

Mississippi Museum of Natural Science, in cooperation with the Mississippi Department 

of Wildlife, Fisheries, and Parks published the Mississippi Comprehensive Wildlife 

Conservation Strategy .  This document identifies habitat types across the state and 

provides guidance on habitat and wildlife conservation, paying special attention to 

endangered species or species of concern.  For Cities in Mississippi, this document would 

be the one to model for a Local Biodiversity Strategy and Action Plan (LBSAP).   

Scoring for this indicator is based not only on the presence of a LBSAP but also 

the degree the plan aligns with both national and UN CBD biodiversity conservation 

initiatives.  For a City to score a one, a plan must be present, although it does not have to 

align with elements from either a national plan or UN CBD initiatives.  For scores to 

increase (up to 4) the LBSAP must begin to incorporate elements from both national and 

UN CBD initiatives.  A score of four would include at least four elements from the UN 

CBD initiative in conjunction with national initiatives.  As the City of Starkville does not 

have a LBSAP, the score for this indicator was zero out of four possible points.   

The absence of a LBSAP does not signify a lack of concern for the local natural 

environment and urban landscape.  The recently revised landscape ordinance - passed in 

2013 - established the Starkville Tree Advisory Board and provided guidelines and 

vegetation standards for new or redeveloped property within the city limits.  The 
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overarching purpose of this ordinance is to promote water conservation, in addition to 

protecting native trees and plant communities.  An opportunity exists within this 

document to promote biodiversity by codifying ecosystem services that biodiversity 

supports, tying them together through the purpose and intent of the ordinance.  Although 

this ordinance is not a substitute for a LBSAP, it could be an enforcement mechanism of 

such a plan.  

Institutional Capacity - Institutions - Score 2 out of 4 

Indicators 18 and 19 are paired, they look for the presence of institutions that 

support biodiversity and investigate the connectivity and cooperation between City 

agencies in supporting biodiversity and environmental stewardship.  

Indicator 18 accounts for the presence of institutions that promote biodiversity-

related functions.  They may include institutions such as an herbarium, botanical garden, 

science museum, zoological garden, or arboretum.  The role of these institutions may be 

wide ranging, but it is critical for the scoring for this indicator that they also serve a 

biodiversity-related function.  It is expected that these institutions may work in 

partnership with other City agencies or institutions in providing local programs and 

public out-reach pertaining to biodiversity and environmental stewardship.   

The scoring for this indicator is based upon the number of institutions the City 

uses and supports.  If there are zero institutions within the city, then the score is a zero, 

likewise if there are greater than three functioning institutions present, then the score is a 

four.  The City of Starkville scored a 2 for this indicator as there are two institutions 

present in the city that fall within this indicator.  
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Henderson Ward Stewart, the public elementary school that houses second, third, 

and fourth grade students has two classrooms that are dedicated to environmental 

sciences and after school programs.  This public institution offers not only an academic 

setting for registered students, but also after-school programs with an environmental 

focus for all second to fourth-grade age residents of the city and county.  Additionally, 

the Oktibbeha County Heritage Museum serves not only as a repository of Oktibbeha 

County history, but also serves as a demonstration site for sustainable landscape practices 

which by their very nature support wildlife habitats.  Incidentally, this location served as 

an inventory site for the tabulation of native species required by indicators four through 

eight.   

The City of Starkville currently partners with Mississippi State University in a 

cooperative project with the MSU Horse Park.  Although this is not a park that promotes 

biodiversity, the fact that the City is a partner with MSU in this recreational arena 

illustrates the willingness for cooperation and investment in MSU assets.  Under the 

MSU umbrella there are three biodiversity-related institutions that fit within the purview 

of this indicator, they include the herbarium, arboretum, and entomology museum.  If a 

supporting partnership between the City and MSU existed for these entities, the score this 

indicator would have increased to a four out of four possible points.   

Institutional Capacity - Inter-Agency Cooperation - Score 0 out of 4 

Indicator 19 measures the presence of coordinated efforts across City agencies 

and institutions to support biodiversity.  Inter-agency cooperation underscores a city-wide 

focus supporting biodiversity rather than a single agency initiating actions and bearing 
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the responsibility of implementation.  The greater the cooperation among city agencies 

the more integrated the commitment to environmental stewardship becomes.  

The agency within the City of Starkville that has the greatest influence on matters 

pertaining to biodiversity is the Starkville Tree Advisory Board (STAB).  Established as 

part of the requirements for the City to obtain Tree City USA affiliation, this board 

developed parameters that shaped the City's Landscape Ordinance.  The Landscape 

Ordinance, as mentioned in indicator 17, provides vegetation standards and guidelines for 

any newly developed or redeveloped property within the city limits.  As development 

projects move through the Starkville Community Development office they may be passed 

to STAB for further review and advisement with the developer.  This weekly exchange 

between a City agency and advisory committee is an existing example of inter-agency 

cooperation that fits within the guidelines of this indicator.  There are possibilities for 

more, as numerous departments, boards, and commissions are influential in the care of 

the local natural environment and shaping the urban landscape.   

More often than not, cooperation between city agencies is project specific, and 

may or may not pertain to biodiversity-related matters.  Often they are initiated by a 

member of the Board of Aldermen and require coordination between two or more 

departments to complete such as planning, engineering, utilities, and the fire department.  

Projects such as street-tree planting and sustainable landscaping of public spaces would 

constitute inter-agency cooperation and be included within this indicator as they have an 

ecosystem services perspective.  The key is to actively establish projects with a 

biodiversity focus that occur on an annual basis in addition to the traditional inter-agency 

cooperative arrangements.  
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The scoring for this indicator is based upon the number of agencies cooperating 

with one another on biodiversity-related matters.  Unlike the previous indicator, scoring 

for this indicator does not have a direct one-to-one relationship. In order for the City to 

obtain a score of four, more than five agencies must demonstrate how they cooperate on 

biodiversity-related matters; to score a one, three agencies must demonstrate this 

relationship.  Unfortunately, the City of Starkville has only one such cooperative 

relationship between agencies, and scored a zero out of four possible points.    

Participation and Partnership - Formal and Informal Public Consultation -  
Score 4 out of 4 

Indicators 20 and 21 are paired.  Indicator 20 evaluates the presence of 

partnerships, both formal and informal, that city agencies have with outside organizations 

such as civic groups, private entities, and non-governmental organizations.  Indicator 21 

rates the number of partnerships.  As the number of partnerships increase, so does the 

score for this indicator.  Together, these indicators reward Cities for stretching beyond 

the realm of inter-agency cooperation by actively engaging with civic, private, non-profit, 

and other non-governmental organizations whose mission(s) ally with biodiversity-

related matters.   

Indicator 20 assesses the existence of both formal and informal partnerships the 

City is routinely engaged in that pertains to biodiversity-related matters.  The scoring for 

this indicator is more nuanced than other indicators, as it is looking for the existence of 

partnerships and their state of existence as part of the routine operation of the agency.  A 

score of four indicates that formal or informal partnerships exists as part of routine 

operations, whereas a score of zero indicates that there are no formal or informal 
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partnerships.  Scores between one and three measure the level of existence from 

consideration of partnerships, to planned, and in process of implementation.   

The City of Starkville, through individual departments, already engages in 

industry related partnerships.  Some of these partnerships extend into the environmental 

stewardship arena while others do not.  For example, Starkville Electric, the utility 

division of the City, is a member of American Public Power Association (APPA) which 

supports a program called TreePower.  APPA offers grants to local public utilities to 

offer free tree saplings to local utility customers.  The intent of the program is to reduce 

individual energy consumption by planting shade trees at the local level.  Although 

Starkville Electric has not recently participated in this program it serves as an example of 

partnerships with a biodiversity-related focus that are available for City agencies.   

The Starkville Oktibbeha Consolidated School District has an extensive 

partnership program with state and federal agencies that support their environmental 

science curriculum.  Through the YES! Program, partnerships exist between the school 

district and the following institutions to fulfill learning outcomes of the curriculum: 

Mississippi State University, Mississippi University for Women -Plymouth Bluff 

Environmental Center, and the Sam D. Hamilton Noxubee National Wildlife Refuge.  

Additional field trips that expose students to Mississippi's natural history and natural 

resources require renewed partnerships with specific entities within Mississippi State 

University and Mississippi Museum of Natural Science.   

