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ABSTRACT

In 1997, City o f Tucson implemented the Native Plant Preservation Ordinance 

(NPPO). The intent o f the Ordinance is to protect selected native plants from 

development and preserve the character o f the Sonoran Desert. For this study, character, 

termed landscape integrity, was defined by plant density, form, and richness similar to 

Sonoran Desert. Developers choose from four methods. The intent o f this study was to 

determine if the use of the most commonly applied method to meet requirements of the 

NPPO, Plant Inventory Method (PMI), met the intent o f the Ordinance. At fifteen sites, 

post-development evaluation was done to determine if the NPPO was accurately 

executed. Results indicated sites preserved only a percentage of listed NPPO species and 

failed to create integrity similar to the Sonoran Desert. A  survey of NPPO users indicated 

the Ordinance is confusing to interpret and Ordinance intent is difficult to achieve. 

Proposed recommendations relate to increasing method’s effectiveness.



INTRODUCTION

The City of Tucson, Arizona, is located in the Sonoran Desert, one o f the most 

diverse areas in the United States (Khoury, 1999). For example, there are 3,600 plant 

species found in Arizona and approximately 3,000 are native. Alarmingly, somewhere 

between 10 and 20% of those are at risk of becoming endangered according to Nature 

Conservancy data (Khoury, 1999).

Never in Tucson’s history has human intrusion into the Sonoran Desert been so 

extensive. Coupled with growth is an increase in demand for leisure recreation 

opportunities and development o f natural lands close to these expanding urban areas. In 

the past ten years, annual visitation to national and state parks bordering Tucson has 

increased 154% (Morlock, April, 2001). In addition, approximately ten square miles of 

Sonoran Desert are consumed by development each year (Huckelberry, 2001). The 

Sonoran Desert, rich in biodiversity, has been identified by The Nature Conservancy as 

one of the top eco-regions worldwide in need of conservation arising from the collision 

between rapid population growth and the region’s natural resources.

One of the unique communities within and surrounding the Tucson urban matrix is 

known as the Arizona Uplands, a subdivision of the Sonoran Desert Scrub (Brown, 

1994). It is found in southern Arizona, a small portion of southern California and limited 

areas o f northern Mexico. One of the most distinctive plants found in this community is 

the saguaro cactus (Carnegiea gigantea), considered a visual symbol for Tucson and the 

Sonoran Desert (Appendix C, Fig. 2). Many plants associated with desert environments,
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such as the saguaro, are typically extremely slow growing and often recover poorly from 

alterations in their habitat such as those typically associated with development practices 

(Davis, May, 1999).

According to the Tucson Metropolitan Chamber o f Commerce, the Tucson 

metropolitan area is projected to grow at an annual rate o f 1.8 to 2% each year until the 

year 2005. Currently, the Tucson metropolitan area experiences 2000 new persons per 

month and by the year 2010; it is projected to surpass one million residents. Rapid 

increases in population have led to extensive development beyond the existing borders of 

Tucson. In turn, each new development, whether commercial, industrial, master-planned 

community or custom home, is associated with loss o f Sonoran Desert habitat. Factors 

such as increases in population, economic development and outcry from the general 

public relating to development’s clearing of Sonoran vegetation (Appendix C, Fig. 3) 

have influenced city officials to develop the Native Plant Preservation Ordinance (NPPO) 

for preservation o f the Sonoran Desert Scrub plant community. This thesis focuses on a 

general evaluation o f one of four methods most commonly used and imposed by the 

NPPO, the Plant Inventory Method (PIM) (Table 1).

Significance

The PIM is one of the most utilized methods that the NPPO relies upon for its 

implementation. However, the NPPO has been in affect since July 1997, and has never 

officially been monitored or measured for its effectiveness. Questions have been raised 

regarding results generated from the implementation of the NPPO. For
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Table 1. Definition of Terms (The City of Tucson Land Use Code, 1999),

Appraisal Method- A  method of plant preservation identified in the NPPO. The mitigation of specimens 
destroyed or removed from the site with specimens of the same size or a combination of various sizes 
equaling the appraised value. Limits use to low density sites (i.e.: infill areas).

Arizona Upland Community- A  plant community typically found on lower slopes of the Tucson area 
foothills. Predominant species include palo verdes, bursage and cacti.

Assurances- Guarantees for the survival of salvaged and transplanted plant material.

Plant Inventory Method (PIM)- A  method o f plant preservation identified in the NPPO. Based upon a 
native plant inventory of all protected native plants, ratings are assigned to a plant’s viability and transplant 
ability. Analysis of the data determines which plants are preserved in place, transplanted and, or replaced 
with like nursery stock.

Mitigation- The replacement of a specimen(s), an inventoried plant(s) rated medium to high viability, that 
is transplanted on-site, destroyed or removed from site as shown on the approved plant preservation plan 
with a plant(s) of the same genus and species from offsite in good physical condition with a high rating for 
health, age, and form.

Preservation Credits- Credits awarded for plants preserved in place that are used to offset the number of 
mitigated replacement plants arising from the destruction or removal of a viable protected native plant.

Native Plant Preservation Ordinance- Promotes the preservation in-place of Tucson’s native protected 
plant species by requiring a plant inventory and analysis. This process promotes sensitive site design and 
development on the least endowed portion of a site while preserving the Arizona Upland plant community.

Native Plant Preservation Plan- A  plan for the preservation of protected native plants prepared and 
submitted in conformance with the NPPO.

Preservation in-place- No disturbance of one or more plants and the associated understory plants, or no 
disturbance of a plant community as in the Set-aside Method.

Protected Native Plants- Any living plant on the protected native plant list found in the NPPO.

Safeguarded Plants- All species listed in the “highly safeguarded’ category of the Arizona Native Plant 
Law, A.R.S.§ 3-901 et seq.; also referred to as safeguarded species.

Set-aside- A  method of plant preservation identified in the NPPO: shall also mean the permanent protection 
of land and all vegetation in an undisturbed state within an area designated as a set-aside area. Area 
preserved must be a minimum of 30% of the total site and consist of the area(s) with the highest resource 
value.

Transplant ability- The relative ability of a Native Plant to be successfully transplanted.

Viable Plant - An inventoried native plant in  good physical condition with a medium or high rating for 
health, age and form, but which may or may not meet the “transplant ability” standards of the NPPO.

Xeriscape- A  landscaping concept designed to save water by planting low water-use plants, water 
harvesting, and the use of soil amendments, mulches, and proper maintenance practices.________________
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example, what is the condition o f plants that have been transplanted or left in place after 

an undisturbed natural area has been cleared for development? Is the PIM too stringent, 

causing the designated planting areas to be overcrowded due to mitigation requirements 

for destroyed, damaged or salvaged plants? Finally, are assurances necessary if a majority 

of plants are surviving? In summary, implementation of the NPPO has reached a point 

where evaluation of current results would be useful for future assessments of the 

ordinance.

Research Objectives and Hypothesis

This thesis addresses the question: Does the PIM  successfully preserve NPPO listed 

plants and the integrity o f the Sonoran Desert Scrub? The integrity of a plant community 

is defined in this study by how successful implementation of the PIM is in preserving 

plant density, richness, and form of undisturbed Sonoran Desert Scrub plant 

communities.

The following hypotheses were tested in order to address the research question:

1. The guidehnes and procedures set forth by the NPPO’s PIM are too complicated 

for professionals to use.

2. Use of the PIM creates landscapes similar in integrity to the Sonoran Desert 

Scrub.

3. Through mitigation, transplanting on-site and preservation in-place, the PIM 

preserves the designated number of NPPO listed plants as calculated by the

NPPO.
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4. The PIM promotes higher density of plants in planted sites compared to observed 

densities in undisturbed Sonoran Desert Scrub plant communities.

Scope and Research Limits

A plant inventory was conducted at fifteen sites within Tucson’s city limits for this 

study. The collection and analysis of data were limited by numerous factors. For 

example, all o f the plants planted at each of the fifteen sites have been in-place less than 

30 months, making long-term assessment of plant health difficult. Finally, the 

identification o f the total number of plants originally planted may not be completely 

accurate. Three possible reasons accounting for a margin of error in the numbers reported 

by myself are: 1) the removal of dead plants by a site’s maintenance crew, 2) the 

exclusion o f on-site dead plants from total number o f each species reported in this study, 

and 3) no procedures currently exist regarding the re-evaluation of an approved NPPO 

plan should an improvement plan, altering a site’s configuration, be submitted at a later

date.
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LITERATURE REVIEW

Introduction

Throughout history, native plants have been cherished and collected for the sense of 

place they bring to a community and the special characteristics they provide in terms of 

shape, color, texture, smell, medicinal purposes and food. People often collect and 

transport native plants from around the world for their personal enjoyment, propagation 

and agricultural purposes. In most cases, the damage done to the native population of 

plants was minimal.

The practice o f removing native plants from their natural habitats continues today. 

However, this process of transplanting native plants to different regions around the world 

and propagation has lead to the introduction of certain invasive species. These invasive 

species pose additional threats and further compound the displacement o f native plants.

The alarming growth of and ease of transport for the world’s population, coupled with 

a strong world economy, is perhaps one of the largest threats to native plants and their 

habitats. Nowhere is this more evident than in the southwestern United States. Within the 

last decade, the state o f Arizona was the second fastest growing state in the nation adding 

an additional 1.5 million residents with 1.3 million o f them settling in the Phoenix 

metropolitan area alone (Konig, 2001).

In response to such threats, grass-roots organizations from around the country have 

formed to protect what remains from this assault on native plants and their habitats. 

Depending on the region, there are various types o f preservation and conservation acts
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that have been created in the attempts to limit development’s destruction o f native plants. 

For example, tree ordinances, national parks and the Endangered Species Act all exhibit 

various ways o f protection (Albright, 1985; Arizona Department of Agriculture, 1997; 

Matheny, 1998). However, the City of Tucson has uniquely attempted to protect a group 

o f species representing an individual plant community. This literature review will focus 

on the activities leading up to the implementation of laws created to protect plants and 

various regional examples that attempt to preserve native plants.

Let’s get Native

The term “native” is a relative term. For example, in the eastern United States, a 

native tree may refer to a tree planted over 50 years ago whether it is indigenous to the 

site or not. Scientifically, the native plants o f a given area are defined as those within the 

United States that grew there prior to European contact (California Native Plant Society, 

2000). According to an article written for the California Native Plant Society, these 

species have co-evolved with animals, fungi and microbes to form a complex network of 

relationships that make up the foundation of our natural communities (California Native 

Plant Society, 2000). For example, these plants do the best job of providing food and 

shelter for native animals due to their evolving adaptability with these species. 

Furthermore, maximum diversity in animal populations is typically associated with the 

maximum diversity of plants (Northeastern Illinois, 1997; California Native Plant 

Society, 2000). Remnant patches o f native vegetation also enhance the infiltration of 

contaminants from stormwater as their root systems improve soil permeability and help
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eliminate soil pollutants (Durant, 1994; Northeastern Illinois, 1997).

Costs associated with achieving a natural desert appearance may be reduced if 

existing plants are salvaged and preserved in-place. This is partially due to the difficulty 

in finding comparable nursery-grown plants for replacement of slow-growing desert trees 

and cacti that can take decades to reach maturity or an acceptable size for aesthetic 

purposes. Furthermore, native plants generally require less water and maintenance than 

non-indigenous plants (Durant, 1994).

The natural environment provides regional character. However, one major factor in 

the preservation o f native plants is how the public accepts the visual character of such 

plants. Some residents may view native landscape as unappealing and plant their yards 

with non-native plants (Morgan, 1987). Education o f the general public on the numerous 

benefits o f native plants is critical, if  a community is to be successful in obtaining a 

sustainable environment for everyone to enjoy.

Past Practices of Preservation

The advent of flint, axes by Neolithic man between 8000 and 4000 BC represents the 

first sign o f man clearing forest for his agrarian practices (Newton, 1971; Pregill, 1993; 

Jellicoe, 1995). It was not until the Bronze Age that man began propagating native plants 

for his own pleasure, delight and social expression. History has proven that as far back as 

3500 BC, gardens consisting of plants from various regions had been collected as 

products o f dictatorship, power, and personal wealth as depicted in the Hanging Gardens 

of Babylon (Newton, 1971; Laurie, 1986; Pregill, 1993; Jellicoe, 1995). For thousands of
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years, man continued to collect plants for religious reasons, color, shade, food, spices, 

aroma, form, texture, medicinal and other purposes.

With the discovery o f the Americas, the natural environment was thought to be 

threatening place and was not integrated with cities and agricultural activities. Most 

gardens and landscapes consisted of plants that accompanied the immigrants on their 

travels to the Americas. For example, prior to the mid-1800’s, open-space that had been 

set aside in colonial America were of two types: the small town square and the public 

garden, both o f which did not consist o f native plants.

It was not until the mid-1800’s when the Romantic style, inspired by eighteenth- 

century English design theories, changed the way Americans viewed the natural 

landscape. A landscape architect by the name o f Andrew Jackson Downing went beyond 

the English design theories of curvilinear forms and asymmetry to visually link design 

with the natural landscape (Newton, 1971; Pregill, 1993).

Frederick Law Olmstead, considered the founding father of Landscape Architecture, 

is credited with two major developments that set the stage for preserved open-space and 

the beginning appreciation of native plants and their habitats. In 1857, Olmstead won the 

design competition for New York’s Central Park. He justified it economically by noting 

that the rising value o f adjacent property would produce enough in taxes to pay for the 

park. It was the first planned open-space park in America allowing city residents the 

opportunity to escape the related negative health effects of the industrial revolution to 

enjoy the substantial delights of country setting, vegetation and fresh air (Pregill, 1993). 

By 1873, the Park was responsible for an extra 5.24 million dollars in taxes each year
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supporting Olmstead’s economic forecast (Lerner, 1999).

Olmstead went on to write a report on the environmental and scenic significance of

specific areas within California. Inspired by this report, the state o f California established

a natural reserve in 1864 called Yosemite Valley. In tribute to Olmstead’s inspiration the

Park service instituted a passage o f Olmstead’s as their mission statement:

“To conserve the scenery and the natural and historic objects 
and the wild life therein and to provide fo r  the enjoyment o f the 
same in such manner and by such means as will leave them 
unimpaired fo r  the enjoyment o f future generations” (Albright,
1985)

Formulated by Ebenezer Howard in 1898, The Garden City movement set precedence 

for how cities incorporated open-space. Its origins lie in the romantic suburb and 

consisted o f a city planned as a series o f concentric circles. The inner core would contain 

a civic center or park with the outermost ring set aside as a green belt. Between these land 

uses would be industry and housing with common green spaces. As a result, landscape, 

greenery and open-space as a background for life became available to a broader segment 

of society than before (Laurie, 1986). Unfortunately, open-space did not always indicate 

the presence o f native plants. The Garden City diagram served as a model for The New 

Towns, which emerged in the mid 1900’s.

The 1950’s signified the era of New Towns and their success rested in part on the 

implementation of two elements: 1) designs that harmonized man, community and nature 

and 2) minimizing man’s impact on the countryside (Morgan, 1987). Expanding upon 

the Garden City movement, these New Towns were built at higher densities with 

considerably more open-space than their predecessors. Thus the concept of open-space
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( within development began to take on specific recreational uses as well as providing

t aesthetic views, which justified the incorporation of so much landscape in the New

Town’s plan (Laurie, 1986).

The 1969 publication, Design with Nature, written by landscape architect, Ian 

McHarg, catapulted the next generation of New Towns. Design with Nature formed the 

basis o f an ecological planning movement that described a certain methodology. The 

process, called “ecological determinism” by McHarg, involved a careful inventory of a 

site’s natural resources indicating to a developer what the site will withstand and where 

building should occur (Landecker, 1992). Though McHarg was not the first to utilize 

such a process, his inventory methodology was relatively unique, in which all elements of 

a site, soil, drainage, direction o f slopes and vegetation, were recorded on transparent 

maps that were overlaid to create a complete picture for land planning (Landecker, 1992)..