Additionally, two City agencies partner with outside organizations.  Starkville 

Electric is an active participant in the Tree City USA program, a partnership with the 

National Arbor Day Foundation.  Soon the City will be affiliated with the Keep America 
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Beautiful organization, a national non-profit that facilitates local anti-litter campaigns and 

beautification.  The presence of these partnerships, coupled with the significant 

partnerships developed through the YES! Program support a score of four out of four for 

this indicator.   

Participation and Partnership - Number of Public Consultations - Score 2 out of 4 

Indicator 21 quantifies the partnerships listed for indicator 20, by tabulating the 

number of partnerships.  These partnerships should extend beyond inter-agency 

cooperation and include both private and civic organizations, NGO's, academic 

institutions, and other governmental agencies that range from local-to-international.  The 

more partnerships, the higher the score but the threshold is set fairly high.  For a city to 

score a four, it must have 20 or more partnerships, to obtain a score of one at least six 

partnerships must exist.  

The YES! Program, as mentioned earlier for indicator 20, routinely partners with 

seven organizations to support the environmental science curriculum and field trips 

associated with the curriculum.  Currently only one City agency - Starkville Electric - has 

an existing partnership with an outside organization - the Arbor Day Foundation that 

sponsors the Tree City USA program - which increases the total number of partnerships 

for the City to eight.  This number of partnerships falls within the range required 

(between seven and twelve partnerships) to score a two out of four possible points for this 

indicator.  
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Education and Awareness - Biodiversity in School Curriculum - Score 4 out of 4 

Indicators 22 and 23 are also paired.  They evaluate public awareness of 

biodiversity-related matters and environmental stewardship.  Public education, under 

these indicators, is seen as both formal - through school curriculum - and informal public-

awareness programs sponsored through the City.  

Indicator 22 assesses if biodiversity is included in local school curriculum, which 

may include biology, geography, environmental science, etc.  As cities do not always 

have a voice in local school curriculum, this indicator provides an opportunity to begin 

discussions with local school boards concerning environmental education throughout 

their local academic career.  As mentioned before, the Starkville Oktibbeha Consolidated 

School District has a robust environmental science program for all students in grades 

three through eight.  As students continue into high school, their curriculum includes 

basic science courses as well as Advanced Placement level courses in Biology and 

Chemistry.   

The scoring for this indicator is nuanced and similar to the scoring for indicator 

20 as it looks to see at what stage biodiversity is included in pre-school, primary, and 

secondary level curriculum.  A score of four indicates that biodiversity is part of the 

school curriculum whereas a score of zero indicates that biodiversity is not present in the 

curriculum.  Scores between one and three measure the level of existence from 

consideration of including biodiversity into the curriculum, to being planned, and in the 

process of implementing biodiversity into the curriculum.  Because Starkville Oktibbeha 

Consolidated School District's includes environmental science within the primary and 
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secondary curriculum, the score determined for this indicator is a four out of four 

possible points.    

Education and Awareness - Annual Public Outreach Events - Score 0 out of 4 

Indicator 23 is paired with indicator 22 as it seeks to determine the informal 

education of the public about biodiversity-related matters.  This indicator provides the 

City an opportunity to actively engage and educate the general public about biodiversity, 

environmental stewardship, and ecosystem services through public-outreach programs 

and events.  The City or City departments must be an organizing partner for the public-

outreach events to be counted for this indicator.  Events organized by other entities that 

occur in the city may not be considered.  The key is City involvement.  Scores for this 

indicator are based upon frequency of occurrence.  Simply stated, the greater the 

frequency the higher the score.  For the City to score a four, over 300 public-outreach 

events must occur annually, in order to score a one, at least 59 events must occur on an 

annual basis.   

Currently the City doesn't have public-outreach events pertaining to biodiversity-

related topics.  At one point, the Environmental Services and Sanitation department 

sponsored Recycling Day which promoted recycling and litter reduction but this event 

has not occurred in recent years.  Although this event focused on recycling and fits within 

a sustainability program, it could qualify for this indicator if an emphasis on 

environmental stewardship was added.  As there are no City organized biodiversity-

related public-outreach events, the score for this indicator is zero out of four possible 

points.  
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Starkville Board of Aldermen Questionnaire 

The completion of Starkville City Biodiversity Index illuminates the level of 

biodiversity present within the bounds of Starkville, MS., the local ecosystem services 

biodiversity supports, and the level of municipal support for biodiversity-related matters.  

The scores for each indicator provide good information about the city as seen through the 

lens of the CBI, as well as the physical and research components needed to undertake this 

exercise.  With the CBI complete, the question before us is what to do with this new 

knowledge?  The answer is to act, but in order to do so, educating City leaders and heads 

of departments, as well as the general public is key.   

In the literature review a series of questions were posed at the beginning of this 

thesis exercise, they included: how would the CBI fit into the City's planning efforts, who 

would conduct this exercise in the future, and what are the resources available to support 

such an initiative as this?  To help answer these questions, a public presentation was 

made to the Mayor and members of the Starkville Board of Aldermen (BOA) on January 

5, 2016, during their bi-monthly meeting.  The presentation was made as a continuation 

of this thesis research, an educational exercise of sharing knowledge to City leaders and 

the general public, not as a criticism over the outcome of the CBI.  The intent was to 

introduce the CBI, briefly explaining its purpose as a tool for Cities to assess and evaluate 

their support for biodiversity, and to seek their input, as City leaders, on the CBI's 

potential use and placement within a municipal structure.   

Upon completion of the presentation, a brief questionnaire (nine questions) was 

presented to the members of the BOA, the Mayor, and the Director of Community 

Development.  The questions were multiple choice, and more than one response could be 
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selected per question.  Comments were encouraged for each question, and the responses 

were anonymous.  Nine questionnaires were distributed and five were completed and 

returned; one member of the BOA recused himself stating a conflict of interest with the 

research project.  Although the number of responses to the questionnaire are not 

sufficient to be statistically significant, some general conclusions can be drawn from the 

number of responses to each question and the comments submitted.  These conclusions 

are discussed below.  The full questionnaire can be found in Appendix B 

Questions one and two are specific to the CBI as a tool for assessing urban 

biodiversity.  The questions ask why, in their opinion as City leaders, the CBI would or 

would not be used.  Considering the CBI is a relatively new tool it is to be expected that 

the greatest number of responses to Question one (Table 4.16) - 'why a city would not use 

this index' -  is the lack of knowledge about this tool.  Two other responses - insufficient 

trained staff and insufficient funding to conduct the CBI - are also to be expected.  

Similar surveys of city planners, conducted by Miller et al. (2009) and Stokes et al. 

(2010), that focused on biodiversity conservation planning in urban areas found similar 

responses.  Funding for conservation efforts is tight and the lack of staff that specialize in 

environmental sciences makes conservation planning a challenge for cities.  The lack of 

responses by the BOA to 'there is very little biodiversity in cities' is informative as it 

reveals that there is a general understanding by the BOA that cities are biologically 

diverse places.  Additionally, the lack of responses to the 'management of natural 

environment' lends one to suspect that the BOA understands that stewardship of the 

natural environment is a responsibility of the City.   
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The reasons a City would want to use the CBI are pretty straight forward and the 

number of responses to each answer choice for Question two (Table 4.17) reiterates a 

consensus across the Board.  The most selected answers: b. - the CBI can be used 

repeatedly, d. - the CBI provides direction on how Cities can support local biodiversity, 

and e. - the CBI could be used as a mechanism to obtain grants and other funding.  These 

answer choices were selected equally (four of nine respondents) and together have more 

significance than as individual statements.  Taken together within this context, it could be 

interpreted that the CBI could serve as a self-supporting mechanism utilized across 

municipal departments to develop biodiversity-related programs and policies.  It could 

then be used as a standardized form of assessment for grant applications (often a required 

component), and because it was designed to be repeated over short periods of time (every 

three years (Chan, 2014)), it could be pressed into service for grant renewal or new 

sources of project funding.  

Table 4.16 BOA Questionnaire - Question 1 

The	City	Biodiversity	Index	has	not	been	used	in	the	US.		As	city	leaders,	please	provide	your	
thoughts	as	to	why	a	city	would	not	use	this	index.		
a	 This	tool	is	not	well	known	 3	
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b	 The	natural	environment	is	managed	by	state	and	federal	programs,	and	is	not	the	
responsibilities	of	cities.	 0	

c	 There	is	very	little	biological	diversity	in	cities.	 0	
d	 Citizens	have	not	expressed	their	concerns	on	this	topic.	 1	
e	 There	is	insufficient	city	staff	trained	to	conduct	this	exercise.	 2	
f	 There	is	insufficient	funding	to	conduct	this	exercise.	 2	
	    

Comments	
1	 I	did	not	have	any	background	knowledge	about	this	tool.	 		 		
2	 This	was	the	first	time	I	became	aware	of	such	an	index.	 		 		
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Table 4.17 BOA Questionnaire - Question 2 

As	city	leaders,	please	provide	your	thoughts	as	to	why	a	city	would	use	The	City	Biodiversity	
Index.	
a	 The	tool	evaluates	a	variety	of	components	and	natural	systems	found	in	cities.	 1	

N
um

be
r	o

f	R
es
po

ns
es
	

b	 The	tool	can	be	used	repeatedly	to	measure	effectiveness	of	policies	and	procedures.	 4	

c	 Citizens	are	concerned	about	the	topic	of	the	natural	environment	found	in	cities	and	this	
provides	an	avenue	for	citizen	engagement.	 3	

d	 The	tool	provides	direction	on	how	cities	can	improve	the	local	natural	environment.	 4	

e	 The	tool	provides	a	mechanism	for	cities	to	pursue	grants	and	other	funding	
opportunities.		 4	

	    

Comments	
1	 Difficult	to	measure	results	if	no	data	collected	as	benchmark.	 		 		
2	 Also	would	serve	as	an	educational	tool	for	K-12	and	beyond.	 		 		

 

When asked if the CBI would be used by the City of Starkville (Table 4.18), two 

out of the five respondents directly answered the question in the affirmative, with one 

stating that "it could be a helpful tool in making city policy."  Two respondents were not 

certain, and erred on the side of caution, but one noted deference to City staff by 

commenting "maybe - if the need was seen by the city."  Taken within the context of the 

presentation and comments to other questions in the questionnaire, the BOA would be 

inclined to use the CBI if it was recommended by City staff and if resources were 

available to support the project.  A similar break-down in responses occurred to questions 

concerning the development of a Biodiversity Action Plan, with one-member 

commenting "I think this could benefit Starkville and our citizens and their quality of 

life."   
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Table 4.18 BOA Questionnaire - Question 7 

Would	the	City	Biodiversity	Index	be	used	by	the	City	of	Starkville?	

a	 Yes	 2	

N
um

be
r	o

f	
Re

sp
on

se
s	

b	 No	 0	

c		 No	answer	provided	by	respondent	beyond	comment	 3	
		

	   

Comments	

1	 At	this	time,	I	am	unable	to	render	a	response	for	this	question.	

2	 Possibly,	not	certain	at	this	time.	

3	 Maybe,	If	the	need	was	seen	by	the	city.	

4	 (Yes,	respondent)	It	could	be	a	helpful	tool	in	making	city	policy.	

 

Overall, the responses toward the CBI were positive, but not exuberant.  Concerns 

about resources were expressed but a few funding options were also mentioned, including 

taking advantage of the 2% tax to support City Parks and Recreation as well as grants 

from the U.S. Fish and Wildlife Services (Question four).  City leaders commented that 

the CBI could be a beneficial tool in planning and policy development and were more 

inclined to place the program in either the Departments of Parks and Recreation or 

Community Development (Question three).  When conducting the CBI in the future, a 

collaborative effort between the City and local community groups and academic 

institutions were seen as the best options.  Community organization, civic groups, and the 

"expertise of faculty members on campus" were noted as additional resources that Cities 

could utilize for conducting the CBI (Questions six and four). 

This concludes the results chapter.  
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CHAPTER V 

DISCUSSION  

The discussion chapter is organized into three sections.  The first section covers 

the research questions that began this exploration of the City Biodiversity Index.  It is 

followed by a general discourse on the CBI as a tool for assessing biodiversity based 

upon the Starkville case study experience.  The discussion will briefly explore existing 

long-term biodiversity research in cities and how the CBI fits into this research precedent.  

To close this chapter a review of the limitations to the case study with suggested 

alterations for future iterations of the CBI.  

Research Questions  

Urban biodiversity conservation is a broad topic that is no longer limited to the 

field of environmental scientists.  Landscape architects, urban designers and planners 

compose this group of conservationists that are attempting to halt the loss of biodiversity 

within the urban context.  Compelling research over the past two decades illustrates the 

benefits derived from urban biodiversity; but as Miller et al. (2009) noted in their 

research on the integration of biodiversity in local land-use planning, they confirmed that 

biodiversity was not a primary focus.  As they delved further into their research, they 

discerned that very few jurisdictions had goals or objectives pertaining to biodiversity 



 

178 

conservation.  This may explain why biodiversity conservation was not a significant 

component of comprehensive planning documents and local ordinances they reviewed.  

In addition, they found that few jurisdictions engaged in the control of invasive species, 

nor did they inventory native plants, native wildlife, or unique local habitats.  The 

research team also discovered that not having an environmental specialist on staff and 

access to "sufficient science-based information" hindered their local conservation efforts.  

These revelations, coupled with similar research from Stokes et al. (2010) from the 

Seattle, WA metropolitan area, motivated my research on the City Biodiversity Index and 

informed the following research questions: how can the CBI fit into rural town planning?  

Who will conduct the CBI in the future?  And finally, what are the resources available to 

cities as they move forward to incorporate biodiversity into their planning efforts?  

Before these questions could be answered, a thorough investigation of the CBI 

was needed; as there was scant information on the CBI to help inform this research.  The 

literature available at the time was published during the testing and development phase of 

the CBI.  Commentary focused primarily on the interpretation of indicators, challenges 

obtaining data for certain indicators, and the extent of ecosystem services assessed by the 

index (Kohsaka et al., 2013).  Information pertinent to my research was not forthcoming 

and was a challenge to uncover.  Furthermore, it would be presumptive on my part to 

understand how the CBI could be incorporated into city planning if I did not fully 

understand the complexities of the index.  As such, a case study was proposed using the 

City of Starkville as the site to apply the CBI.  This decision narrowed the focus of the 

primary research question to small rural town planning, and provided me a better 

understanding of the local ecology and how the City of Starkville operates. 
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How can the City Biodiversity Index fit into rural town planning? 

Cities in the United States, regardless of size, are similarly organized; elected 

political figures represent citizens within their districts, professional staff man various 

departments and see to day-to-day operations, and civic leaders fill seats on local boards 

and commissions that influence a city's sense of place and well-being.  It is within this 

structure that the CBI resides, but the question is, how does the CBI fit into rural town 

planning?  

Prior to placing the CBI within the municipal framework, a crucial element must 

first be addressed.  The City must establish clear goals to support biodiversity-related 

matters.  The Miller et al. (2009) paper commented on the lack of conservation goals in 

the three regions they surveyed, calling their presence "rare."  The cumulative outcome of 

their research was that biodiversity in local planning was a "minor consideration" 

although the interest in supporting conservation measures were present.  The lack of 

clearly stated goals may be one of the underlying factors why conservation activities in 

their study were low.   

It would be prudent for cities to establish clear goals towards biodiversity 

conservation.  In this aspect, a top-down approach is appropriate, emanating from elected 

officials and incorporated throughout the municipal structure.  One strategy, used 

primarily by corporate entities, is a vision and mission statement that incorporates 

language expressing the entity's preference towards environmental sustainability and 

conservation.  This public statement declares the overarching values of the entity that 

subsequently permeates through the entire organizational structure.  Specific goals and 

objectives within each department can be developed based upon this values statement.  
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The City of Edmonton, Canada serves as a contemporary example of how a clear vision 

statement can direct municipal strategies that are supportive and nurturing of the local 

environment while fulfilling its mandate as a municipality.   

The CBI does not consider a formal commitment to supporting biodiversity-

related matters within the block of indicators.  Rather it assumes that a city engaging in 

the CBI is committed to long-term support for local biodiversity.  Indicator 19, which 

measures inter-agency cooperation and partnership, is the only indicator that attempts to 

quantify this commitment to supporting biodiversity by awarding four points (if five or 

more municipal agencies cooperate on biodiversity-related matters). 

Integration Through Parks and Recreation 

Parks and recreation departments are often the guardians of large portions of 

municipal property.  Maintenance of the landscape is a key component of their 

management responsibilities.  In addition, they support a variety of human health and 

well-being activities and engage in public outreach events.  Their organizational structure 

and experience in public programs makes them well suited for hosting the CBI, especially 

if there is a history of ecological management within the department.  Although only one 

indicator (13) is specific to parks - area of parks with natural areas - a number of other 

indicators (1, 2, 4-8, 9-10, 15-21, 23) have an indirect relationship with this department 

making it an appropriate choice for cities to house their biodiversity-related functions.  