McHarg applied these principles in his 1970’s design o f the New Town, The 

Woodlands, Texas. He designed this community on a floodplain that utilizes the Site’s 

natural drainage. This site remains one of the country’s best examples of large-scale 

ecological community planning that conserved large undisturbed areas of native 

vegetation (Landecker, 1992). McHarg incorporated innovative hydrologic systems 

design and preserved particular areas of vegetation, determined to have high species 

diversity, good health, stability and uniqueness. In addition, he established wildlife 

corridors that provided continuity within the community and made connections beyond 

its edges. The Woodlands, considered the next generation of New Towns, redefined the 

“community landscape” by outgrowing its aesthetic and recreational roles (Morgan,
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1987; Landecker, 1992).

The environmental movement of the 1960’s and 1970's was a particularly active time 

for passage o f environmental legislation. In 1965, President Lyndon Johnson hosted the 

White House Conference on Natural Beauty, which emphasized the need to preserve land 

itself as a resource, but also to protect those visual qualities that gave it meaning and 

value for people. Considered as the new Johnsonian conservation ethic, this conference 

was partially responsible for moving ecology from the realm of scientists and ecology 

devotees to mainstream consciousness (Pregill, 1993).

During this same time period, monumental acts of legislation were passed including 

the Air Quality Act of 1967 and the Water Pollution Control Act o f 1972. Both Acts were 

geared at setting standards for acceptable levels of pollutants. The Endangered Species 

Act of 1973 attempted to protect the most threatened flora and fauna. A  designation of 

“threatened” indicates a species likely to become endangered in the foreseeable future 

while “endangered” applies to species in danger o f extinction. This Act directs Federal 

agencies to protect and promote the recovery of listed species due, not only in part, to 

native plants’ ecological, economic and aesthetic values but that they play an important 

role in the development o f crops that resist disease, insects and drought and are also used 

to develop natural pesticides (U.S. Fish and Wildlife Service, http://southwest.fws.govT

The spread o f metropolitan areas into the countryside is not a new concept. Urban 

sprawl started after World War II but has only recently become a highly debated topic in 

the Southwest due to the rapid growth o f this region. For example, in the Sun Belt, the 

prototype city of the future is metropolitan Phoenix. It is reported to be developing land

http://southwest.fws.govT
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at the rate of 1.2 acres per hour (Natural Resources Defense Council, 1999). As o f 1999, 

the geographic reach o f Phoenix was said to be equivalent in size to Delaware (Natural 

Resources Defense Council, 1999). One of the most daunting aspects o f this region’s 

rapid development is its permanence; every acre o f natural open-space paved over for 

sprawl, represents the disappearance of an acre o f native habitat.

The loss of a sense of place that accompanies sprawl is hard to quantify but is real. 

Over 130 million Americans enjoy and support a nature-oriented tourist industry in 

excess o f fourteen billion dollars annually (Howe, 1997; Lemer, 1999; Natural Resources 

Defense Council, 1999). In a national survey conducted by the Fishing, Hunting, and 

Wildlife Associated Recreation, 77% of the United States population enjoys some form 

of wildlife related recreation (Lerner, 1999; Natural Resources Defense Council, 1999). 

Evidence, such as this, shows that we place a high value on the natural environment that 

we are losing.

In addition, the loss of undeveloped landscapes threatens economic and psychological 

values. Research conducted at the University o f Delaware and Texas A&M indicates that 

high blood pressure, muscle tension, mood swings and work performance can result from 

human reaction to visual clutter and that recovery from those stresses have been 

measured as faster and more complete when exposed to natural outdoor environments 

(Natural Resources Defense Council, 1999).

As a result o f tremendous growth and the enormous amount of land consumed by this 

growth, cities, such as Portland, Oregon, have instituted smart-growth solutions guiding 

development to areas where building should occur while preserving environmentally
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) fragile land. However, too often, city officials claim they cannot afford to implement

* these solutions. But evidence, such as Olmstead’s proven economic justification of

Central Park, indicates that open-space conservation is not an expense but an investment 

that produces important economic benefits (Howe, 1997; Lemer, 1999). Open-space 

conservation can potentially reinvigorate cities, bring new development that is compact, 

walkable, and transit-oriented, while preserving the best o f our landscape for future 

generations.

In some cases, voters are deciding that the surest way to protect open-space is to buy 

it. In November o f 1998, voters approved 72% of 240 state and local ballot measures 

concerning land conservation and smarter growth issues (Lemer, 1999). One early 

example is Boulder, Colorado, where voters passed a dedicated sales tax to fund the 

preservation o f undisturbed natural open-space in 1967. Today, Boulder enjoys 40,000 

acres of undisturbed natural open-space, which has an additional benefit o f offering 

residents and visitors an uncluttered view o f the city’s most natural feature, the Rocky 

Mountains.

In addition to state and local governmental solutions, grass roots and non-profit 

organizations are developing ways to work with developers, environmentalists and 

governments to preserve the natural environment. For example, the Sonoran Institute, a 

nonprofit organization based in Tucson, is dedicated to promoting community-based 

strategies that preserve the ecological integrity o f protected lands while meeting the 

economic aspirations o f adjoining landowners and communities (Howe, 1997).

One of the Sonoran Institute’s recent projects involved the development of 6,000
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acres o f pristine desert adjacent to a national park on the outskirts o f Tucson, Arizona. 

Through negotiations, the Sonoran Institute was able to bring the developer, park service, 

and local environmentalists together and create solutions beneficial to all parties 

involved. The developer realized that conservation is marketable and people will pay a 

premium for an environmentally planned community (Howe, 1997; Lemer, 1999). As 

part o f the agreed upon solutions, the most biologically important land was set aside as 

open-space and 2,000 acres were sold to the National Park Service. In addition, the 

development will be managed by the Rincon Institute to conduct long-term 

environmental research, environmental education programs and to help protect 

neighboring natural areas adjacent to the new development.

Agreements such as these, support community economies by allowing guided 

development to continue while protecting valuable biological resources. An additional 

benefit o f protecting undisturbed natural open-space from development is the presence of 

native plants and their understory plantings preserved in-place.

Landscape Ordinances

Landscape ordinances are among the nation’s newest planning tools for conservation 

of native species. In the 1930’s, such ordinances were developed as public injunctions 

regulating erosion control and cropland preservation. It was not until the 1970’s, that 

ordinances were introduced to protect the environment (Abbey, 1998). Communities 

wishing to establish a landscape ordinance appear committed to improving their 

community through long-term environmental care and improvement.
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) Economic growth coupled with loss of habitat seems to be a common variable

* associated with the initiation and implementation of these ordinances. However, the

values of a society determine which features a community protects. For example, 

common features an ordinance may regulate typically include natural features, landmark 

trees, wildlife habitats and the preservation o f a sense-of-place.

The purpose o f tree ordinances is to facilitate the preservation and, or replacement o f 

trees as part of land development. As with many tree ordinances in the midwestern and 

eastern regions o f the United States, these ordinances have been implemented to protect 

mature vegetation whether or not trees are native, have been planted voluntarily or 

naturally established (volunteered). While zoning codes and street tree ordinances both 

debuted in the 1920’s, the first ordinances for protecting trees on private land appeared in 

the early 1950’s (Matheny, 1998). By 1980, approximately 117 such ordinances had been 

adopted throughout the country. A  1989 survey revealed that 159 cities in California had 

adopted tree ordinances indicating an increase concern that citizens have concerning the 

environment around them.

Ordinances vary significantly throughout the country due to political influence, 

citizen expectations, and the type of natural resource being protected. Many cities in the 

eastern United States have focused on preservation o f individual trees o f significant size 

and age while western cities have more often targeted protection of native species.

The north, southeastern and midwestern sections of the United States appear to 

concentrate their efforts on natural features and tree protection whether the trees are 

native species or not. Large clumps of trees, termed woodlands, are deemed valuable and
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are protected to preserve the character o f the region. Natural features including vegetated 

slopes, wetlands, landmark trees and watercourses are protected as well. It appears that 

the ordinances o f these regions focus on the benefits o f trees relating to the visual 

character and habitat they provide, rather than specific trees native to the area. Much like 

the NPPO, tree ordinances were created for overall protection of the health, safety, 

general welfare and aesthetics of public places (Abbey, 1998).

The central United States focuses on the preservation, propagation and replacement of 

native grasses and the . eradication of invasive grasses. Unfortunately, in this region, 

invasive exotic grasses are displacing many native grasses (Ingram, 1998).

In the Southwest, it appears the visual character o f the landscape is often associated 

with visually unique species indigenous to the region rather than a specific patch of 

vegetation (Appendix C, Fig. 1 and 2). These unusual plants are commonly associated 

with the regional character of the landscape. Furthermore, some o f these species are 

indicators o f a specific community associated with high plant and animal diversity. Their 

presence aids in prevention of erosion, provides food and shelter for desert wildlife, and 

ameliorates the harsh, climatic conditions associated with this region.

Existing Plant Ordinances

Scottsdale. Arizona

In 1981, Scottsdale adopted the Native Plant Ordinance (NPO) in an effort to protect 

large cacti and trees indigenous to the area and preserve the unique native character of the 

Sonoran Desert under a system of responsible community development. The NPO was
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created as a result o f a zoning case in 1979, which had a stipulation that large native trees 

be maintained or transplanted on-site. The stipulations were not adhered to and the trees 

were destroyed during development (Workman, 2000). At this time, City Council 

directed their staff to create an ordinance to protect native plants, using California tree 

ordinances protecting native oaks as a template for the ordinance.

The ordinance today represents years of modifications and the following list 

represents basic principles of the ordinance (The City of Scottsdale, 2000):

1. Protects fifteen indigenous trees, five cacti and every species o f mesquite.

2. Every protected plant deemed viable and non-viable is to be tagged and 

permitted.

3. Vendors approved by the city can only perform plant inventories.

4. All viable plants must be salvaged and used on-site or preserved in-place 

(Appendix C, Fig. 4).

5. I f  a viable plant is destroyed or sold, it must be replaced.

6. Staff consists of one reviewer and six inspectors.

7. Total of four inspections per project are required:

a. Verify accuracy of plant inventory.

b. Ensure that open-space has been roped off and a nursery area 

provided.

c. Certificate-of-Occupancy; validating plants on-site adhere to the 

approved final planting and salvage plan.

d. Last inspection to indicate success of salvage techniques three months
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after occupancy.

Since the NPO’s inception over 20 years ago, improvements have been made to the 

ordinance pertaining to permits, inspections, plant inventories and modifications to the 

NPO’s plant list increasing the ordinance’s effectiveness (Hardy, 2000).

Permits are now required for every land use where plants are to be transplanted, 

salvaged or destroyed (The City of Scottsdale, 2000). Before permits were required, it 

was difficult for the Community Development Project Review Department to monitor 

projects through the development process and in the future. Furthermore, issuing permits 

allows for the immediate assessment and salvaging o f identified vegetation while waiting 

for other permits to be issued, thereby enabling plants to be transplanted during 

appropriate times o f the year, increasing a plant’s survival rate.

Due to the hybridizing o f mesquites by the nursery trade, all species are protected due 

in part to the difficulty in distinguishing the native velvet mesquite (Prosopis velutind) 

from the Chilean mesquite (Prosopis chilensis) and South American hybrid mesquite 

{Prosopis South American hybrid).

A list o f approved vendors has appeared to greatly reduce the inaccuracies and 

failures associated with plant inventories and salvaging efforts (Hardy, 2000). For 

example, city-certified vendors are less likely to be influenced to prepare an inventory 

favoring a developer. The viability of a plant is more likely to be determined through a 

set of guidelines than by an individual making a judgment call. Furthermore, a vendor is 

less likely to misrepresent information on a plant inventory in fear of being removed from 

the approved vendor list.
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The demand for custom homes in Scottsdale is much greater than in the average 

residential community. With a limited number o f staff, the City is unable to strictly 

enforce the ordinance due to the amount of custom home construction taking place and 

mainly relies on enforcement calls from neighboring residents. This, unfortunately, is a 

common problem associated with many such ordinances (Hardy, 2000; Just, 2000).

The City has only one standard in-place relating to salvaging. The standard for 

salvaging saguaros was developed in conjunction with landscape contractors specializing 

in relocating saguaros and the Desert Botanical Gardens in Phoenix, Arizona (Appendix 

C, Fig 4).

Scottsdale has a separate ordinance relating to open-space. Land uses located in 

Scottsdale’s expanding urban boundaries are subject to the Natural Area Open-Space 

Regulation (NAOS). The NAOS is part of another ordinance termed Environmentally 

Sensitive Land Ordinance that reserves approximately 30% of a site as open-space. 

However, sites could be required to have as much as 80% open-space with steeper slopes 

present. In addition, the NPO is then applied to the portion of the site not reserved as 

open-space.

Ann Arbor. Michigan

Ann Arbor has produced a set of guidelines that applies to all natural features existing 

on a site proposed for development (The City of Ann Arbor, 2000). There are seven 

classified natural features: 1) endangered species habitats, 2) floodplains, 3) woodlands,

4) landmark trees, 5) steep slopes, 6) watercourses and 7) wetlands. The protection of 

each classification of natural features results in the protection o f associated plant life;
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however, woodlands is the only classified natural feature specifically mentioning the 

protection of native plants.

In 1824, mature native forest associations covered nearly all o f the City’s land area. 

Most of these forests were cut down between 1840 and 1860 (The City o f Ann Arbor, 

2000). Consequently, farming and urbanization processes destroyed the seed stocks and 

microflora in the soil necessary for direct regeneration o f forests as they existed in 1824. 

Today, Ann Arbor’s woodlands are of two general types, either planted or volunteer 

forests (predominately exotic) or naturally regenerating native forests

Unlike the City of Scottsdale, Ann Arbor has no set quantitative requirements, as 

each development’s identified natural feature(s) is subject to review and decided upon 

case by case (Bornman, 2000). The basic procedure of the City’s guidelines toward 

woodland preservation is (The City of Ann Arbor, 2000):

1. Developer employs consultant to produce inventory maps indicating existing 

natural features on-site.

2. City verifies inventory map.

3. When native forest fragments must be taken in whole or in part, replacement 

trees must be installed or a comparable plant association created on-site or 

elsewhere in the City.

4. Preserved native forest fragments should be defended from all intrusions 

during development.

An inventory map, submitted prior to development, shows locations and types of 

existing natural features on-site including areas extending 50 feet beyond the property
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lines. In evaluating woodlands, the protection o f native forest fragments is given highest 

priority. If  a valuable native forest fragment must be partly destroyed by development, 

the balance of the fragment should be actively managed as a natural area.

In regard to enforcement, if a woodland feature is identified, the City verifies the 

resource. Features are assessed using the Floristic Quality Assessment System (Swink, 

1994). I f  the Floristic Quality Index is above a rating of 35 out o f 100, then the case is 

individually reviewed and mitigated between the City and developer (Bornman, 2000).

Ann Arbor’s guidelines, for the protection of natural features, are relatively recent. 

Most of the guidelines appear to be suggested recommendations rather than an enforced 

set of criteria for their protection. Efforts are currently underway proposing a more 

structured course of action to be taken by both the City and development community in 

the preservation o f their natural features (Bornman, 2000).

Dekalb Countv. Georgia

Dekalb County has implemented one of the most stringent tree preservation 

ordinances in the United States. The general process of this ordinance is as follows (Tree 

Protection Code, 1999):

1. Tree surveys are required as part of any permit application.

2. All specimen trees must be identified.

3. All trees eighteen inches in diameter at chest height or greater must be 

identified. Trees larger than two inches in diameter at chest height may be 

counted and identified for unit credit on the tree protection plan.