The City of Montreal, Canada, one of the four cities that helped develop the CBI, 

began monitoring biodiversity within their larger parks during the mid-1980's (City of 

Montreal et al., 2013).  Their environmental assessment and monitoring programs as well 

as two key outreach programs, Urban Bio-Kit Montreal and a Bioblitz, are housed within 
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the 'Grand parcs' department (Additional community inspired programs and initiatives are 

managed through borough municipalities.  Consultation and training in monitoring and 

outreach is offered through Ville de Montreal to meet shared goals).   

The questionnaire submitted to the Starkville Board of Aldermen inquired into the 

appropriate location within a municipal structure to house the CBI.  Of the five 

respondents, two members selected the Parks and Recreation Department; although one 

of these respondents indicated sharing this responsibility between three departments - 

Parks and Recreation, Community Development, and Public Works and Utilities.  It 

could be interpreted that these three entities have more direct knowledge, control, and 

interaction with the physical landscape of the city than other departments; and their 

interactions within the urban landscape have the most influence on local biodiversity.    

Together these three departments possess a considerable amount of collective 

knowledge and experience that is germane to the operations of their departments while 

meeting industry and regulatory standards.  The Starkville Parks and Recreation 

department has the added expertise of public outreach, managing public events, and 

maintaining large parcels of public land.  The area of knowledge and expertise that is 

missing in this department is in the field of ecology.  Adding an ecologist or someone 

trained in the natural sciences to their staff would greatly increase their ability to foster a 

community that embraces environmental stewardship.  This specialist could collaborate 

with other departments in developing biodiversity-related programs and management 

plans, carrying forward the objectives of the CBI.     
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Integration Through Community Development 

The Community Development department addresses multiple aspects of the built 

environment, including land-use planning, code enforcement, infrastructure development, 

and permitting.  This department has significant influence on the spatial organization of 

the physical landscape of the city from the urban core to the rural boundary.  It also has 

regulatory control pertaining to the development standards that influence the form and 

environmental integrity of the local landscape.  In its day-to-day operations, the 

Community Development office coordinates with other municipal departments on aspects 

of the built environment that fall within their authority.  Under its community service 

umbrella resides citizen-appointed boards and commissions that share in the 

responsibility of retaining the city's unique local character through the course of growth 

and development.    

The breadth of influence and authority held within this office makes it a sensible 

location to accommodate the CBI.  After all, the CBI assesses numerous aspects of the 

built environment and its influence on local biodiversity.  Using the CBI as a guide, the 

Community Development office could integrate biodiversity-related matters into long-

range plans for the city.  Additionally, the office formulates local ordinances and policies 

to guide these plans, therefore it has the ability to incorporate environmental stewardship 

into local ordinances; and with its regulatory muscle, compliance can be ensured.   

The City of Edmonton, Canada integrated their biodiversity conservation efforts 

across multiple agencies that reside within the Sustainable Development Department.  

These agencies influence the form and ecology of the local landscape.  Within this 

department resides two entities that share the responsibilities of biodiversity conservation 
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(City Planning, and Economic and Environmental Sustainability).  Together they work 

across city agencies to meet strategic goals codified through the City's long-range plan - 

The Way Ahead (Edmonton, 2014).  Through the development of an environmental 

strategic plan additional policies, strategies, and guidelines have emerged to steer 

members of the Edmonton community towards sustainable practices where biodiversity is 

a compass point (Edmonton, 2011).  This integrated approach is an appropriate method 

for addressing conservation goals.  

Integration Through Boards and Commissions 

Boards and commissions are a critical component of municipal operations as they 

provide direct engagement of residents with local governance.  The breadth of knowledge 

and experience by the members of local boards helps shape the nature and character of 

the city.  The extent of influence by a board or commission is based upon their role.  

Some are quasi-judicial, members hear appeals to local ordinances on a case-by-case 

basis and render a decision.  Others serve an advisory role and provide guidance and 

direction on specific topics.  Both of these citizen-based entities could house the CBI and 

work closely with municipal departments to develop and implement biodiversity-related 

goals. 

The City of Edmonton utilized citizen committees to work with their Office of 

Natural Areas to guide their efforts in developing their environmental strategic plan (City 

of Edmonton et al., 2008).  One committee has a policy focus (developing the strategic 

plan was a key policy product), and the other committee supports implementation of the 

strategic plan.  Although these committees support an existing municipal department, the 

concept of two committees supporting environmental stewardship across the City is 
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worth discussion.  Using the City of Starkville as an example, two boards and 

commissions - Keep Starkville Beautiful (KSB) and Starkville Tree Advisory Board 

(STAB) - can serve as proxies in the development of environmental stewardship boards 

as they each have a specific organizational structure, jurisdiction, and authority.  A sister 

committee, modeled after the STAB, could undertake the formation of a local 

biodiversity action plan based upon the outcomes of the CBI.  This board would develop 

long-range goals, objectives, and standards, as well as ensure compliance.  A second 

committee modeled after the KSB would implement the plan, organize public outreach 

and community programs.  

Who will Conduct this Exercise in the Future? 

The assessments, species identification, and departmental interviews took 

approximately one year to complete.  This time frame and circumstances surrounding this 

first assessment are to be expected as a graduate student research project, but it is not the 

most appropriate tactic for a city engaging in this process.  A city that is willing to engage 

in this long-term commitment to supporting local biodiversity will want to take advantage 

of available resources and complete a comprehensive assessment to the greatest extent 

possible.  

There are numerous avenues for cities to engage with the public as they move 

forward in their conservation efforts.  As mentioned earlier, one avenue is the addition of 

a citizen board or commission that is aligned with the municipal structure.  These entities 

can take care of the administrative components of future CBI assessments, organize data 

collection activities, and monitor outcomes of the city's conservation efforts. 
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A second avenue is to engage with local academic institutions at the secondary 

and post-secondary level.  The wealth of knowledge found within these local institutions 

is an invaluable resource.  Strengthening relationships between these two entities can be 

mutually beneficial, not only in activities related to the CBI, but in future community 

endeavors.  Specific activities related directly to data collection for categories one 

(biodiversity found in the city) and two (ecosystem services supported by biodiversity) 

can further research and provide educational opportunities that are unique to the local 

landscape while providing a service to the greater community.  

A third avenue is to engage with local volunteer groups.  These entities are 

already committed to serving the local community through a variety of social and civic 

activities.  Soliciting their collective human resource and civic spirit in public outreach 

programs and data collection activities can shore-up human resource deficits while 

engaging multiple groups in a city-wide environmental function. 

What are the Resources Available to Cities?  

Budgetary constraints are a mainstay in public dialogue concerning the expansion 

of existing programs or the development of new ones.  If local funding (or the lack of 

funding) is seen as a constraint for implementing a new environmental program, then 

what other funding mechanisms are available to cities as they engage in this long-term 

endeavor?  This was another question posed to the Starkville BOA.  Their responses fell 

into two arenas: fiscal resources and knowledge resources.  Fiscal support for 

environmental programs often comes from two sources, directly from the municipal 

budget or through grants from outside organizations.  Members of the BOA referenced 

both of these revenue sources in their questionnaire. 
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Knowledge resources are uniquely local and found within the school and 

university systems.  Local science teachers, environmental education instructors, and 

students possess theoretical and applied knowledge that can be tapped to help local 

environmental endeavors.  Small cities engaging in the CBI may find this resource the 

most valuable, primarily consulting on aspects of the CBI that pertain directly to 

categories one (biodiversity found in the city) and two (ecosystem services supported by 

biodiversity), as well as formulating a biodiversity action plan.  

The City Biodiversity Index as a Tool for Assessing Urban Biodiversity 

The City Biodiversity Index provides a snapshot of the city through the lens of 

environmental stewardship and conservation.  By completing the self-assessment process 

cities are better prepared to move forward in their conservation efforts with the new 

knowledge recently acquired.  Being an international document, the CBI is designed to be 

employed by cities across a spectrum of sizes and geographical locations.  Although it is 

a 'one-size-fits-all' tool, it does not dictate rigid methodologies for data collection.  