4. Only engineers, architects, landscape architects, arborists or urban foresters
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can perform tree inventories.

5. Tree protection measures must be specified, including fences, signs, 

transplanting specifications and maintenance.

6. Accidentally damaged trees are to be replaced with four-inch caliper trees up 

to the equivalent o f the fatally damaged tree.

Sampling methods may be used to determine tree densities for forested areas with the 

prior approval of the County Arborist. For certain land uses, specific densities per acre 

have been calculated. For example, the number o f trees on a commercial site should 

equate to the summation o f their diameters to equal or exceed a combined 120 inches in 

diameter at chest height per acre or 25% of previously existing significant trees (any 

existing healthy living tree eight inches at chest height or greater in size) or whichever is 

smaller (Tree Protection Code, 1999). All tree protection measures shall be installed prior 

to land disturbances and all specimen trees must be saved or replaced. If  a tree is 

replaced, it must be one and one-halftimes the equivalent diameter o f the tree being 

replaced (Tree Protection Code, 1999). No trees shall be removed from floodplains.

Many of the native trees are on the replacement list. However, replacement trees 

don’t have to be native as long as they are of the same or similar species as those 

removed, since it is only recommended that the trees be ecologically compatible with the 

site and neighboring sites.

The largest problem with the ordinance tends to be in the granting o f rezoning 

request. Developers are requesting the ordinance be omitted from new rezoning approvals 

during application. Commissioners, for one reason or another, are frequently granting
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new rezonings with this request (Adams, 2000).

Developer Initiated Improvements

Developers have been known to surpass preservation requirements imposed by 

municipalities. For example, developers o f DC Ranch and Desert Mountain in Scottsdale, 

Arizona, and The Woodlands in Texas, should be recognized for their efforts in 

preserving and integrating the native environment with the built environment. These 

developers have met their local preservation ordinances and surpassed requirements 

regarding preservation o f open-space, number o f native plants left in-place or 

transplanted, and revegetation of disturbed areas with similar plants existing prior to 

disturbances (LeBlanc, 2000; Workman, 2000).

The common thread among these developers is recognition of the value of preserving

existing environments. According to Peter Dyke, of the Northbrook, Illinois, land

planning firm Thompson Dyke & Associates, his firm’s goal is “to achieve the most

desirable balance between maximizing both the development potential of land and the

positive environmental contribution of the project including the preservation,

enhancement or establishment o f natural resources” (Rappaport, 1999). Native

landscaping is the key. As Dyke views it:

Planners, designers, developers and policy-makers have a 
responsibility to educate others about the importance o f 
natural ecosystems and habitats in an age o f  deforestation. The 
physical manifestation o f harmony between built development 
and native landscaping can provide the spark needed for  
greater social awareness and responsibility as caretakers o f 
our planet (Rappaport, 1999).
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The Woodlands development is one of the earlier examples of development working 

with environmental issues. In the early 1970’s, oilman and real estate developer George 

Mitchell wanted to develop a piece o f land north of Houston, Texas. However, in order to 

qualify for government provided funds through Title 7, a New Community Program, the 

developer had to incorporate environmental planning into their plans (Morgan, 1987; 

Martin, 2000). Therefore, preservation became the heart o f The Woodland’s master plan 

with indigenous plants remaining undisturbed through the preservation o f all riparian 

areas, floodplains and right-of-ways along all roads. Thirty years later, much of the same 

design principles are still abided by in The Woodlands.

History of Arizona’s Preservation Practices 

State-wide

In the late 1800’s and early 1900’s, most people passed through Arizona on their way 

to and from California. They encountered and collected unusual plant life along Arizona 

roadways, spurring a demand for these rare plants (Arizona Department of Agriculture, 

1997; McGinnis, 2000). As a result, on February 15, 1929, Senate Bill No. 3, the first law 

introduced to protect Arizona native plants, was approved. The Arizona Native Plant Law 

covered all plants excluding noxious weeds growing within 200 yards of any highway. 

Noxious weeds were classified as a plant detrimental to livestock or crops.

Through the decades, Bill No. 3 has been reviewed, updated and regulated to meet the 

needs of the State reducing unnecessary destruction and illegal trade o f protected native 

plants (McGinnis, 2000). There are five levels of protection with a separate list o f species
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associated for each level:

1. Highly Safeguarded Protected Native Plants: Plants whose prospects for 

survival in Arizona are in jeopardy or which are in danger o f extinction.

2. Salvage Restricted Protected Native Plants: Includes those species of native 

plants that are not included in the safeguarded category but are subject to 

damage by theft or vandalism.

3. Salvage Assessed Protected Native Plants: Includes those species of native 

plants that are not included in either highly safeguarded or salvage restricted 

category but have a sufficient value if  salvaged to support the cost of salvage 

tags and seals.

4. Harvest Restricted Protected Native Plants: Native plants not included in the 

safeguarded category but are subject to excessive harvesting or over cutting 

because o f the intrinsic value of their by-products, fiber or woody parts.

5. Export Restricted Protected Native Plants: Includes those species, which are 

not included in the highly safeguarded category but are subject to over 

depletion if their exportation from this state is permitted.

The State o f Arizona’s Department of Agriculture administers and enforces the 

Native Plant Law and Antiquities Act. The law is applicable to native plants listed as 

endangered, threatened or Category 1 in the Federal Endangered Species Act of 1973. 

This law offers some protection to potential theft or unauthorized destruction of these 

plants. Depending upon the damage or theft of a protected native plant’s value, an 

individual could be charged with a misdemeanor or felony. An exception allows any
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landowner to destroy plants and clear the land providing that it is in private ownership, 

the plants are not transported from the land or offered for sale, and the Department is 

notified o f the intended destruction.

In addition to the Arizona Native Plant Law, the state passed a new groundwater law 

in 1980, mandating groundwater conservation efforts within the Tucson Active 

Management Area, including Pima County that affected new development and the use of 

groundwater for landscape irrigation (Richard, 1999). At the time, 100% o f the water 

available to users was groundwater. Therefore, the Department of Water Resources set 

the new water consumption goal o f 150 gallons per day, per capita. It became clear that 

new developments must be guided toward the use o f drought-tolerant, low water use 

desert landscaping (The City of Tucson Planning Department, Natural Resources 

Element, 1992).

Pima County

The first ordinance to address plant preservation was the Hillside Development Zone 

(HDZ), adopted in 1980. This ordinance limits development in areas of 15% and greater 

slope, preserving natural features, native plants and, indirectly, soil o f these areas. 

However, the zone did not necessarily prevent removal o f native vegetation from the site 

(Richard, 1999).

Two years later in 1982, a special committee o f plant specialists from the Southern 

Arizona W ater Resources Association (SAWARA), a private organization dedicated to 

the development of alternative water sources, compiled a “Low Water Use” plant list
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(Canfield, 1985). SAWARA’s list was incorporated into Pima County’s 1985 Landscape 

Code as the regulatory plant list for all required landscaping within bufferyards and 

parking areas.

Prior to 1985, several factors worked to stimulate interest and momentum in the 

creation of the comprehensive new code, which was the first in Arizona to use water 

conservation and xeriscape principles as elements o f landscape regulation. At public 

hearings before the Pima County Board of Supervisors (PCBS), homeowners, abutting 

lands proposed for higher intensity rezoning and development, demanded, “buffers” to 

protect their properties, lifestyles and the environment (Richard, 1999). In addition, urban 

design-oriented groups were unhappy with the direction in which economic development 

and the “image” o f Tucson was headed. Appropriate streetscapes were needed to provide 

visitors and observers an aesthetically pleasing “sense o f place” (Richard, 1999).

Simultaneously in 1985, George Richard, Senior Planner at Pima County Planning 

and Development Services, wrote a landscaping ordinance (Canfield, 1985). According 

to Mr. Richard, the ordinance served a threefold purpose; promote the desert 

environment, conserve groundwater resources and protect the public health and safety. 

His work began from a need to consolidate the existing myriad of landscaping, buffering, 

and screening requirements into a single code for effective control and the rumblings 

from the community that had arisen since the 1970’s, when both development and water 

costs in Tucson began to escalate.

In response to the public hearings, the PCBS adopted a new landscaping ordinance in 

1985. The new code replaced a relatively simple screening standard that had been in
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effect since 1976. The previous standard required a minimal amount o f screening for 

parking, storage and loading areas within commercial and industrial developments, while 

residential developments were unaffected (Richard, 1999).

A highly valued endorsement came from SAWARA. SAWARA enthusiastically 

supported the inclusion o f the mini-oasis concept, tu rf limitations, and the low water use 

plant list (Canfield, 1985; Richard, 1999). Furthermore, they endorsed the new standards 

because they specifically encouraged rainwater harvesting, drip irrigation, and effluent 

utilization. As of 1985, other Arizona communities had enacted stricter landscape 

ordinances, but Pima County’s was the first to state that its objective was water 

conservation (Canfield, 1985).

The ordinance’s success was the direct result o f Mr. Richard including the advice 

from local developers, leaders and agencies. An additional factor leading to the 

ordinances success was its flexibility. Landscape developers were allowed to choose 

among a variety o f “bufferyard” options. The “Bufferyard” principle used in the Pima 

County Landscape Code was derived from Lane Kendig’s publication, “Performance 

Zoning”(Richard, 1999). A  bufferyard is the band of land between a development and 

adjacent streets, residential units or other conflicting uses. Bufferyard options include 

combinations of space, structures and plant materials along the entire edges o f a project 

that act to “buffer” undesirable or intense uses from less intense or “public” uses. The 

more disparate the adjoining use, the more intense the “bufferyard” becomes.

Commercial and industrial developments were subject to an “Amenity Landscape” 

requirement in addition to the bufferyard standard. Ten percent o f the site, after
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subtracting the building footprint, bufferyard and outdoor storage areas, also had to be 

landscaped. Compliance with the new code produced streetscapes and parking lots 

throughout the county that are positive contributions to the community, aesthetically, 

environmentally and economically (Richard, 1999).

During the code’s first two years of enforcement, there was much developer 

grumbling and complaining on how the code worked, with a landscape plan disapproval 

rate for initial submittals running close to 80% (Richard, 1999). It was not until 1993, that 

locally practicing professionals were achieving an approximated 90% approval rate with 

their first submittal, while buffering, screening and front yard landscaping was being 

touted by some marketers of new subdivisions as ah amenity bonus offered by their 

development (Richard, 1999). Public regulations regarding landscape requirements had 

now become viewed as the norm rather than the exception.

The Landscape Code of 1985 was the first in fostering competent designing and good 

plant selection, allowing citizens to use the desert and yet retain the natural, historical and 

cultural elements and images that gives Pima County its unique sense of place and 

identity.

City of Tucson

Rapid development during the 1980’s — a growth rate more than twice the national 

rate — elevated an increasing awareness and legislation relating to the need o f preserving 

the desert and mountain environment. For instance, there were a growing number of 

documents, plans, policies and grass root initiatives that provided a foundation for the
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preservation o f natural areas and open-space. For example, the City-wide goals and 

policies for the preservation o f Sonoran Desert Scrub vegetation began with the 

publication o f two documents: The Vision: A  Guide for the Future o f the City of Tucson, 

adopted in 1989 and the Comprehensive Plan, Section 2, Vegetation and Wildlife, 

adopted in 1992 (The City o f Tucson Planning Department, 1989; The City of Tucson 

Planning Department, Natural Resource Element, 1992).

In January of 1988, town meetings were held where citizens asked elected officials to 

take the lead in comprehensive planning for the Tucson area. The first document, The 

Vision, represents the common needs, hopes and dreams for the future of Tucson and is 

built on community traditions, values and resources which represent the ‘spirit’ of 

Tucson (The City o f Tucson Planning Department, 1989). Three sections of The Vision 

pertain to Tucson’s environment: 1) natural resources, 2) land use and parks, recreation, 

and 3) open-space and trails.

The natural resources section, recognizes that preservation of natural resources, 

including vegetation, will retain the positive community image, which will in turn, 

encourage economic development (The City of Tucson Planning Department, 1989). 

Natural features, such as, park lands, washes, riparian habitats and public preserves, 

views of mountains and panoramic vistas, are either to be protected or carefully 

integrated with new development.

The land use section encourages designs o f new developments to reflect Tucson’s 

heritage and respect its natural resources. Such design sensitivity will entail architecture, 

minimal grading and site design, appropriate to the southwest region, to preserve natural
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vegetation (The City o f Tucson Planning Department, 1989).

Finally, the parks, recreation, open-space and trails section contributes greatly to the 

lifestyle the City’s residents and visitors enjoy. Continued expansion of this section is 

planned, with development of natural parks, along with retention and use o f native plant 

materials in parks to be featured. Use of recycled water is a priority and will also 

continue to be implemented (The City of Tucson Planning Department, 1989). In 

describing what the community o f Tucson will become, the vision statement also 

provides a unified community strategy for entering the 21st century.

The second document was an important section of the Comprehensive General Plan, 

produced by the City o f Tucson’s Planning Department termed the Natural Resources 

Element: Air, Vegetation and Wildlife, and Water.

The water portion o f this document deals with the fact that Tucson is one of the 

largest cities in the United States to be historically totally dependent on groundwater. 

However, groundwater depletion, due to a growing population and the urbanization of the 

Tucson basin, is occurring at twice the rate as it is being replenished naturally (The City 

of Tucson Planning Department, Natural Resource Element, 1992). This has led to 

conservation becoming one of the primary plan objectives for the City and its residents.

One of the factors likely to decrease water usage is the recommendation for a greater 

preference for low water use landscaping termed “Xeriscape.” Xeiiscape was coined 

from the Greek word “xero” for dry and represents landscape principles focused on water 

conservation (Arizona Municipal W ater Users Association, 1998). Tucson officials 

appear committed to promoting xeriscape and have adopted xeriscape landscape
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regulations. Xeriscape principles not only include native plants but any plant identified as 

requiring minimal water or drought tolerant. This comprehensive ordinance applies to 

new multi-family, commercial and industrial development.

The vegetation and wildlife portion of the Comprehensive General Plan concentrates 

on the protection and management of environmentally sensitive areas, supplemented by 

revegetation and urban landscaping. As stated in the plan, the value o f plants and animals 

includes economic, aesthetic, scientific, medical, recreational, educational, and social 

benefits as well as indicators o f environmental health.

Six policies were the result o f background reports derived from the generation of the 

vegetation and wildlife section that could have a positive effect on the continued presence 

o f native plants in landscapes:

1) Continue to identify and protect environmentally sensitive natural areas, and 

encourage the preservation of vegetation and wildlife within those areas.

2) Determine and implement methods to conserve and enhance habitat when 

development occurs.

3) Improve coordination, communication and partnerships between government 

agencies, community, and city departments, which contribute to the 

management o f environmentally sensitive areas.

4) Promote the development and management of healthy and attractive urban 

vegetation.

5) Ensure long-term management and maintenance of Tucson’s urban vegetation 

to maximize environmental and community benefits.
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6) Coordinate public and private efforts to promote the expansion o f the urban 

landscape.

Studies published in the mid-1980’s indicate that 90-95% o f the riparian areas 

existing in Arizona at the turn of the century had subsequently vanished (The City o f 

Tucson Planning Department, Natural Resource Element, 1992). As a response to these 

concerns, the Environmental Resource Zone Ordinance (ERZ) was adopted by Mayor 

and Council in 1990 with the intent to: 1) recognize the value of Tucson’s natural open- 

space resources, particularly the critical and sensitive wildlife habitat, 2) provide buffers 

along the Saguaro National Monument and Tucson Mountain Park from the impact of 

new development and 3) conserve fourteen designated washes which provide natural and 

scenic resources. In particular, the ERZ requires development to stay out of the 100-year 

floodplain o f fourteen specified washes or to submit an Environmental Resource Report 

and mitigate any floodplain encroachment (The City o f Tucson Planning Department, 

Natural Resource Element, 1992).

The Watercourse Amenities, Safety, and Habitat (WASH) Ordinance adopted in 

March 1991, applies to 34 designated washes within the urbanized area. The WASH 

Ordinance requires preservation of vegetation, typically native plants, from the top of the 

bank out 50 feet or mitigation if the vegetation cannot be preserved (The City of Tucson 

Planning Department, Natural Resource Element, 1992).

At about the same time, the City began work on an ordinance to require drought- 

tolerant landscaping in new development projects along major streets, as well as 

screening and buffering between land uses. Initially, a section addressing the preservation
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of significant native plants was to be included in this ordinance. Due to the complexity of 

the issue, the plant preservation section was deferred and the remainder o f the 

Xeriscape/Landscape and Screening Ordinance (now the Landscaping and Screening 

Regulations) was adopted in December 1990 (Macri, 2000).

By the mid 1990’s, development was escalating again in Tucson. Examples o f mass 

grading, destroying all vegetation, were receiving negative publicity from the media, 

individual residents and neighborhood groups (Appendix C, Fig.. 3). As other cities 

across Arizona had already adopted native plant preservation ordinances, the City 

proceeded to enact their own version. On July 1, 1997, the City adopted the NPPO. The 

ordinance included a list of 29 protected native plants with a goal to preserve select 

healthy native plants in-place and start the evolution towards a new type o f site design, 

one which places value on native plants (Macri, 2000).

In 1998, Tucson officials, once again, addressed their previous documents to further 

define what needed to be protected in the environment. By engaging the community in an 

inclusive planning process, they uncovered common values, priorities, strategies and 

measurable indicators o f progress that could be used to shape Tucson’s future. Public fora 

identified seventeen goals most commonly articulated by the community (The City of 

Tucson Policy Initiatives. 1998). The new document was called The Livable Tucson 

Vision Program and included an overall direction for the City of Tucson. Key indicators 

o f progress were stated for each goal, in order to measure their progress. Environmental 

concerns were evident in that five out of seventeen goals related to preserving the 

environment: 1) infill and reinvestment, not urban sprawl, 2) abundant urban green space



.43

and recreation areas, 3) protected natural desert environment, 4) respected historic and 

cultural resources and 5) efficient use of natural resources (The City o f Tucson Policy 

Initiatives, 1998). These policy initiatives are part o f a strategic approach for the City to 

budget development and planning.

The Sonoran Desert Conservation Plan, adopted in 1998, is a county initiative 

combining short-term actions to protect and enhance the natural environment with long- 

range planning (Pima County Board of Supervisors, 1999). The Plan, supported by both 

city and county governments, ensures that natural and urban environments not only 

coexist but also develop an interdependent relationship. The implementation o f this plan 

will require continuous cooperation between many different agencies, and citizen groups 

over the next twenty years.

There are six elements o f the plan necessary to preserve and protect those lands in 

Pima County that are of environmental, cultural, or historic importance from Arizona’s 

rapid growth in population. The successful implementation o f the plan would 

dramatically effect regional urban form, arrest urban sprawl, and protect those lands that 

contain the highest quantity and quality of regional resources (Pima County Board of 

Supervisors, 1999). The six elements include: 1) riparian restoration, 2) ranch 

conservation, 3) historic and cultural preservation, 4) biological and ecological corridor 

conservation, 5) mountain parks and 6) critical and sensitive habitat.

The presence of native vegetation ensures Tucson’s character and identity. At several 

levels, government efforts have been made to protect trees and other native plants that 

identify the uniqueness of this community in the Sonoran Desert. The federal government
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has spurred the latest environmental concerns with support from Bruce Babbit, Secretary 

of the Interior o f the United States, and the Presidential Conservation Acts o f 2000 

(Davis, February, 1999).

A resource-based buffer will be pursued to protect public preserves from the potential 

impacts o f development, limit sprawl and the acquisition of critical natural areas to link 

preserves and form a non-developable boundary around the City (Huckelberry, 2001; 

Morlock, March 2001). Most habitat areas that remain in the Tucson region occur in the 

public reserve lands surrounding the City. These include Catalina State Park, Saguaro 

National Park, The Coronado National Forest, Tucson Mountain Park, and the newly 

forming Tortolita Mountain Park, Cienega Creek Natural Preserve and the proposed 

Ironwood National Park (Huckelberry, 2001; Morlock, March 2001).

Development of City of Tucson’s NPPO

In 1994, the Mayor and Council of Tucson directed the Planning Department to assist 

the Landscape Advisory Subcommittee in developing a plant preservation ordinance. 

Rapid growth in development and tourism, citizen pressures for preservation of regional 

integrity of the Sonoran Desert, and improved techniques for salvaging certain native 

plants were influential factors in the decision to develop such an ordinance (Macri, 2000). 

The planning staff and a subcommittee met monthly, to respond to concerns for keeping 

preservation ordinances in the region as similar as possible. A preliminary city ordinance 

was drafted based on those previously adopted by Pima County (Pima County, 1998) and 

the cities of Oro Valley (The Town of Oro Valley, 1999) and Marana (The Town of
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Marana, 1997)(Table 2). Beginning in 1995, a broad-based community review committee 

was formed including representatives from the development community, plant specialists, 

arborists, the utility companies, and City staff from Engineering, Parks and Recreation 

and Tucson Water. Changes were made to the draft ordinance, based on the committee’s 

input. Finally, staff from the City Attorney’s office and the Planning Department also 

reviewed the ordinance and incorporated changes, resulting in the final draft (Macri, 

2000). The draft, termed NPPO, was directed towards the preservation o f native upland 

vegetation on new development sites and applicable to large development sites such as 

residential subdivisions, commercial and industrial projects.

While the review committee recognized that development would take place, they 

structured the ordinance to encourage developers to engage in site analysis, resulting in a 

site design that allows healthy protected native plants to be preserved in-place. When 

preservation in-place is not possible, transplanting to other locations on-site or mitigation 

by replacing plants removed or destroyed were other acceptable alternatives (The City of 

Tucson Land Use Code, 1997).

The ordinance included a list of 29 protected native plants derived from the Federal 

Endangered Species Act, the Arizona Native Plant Law, and recommendations from the 

Arizona Native Plant Society and Arizona Department of Agriculture (The City of 

Tucson Land Use Code, 1997; Appendix B). When NPPO listed plants measuring a 

minimum specified size are transplanted, removed or destroyed from the development 

site, mitigation is required to compensate for the lost volume of mature vegetation 

removed and for later anticipated plant loss (The City of Tucson Development Standard,



Table 2. Comparison of five native plant preservation ordinances in Arizona.

Municipality Pop. 
As of 
2000

Pop. 
Increase 
Past 10 yrs.

No. of 
Spp. In 
Ord.

Avg. No. 
ofProj./ 
Month

No. of 
review 
staff

Who
performs
inventory

No. of
inspection
staff

No. of
inspections
performed

No. of 
pages 
in ord.

No. of 
inspect + 
review 
on staff

Marana,
Arizona

13,556 11,369
Lg. scale/cust hm1

34 1/3 4 NA2 same person 
as reviewer

2 6 4

Oro Valley, 29,700 
Arizona

23,030 21 2/56 1 ca, la, 
bio, bot, 
hort.3

same person 
as reviewer

2 13 1

Scottsdale,
Arizona

202,705 72,636 20 24/24 1 Approved
vendors4

6 4 8 7

Pima
County,
Arizona

"843,746 61,000 36 10/19 3 ca,la, 
bio, bot, 
hort.

same person 
as reviewer

random 22 2

Tucson,
Arizona

486,699 81,309 27 405 1 ca,la, 
bio, bot, 
hort.

1 2 16 1

1 Number of projects per month are noted as number of large scale developments (commercial, subdivision) and number of custom home-sites.
2 Ordinance does not specify a profession to perform plant inventory.
3 Abbreviated professions: certified arborist, Arizona registered landscape architect, biologist, botanist and horticulturist.
4 Only approved vendors on City’s approved salvage contractor’s list can perform plant inventory.
5 Value indicates number of large scale developments per month.
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1999).

The draft NPPO called for: 1) an inventory o f protected native plants in areas that 

would be disturbed to allow for development, 2) a site plan to maximize preservation in- 

place, and 3) a plant preservation and salvage plan. Plants were to be evaluated for health 

and transplant ability. Plants likely to survive relocation could be salvaged and 

transplanted on-site and mitigation would be required for plants removed from the site, 

transplanted on-site, damaged or destroyed (The City of Tucson Land Use Code, 1997).

City of Tucson’s NPPO Process

The City o f Tucson Development Services Department (DS) is responsible for the 

approval o f development plans. Subdivisions and development plans are processed 

through the Community Development Review Committee (CDRC), designed to 

accommodate larger plans and larger projects. The remainder of plans go through a site 

plan process, for example a custom built home (Just, 2000). The NPPO does not apply to 

single-family residences (SFR) that were on a lot o f record prior to the NPPO’s adoption, 

July 1, 1997. Information required by DS for approval includes a tentative plat depicting 

roads and layout o f the property. This is followed by a final plat, once a developer has 

met all the requirements such as grading, drainage, setbacks, landscape and preservation 

(Just, 2000).

The NPPO is applied to all land uses, commercial, private and residential. Industrial 

uses are most problematic in terms o f conformance, due to high square footage required 

for building (O’Neill, 2000). Subdivision uses make up the largest percentage of land
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developed, establishing this land use as the largest contributor to the disappearance of 

native vegetation.

The NPPO offers four different methods for evaluation of native species and how 

they will be handled prior to development: 1) plant inventory, 2) plant appraisal, 3) set- 

aside and 4) combined (The City o f Tucson Development Standard, 1999; The City of 

Tucson Land Use Code, 1999).

Plant Inventory Method

The most commonly used method for preparing a Native Plant Preservation Plan for 

NPPO listed plants on a project site is the PIM, which entails the inventory o f all NPPO 

listed plants. Thirty percent o f all viable NPPO listed plants must stay on-site except for 

saguaro and ironwood (Olneya tesotd) in which 50% o f these plants identified on-site 

must remain. The only plants required to have 100% remaining on-site are plants listed as 

endangered or threatened under the Federal Endangered Species Act and the “crested 

saguaro.” The remaining 50% of saguaro and ironwood, if destroyed or removed offsite, 

need to be replaced at a 3:1 ratio. However, the remaining 70% o f other NPPO listed 

plants, if destroyed or removed offsite need to be replaced at a 2:1 ratio. In addition, if 

plants are transplanted on-site, the species transplanted must be replaced at a 1:1 ratio for 

all plants. As an incentive for the developer, mitigation credits are awarded for preserving 

species in-place and can be used to offset the number of plants needed to replace 

damaged, destroyed or transplanted species.

The PIM is very time consuming since every protected plant must be counted on-site.
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As a result, it is more expensive when compared to the Set-Aside Method due to the 

limited cost associated with determining which 30% o f the site needs to be preserved.

The City is now allowing sampling to be done as an alternative (Just, 2000). Instead o f 

inventorying every protected plant, areas of a site may be sampled to estimate 

representative numbers of protected native plants as long as the area being sampled is not 

less than 20% o f the total site. Under any methodology, individual ironwood and saguaro 

are inventoried completely (The City o f Tucson Development Standard, 1999).

Even though the PIM is more expensive than the Set-Aside Method, a developer has 

the opportunity to remove more o f a site’s vegetation. Developers typically spend funds 

inventorying and transplanting in order to develop as much of the site as possible. The 

PIM is also the developer’s method o f choice due to its flexibility. If  a plant is in the way 

of development, it can be replaced with a nursery grown plant of the same species.

Mitigation credits are the incentive for the developer to preserve as many viable 

plants in-place as possible. Mitigation credits are offered for plants preserved in-place to 

offset the mitigation requirements of replacement plants due to transplanting, damage or 

destruction. However, what could happen after everything is inventoried and 90% is 

moved and mitigated is the possibility o f more plants of the same species than what was 

originally on-site (Just, 2000). A negative result o f the use of this method is the lack of 

variety of plants due to the amount of new material planted in a limited space. For 

example, the only place to plant in high-density residential cluster projects (RCP’s) is 

common areas and street buffers. Most protected plants will be planted along streets 

buffering the RCP or in open-space (common area) within the project.
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Plant Appraisal Method

The Plant Appraisal Method is used for viable plants that are removed, damaged or 

destroyed and is most commonly used for developments on degraded urban in-fill sites. 

The appraised value of an NPPO listed plant that is removed from the site, damaged or 

destroyed must be replaced with plant(s) from the same genus and species o f equal value. 

The replacement cost can be equal to the cost o f a new plant or the cost o f the new plant, 

labor and irrigation, since the NPPO does not clearly specify the definition o f what is 

included in the appraised value. One reason the PIM is typically preferred compared to 

the Plant Appraisal Method is the additional cost of hiring a certified arborist to conduct 

the appraisals.

Set-Aside Method

Wildlife corridors were the underlying intent for the Set-Aside Method (Thomas, 

2000). Under this method, 30% o f the most viable area o f a site, also referred to as the 

highest resource value in terms o f vegetation, is left as undisturbed natural open-space. 

Most developments incorporating this method utilize washes as their 30% requirement. 

Providing wildlife linkages to other sites is an additional environmental benefit o f setting 

aside washes. The 30% can consist o f more than one area; however, the City has not 

allowed more than two patches per site. The remaining 70% of the site may be cleared of 

vegetation except for ironwood and saguaro, which must follow the PIM.
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Combined Method

Many developers stated they would not have enough room for parking and buildings 

if they preserved 30% o f their site, urging the City to reduce the requirement o f the Set- 

Aside Method to 20% (Just, 2000; O ’Neill, 2000; Thomas, 2000). The City’s response to 

these complaints of the Set-Aside Method is the Combined Method. This NPPO method 

for evaluation is the most recently approved acceptable alternative. The Combined 

Method has two options for its implementation: 1) Set-Aside combined with PIM or Plant 

Appraisal, and 2) PIM combined with the Plant Appraisal. The first option allows one 

contiguous area totaling 25% of the site to be set-aside with the remaining portion to be 

evaluated using the PIM, Plant Appraisal or combined PIM, Plant Appraisal Method. The 

second option, PIM combined with Plant Appraisal, consists of each genus and species of 

plants addressed individually by choosing either the PIM or the Plant Appraisal. A 

summary table must be submitted showing the methodology chosen for each genus and 

species o f protected native plants found on-site.

Summary of Methods and Monitoring

All living NPPO listed plants must be inventoried. The Set-Aside Method is the only 

method not requiring a plant inventory. However, saguaro and ironwood must still be 

inventoried outside the set-aside area. Inventoried plants are rated for viability, in regard 

to health issues, and transplant ability, unless the Plant Appraisal Method is used. The 

Plant Appraisal Method requires an appraisal of value for each inventoried plant that is to 

be removed from the site, destroyed or damaged. In addition to an inventory, every
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inventoried plant, rated viable, must be tagged for cross-referencing to the inventory list 

and flagged. Flagging appears as one of three colors. A blue flag indicates viable plants 

proposed for transplanting on-site. The yellow flag is for viable plants proposed for 

removal or destruction and a white flag indicating viable plants proposed for preservation 

in-place. Once affixed, the tags are not removed until after the final inspection.

Monitoring ofNPPO listed plants that have been preserved in-place, transplanted on

site or mitigated is the responsibility of the developer. The NPPO states that NPPO listed 

plants will be monitored up to a year following the City’s final inspection, with results 

submitted to the City. For RCP’s, once 30% o f the homes have been constructed, the 

NPPO states that all site amenities and improvements, such as sidewalks, roads and 

landscape, must be installed and inspected. For commercial projects, the final inspection 

for both NPPO and landscape ordinances is required for their certificate-of-dccupancy. 