Instead, it is a flexible tool that can be scaled to the size of the city and adapted to the 

knowledge base and skill sets of local participants.  In the end, the goal of the CBI is to 

encourage cities to engage in local biodiversity conservation, set attainable goals, and feel 

rewarded by their efforts.  Because it is an iterative process, lessons learned from initial 

efforts can be incorporated into subsequent studies and the initial foundation of 

knowledge expanded.  The key is to document any changes in methodology that occur 

over time in an effort to record and validate changes in CBI values, either from changes 

in methodology, an expansion of assessment areas, or changes in municipal organization.  

The natural environment is not static, and neither is the CBI.   
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Flexibility in Scale 

As stated earlier, the CBI is a flexible tool and designed to be relevant across a 

range of municipal organizational structures.  As such it can be applied at a variety of 

scales from large metropolises to small rural towns.  The matter of scale carries with it its 

own set of issues, especially since the spatial composition of the city is an assortment of 

land-uses and land types that extend outward from the formal 'City Center'.  As such, 

cities may be tempted to limit their assessment to a significant natural feature such as a 

river that flows through the city, a large central park or cultural feature, or possibly a 

single municipal department.  After all, the initial comprehensive assessment is daunting 

and requires a significant amount of planning and preparation (particularly for indicators 

four through eight, the change in number of species).  By doing so, the potential 

knowledge pertaining to the scope of biodiversity and ecosystems services would be 

limited to this specific site and not representative of the city as a whole.  Additionally, the 

comprehensive assessment capabilities of the index would be diminished and potential 

solutions to greater ecological problems may be lost due to the lack of accurate 

information.  

The same is true if assessments are limited to publicly-owned property regardless 

of the size of these parcels or their spatial distribution across the city.  This limitation 

provides a narrow view of biodiversity found within the city and may tend to emphasize 

how current municipal maintenance practices influence local biodiversity.  It also limits 

the data to these specific sites which in turn may lead to inaccurate conclusions about the 

extent of biodiversity and ecosystems services found in the city (Hilty, 2003).   
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On the other hand, by incorporating privately-held lands into the CBI assessment 

the scope of knowledge will increase as more sites are surveyed.  Research shows that 

private lands, particularly private gardens, tend to be better maintained than public lands 

and provide more complex vascular plant structure that supports local wildlife (Goddard 

et al., 2010).  This was demonstrated locally at the OCHM - a 0.30-hectare designed 

landscape - that possess 43% of native (and non-invasive ornamental) vascular plants 

identified across the ten public survey sites.  With the majority of land (approximately 

72%) in the United States in private hands (in the state of Mississippi, that percentage is 

closer to 95% (Vincent, 2017)), it's imperative to include this cohort in the CBI 

assessment.  This inclusion provides an opportunity for additional local research, 

including comparisons between private and public properties of key factors such as: alien 

invasive species, vascular plant structure, number of species for the five taxonomic 

groups, and so forth.  An additional benefit is the community building that develops 

between the municipality and property owners, especially if property owners are treated 

as partners in the process, updated on the outcomes of the research, and included in the 

ongoing conservation dialogue (Goddard et al., 2013; Hilty, 2003).   

Flexibility in Methodology 

Cities are not static environments; their ever-changing nature necessitates 

flexibility in data collection methods.  It's important to realize that the CBI is not a rigid 

protocol for scientific research mandating specific methodologies, but rather a guide for 

cities to identify and assess local biodiversity.  As such, guidance is provided for each 

indicator explaining its purpose and value in supporting biodiversity. Suggestions are 

included for each indicator on how to obtain the necessary data to perform the 
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calculations for determining the score.  Because methodology is not mandated, cities are 

charged with developing the assessment process best suited to the resources at hand.   

Mandatory reassessment - every three years - to evaluate the performance of 

conservation strategies encourages the use of prevailing technologies for collecting 

current data.  Technologies continue to advance from social media surveys to remote 

sensing.  As such, data collection for specific indicators are likely to change; becoming 

automated, less expensive, or more refined (as is the case in remote sensing).  However, 

others may remain the same, such as field assessment for the five taxonomic groups 

(indicators four through eight).  Nevertheless, the CBI is adaptable to changes in 

methodology as long as assessment follows the framework of the index.  

The skill set required to apply the CBI is as diverse as the community that 

chooses to utilize it.  Specialists and non-specialists in the fields of ecology, biology, 

economics, education, planning, etc. have skills and fundamental knowledge to contribute 

to the application of the CBI.  These skill sets are found in municipal employees and 

more importantly, members of local communities.  As such, it is advisable for cities - 

especially small cities - to take advantage of the resources present in the community.  

These may include members of civic organizations, academic groups, community clubs 

and citizen scientists.  Although the scope of data collected from citizen groups may not 

equate to those of professional scientists, the additional human resources provided by 

them enhances the overall data assembled for scientific projects (Kremen et al., 2011).  

Their observations at the community level maybe more acute, noting changes in species 

richness and abundance over time, and in unique scenarios rare species are discovered 

that benefits the larger scientific community (Kremen et al., 2011; Losey et al., 2012).  



 

190 

The development of such partnerships nurtures strong relationships with stakeholders in 

the community that are beneficial to all parties involved often leading to meaningful local 

conservation and management documents (Cohn, 2008).  

Flexibility in Scope 

The framework of the CBI enables cities to tailor the index to the resources and 

cultural values of the local community.  Although guidance is provided with each 

indicator - explaining the intent and value to biodiversity - the interpretation is essentially 

based upon the cultural values of the community, which may be rooted to the land and 

local economy.  (The cultural values of a city founded upon agriculture may be different 

than the values of a coastal community.)  The scope of the application is dependent upon 

the attributes of the city, and facilitates discussion on what is allowable.   

Scoring 

The scoring system is an inherent component of the CBI.  A point-ratio method is 

utilized that assigns a numerical score ranging from zero to four based upon calculated 

values obtained for each indicator.  The values assigned to each score were determined 

during the development stage of the CBI through statistical analysis of data provided by 

participating cities.  After the values were standardized, the mean value range was 

assigned the score of two  (Chan, 2014).  The remaining quartile values were assigned the 

subsequent scores of zero, one, three, and four.  It's important to remember that the values 

assigned to each score are representative of cities - both large and small - that are 

engaged in biodiversity conservation.  This foreknowledge of how the scoring 
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mechanism for the CBI was developed is reassuring and emphasizes the global 

connection with participating CBI cities.   

The total score of 92 does not have an intrinsic value.  A city that manages to 

score 92 on the CBI has not reached the end of the journey and attained harmony with 

nature; after all, both entities are dynamic and ever changing, reassessment will nullify 

previous scores.  Rather the total score is simply a composite score of the 23 indicators.   

The CBI manual enthusiastically states the intention of the CBI is a comparison 

between assessments not a comparison between cities.  Each city is unique and resides in 

a unique location on Earth that is not duplicable.  Thus a comparison of the composite 

score would be fruitless.  Nevertheless, the composite score can be useful in establishing 

a target score that is meaningful for the city based upon attainable scores for each 

indicator.  After all, the intrinsic value of the CBI resides with each indicator.  It is here, 

within the body of the index, that cities obtain a better understanding of their relationship 

with local ecosystems as well as their role as conservators of biodiversity and educators 

of their citizens.   

The scoring for the majority of indicators is based upon a range of values.  This 

requires cities to improve performance beyond a specified range before the score for the 

indicator can increase.  A clear example is indicator 23, the number of public outreach 

events supported annually by the city.  To increase the score from one to two, a city 

would have to perform a minimum of 60 events per year; to increase the score to three, 

over 150 events must be performed.  Other indicators require a change in value by a 

specific number in order to increase the score.  Of the 23 indicators, only eight require 

very specific changes in value.  They include indicators four through eight, the change in 
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number of native species; indicator 14, the number of formal education visits per child to 

a park with natural areas; and indicators 16 and 18 which pertain to governance and 

management of biodiversity.   

Nevertheless, there are a few indicators that can be easily addressed (depending 

upon the organization of the city and their existing level of support for biodiversity) to 

quickly increase the score.  Using the Starkville, MS case study as an example, the City 

could, through legislative action, increase the score of indicator nine - the proportion of 

protected natural areas, from zero to one by protecting existing properties adjacent to the 

George M. Bryan Airport.  Currently there are 52.1-hectares of public property zoned M1 

- Manufacturing that resides adjacent to 16th Section land, and 78.6-hectares zoned R1 - 

Single family residential that buffer the airport and MS Highway 25.  Together these 

parcels total 130 + hectares (1.97 % of the total area of the city).  The protection of 

existing natural areas within the City's property portfolio is 'low-hanging fruit' that both 

supports biodiversity and increases the CBI score.  Other opportunities exist within the 

ecosystem and governance categories that focus on education and inter-agency 

relationships that mainstream the concept of urban biodiversity and promote 

conservation.  