For all inspections, an approved final plan is utilized on-site to verify plants actually 

planted.
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METHODS

For the present study, fifteen sites consisting o f a mix o f commercial and residential 

property were evaluated within Tucson city limits. The monitoring o f each site took place 

between February 13 and March 23, 2001. Existing plants at each site were evaluated in 

accordance with the PIM and landscape plan. The sites, according to land use, were 

comprised o f two grocery stores (strip malls), eight subdivisions o f single-family 

residences, three office complexes, and two apartment complexes;

Site Selection

The recent inception of the NPPO and the lack o f record keeping by the City of 

Tucson made it extremely difficult and time consuming to identify acceptable sites. Sites 

were chosen based on three requirements: 1) the site was developed using the PIM for 

native plant evaluation, 2) the site was developed after 1997, and 3) site’s proposed 

landscape was installed. Sites were selected after 1997 to allow enough time since the 

implementation o f the ordinance so that users of the PIM would be more familiar with the 

ordinance’s process, thereby, resulting in fewer mistakes. Only fifteen projects met the 

three requirements.

The first step involved locating potential sites and identifying where records o f 

approved development plans were available. City o f Tucson’s Parks and Recreation 

Department was the initial facility responsible for review and inspection. Reviews and 

inspections are now located within the DS department. One problem arising with this
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study is not enough time has transpired between a sites NPPO approval by the City and 

its construction in regard to post-construction monitoring. Personal observations confirm 

that a site’s approved NPPO plan does not guarantee the immediate beginning of 

construction. I evaluated all approved DS microfiche files from the years 1998 and 1999. 

Each microfiched project was viewed, and only projects that used the PIM  were noted. 

Two documents were obtained for each project utilizing the PIM; the landscape plan and 

the original plant inventory plan, also known as “salvage plan”. The Landscape Architect 

for each project and the site location was also noted for future reference since the quality 

of a printed hardcopy from microfiche was illegible.

The researcher was able to use the City’s database to generate a report, confirming all 

projects stamped for final approval by the Mayor and Council that have applied for 

permits. This report was cross-referenced with my list from microfiche resulting in 24 

projects having applied for building permits and utilizing the PIM.

I visited all 24 sites verifying which projects met the final criteria o f an installed 

landscape. A total o f nine projects qualified. With a research goal of twelve or more 

projects needed for this study, the researcher contacted every landscape architecture firm 

and engineering firm in the Tucson metropolitan area. They were asked if  they had 

performed any plant inventories within Tucson’s city limits since 1998 that were 

completed projects and not already part of the researchers list. Simultaneously, the 

researcher once again questioned the inspector assigned to the enforcement of the 

ordinance to recall any possible projects meeting my criteria. Consequently, six
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additional sites met the study criteria and when added to the previous nine qualified sites, 

compiled this study’s final fifteen sites".

Study Design

A preliminary site evaluation was conducted on February 13, 2001, at Site 1, a 

grocery store with adjoining shops, in order to ensure that appropriate data were recorded 

that would correlate, with the hypotheses posed by this study. Prior to recording 

observations, the landscape plan was previewed to determine which planting areas would 

be delineated for use in calculating planting densities. Parking planters and narrow 

spaces, less than ten feet wide, were eliminated from density calculations for ease in 

determining the number of plants per acre. Prior to the on-site evaluation, an observation 

sheet (Appendix A) was compiled with information from the plant inventory and 

proposed landscape plan. It contained columns for: 1) species for each site, 2) plant form 

(tree, shrub, cacti/accent, and groundcover/vine), 3) number of plants for that species 

proposed to be preserved in-place, transplanted and mitigated, 4) plant status, and 5) plant 

origin (native, nearly native, or exotic).

For this study, plants have been classified into one o f three groups, native, nearly 

native and exotic. Native plants are defined as indigenous to a 50-mile radius from 

downtown Tucson. Nearly native plants can be found growing naturally in the southwest 

region encompassing other areas of the Sonoran Desert outside of the native plants’ 50- 

mile radius. In addition, nearly native plants can also be found growing naturally in 

similar climates including the Mohave and Chihuahuan Deserts, northern Mexico, Baja
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California, southeastern California, southern Nevada, New Mexico, west Texas and 

northern Arizona. These plants can endure temperature extremes, intense sunlight, low 

humidity, drying winds, poor soils and low rainfall (Mielke, 1993); and most can be 

found within a day’s drive from Tucson. Finally, all plants indigenous to areas not 

mentioned under the native and nearly native classifications will be defined as exotics. 

When a plant’s identification was in question, books were used as a resource to correctly 

identify the species and its origin (Kearney, 1951; Elmore, 1976; Benson, 1981; Jones, 

1981; Amberger, 1982; Dodge, 1985; Bowers, 1993; Mielke, 1993; Shuler, 1993; Epple, 

1995; Irish, 2000; Jones, 2000)

While on-site, the researcher cross referenced the landscape plan, plant inventory and 

the actual plantings to determine if  NPPO listed plants were preserved in-place, 

transplanted or mitigated. A plant was highlighted if it was in an area predetermined for 

use in density calculations. Areas used for density calculations were then measured to 

determine square feet for number o f plants per acre.

In addition to the preservation o f native species, the ordinance attempts to preserve 

the landscape integrity of the Sonoran Desert Scrub through plant density, richness and 

form. Two undisturbed natural areas, the Sonoran Arthropod Studies Institute (S.A.S.I.) 

on the east side o f the Tucson Mountains and Desert Station, located on the west side of 

the Tucson Mountains, were considered study control sites for comparison of landscape 

integrity (Armbrust, 2001). Data from the control sites were used to measure the 

effectiveness of the NPPO landscapes with regard to plant density, richness and form. 

Finally, the researcher recorded any peculiarities encountered during the evaluation in a
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comments section. Some o f the comments included mistakes found on the NPPO plan in 

regard to mitigation calculations, plant identification, declining health o f a plant, presence 

of wildlife, preservation of undisturbed natural areas when not required, and mitigating 

NPPO listed plants with the wrong plants.

The research methods utilized were very similar to methods later used for data 

collection during the actual research testing on the remaining fourteen sites. The content 

o f observed characteristics was slightly altered so to be more easily interpreted and 

supportive of the study’s objectives and research question.

User Survey

During the site selection process, I observed that landscape architecture, engineering, 

environmental and plant salvage firms had performed most of the plant inventories and 

salvage plans for projects. An introductory letter, with a sixteen-question survey as an 

attachment, was emailed to these firms within the Tucson metropolitan area. Firms were 

asked to forward the attachment to individuals in their firms who have personally 

performed the PIM within Tucson’s city limits with instructions to email their responses . 

back to the researcher.

The user survey (Appendix A) measured an individual’s knowledge o f the 

ordinance’s intent, procedures and effectiveness. A pretest o f the survey, given to a 

practicing landscape architect, determined that the survey took five to fifteen minutes to 

complete depending on whether the user made time for additional comments. A total of
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60 surveys were initially emailed. Thirty-seven follow-up letters with additional 

attachments o f the survey were sent a week later to firms who had not yet responded.

Data Interpretation

I utilized descriptive statistics for the analysis o f collected data. Information from the 

observation sheet was transferred to an Excel spreadsheet, titled Inventory Worksheet 

(Appendix A), to determine: plant density per acre, total number o f plants per species 

observed, richness o f plants that are native, nearly native or exotic, percentage of plants 

by form that are trees, shrubs, cacti and groundcover, and percentage o f each species 

found on-site compared to the quantities required by the NPPO. Plant density and form 

from each were also compared to plant density and form calculated for two undisturbed 

natural sites (Table 3) near the Tucson Mountains (Armbrust, 2001). Responses for each 

question on the user survey were also recorded as a percentage and entered into a table. 

In instances where more than one answer was chosen, users were instructed to rate their 

responses, with one being most important. Some survey questions also offered users an 

opportunity to expand on their answers.
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Table 3. Density data for S.A.S.L and Desert Station.

DESERT STATION S.A.S.I.
Species* Occurrence Density* Occurrence Density

ABPA 6 112

ACCO 12 224 4 215

ACGR 6 112

ACWR 1 19

ALWR 2 108

AMDE 103 , 1921 152 8174

ANTE 1 19

BAAB 3 161

B.B. 1 19

CAER 20 373 6 323

CAGI 4 75 5 269

CEMI 6 112 3 161

CEPA 2 37

DAPA 1 19

DIPU 3 56

ECSP 2 108

ENFA 12 224 6 323

FEWI 2 37 1 54

FOSP 5 93 4 215

HIDE 4 215

JACU 3 56 8 430

JAGR 14 261 11 592

KRGR 7 131 8 430

KRPA 5 93

KRSP 3 56

LATR 1 19 3 161

LYBE 11 205 2 108

(continued on next page)
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Table 3. Density data for S.A.S.I. and Desert Station, (continued)

Species*
DESERT STATION 

Occurrence Density*
S.A.S.I.

Occurrence Density*

MASP 1 19 1 54
MOMI 11 205
OESP 1 19
OLTE 3 161
OPAR 1 19
OPBI 1 54
OPFU 2 37
OPLE 4 75 1 54
OPPH 12 224 17 914
OPVE 4 75 7 376
PACO 5 93 2 108
PEPA 1 19
POOR 2 37 1 54
POMA 5 269
PRVE 3 56
PSCO 1 19 1 54
SICH 49 914 7 376
SIFI 1 19
SPAM 3 56
TICA 4 215

TRCA 5 93 1 54

ZIAC 7 131 4 215

Total Density per Acre 6,383 15,005

Density* = plants per acre
Species* = Species abbreviations explained in Appendix B 
NPPO species are in bold print
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RESULTS AND DISCUSSION

In the first section o f this chapter, data from each of the fifteen sites evaluated are 

discussed, relating to errors in the inventory, preservation o f NPPO listed plants and 

landscape integrity. This is followed by a summary of general patterns observed across 

sites. The following section discusses data collected from the NPPO user survey and 

summarizes results. Conclusions from both data sets (site evaluation and surveys) and 

recommendations are presented in the final chapter.

NPPO Site Results 

Site 1

Site 1 consists o f a large grocery store with adjoining shops. Prior to development, the 

site was heavily disturbed with patches of vegetation. Two plant inventories and two 

landscape plans both containing conflicting information were uncovered. The stamped 

approved plans from the City were used in this evaluation.

Errors

Three species were included in the plant inventory, which are not NPPO listed plants 

(Appendix B). A  sweet acacia {Acacia smallii), honey mesquite (Prosopis glandulosa), 

and a Eucalyptus species were incorrectly noted as NPPO listed plants. A mistake such as 

this could be attributed to the fact that other municipalities with ordinances similar to the 

NPPO may impose the preservation of different species.



62

Based on several noted identification mistakes, there is a definite need to train field 

technicians for correct identification of listed plants within the jurisdiction of ordinance. 

This was evident at other study sites as well. Two plants were incorrectly labeled as blue 

palo verde (Cercidium floridum) to be preserved in-place when they were actually a 

different species not listed by the NPPO. The inclusion o f sweet acacia in the plant 

inventory could be the result o f incorrectly identifying the whitethorn acacia {Acacia 

constrictd), as eleven nursery-grown whitethorn acacias were found on-site. In addition,
•/.7

velvet mesquite could have been incorrectly labeled as honey mesquite on the inventory 

plan since the researcher found numerous velvet mesquites preserved in-place and 

transplanted on-site.

The salvage plan for this site only identified plants by common names leading to 

possible confusion. Many o f the Chilean mesquites noted on the inventory plan were 

actually found to be Prosopis hybrids. The same is true for velvet mesquite, which could 

have been represented by the wrong common name, honey mesquite, explaining the 

inclusion of honey mesquite on the inventory plan.

Verification that calculations required by the NPPO for each site were performed 

correctly were not done due to time constraints and the inability to locate hardcopies of 

calculations determining number of plants to be mitigated for each NPPO listed plant 

found on-site. As a result, species were chosen randomly and plant mitigations were 

calculated to check for accuracy. A mistake in the number of mitigated plants required 

was discovered. Instead of needing eight additional saguaros, the developers needed 

none. The landscape architect or City officials did not discover the mistake and the
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The initial plant inventory prior to construction noted four NPPO listed species while 

I discovered seven NPPO listed species. In most situations, one would assume the 

landscape plan added additional NPPO listed species to the site’s plant list. However, 

with the numerous mistakes found, one possible outcome is that if  plants were incorrectly 

identified, than certain NPPO listed plants required to be accounted for could have been 

overlooked.

Preservation of NPPO Species

Only 41 of the required 64 NPPO plants were located, equivalent to a 64% successful 

salvage rate (Table 4). The NPPO also requires that at least 50% of viable saguaro and 

ironwood must remain on-site, and 30% o f the remaining viable NPPO listed species 

must also stay on-site. This site exceeded the 50% requirement but failed in preserving 

30% o f the catclaw acacia (Acacia greggz'z'XTable 4).

Preservation of Landscape Integrity

Site 1 was one of three sites that had plant forms most similar to control sites, with 64% 

shrubs compared to 80% shrubs found in the control sites (Table 5). Plant densities for 

the control sites are much higher than one would expect for a desert, with observed 

densities o f 15,003 plants per acre at S.A.S.I. (Appendix C, Fig.. 1) and 6,380 plants per 

acre at Desert Station (Appendix C, Fig.. 2)(Table 3). Many o f the control site’s plants 

comprising these surprisingly high densities are small shrubs, possibly explaining our

inventory plan was approved for eight additional plants. However, the approved plan was

not abided by and no new saguaros were found on-site.



Table 4. Summary of NPPO related characteristics for two undisturbed natural areas and fifteen developed sites.

Site
No.

Property
Type

Inventoried 
NPPO Spp./ 
Existing 
NPPO Spp.

NPPO
Errors1 Density

No. of
NPPO Plants/ 
Required 
NPPO Plants Native

Nearly
Native Exotic Tree Shrub

Cacti
and
Accent

Ground-
cover
and
Vines

50%
of

Req.2

30%
of

Req3

Plants/acre ---------  O/o _

1 Grocery 4/7 Y 941 64 16 48 36 10 64 8 18 Y N
2 Subdivision 6/10 Y 576 135 55 24 21 36 37 27 0 Y Y

3 Grocery 9/9 Y 679 91 33 9 38 11 35 25 29 :Y N

4 Subdivision 6/6 N 332 100 30 38 32 25 56 11 8 N/A N

5 Office 1/0 Y N/A4 0 1 7 92 9 8 0 83 N/A N

6 Subdivision 10/10 Y 878 71 98 0 2 22 49 29 0 Y N

7 Subdivision 10/11 N 1439 91 67 <1 33 13 26 28 33 Y N

8 Subdivision 6/8 Y 252 89 25 44 31 28 62 4 6 N/A N

9 Apartments 4/4 N 409 79 21 23 56 18 43 12 . 27 N/A N

10 Office 5/9 N 1024 187 36 35 29 15 39 24 22 Y Y
11 Office 5/11 N 872 130 50 48 2 21 37 28 14 N/A Y

12 Subdivision 4/4 N 414 111 53 15 32 40 23 11 26 N/A Y

13 Subdivision 5/8 Y 707 126 30 33 37 19 54 14 13 N/A Y
14 Subdivision 3/3 Y 170 . 35 57 28 15 42 30 24 4 N/A N
15 Apartments 5/3 Y 1196 15 6 7 87 18 64 8 10 N/A N

SA.S.I 6/na N 15,003 N/A 100 0 0 2 80 14 4 N/A N/A

Desert Station 8/na N 6,380 N/A 100 0 0 4 80 10 6 N/A • N/A

1 Observed one or more o f the following: an error in mitigation calculations, wrong species planted or species identified incorrectly.
2 Did 50 % o f all viable saguaro and ironwood inventoried remain on-site?
3 Did 30 % of all viable NPPO species other than saguaro and ironwood inventoried remain on-site?
4 Office space did not have large enough planting areas to calculate density.



Table 5. Percent of plant forms for typical Arizona Upland plant communities and surveyed NPPO sites.

Plant- Undisturbed Communities Office Grocery Apartment Subdivision
Form SASSI* DS* AVG* Site No.

5 10 11
Site No. 
1 3

Site No. 
9 15

Site No.
2 4 6 7 8 12 13 14

%

Tree 2 4 3 9 15 21 10 11 18 18 36 25 22 13 28 40 19 42

Shrub 80 80 80 8 39 37 64 35 43 64 37 56 49 26 62 23 54 30

Cacti &
accent 14 10 12 0 24 28 8 25 12 8 27 11 29 28 4 11 14 24

Ground-
cover & 4 6 5 83 22 14 18 29 27 10 0 8 0 33 6 26 13 . 4
vines

S.A.S.I.* = Sonoran Arthropod Studies Institute. 
D.S.* = Desert Station.
AVG.* = Average of S.A.S.I. and D.S.



66

misconception o f desert densities as being relatively sparse. The density at Site 1 was 

only 15% of Desert Station’s total density (Table 4).

One o f the indirect benefits o f enforcing the NPPO is reduced water use. The more 

native plants a developer includes in a landscape plan, the less dependent that landscape 

becomes on this regions most limited resource, water. The richness o f native species at 

Site 1 consists o f less than 17% native plants but when combined with nearly natives,

64% o f the plants are native and nearly native (Table 4).

Site 2

Site 2 consists o f 185 single-family residences with a large preserved riparian area 

dissecting the site. The riparian area comprised less than 30% of the entire site enabling 

the plants within this area to be inventoried and preserved in-place.

Errors

Errors detected by the researcher raises concern that the original plant inventory 

indicated incorrect counts of viable plants. For example, preserved in-place and 

transplanted whitethorn acacias were identified throughout the site, which were not noted 

on the original plant inventory. Saguaros were also identified as preserved in-place within 

the riparian area and were also not noted on the original plant inventory as viable plants 

needing to be accounted for. In addition, the original count of fishhook barrel cactus 

(Ferocactus wislizenii) was inaccurate. The researcher identified 87 transplanted fishhook 

barrel cacti when only 51 viable plants were noted on thq original plant inventory.
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Similar to Site 1, the initial inventory prior to construction notes six NPPO listed 

species. However, as previously stated, the whitethorn acacia had been overlooked. 

Upon-site evaluation, I noted ten NPPO listed species post-construction. Two of the 

additional species found, blue palo verde and desert willow (Chilopsis linearis) still had 

tags attached to their branches, indicating that they were to be transplanted on-site; 

however, were not included in the calculations for mitigation requirements. The 

observations confirm that at least three o f the four additional NPPO listed species found 

post-construction were overlooked in the initial plant inventory used in determining 

preservation credits and mitigation requirements.

Preservation of NPPO Species

Even though I identified incorrect numbers of viable plants, this site’s preservation 

efforts would be considered excellent based solely on the merits o f the approved salvage 

plan. It is the only site to have met the preservation and mitigation standards proposed by 

the NPPO, achieving 100% or more of the required numbers for each species on-site 

(Tables 6 and 7). The approved salvage plan for Site 2 required 307 NPPO plants to be 

on-site. However, I observed 416 plants equivalent to a 135% success rate (Tables 4 and 

6). In addition, based on the approved inaccurate salvage plan, this site also met the 

requirements of preserving the 50 and 30% requirement of viable NPPO listed species 

(Table 4).



Table 6. Percentage of the number of each species observed on-site compared to the
number of each species required by the NPPO and the mean value and coefficient of
variation for surveyed NPPO sites.

-Office— Grocery A partm ent -Subdivision-
Species 5 10 11 i 3 9 15 2 4 6 7, 8 12 13 14

AGCO 93 0 167 102 180
ACGR 200 1000 13 50 0 126 550 49 102 200 100 193
CAGI 63 23 89 220 200 55

CEFL 2200 200 286 833 28 150 50 1100 109

CEMI 94 0 36 206 78 85 104 24 0

CEPA , 17 108 160 42 74 11 50 50

CERE

CHLI

COWA

COSC*

EGER

FEAC

FEWI

FOSP

FRVE

JUMA

OLTE

PEGR

PLRA

POFR

PRPU

PRVE

SAGO

SAME

SASA

YUEL

ZIOB

80

122 118

300

300

86 174 200 125 90 69

128 119 100 89 283 136 359 43

80

67 0 88 67 44

Mean 0 . 577 316 76 125 221 10 160 175 104 78 291 99 153 31

CofV 0 158 124 114 108 185 157 29 100 53 29 141 36 78 87

* Federally endangered species



Table 7. Rankings of NPPO related characteristics for fifteen developed sites.

Preserving each Richness
individual sp. (No. of No. of native &

Ranking compared to No. of plants native nearly native Plant Landscape
(l=best) Density1 total req. preserved plants) plants form integrity

Site No.-

1 7 2 10 6 6 and 11 15 6
2 15 10 2 . 7 14 1 7 and 15
3 10 12 11 14 2 8 1 and 10
4 1 11 13 2 10 4 13
5 6 13 12 12 8 13 2 and 11
6 11 4 4 11 4 and 12 9 4
7 13 6 3 and 7 10 7 6 8
8 3 8 8 3 13 10 3
9 2 7 9 4 and 13 1 . 2 9
10 12 3 6 8 3 11 12 and 14
11 9 1 1 9 9 3 52
12 4 9 14 1 15 14
13 8 5 15 15 5 7
14 14 14 5 5 12
15 15 5

1 Similarity o f site’s density to control sites
2 Site 5 was excluded from density rankings but still rated last without density ranking
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Preservation o f Landscape Integrity

The landscape integrity for Site 2 is mediocre when compared with other sites (Tables 

4 and 7). However, this site went beyond the parameters o f the NPPO and transplanted 

additional native non-NPPO listed plants such as creosote bush (Larrea tridentata) and a 

variety o f Opuntia species. Most o f the transplanted viable plants were planted in the 

disturbed edges of the riparian area and alleys surrounding the property. Unfortunately, 

instead o f being planted throughout the development, numerous fishhook barrel cacti 

were haphazardly planted in large groups by themselves. The site’s plants regarding form 

were evenly composed o f trees, shrubs and cacti (Table 5).

For the evaluation o f plants, I used the disturbed edges of the riparian area, buffer, 

common, and retention areas to calculate the richness o f natives. For comparison 

purposes, undisturbed riparian areas were excluded so that planted disturbed areas could 

be compared between sites. Slightly over half of the plants planted in these areas were 

native and when combined with nearly natives, comprised 79% o f all plants (Table 4).

Site Three

Similar to Site 1, this eleven-acre site consists o f a grocery store with adjoining shops. 

However, this site before construction was undisturbed natural open-space, whereas Site 

1 was heavily impacted with only patches of vegetation occurring naturally. Prior to 

becoming part o f this study, this development was publicized throughout the community, 

as being an example of how a commercial site can preserve undisturbed natural open- 

space and still be aesthetically pleasing.
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With only one exception, I noted no errors for this site. The individual responsible for 

the original plant inventory did not identify kearney condalia (Condalia wamockii) as an 

NPPO listed plant on the salvage plan. I determined this, as it was observed as part of 

the understory in the preserved undisturbed natural open-space portion o f this 

development.

Preservation of NPPO Species

The approved salvage plan o f Site 3 required 492 plants to be on-site. Only 448 plants 

were found (91%)(Table 6). If  dead plants were taken into account, this site would 

surpass the amount o f plants required to be on-site per the NPPO. Fifty percent of the 

viable saguaros were found on-site. However, less than 30% of the viable blue palo 

verde, catclaw acacia, velvet mesquite and desert hackberry {Celtispallida) plants were 

observed on-site. I f  the dead plant material found on-site Were taken into account, the 

blue palo verde species would pass the 30% requirement (Table 4).

Preservation of Landscape Integrity

A density o f 679 plants per acre (Table 4), ranking eighth out of fourteen sites, was 

calculated (Table 7). Even with the developer surpassing the requirements o f preserving 

open-space, the remaining buffer areas had little vegetation or the transplanted material 

had not been cared for and died. Similar to Site 2, there were an extraordinarily large 

number o f fishhook barrel cacti existing prior to development. These cacti were observed 

unnaturally planted in large clusters due to the large quantities found on-site and the 

minimal land made available for plantings. Trees accounted for 11% of the plants, similar

Errors
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to the percentage of trees found in control sites. The remaining 89% o f plants were 

divided among shrubs, cacti and groundcover (Table 5).

Surprisingly, only 33% o f the plants found on-site, including plants in the undisturbed 

natural open-space, were natives and 62% when combined with nearly natives. The 

planting areas within the parking lot and close to structures were mainly comprised of 

exotics, accounting for the remaining 38% o f plants (Table 4).

Site 4

Site 4 is the smallest subdivision of this study. Thirty-five single-family residences, one 

common area, one large retention area and street buffers comprise this site.

Errors

I did not uncover any irregularities in the guidelines and procedures followed by the 

developer in satisfying the requirements o f the NPPO.

Preservation o f NPPO Species

The six NPPO species identified prior to construction on the salvage plan were the 

same species identified by the researcher post-construction. Of the 74 plants required by 

the ordinance to be located on-site, the researcher verified 74 NPPO listed plants. 

However, upon further evaluation by myself, the number o f plants required of each 

species varied. For example, only 28% of the required amount o f blue palo verdes were 

found on-site, whereas the number of catclaw acacias found on-site equaled 550% of the 

total required by the NPPO (Table 6). The 50% requirement pertaining to saguaro and 

ironwood was not applicable at this site, as none were identified as existing prior to
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construction. Blue palo verde was the only species failing to retain at least 30% of the 

original number of viable plants found prior to excavation (Table 4).

Preservation of Landscape Integrity

Onerthird of the common area o f this site was planted with bermuda grass, an exotic 

plant. The remaining common area, retention basin and buffer areas ranked among the 

lowest relating to density of plantings (Table 4 and 7). The percentage o f plants that were 

cacti and groundcovers were similar to the plant forms of the control sites. Shrubs were 

the dominant form (52%) but significantly less dense than the 80% found in the control 

sites. Trees were observed to be eight times greater in density compared to control sites 

(Table 5).

The richness o f Site 4 consisted o f 30% native plants, but increased to 68% when 

combined with nearly natives (Table 4).

Site 5

This small two-acre commercial complex was heavily disturbed prior to construction, 

with only one NPPO species identified. Due to the small size of the lot and minimal 

salvageable vegetation, buildings and parking lots were designed to utilize entire site. 

Planting areas consisted of parking lots, a narrow street buffer, foundation plantings near 

the buildings and a linear retention basin behind the complex. Site 5 was not included in 

density calculations since most o f the planting areas were too small to be included.
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I noted only one error. Sweet acacia, a native non-NPPO listed species, was indicated on 

the plant inventory as an NPPO plant to be preserved in-place.

Preservation o f NPPO Species

The 50% requirement does not apply since no saguaros or ironwoods existed prior to 

construction. None o f the eleven plants required by the ordinance to be located on-site 

were verified (Table 6). The developer was required to preserve in-place and transplant 

eleven velvet mesquites, however, no plants were observed transplanted or preserved in- 

place. Therefore, Site 5 failed to meet the NPPO’s 30% requirement (Table 4). The sweet 

acacia, native to the Sonoran Desert but not an NPPO listed plant, was noted on the 

inventory plan to be preserved in-place but was nowhere to be found. The site did 

manage to preserve in-place two mexican palo verdes (Parkinsonia aculeatd), a native 

non-NPPO fisted plant.

Preservation o f Landscape Integrity

Site 5 ranked last for landscape integrity when compared to control sites (Table 7). 

Even with Site 5’s exclusion from density calculations, this site’s low rankings for 

richness and plant form, when combined, faired worse than the remaining sites’ rankings 

based on the summation o f the three categories, density, richness and plant form. M ost of 

the plants were groundcover (Table 5). Furthermore, a majority of all trees and 

groundcover planted in the retention basin were found to be dead.

Site 5 also ranked last in richness of native species. Only 1% of all plant material was 

native and 7% nearly native (Table 4).

Errors
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Site 6

Prior to the development of 42 single-family residences on nine acres. Site 6
<

consisted o f undisturbed desert located on Tucson’s outer urban edge. Planting areas 

included a retention basin, street buffer and three linear buffer areas outside the perimeter 

walls surrounding this subdivision.

Errors

With one exception, this site appeared to have followed all the guidelines and 

procedures imposed by the NPPO; however, for reasons unknown, did not implement 

them. Sixty-one fishhook barrel cacti were to be transplanted on-site. I recorded 76 

transplanted plants. In addition, the plants were transplanted throughout the site, 

including areas behind perimeter walls that were non-visible or easily accessible by 

residents. As a result, I concluded that the plant inventory for fishhook barrel cactus was 

incorrectly performed and can only assume that the remaining plants have been properly 

accounted for on the plant inventory.

Preservation o f NPPO Species

Ten species were noted on the original plant inventory and were identified to be on

site by myself. The site contained only 71% of the 369 NPPO plants required by the 

ordinance; however, 50% of the viable saguaros indicated on the plant inventory were 

kept on-site. Only one out of ten species, desert hackberry, did not meet the requirement 

of retaining 30% o f its viable plants on-site (Table 4). This site did not rank high in the 

preservation o f NPPO species (Table 7); however, developers attempted to retain a 

percentage o f each species found prior to construction (Table 6).
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Preservation o f Landscape Integrity

Site 6 ranked the highest relating to landscape integrity (Appendix C, Fig.. 5) as this 

site ranked consistently higher than other sites in the categories o f density, richness and 

plant form. Shrubs were the dominant plant form (50%) with remaining plants evenly 

distributed between trees and cacti (Table 5). The retention basin and street buffer were 

used in determining site density (878 plants per acre) representing 14% o f Desert 

Station’s density count (Tables 3 and 4). The majority of the 412 plants were planted 

outside perimeter walls o f the subdivision making them not visible to users o f the site. 

Unfortunately, from my point of view, visibility is important for educating a community 

about using native plants in landscapes. However, developers exceeded the requirements 

of the NPPO by preserving and transplanting additional native non-NPPO listed plants 

such as the creosote bush and a variety of Opuntia species.

Site 6 ranked the highest in richness of species with 98% native plants and least 

amount of exotic plants (Table 4 and 7).

Site?

Similar to Site 2, Site 7 contains a large riparian area dissecting a community o f 57 

single-family residences. The riparian area comprised less than 30% o f the entire site 

enabling the plants within this area to be inventoried and preserved in-place. Unlike Site 

2, the developer chose not to include the riparian area in their plant inventory, which 

could have offset any mitigation required for the remaining site. As a result, this site 

exceeded preservation requirements set forth by the NPPO.
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I did not uncover any irregularities in the guidelines and procedures followed by the 

developer in satisfying the requirements of the NPPO.

Preservation o f NPPO Species

The approved salvage plan o f Site 7 required 817 NPPO plants to be on-site. The 

majority of these plants were fishhook barrel cacti. Site evaluations indicated a total of 

742 NPPO plants found on-site, equal to 91% o f the number required. A  percent of 102 

would have been achieved if the dead fishhook barrel cacti (representing 15% of the total 

number) were included (Tables 4 and 6). An additional NPPO species, desert willow, 

increased the number of species identified in the original plant inventory from ten to 

eleven NPPO species post-construction. Fifty percent of the viable saguaros were 

observed on-site, but the developer failed to retain 30% of the viable velvet mesquite and 

desert hackberry plants (Table 4). This site would rank first at preserving NPPO listed 

plants if the riparian area had been included in the NPPO evaluation (Table 7). 