The CBI as a long-term application for assessing biodiversity in cities 

The CBI is designed as a reliable standard for cities to assess biodiversity and 

their support for biodiversity over the long-term.  It is a tool that can be integrated into 

the pantheon of accountability measures utilized by municipalities.  Unlike other 

measures that look for compliance, the CBI measures outcomes based upon past 

performance and scores accordingly.  This perpetual system of self-accountability by the 
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City (of establishing and meeting goals and objectives related to biodiversity) should 

become a meaningful component of its operations.  

The data collected from the CBI assessments can be useful for future urban 

ecological studies.  The CBI framework is set-up for comparative analysis between 

studies.  Unlike the LTER (Long-Term Ecological Studies) which is a network of 

academic and scientific research across the United States and its territories, the CBI is 

distinctively local and not specifically designed for exploratory research.  Nevertheless, 

there are similarities between the CBI and the two urban LTER programs located in 

Baltimore, MD and Phoenix, AZ.  Both programs are designed for long-term assessment 

and analysis and recognize that the urban ecosystem is comprised of ecological, physical, 

and social systems; although, the scope and scale of the LTER program is greater than 

CBI.   

The research premise of the urban LTER programs is that cities are dynamic 

ecosystems that encompass biological, physical, and social systems (Steward T A Pickett 

et al., 2008).  As such, their research is framed by the city as an ecosystem and utilizes 

the watershed(s) as a boundary of study instead of a political boundary or city limit.  

Three core components guide the urban LTER research and include: patch dynamics - the 

spatial heterogeneity of the ecosystem; Human Ecosystem Framework - a description of 

the various human components that compose urban systems; and urban regionalism - the 

supporting systems, resources, and amenities required for city life  (Steward T A Pickett 

& Cadenasso, 2006).  Thus the LTER studies integrate the social sciences into their 

research by asking questions that pertain to quality of life and community health (Grimm 

et al., 2000).  By addressing cities as ecosystems and incorporating the human element 
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into the research, the anticipated benefit of this framework is to "raise the collective 

consciousness of ecologists...and contribute to the further development of concepts that 

apply to all ecosystems (Grimm et al., 2000)."  An added benefit of the LTER studies is 

an established network for sharing research and findings across study sites.  By 

communicating their findings across the network (urban and non-urban sites) and with 

local stakeholders, they hope to illicit positive environmental and social change in cities.   

Limitations to methodology 

There are a number of limitations inherent with the Starkville, MS case study that 

should be illuminated.  The case study was experiential in nature and limited primarily by 

the time-frame of the graduate program, the inexperience of the investigator coupled with 

a limit of human resources, and a restriction on survey sites.  In preparation for future 

iterations of the CBI, investigators may want to dedicate sufficient planning time to 

address the following observed limitations to this case study.  

Incorporate private property into the taxonomic surveys 

The case study was restricted to small parcels of public property and locations 

within the public parks that experienced minimal disturbance.  Incorporating private 

property, both agricultural land and private gardens, along with landscapes that are 

considered actively maintained and minimally disturbed would benefit the overall survey 

of five taxonomic groups.  The incorporation of a variety of landscapes and maintenance 

regimes would add a depth of knowledge that is missing from this initial study which 

may be beneficial in developing a locally focused landscape maintenance guide.   
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The spatial distribution of privately held lands is also key.  The majority of the 

initial survey sites were located within the the urban and suburban rings of the city, very 

few were located within the periphery of the city boundary, neither was there a variety of 

neighborhood development density represented.  By including private property that is 

both spatially distributed across the city and is representative of the typical neighborhood 

density levels, a better understanding of the biodiversity supported by these land-use 

types is gained.   

Taxonomic surveys 

The taxonomic surveys are a key component of the index and require a significant 

amount of time to execute.  There are a few adjustments that are necessary to make this 

component of the index more rigorous than the Starkville case study.  First, an extension 

of the time frame to conduct the surveys.  The surveys occurred during three seasons of 

the year, late spring, early summer, and early fall.  Although these times captured spring 

and fall avian migration as well as two blooming cycles for vascular plants, the winter 

season was missed entirely.  As a result, a variety of overwintering avian species were 

unaccounted for along with cool weather vascular plants that are intolerant of warm 

weather.  The streams were not sampled during the winter season, so the life-cycle of 

local aquatic macroinvertebrates was also missed.  The additional seasonal survey times 

would increase the data gathered for these indicators but also increase the overall 

knowledge of the landscape systems in place at these sites and how they address seasonal 

climatic changes.    

Second, expand the number of sampling locations per site.  The sampling 

locations were limited to 50-meter gradsects per site.  In order to sample the 
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microhabitats at each site, the gradsects were situated along slopes in an effort to capture 

vegetation along a moisture gradient.  The species identified at each site were limited to 

the one-meter swath on either side of the gradsect.  The number of species not accounted 

for is unknown.  Although a gradsect is an acceptable method of sampling vascular plants 

and insects (Gillison, 1985), having multiple sampling locations within a site would 

ensure a comprehensive accounting of local species.   

Solicit assistance from local natural scientists 

It is challenging for one person to possess the knowledge and skill set required to 

thoroughly conduct the CBI, in particular the survey of species for the five taxonomic 

groups.  For the thesis project, it was necessary to develop an adequate knowledge of 

field survey methods and species identification.  Part of the journey was developing this 

personal knowledge, but it would be hubris to undertake the CBI without a safety-net of 

scientists with specialties in the natural sciences.  This resource of knowledge and skills 

is essential in conducting a successful biodiversity index; therefore, it is advisable for 

cities to solicit assistance from local natural scientists and environmental educators when 

planning and executing the survey for the five taxonomic groups.  Their expertise in 

collection methods and identification will result in more species correctly identified in 

both current and future iterations of the CBI.   

The development of a field guide is also recommended.  Documenting the data 

collection methodologies will ensure reliable surveys in the future.  The field guide can 

serve not only as a training document for specimen collection but also as a species 

identification guide.  The development of the guide will make future surveys easier and 

ensure consistency especially when including volunteers in the process.    
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Although the initial CBI was experimental in nature, the outcome illustrates the 

flexibility present within the structure of the index while providing a fairly accurate 

ecological picture of the city.  Sufficient information was gathered during the case study 

for Starkville to move forward with conservation efforts and plan for a future iteration.   

Final thoughts 

Biodiversity conservation is a long-term commitment, one that is part and parcel 

of a city's core values and operations.  It is not a short-term strategy (10-20 years) like a 

comprehensive plan that addresses targeted issues.  Rather, it is a long-term "way-of-life" 

that will influence the resilience of a city in environmental, social, and economic terms.  

In the case of Starkville, MS, the city is already 182 years old at the writing of 

this thesis.  Implementation of biodiversity conservation measures now will be 

experienced over the next 182 years.  As cities advance in their conservation efforts over 

time, other methodologies may develop that will supplant the CBI; but for the time-being, 

it is a comprehensive assessment tool for cities to use as they begin this journey. 
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CHAPTER VI  

CONCLUSION 

The objectives of this research were straight-forward.  To execute the CBI while 

gaining a better understanding of the index and its application to small rural-town 

planning.  Along the way, discovery regarding the CBI and the immediate 'natural areas' 

of Starkville unfolded.  The body of the research took place over eighteen-months which 

included: historical research pertaining to previous ecological studies in Starkville and 

Oktibbeha County, MS; interviews with key members of the City of Starkville staff; a 

baseline compilation of data for five taxonomic groups; and a presentation about the 

research to the Starkville Board of Aldermen that culminated in a questionnaire about the 

index.  