Preservation o f Landscape Integrity

Site 7 had the highest planting density out of the fifteen NPPO study sites with 1439 

plants per acre, equal to 23% of Desert Station’s density and was tied for second in 

landscape integrity (Tables 4 and 7). Plants identified as transplants were utilized 

throughout the property, particularly in disturbed areas found within the riparian area. 

Unfortunately, as with other study sites containing large numbers of fishhook barrel cacti, 

plants were densely planted in unnaturally large groups. This site surpasses most sites 

relating to plant preservation and density, however, faired poorly regarding plant forms.

Errors
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This site contained 10% more trees when compared to 3% for control sites with the 

remaining percent evenly distributed among cacti, shrubs and groundcover (Table 5).

Site 7 ranked second in richness having 67% native plants. However, ranked ninth 

when the nearly native category is added (Tables 4 and 7).

Site 8

Site 8 is a subdivision situated on 26 acres with 125 single-family residences, a street 

buffer, and three retention basins. The largest retention basin was the only area planted 

even though the landscape plan indicated all three were to have vegetation.

Errors

The first o f two errors detected by myself related to substitution o f species. The 

NPPO required 49 mitigated desert hackberry plants. Only six of these were observed 

along with 40 mitigated plants o f the species, net-leaf hackberry (Celtis reticulata), which 

was not noted as part of the original plant inventory. I also noticed three blue palo verdes 

preserved in-place indicating a lack in accounting for these plants on the original plant 

inventory.

Preservation o f  NPPO Species

The difference between the six NPPO species noted on the original plant inventory 

and the eight species noted by myself, relate to the previously mentioned errors. The 

approved plan required 93 NPPO plants to be located on-site but only 82 were verified. A 

possible explanation for missing plants, confirmed by the superintendent of the 

development, was the decision by site developers not to plant the remaining two retention
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basins. Only the 30% percent requirement was applicable, since there were no saguaros 

or ironwoods existing prior to construction. Three species, catclaw acacia, desert 

hackberry and soaptree yucca (Yucca elatd) did not meet the requirement o f having 30% 

of their original number of viable plants retained on-site (Table 4).

Preservation of Landscape Integrity

Plant density of Site 8 was among the lowest in this study, with 252 plants per acre 

(Tables 4 and 7). The low count could be attributed to the decision made by the developer 

not to plant the remaining two retention basins. The site, however, scored relatively high 

relating to plant form, with 62% shrubs and similar percentages of cacti and groundcover 

compared to control sites (Table 5). Only 25% o f this site’s plants consisted of native 

species. Fortunately, a 70% value was achieved when native and nearly native plants 

were combined (Table 4).

Site 9

Site 9 is a high-density apartment complex consisting o f 21 three-story buildings on 

seventeen acres with college students being the majority of tenants. Prior to construction, 

this location was classified as a disturbed urban infill site with minimal vegetation.

Errors

I did not uncover any irregularities in the guidelines and procedures followed by the 

developer in satisfying the requirements o f the NPPO.
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Preservation o f NPPO Species

Prior to development, the plant inventory noted four species on-site. Developers 

eliminated two inventoried NPPO species and added two nonrinventoried NPPO species 

to their plant list, resulting in four verified NPPO species post-construction. The salvage 

plan required 58 NPPO plants; however, only 46 were located (79% o f the required 

number). The developer’s preservation efforts ranged from the elimination of species to 

providing eight times the amount required for a species (Tables 6 and 7). The 50% 

requirement for viable species was not applicable. The observed absence o f foothills palo 

verde (Cercidium microphyllum) and greythorn, resulted in both species failing to meet 

the requirement; retaining 30% o f their original number o f viable plants on-site (Table 4). 

Preservation o f Landscape Integrity

A density of 409 plants per acre was one of the lowest values among sites (Tables 4 

and 7). Buffer areas surrounding the entire property were sparsely vegetated and spaces 

around the 21 buildings experienced an abnormal amount of disturbance due to 

pedestrian and bicycle traffic from the primary tenants. Twelve percent o f the plant forms 

were cacti, matching the control site’s value with shrubs the major plant form (43%). 

Overall, Site 9 faired poorly finishing fourth from last relating to landscape integrity 

when compared to control sites (Tables 5 and 7).

Exotic plants were used extensively, comprising 56% of plants. One explanation o f 

this result relates to the large active area surrounding the complex’s swimming pool. The 

developer created a tropical atmosphere, resulting in large number o f exotic plants found 

around the pool and patio (Table 4).
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Site 10

This site is a small commercial complex with large street buffers on three of its four 

sides. Similar to Site 3, Site 10 is publicly known for its preservation efforts o f native 

plants and natural aesthetic appeal.

Errors

I did not uncover any irregularities in the guidelines and procedures followed by the 

developer in satisfying the requirements o f the NPPO.

Preservation o f NPPO Species

Site 10 ranked second in preserving individual species found on-site prior to 

construction (Tables 6 and 7) and first in achieving the numbers o f NPPO plants required 

to be on-site post-construction (Tables 4 and 7). Furthermore, the developer added four 

additional NPPO species to their plant list, increasing total number o f NPPO species 

found on-site, to nine. Both the 50 and 30% retention o f viable plants required to remain 

on-site were met (Table 4).

Preservation of Landscape Integrity

The density of plantings was one o f the highest in this study, achieving 16% (1024 

plants per acre) of Desert Station’s density count (Tables 4 and 7). Plant forms differed 

from the control sites, producing a more even percentage o f each plant form (Table 5).

The enhanced richness of this site can be attributed to the preservation of non-NPPO 

listed plants, such as the creosote bush, Lycium species, and a variety of Opuntia species. 

However, extensive foundation plantings near the entrances of the commercial buildings
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explained the 29% o f exotic plants, with the remaining percent divided between native 

and nearly native plants (Table 4).

Site 11

.. This 1.5 acre site consisted o f a commercial building and parking lot. Considered 

urban infill, this site was heavily impacted prior to construction with only patches of 

vegetation occurring naturally.

Errors

I did not uncover any irregularities in the guidelines and procedures followed by the 

developer in satisfying the requirements of the NPPO.

Preservation o f NPPO Species

Site 11 ranked fourth in preserving individual species found on-site prior to 

construction (Tables 6 and 7) and third for achieving the highest number o f NPPO plants 

required to be on-site post-construction (Tables 4 and 7). Furthermore, site developers 

surpassed NPPO requirements adding six additional NPPO species, bringing the total 

number of five NPPO species identified prior to development to eleven species post

construction. The 30% retention o f viable plants required to remain on-site was met and 

the 50% requirement did not apply (Table 4).

Preservation of Landscape Integrity

Low density could be the result o f the developer’s decision to heavily seed the 

property (Table 4). The seed mix was comprised of small perennials, such as desert 

marigold and Penstemon species, which were not included in density counts. Plant form
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differed greatly from control sites (Table 5) with shrubs barely the majority comprising 

37% of plants.

Similar to Site 10, this site’s enhanced richness o f species can be attributed to the 

preservation of non-NPPO native plants, such as creosote bush, Lycium species and a 

variety o f Oputia species. Fifty percent of plants were native. However, when combined 

with nearly natives, this site ranked first tying Site 6, with 2% of plants exotic (Table 4).

Site 12

Site 12 consists of 91 single-family residences situated on slightly more than nineteen 

acres. The property has a central common area and a large buffer area at the entrance to 

the development.

Errors

I did not uncover any irregularities in the guidelines and procedures followed by the 

developer in satisfying the requirements o f the NPPO.

Preservation of NPPO Species

With the exception o f desert hackberry, all species identified in the plant inventory 

met or exceeded the amount found on-site, as required by the NPPO (Table 6). The four 

species identified as existing before construction were accounted for in my post 

evaluations with no additional NPPO species added to the plant list. The 30% retention of 

viable plants required to remain on-site was met and the 50% requirement did not apply 

(Table 4).
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Preservation of Landscape Integrity

The results o f Site 12’s density and plant forms differed greatly from control sites.

For example, trees were the major plant form (40%) with an approximately even 

percentage divided between other plant forms (Table 5). The two common areas used in 

determining site density contained 414 plants per acre (Table 4). Similar to Site 6, 36% of 

the plants were not visible to the public due to being planted outside the perimeter walls 

of the subdivision.

Site 12’s richness o f species consisted of 53% native plants, increasing to 68% when 

combined with nearly natives (Table 4).

Site 13

Site 13 consisted o f 123 single-family residences situated on 22 acres. Planting areas 

consisted o f street buffers bordering two sides of the property and a large common area 

used as a retention basin.

Errors

I detected numerous errors related to following guidelines and procedures set forth by 

the NPPO. Contrary to the approved NPPO plan, personal observations confirmed that 

catclaw and whitethorn acacias were preserved in-place, leading myself to conclude that 

the number of viable plants reported for both species and the calculations performed to 

determine number o f mitigated plants required were both incorrect. These results indicate 

that the City should not have approved the NPPO plan. Another mistake noticed in the 

original plant inventory was the exclusion of two greythoms that were observed
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preserved in-place. The site’s developer also substituted 48 mitigated foothills palo verde 

with another NPPO listed plant, blue palo verde.

Preservation o f NPPO Species

The five species identified in the original plant inventory were observed post

construction with the addition of three NPPO species. Desert hackbeny was formally 

added to the plant list, whereas the other two species, blue palo verde and greythom, were 

observed as a result o f errors noted above. The number o f NPPO plants found on-site, 

exceeded the number required (Table 4). However, this was partially due to the erroneous 

preservation o f individual species. For example, one species was observed at only 25% of 

the amount required by the NPPO, whereas another species was planted at 3.5 times the 

amount required (Table 6). Site 13 was able to retain 30% of the viable plants required to 

remain on-site and the 50% requirement did not apply (Table 4).

Preservation o f Landscape Integrity

In regard to density, this site was about average when compared to the remaining 

fourteen sites (Tables 4 and 7). It ranked better than average representing plant form 

when compared to control sites (Tables 5 and 7), with 54% of the plants as shrubs and the 

remaining percent divided among other plant forms.

The site exceeded the PDVTs requirements with the preservation o f undisturbed 

natural open-space. The open-space included native non-NPPO listed plants, such as 

creosote bush, mexican palo verde, and a variety o f Opuntia species. Even with the 

preservation in-place of additional non-NPPO listed plants in this site’s street buffer.



86

richness o f natives is only 30%; however, this value increases to 66% when combined 

with nearly natives (Table 4).

Site 14

Similar in size to Site 13, 121 single-family residences comprise this 23 acre site. 

According to the landscape architecture firm hired to perform the plant inventory, this 

site was heavily impacted prior to construction with only patches of vegetation occurring 

naturally. Planting areas consist of one large common area acting as a retention basin and 

one street buffer abutting the east side of the property.

Errors

Confirmed by myself as being preserved in-place and existing prior to construction, a 

blue palo verde was missed during the original plant inventory.

Preservation of NPPO Species

Site 14 ranked second to last in preserving NPPO species. With only three species 

required to be preserved, this site’s preservation efforts by species, ranged from not at all 

to providing 50% of the number required (Tables 6 and 7). The site failed to retain 30% 

of the viable plants identified as foothills palo verde on-site. The 50% requirement did 

not apply (Table 4).

Preservation of Landscape Integrity

This site ranked last for density (Tables 4 and 7), with only 170 plants per acre. 

Furthermore, it ranked twelfth when compared to plant forms at control sites with 42% of 

plants identified as trees (Tables 5 and 7).
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Surprisingly, the richness o f native plants totaled 57% and when combined with 

nearly natives, this value increased to 85%. Despite ranking third in richness, Site 14 

ranked second to last for landscape integrity due to density and plant form results. 

(Tables 4 and 7).

Site 15

Site 15 is a two acre apartment complex consisting of single and two story buildings. 

Planting areas consist of street buffers, parking lot planters, foundation plantings, 

retention basin and a small common area.

Errors

An approved landscape plan indicated where preserved in-place, transplanted on-site, 

and mitigated plants were to be planted. I observed that the site’s developer implemented 

very little of the proposed salvage and landscape plans. No other errors could be 

determined.

Preservation o f NPPO Species

Site 15 was the worst in preserving NPPO species (Table 7)(Appendix C, Fig. 8). 

This site’s preservation efforts, by species, ranged from not at all to only 36% of the 

amounts required by the NPPO (Table 6). The site failed in retaining 3 0% of the total 

number of viable plants inventoried on-site for all five species. The 50% requirement did 

not apply (Table 4).
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Preservation o f Landscape Integrity

Ironically, in regard to density and plant form, Site 15 ranked second for density with 

1,196 plants per acre (Tables 4 and 7) and first in plant form when compared to control 

sites (Tables 5 and 7). However, this site ranked second to last in richness o f natives with 

87% of plants exotic (Tables 4 and 7). As a result, Site 15 ranked second for landscape 

integrity.

Site Evaluation Summary and Discussion

Studies monitoring post-construction landscapes aid in determining problems 

associated with implementing the NPPO. Theses studies could aid municipalities in their 

efforts to effectively integrate the built and natural environments. Since the ordinance’s 

implementation, developers, salvagers, and the individuals responsible for plant 

inventories appear to better understand the procedures set forth by the NPPO but often 

fail to meet it’s requirements. Sixty percent of sites in this study were noted as containing 

obvious errors regarding either an error in mitigation calculations, wrong species being 

planted or incorrect identification of a species on the plant inventory. Even though every 

site failed to meet every one of the requirements imposed by the NPPO, the City will 

never be able to determine whether these sites initially met all the requirements due to 

lack of enforcement and accurate record-keeping. However, the NPPO is relatively 

recent, and these issues will hopefully be resolved, in  addition, the necessity of 

assurances, instruments such as bonds guaranteeing a plant’s survival, could not be 

determined due to a lack o f information reported during final inspections. In order to
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recommend assurances, a detailed account o f the number o f plants at final inspection 

must be compared to numbers verified at a later date, similar to those provided by this 

study. Dead plants found on-site or removed by maintenance crews could then be 

accounted for to determine whether assurances are necessary.

Sites were evaluated in random order. However, similarities became apparent when 

sites were grouped according to land use: office complex, grocery, apartment, and 

subdivision. Although no individual site met all the requirements imposed by the NPPO, 

developers of subdivisions and office complexes were the most successful at following 

requirements o f the NPPO. On an individual basis, developers of Site 10 ranked highest 

in following the procedures imposed by the NPPO. In addition, these land uses and Sites 

2 and 10 were the best at preserving individual species identified in the plant inventory 

and were the closest in achieving the number o f plants required of each species. 

Furthermore, they were more effective at retaining the percentages of viable plants 

required to remain on-site; however, only five of the fifteen sites or 33% met this 

requirement. Results from this study suggests that 30 to 50% of mature viable vegetation 

is not being preserved. Ironically, developers o f Site 6 did not inventory a preserved 

riparian area on-site resulting in unnecessary mitigation for the developed portion of their 

site. As a result, the quantities of protected plants preserved and planted surpass the 

numbers required had the NPPO’s procedures been followed and the riparian area 

inventoried and credits applied. Therefore, Site 6 (Appendix C, Fig.. 7), is included with 

Sites 2 and 10 as this studies best examples o f preserving NPPO listed plants with the 

least effective being apartments and Sites 5, 14 and 15 (Appendix C, Fig.. 8).
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A site’s plant palette can be comprised o f native, nearly native or exotic plant 

material. The City recommends limiting the use o f exotic plants; however, developers of 

apartments and Sites 5 and 15 were noted as having a majority of their plants exotic 

whereas subdivisions and Sites 2 ,6 , 11 and 14 were noted as having a majority of plants 

native, or native and nearly native combined. Compared to sites developed 20 years ago, 

the NPPO may be limiting the number o f exotics used in post-construction landscapes as 

40% of this study’s sites had 50% or more o f their plant palettes consisting o f native 

plants. Even more impressive, 60% of the sites had 66% or more of their plant palettes 

comprised o f native and nearly native plants.