Over the course of time, particularly during the writing of this document, ideas 

surfaced about the application and utility of the CBI.  It is a very flexible tool, adaptable 

to cities of varying sizes and resources.  The CBI does not proscribe a specific 

methodology for gathering data or establishing a scale for data assessment.  Rather, it 

provides context for each indicator and guidance on obtaining the data.  This is 

accompanied by an equation for determining the score for each indicator.  This flexibility 

in the scale of assessment and data collection methodologies opens the CBI to a greater 

audience of both professionals and interested community members.  As such, the strength 

and breadth of this index is dependent upon the city that utilizes it.  
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The CBI is one of a handful of tools developed over the years by entities whose 

mission is to protect and support biodiversity.  These entities range across the 

environmental conservation spectrum from charitable organizations, to partnerships of 

design professions and academic entities, to a coalition of civic leaders.  The tools 

function in tandem with the services they perform and range from site specific 

assessments to the scale of the city and beyond.  Although each are different and stand 

alone at the scale they were developed, they can be used in conjunction with the CBI, 

providing opportunities for targeted conservation and research (Figure 6.1).  They 

include: Urban Biodiversity Index Framework (UBIF), Vista by NatureServe, The Nature 

Conservancy's (TNC) Cities Program, the Trust for Public Land's (TPL) Greenprinting, 

and the Sustainable Sites Initiative (SITES).   

Urban Biodiversity Index Framework 

In January, 2017 a new biodiversity index was released by a coalition of U.S. 

cities and supporting agents.  The Urban Biodiversity Inventory Framework (UBIF) is an 

urban biodiversity index that is supported by the Biophilic Cities Network - an 

organization developed by Professor Tim Beatley of the University of Virginia.  The 

UBIF provides cities with three tracks for assessing and recording biodiversity.  The goal 

is to create a "new national norm" for collecting and standardizing urban biodiversity data 

(Bliss-Ketchum, 2017).  

The index is based upon recording biodiversity species and habitat data across a 

network of participating cities.  This promotes standardization of methodologies and in 

return offers cities tracking and reporting options.  Three tracks, or levels, of participation 

are offered; track one relies upon existing data available from outside sources 
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(universities, researchers, NGO's, etc.); track two requires cities to track and record 

presence/absence data for surrogate species within habitat types situated within the city; 

track three expands upon track two by requiring species abundance recording.  Both track 

two and three require reference sites outside of the city to be used as a "yardstick" to 

measure fluctuations and changes in species and habitat structure.  To complete the 

index, each city is required to report their percentage of greenness or open space, 

percentage of protected areas, and their land-use data. 

Figure 6.1 Urban Conservation Programs 

 
The relationships between the CBI and additional urban conservation tools is strongest with Vista 
for data organization and spatial analysis, SITES for rigorous project accountability measures, 
and TNC for equitable community engagement and development of social capital in conjunction 
with local conservation programs. 

The framework of the index focuses on tracking species in five taxonomic groups.  

Similar to the CBI, three taxonomic groups are mandatory: plants, birds, and invertebrate 
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pollinators.  The remaining two taxonomic groups are selected by the city.  Rather than 

identifying all the species present within the five taxonomic groups, the UBIF suggests 

identifying surrogate species (for five taxonomic groups) for each habitat located within 

the city.  Thus, habitats found within the city are identified and five surrogate species that 

are "neither rare or overly abundant" are tracked for presences/absence (track two) and 

abundance (track three).   

This tool allows cities, through the reporting structure of the network, to compile 

data on local biodiversity, as well track changes in local habitats and species.  In addition, 

the analysis provided by the network system may help cities prioritize their conservation 

efforts.  Another benefit offered through the UBIF is a scorecard that can be utilized by 

cities to convey their conservation message.  Although the tool does not measure 

ecosystem services or public outreach, it does recognize the benefits biodiversity offers in 

these arenas and conveys the need to develop methodologies to assess these areas in the 

future.   

The UBIF is very similar to the CBI.  It was designed specifically for cities and 

tracks species for five taxonomic groups.  Its strength is in the community of 

participating cities and the analysis the network offers. The CBI evaluates three areas 

(native biodiversity found in cities, ecosystem services provided by native biodiversity, 

and municipal support for biodiversity) deemed important to biodiversity conservation, 

whereas the UBIF tracks native biodiversity found in the city.  Unlike the CBI that is 

flexible in its scale and methodology - allowing cities to determine these details - the 

UBIF seeks standardization in data and provides methodologies for recording habitats 

and species assessment.  Both indices have their merits and aspects that make them 
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unique, but regional culture - collaborative versus independent - may be the deciding 

factor on their use.   

NatureServe - Vista 

Nature Serve has a suite of programs and services available to support 

biodiversity conservation.  The tool appropriate at scale of the city is their ArcGIS 

extension, Vista.  Developed in 2004 and funded through an endowment, it is a free 

extension that is supported by NatureServe.   

Vista is primarily a planning tool that is useful across multiple scales and can 

inform environmental impacts for multiple agencies that physically interact with the 

landscape.  It can perform a variety of analysis functions including site mitigation, 

climate change scenarios, as well as conservation assessment and management 

(NatureServe, 2015).  Because this tool is research-question driven, the quality of the 

analysis is reliant upon available spatial resolution and relevant datasets.  It also requires 

an operator who is familiar and skilled in GIS software.   

Vista's multi-functionality makes it beneficial to cities as they move forward in 

their conservation efforts.  GIS is a powerful software program that efficiently organizes 

spatial data along with their associate tabular datasets.  It is not limited to datasets 

available from NatureServe, but relies upon data from local sources (land-use, socio-

economic, policy types, ecosystems, species distribution, water quality, etc.) as well as 

state and national datasets.  Because of its inherit data organization and functionality CBI 

data could be organized into this program, making it a more meaningful planning tool for 

local municipalities.   
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The Nature Conservancy - Cities Program 

The Nature Conservancy (TNC) recently expanded its mission to include 

conservation in cities.  Prior to this change, the emphasis of their strategy - Conservation 

by Design- was "protecting nature from cities;" now, the emphasis is "protecting nature 

for cities (Bhat, 2017)."  Their Cities Program aim is to make cities resilient, livable, and 

flourishing by addressing urban conservation through the lens of environmental justice 

(Bhat, 2017).  To support the Cities Program, they developed a Field Guide to 

Conservation in Cities (FGCC) that provides a framework for local stakeholders and civic 

leaders to develop meaningful local conservation programs (Bhat, 2017).  To lead this 

effort in cities, TNC works with a network of city conservation staff to develop 

community focused strategies that promote human well-being in tandem with nature 

conservation.  

The FGCC is a methodology that guides cities as they develop their conservation 

strategic plan.  Unlike the CBI, it is not a specific tool for measuring biodiversity in 

cities.  Rather, it is a process for designing a meaningful conservation plan and programs 

through engagement with local community members that is supported by scientific data 

and analysis.  As such, the TNC methodology would be appropriate for developing 

diverse teams of community members to address specific outcomes of the CBI 

assessment.  

The Trust for Public Land - Greenprinting 

The Trust for Public Land offers a conservation planning service to cities and 

other non-government organizations.  Their Greenprinting tool operates as a GIS 

extension that incorporates local community values and needs with their environmental 
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datasets to identify areas of conservation need that can also improve the quality of life for 

local residents.  This is a service provided by TPL and is helpful for cities in identifying 

specific sites for investing in conservation projects that could be meaningful for local 

residents.  

Sustainable Sites Initiative - SITES v.2 

The Sustainable Sites Initiative (SITES) is a certification program utilized by 

landscape professionals.  Based upon ecosystem services that the landscape delivers, the 

rating system guarantees that designed landscapes meet criteria across ten categories in 

order to earn one of five certification levels: certified (70 points), silver (85 points), gold 

(100 points), or platinum (135 points) (GBCI, 2014).  Before the process begins eighteen 

pre-requisites across ten categories must be obtained, otherwise progress towards 

certification is halted.  More importantly, certification comes at a cost; both registration 

and certification fees are applied per project, regardless of the certification level attained 

(GBCI, 2014).  

SITES is a project based certification program.  It aims for designed landscapes to 

meet certain goals that will be transformative in their design and performance in order to 

mitigate climate change, but also strengthen local communities (GBCI, 2014).  As such, 

both SITES and the CBI assess for these broader ideas but through different means and 

processes.  The CBI is looking at the city as a whole, taking a large-scale ecological 

picture of the city; whereas SITES is narrowing the field of view to a specific project.  

Nevertheless, each tool can inform the other and work in concert to meet a city's 

environmental stewardship goals and objectives.  Analysis performed as a result of 

conducting the CBI can result in community projects that are suitable for SITES 
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certification.  Data collected during the CBI can inform SITES projects; and in return, the 

specifics from the SITES project can support data collection during subsequent CBI 

assessments.   

Advancing Knowledge in the Field of Landscape Architecture 

In June of 2016, members of the landscape architecture profession gathered in 

Philadelphia, PA to write a new declaration for the field; a declaration to guide us into 

this new century.  The New Landscape Declaration acknowledges the far-reaching 

consequences experienced today due to past and current exploitation of 'Nature' (LAF, 

2016)  Simultaneously, it unfolds a hopeful vision that elucidates our areas of expertise 

while challenging us to align our efforts with bioregional, social, and cultural landscapes.  

The 'Declaration' redefines the direction of our field and elicits our engagement in 

sustainable and regenerative designs but also challenges us to carry this call into our 

advocacy efforts.   

It is within this context that the CBI takes purchase.  In our role as advocates, the 

CBI provides us the framework upon which to identify ecological signatures and measure 

ecosystem services for the communities we serve.  With supportive evidence supplied by 

the CBI study, our role as advocates for regenerative communities is strengthened.  In our 

role as planners, the CBI provides a needed framework to identify and measure 

biodiversity and ecosystem services within our area of practice.  Data gathered from these 

efforts can inform conservation plans and target local areas for conservation action.  

Because the CBI is repeatable, performance can be measured - a critical element needed 

to support environmental stewardship efforts.  Additionally, data accumulated from a 

CBI study and shared with the scientific community is indispensable in tracking the 
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effects of urbanization to local biodiversity, as well as the response to conservation 

measures.   

The flexibility of the CBI allows it to work in concert with other conservation 

protocols.  Although it is a one-size-fits-all assessment for cities, when used in tandem 

with other protocols - UBIF, NatureServe VISTA, TNC Cities Program, TPL 

Greenmapping, and SITES v.2 - meaningful community focused conservation actions can 

develop, which can meet the needs of all communities.    
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APPENDIX A 

INTERVIEW QUESTIONS FOR MUNICIPAL DEPARTMENTS - CITY OF 

STARKVILLE, MS. 
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Interviews were conducted during the summer and fall of 2016 to assess the role 

of City departments in supporting biodiversity.  Emails were sent to the Mayor and 

directors of the following department requesting an interview: Environmental Services 

and Sanitation, Parks and Recreation, Public Works, Engineering, Community 

Development, Starkville Electric, Starkville Oktibbeha County Consolidated School 

District.  The email briefly explained the CBI and the scope of the research project.  It 

also included the questions I planned to ask during the interview.  The following 

questions were asked of each interviewee.  Additional questions were given to the 

directors of Parks and Recreation and the school district.  

Interview Questions 

Indicator 15 - What is the budget allocated to functions related to environmental 

stewardship?  This could be the budget allotted for items such as maintenance or 

conservation of natural areas, programs that promote biodiversity, environmental 

stewardship, or outdoor nature activities. 

Indicator 17- Are there a plans, policies, or regulations within the department that 

support biodiversity, environmental stewardship, or conservation?  This could include 

programs such as invasive species management, mowing regime within the ROW that 

allows vegetation to grow to a certain height. 

Indicator 19 - Are there inter-agency efforts within your department that support 

local or regional institutions?  This could be an agreement or partnership with institutions 

such as the MS Science Museum, or smaller regional entities whose mission is to 

promote biodiversity, the natural environment, or environmental stewardship. 
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Indicator 20 - Are there formal or informal relationships pertaining to 

biodiversity-related matters?  This could be a relationship with an outside organization 

that promotes conservation efforts, environmental education, tree planting efforts, and 

such. 

Indicator 21 - Does your department participate in partnerships that support 

biodiversity/environmental stewardship related activities, projects, or programs?  This 

could be programs such as Tree City USA, TVA Sustainable Communities, etc. 

Indicator 23 - Number of outreach or public awareness events that take place 

annually that promotes biodiversity, environmental stewardship, or the natural 

environment. This may include educational awareness events, volunteer clean-up events, 

nature camps, and such.  The key is that the event is primarily sponsored by the city. 

Parks and Recreation additional question  

Indicator 13 - Are there areas of protected or administratively secured natural 

areas found within the city parks? What would these areas be? 

Starkville Oktibbeha County Consolidated School District additional questions 

Indicator 9 - Are there areas of Starkville School District that are protected or 

administratively secured natural areas?   

Indicator 14 - What are the average number of formal educational visits per child 

below age 16 to parks with natural areas per year?  This could include visits to Noxubee 

Wildlife Area, local national forests, farms, etc. 

Indicator 18 - Are there institutions or facilities within the school district that is 

dedicated to biodiversity.  This could include a herbarium, arboretum, insectarium, etc. 
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APPENDIX B 

QUESTIONNAIRE FOR BOARD OF ALDERMEN - CITY OF STARKVILLE, MS.  
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On January 5, 2016, a ten-minute public presentation was made to the Starkville 

Board of Aldermen on the City Biodiversity Index Starkville, MS, case study.  Five days 

prior to the meeting a twelve-page document pertaining to the presentation was enclosed 

in their agenda packet.  It contained a description of the City Biodiversity Index, the 

scope of the case study, a brief discussion on the results for each indicator, and a copy of 

the questionnaire.  A copy of the following questionnaire was placed on the dais in a 

plain manila envelope for each member of the Starkville Board of Aldermen.  Within the 

envelope was the informed consent release form and directions on how to return the 

questionnaire so that their responses would remain confidential. 

Questionnaire  

Please select the response(s) you feel applies to the question; you may select more 

than one response.  Also, please provide your own comments to the questions in the area 

provided. 

1. The City Biodiversity Index has not been used in the US.  As city leaders, 

please provide your thoughts as to why a city would not use this index.  

a) This tool is not well known.  

b) The natural environment is managed by state and federal programs, and is not the 

responsibilities of cities.   

c) There is very little biological diversity in cities. 

d) Citizens have not expressed their concerns on this topic. 

e) There is insufficient city staff trained to conduct this exercise. 

f) There is insufficient funding to conduct this exercise. 

Other comments: 
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2. As city leaders, please provide your thoughts as to why a city would use The 

City Biodiversity Index.  

a) The tool evaluates a variety of components and natural systems found in cities.  

b) The tool can be used repeatedly to measure effectiveness of policies and 

procedures.  

c) Citizens are concerned about the topic of the natural environment found in cities 

and this provides an avenue for citizen engagement. 

d) The tool provides direction on how cities can improve the local natural 

environment. 

e) The tool provides a mechanism for cities to pursue grants and other funding 

opportunities. 

Other comments:  

 

3. Using the City of Starkville’s municipal organization as a guide, where would 

the City Biodiversity Index fit within municipal operations of cities? 

a) Community Development & Planning 

b) Engineering & Street Department 

c) Public Works & Utilities Department 

d) Parks and Recreation Department 

e) Sanitation Department 

f) The Mayor’s Office 

g) Boards and Commissions 
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h) Shared between multiple departments: ___________________________ 

Other comments 

 
4. What resources do you think might be available for cities to implement a tool 

like the City Biodiversity Index?  (These could include funding mechanism 

and/or citizen resources) 

 
5. Using the City of Starkville’s municipal organization as a guide, how often do 

you feel the City Biodiversity Index should be conducted by participating 

cities? 

a) Annually  

b) Bi-annually 

c) Every 5 years 

d) With each Comprehensive Plan cycle 

Other comments 

 

6. Using the City of Starkville’s municipal organization as a guide, what 

entity(s) would conduct the City Biodiversity Index? 

a) Personnel within a department. 

b) Cooperative effort between departments. 

c) Collaborative effort between the City and local community groups. 

d) Collaborative effort between the City and academic institutions. 

e) Outside consultant(s) 
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7. Would the City Biodiversity Index be used by the City of Starkville? 

a) Yes 

b) No 

Please elaborate on your answer to this question.   

 

8. After learning about the City Biodiversity Index and Starkville’s CBI score, 

 would the City be inclined to develop a plan (Biodiversity Action Plan) to 

 enhance the local natural environment? 

a)   Yes 

b)   No 

Please elaborate on your answer to this question.  

 

9. When measuring progress towards meeting goals of a Biodiversity Action 

Plan, would the City be inclined to use the City Biodiversity Index?  

a) Yes, the city would use the City Biodiversity Index. 

b) No, the city would use another tool or combination of tools 

Please elaborate on your answer to this question. 

 

Thank you for participating in this exchange of information. I sincerely appreciate your 

candor and comments pertaining to this research.  