The evaluation of a site’s plant density when compared to control sites is misleading. 

For example, the density numbers o f control sites are much higher than the highest 

density noted at Site 7. This is partially due to the relatively high percent o f small woody 

shrubs at control sites and the use of larger shrub and overstory plants in created 

landscapes. The most predominant plant form in the Sonoran Desert Scrub plant 

community, at 80%, is the shrub. Large plants used in created landscapes can partially be 

attributed to landscape architects attempting to combat the desert’s harsh climatic 

conditions through design, therefore, leaving little space for additional plants. This offers 

a possible explanation for the lower density numbers. Only three sites had densities 

greater than 1000 plants per acre, representing 16 to 23% of the lowest naturally 

occurring density recorded at Desert Station. In addition, subdivisions and Site 14’s 

densities were very low when compared to control sites. One leading contributor towards 

low-density counts was the presence o f on-site retention basins in subdivisions. A
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majority o f the retention basins observed were scarcely planted or completely absent of 

vegetation.

Ironically, the site that faired the poorest regarding preservation o f NPPO listed plants 

and following procedures, and second to last with the most exotic plants, is the most 

similar in terms o f plant forms when compared to control sites.

Based on an averaging o f rankings from density, richness and plant form (Table 7), I 

determined that Sites 5,12 and 14 were the least effective in successfully creating a 

landscape with integrity similar to the Sonoran Desert Scrub (Appendix C, Fig.. 6). 

Observations made in the field, data collected from the City and an averaging of density, 

richness and plant form rankings indicated that Site 6 followed by Sites 7 and 15 were the 

best examples of how to create a landscape with integrity similar to the Sonoran Desert 

Scrub (Appendix C, Fig.. 5).

Survey Results

The literature review process uncovered two important facts regarding the NPPO. 

First, outcry from the community about development’s destruction o f native vegetation 

prompting the City to form a committee investigating the possibility o f implementing an 

ordinance protecting the environment. Second, producing an ordinance preserving native 

plants and the landscape integrity o f the Sonoran Desert Scrub plant community was the 

goal of the committee. The 25 completed surveys addressed whether the City appointed 

committee achieved their goals.
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Question 1 o f the survey overwhelmingly confirms these facts with a majority o f 

users believing the NPPO’s intent is to preserve NPPO listed plants and the landscape 

integrity of the Sonoran Desert Scrub while ensuring the environment will be protected 

from development’s mass grading o f vegetation (Table 8).

To make certain respondents were qualified to complete the survey, Question 2 

eliminated users from the study group that had no previous experience in conducting 

plant inventories. Question 3 proves the PIM is not only used at the City’s urban edges 

but in areas known for urban infill (Table 8). For Example, 54% o f the respondents said 

they had performed the PIM within the developed northwest section o f Tucson’s city 

limits

Prior to evaluating users’ opinions on the NPPO’s effectiveness, the users’ perception 

o f their knowledge regarding procedures was questioned. An overwhelming majority of 

users indicated in Questions 4 and 5 that their knowledge in understanding the contents of 

the NPPO and ability in following its procedures was more than adequate. However, in 

Question 8, 58% of surveyed NPPO users agreed that the PIM’s guidelines and 

procedures are not easily understood. When asked in Question 9 what is not clearly 

expressed, 50% mention the calculations imposed in determining mitigation requirements 

of viable species. Interestingly enough, 37% of Question 9’s responses, when analyzed, 

dealt with the users’ confusion in following procedures determining a plant’s viability.

Overall, the users believe they have an adequate understanding o f the NPPO and its 

procedures. In addition, a majority of users believe the NPPO preserves Tucson’s native
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Table 8. Plant Inventory Method User Survey

Question Response %

1. What do you believe to be the intent of the NPPO? (n=25)

A. Preserve native plants 8
B. Preserve the aesthetic appeal of the desert scrub plant community 0
C. Satisfy the needs of citizens that plants will be protected from

Development’s mass grading 0
D. All the above 64
E. Integrates the built and natural environments 4
F. Slow down growth 0
G. A and B 8
H. A andC  4
I. A andE  4
J. A, B and E 4
K. A, C, E and F 4

2. Have you ever conducted a plant inventory using the NPPO, 
within Tucson’s city limits? (n=25)

Yes 96
No 4

3. Using Broadway and Campbell as the dividing lines, please mark 
the area(s) within Tucson’s City limits, which you have performed 
a plant inventory. (n=24)

Northeast Tucson 79
Northwest Tucson 54
Southeast Tucson 75
Southwest Tucson 58

4. How would you rate your knowledge of the NPPO? (n=24)

No knowledge 0
Less than adequate 0
Adequate 17
More than adequate 62
Expert 21

(continued on next page)
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Table 8. Plant Inventory Method User Survey (continued)

Question Response %

5. H ow would you rate your ability to accurately determine the 
viability of a plant in regard to disease and overall health? (n= 24)

N o knowledge 0
Less than adequate 0
Adequate 21
More than adequate 75
Expert 4

6. Do you believe that the NPPO preserves Tucson’s native plants? (n=24)

Yes 64
N o 36

7. H ave you seen post-NPPO landscapes that appear similar to the 
desert scrub Arizona uplands plant community? (n=21)

Yes 48
N o , 52

8. A re the guidelines and procedures set forth by the NPPO ’s 
methods of plant inventorying easy to understand? (n=24)

Yes 42
N o 58

9. I f  you answered ‘N o’ to question 8, what is not clearly 
expressed by the NPPO? (n=14)

A. lire  size requirements involved in determining a plant’s viability 7
B. Evaluating health in determining a plant’s viability 29
C. The calculations imposed in determining the mitigation requirements

o f  viable species 50
D. Other 14

(continued on next page)
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Table 8. Plant Inventory Method User Survey (continued)

Question Response %

10. To what extent do you think the developer implements the results 
of completed inventory and salvage plans including mitigation? (n=24)

Not at all 0
1 to 25% 21
26 to 50% . 8
51 to 75 % 21
76 to 100% 46
N o idea 4

11. Have you ever completed a salvage plan and a landscape plan for 
the same project? (n=24)
Yes 75
N o 25

12. I f  ‘Y es’ was marked for question 11, did you conduct a 
post-assessment or post-construction follow-up to monitor 
the plants installed in the plans above? (n=18)
Yes 67
No 33

13. I f  you answered ‘Y es’ to question 12, were all the plants on the 
approved salvage plan accounted for? (n=12)

Yes 42
No 58

14. W hat do you think is the weakest component of the 
Plant Inventory M ethod? (n=24)

a. Lack o f  enforcement 44
b. Too many species required to be inventoried 4
c. Process is too time-consuming 8
d. Lack o f  knowledge on the part o f  individual making assessment o f  plant’s

Viability 4
e. Inability to complement the built environment with the natural environment 20
f. Too stringent on developer in satisfying the ordinance’s requirements and

planned development 12
g. Too many native plants are required limiting the number o f  additional plants

that can be used 4
h. Too much emphasis on salvaging, too expensive and long-term

survival unkown 4

(continued on next page)
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Table 8. Plant Inventory Method User Survey (continued)

Question Response %

15. What do you think is the strongest component of the 
Plant Inventory Method? (n=24)

A. Provides an incentive for the developer to preserve native plants
in-place by allocating credits for the preservation of vegetation. 33

B. Integrates the built and natural environments 11
C. Saves and promotes the planting of native plants 37
D. Less likely to incorporate exotic plants in landscape
E. Reduces landscape water use
F. The most flexible method

16. What aspect of the ordinance would you change to make the 
Plant Inventory Method of the NPPO more effective? (n=24)

a. Increase the number of understory species preserved by the NPPO 4
b. Increase enforcement 27
c. Reduce the number of species preserved 4
d. Provide a list of vendors, to developers that have been pre-approved

by the City to perform plant inventories 0
e. Eliminate the NPPO concept and plant available areas, post-

construction, with similar species existing prior to development 4
f. Change method to preservation of all viable plants whether 

preserved-in-place or transplanted on-site, and if destroyed, replaced
with nursery stock at a 1:1 ratio 23

g. Other 38

U
i 

00
 

00
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plants but are divided on whether or not created landscapes preserve the landscape 

integrity o f the Sonoran Desert Scrub. Question 10 alludes to be one reason for this 

disagreement. Fifty percent o f the users believe developers plant less than 75% o f the 

native plants required by completed plant inventory and salvage plans (Table 8). Indeed, 

67% of users responsible for salvage and landscape plans conduct post-assessments of 

plants planted. Fifty-eight percent o f these users could not account for all the plants 

required by the salvage plan. Question 12’s identification of users monitoring projects 

indicates that 50% of the responses in Question 10 were based on the users’ personal 

observations.

Identification of the weakest and strongest aspects of the PIM were addressed in 

Questions 14 and 15. Lack o f enforcement appears to be the weakest component, 

followed by the method’s inability to integrate the built and natural environments. The 

later could be the result o f numerous factors, such as, lack of enforcement, inability in 

satisfying developer’s and ordinance’s requirements, and lack of thorough site analysis 

by developer prior to design phase. Seventy percent o f those surveyed believe the 

strongest aspects of the PIM is the incentive given to developers for preserving native 

plants in-place and the method’s ability to save and promote the planting o f native plants.

Question 16 provided the user an opportunity to indicate how the NPPO could be 

changed to increase effectiveness. Increasing enforcement, changing the ordinance to 

solely preserving all viable NPPO listed plants, and whether a viable NPPO listed plant 

should be destroyed and replaced with nursery stock at a 1:1 ratio were the choices most 

frequently chosen (Table 8). However, 38% chose the “other, please specify” option, in
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which 50% suggested the enactment o f mandatory preservation o f large plants, less 

emphasis on salvaging due to high expense of the technique and unknown survival rates, 

and the added provision of incentives preserving contiguous areas o f adequate size in

order to be viable habitat.
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CONCLUSIONS

Ordinances protecting vegetation are important but often difficult for users to 

understand. The majority o f ordinances appear to have two traits in common: 1) they are 

usually conceived in response to an increase in development and 2) the wording 

composing an ordinance’s procedures and guidelines is complex, lengthy and usually 

requires special knowledge for successful implementation.

Results from this study indicate that various requirements of the NPPO are not met. 

Some of these disappointments can possibly be attributed to misunderstanding the 

ordinance’s requirements. For instance, Hypothesis 1 predicted that the PIM ’s guidelines 

and procedures appear too complicated to produce effective results. A  majority of 

surveyed NPPO users note the guidelines and procedures are too difficult to understand. 

For example, determination o f plant’s viability and health, mitigation calculations, and 

specific wording and organization of ordinance’s text are unclear and confusing to the 

users. Although research indicates 60% of sites observed contained obvious procedural 

errors, such errors could just be mistakes rather than a result o f a user’s confusion. In 

addition, every site failed in meeting all requirements imposed by the NPPO. Therefore, 

based on surveyed NPPO users and research observations, I conclude that confusion 

resulting from complicated guidelines and procedures may possibly contribute to the 

unsuccessful implementation of the PEVL

Hypothesis 2 focused on the effectiveness of the PIM in preserving the landscape 

integrity o f the Sonoran Desert Scrub through density, richness and plant form. Survey
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results indicate users are divided in their beliefs that created landscapes appear similar to 

the integrity o f the Sonoran Desert Scrub plant community. For this study, the measuring 

o f post-construction landscape integrity when compared to control sites was based on 

density, richness of species and plant form. Only 40% o f the study sites had 50% or more 

o f their plant palette native plants and the three highest densities measured were 16 to 

23% of the control sites’ density count. Regarding plant forms, no sites were observed to 

have 80% o f their plants shrubs as depicted at control sites. As a result, the above 

findings do not support the PIM ’s ability of creating landscapes with integrity similar to 

the Sonoran Desert Scrub as predicted in Hypothesis 2.

Surveyed NPPO users believe ordinance’s procedures, if followed and correctly 

implemented, preserve Tucson’s native plants. However, only 46% of surveyed NPPO 

users believe developers implement 75 to 100% of the plants required by the PDVL Since 

no scientific Fig.ures exist specifying quantity o f plants needing to remain to successfully 

preserve a species, I used numbers calculated by the PIM that were based on Fig.ures 

proposed to be salvaged by developers as the Fig.ures gauging how successful sites were 

at preserving native plants. Research observations reveal that most developers preserve 

plants of specified species prior to development, but not to the number calculated and 

required by the PIM. Only Site 2 preserved 100% or more o f each species required to be 

on-site. Furthermore, results from site observations indicate that only five sites (33%) 

retained on-site the required 30 and 50 % of mature viable NPPO plants. Therefore,
J

Hypothesis 3 could not be supported.

This study’s observed plant densities do not support Hypothesis 4, suggesting created
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landscapes having higher density numbers than control sites. However, surveyed NPPO 

users note that when above average densities are encountered at sites to be cleared of 

vegetation, mitigation calculations produce unrealistically high densities related to 

available planting areas.

Despite efforts from the development and design community and City staff involved 

in implementing and enforcing the NPPO, results from site evaluations and surveys do 

not support the current PDVt for successful preservation of NPPO listed plants or 

landscape integrity o f the Sonoran Desert Scrub.

Recommendations

This study recommends two alternatives regarding increased efficiency o f the PDML 

The first alternative entails the enforcement of the original ordinance ensuring every 

development’s successful NPPO approval. Using the City of Scottsdale as a model, the 

City should appropriate enough funds to hire a minimum of six inspectors and one 

reviewer. Increased costs can partially be offset through cross training of inspectors. 

Costs for additional inspectors can be shared between departments, and their 

responsibilities would include NPPO inspections, in addition to inspections o f other city 

zoning requirements, such as grading, drainage and landscape. Since the ordinance was 

developed in response to public outcry, the remaining necessary expense should be 

justifiable to the public.

The timing and process of NPPO submittals for approval needs to be changed. 

Several surveyed NPPO users stated that NPPO plans are rarely re-evaluated when site
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changes occur after an NPPO approval. Site changes could be the reason for differences 

between quantity o f plants observed and quantity of plants noted in the NPPO plan. One 

solution is submitting an initial plant inventory as the first submittal with the tentative 

plat. The City would then enforce the NPPO’s first inspection at this time. The final 

version o f the NPPO plan, including salvage plan, would be submitted with the final 

development plan or improvement plan ensuring changes in drainage ways, grading, or 

moved lots, do not effect the submitted NPPO plan. The NPPO’s second inspection 

would be performed verifying plants tagged for preserved in-place and transplanting and 

accuracy o f mitigation calculations. Should additional site changes take place. City 

engineers must be directed to address what effects the changes have on the NPPO plan in 

order for post-construction landscapes to match approved NPPO plans.

NPPO user surveys and noted results from site evaluations also indicated that 

processes involved in rating a plant’s viability are confusing and may possibly contribute 

to the making o f mistakes. Numerous mistakes and problems can be avoided with the 

City’s appointment o f approved vendors from which developers may choose to perform 

plant inventories. Approved vendors will be educated in plant identification, health and 

salvaging issues. Defining viability must be clarified. For example, a landscape architect 

may deem a plant with a good form viable, whereas that same plant may not be deemed 

viable by a biologist due to a predicted short-term survival rate if salvaged. Rating a 

plant’s viability will be based on agreed upon standards that are followed by all approved 

vendors.

The success o f inspections and monitoring rely on enforcement, staff and record
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keeping. Guidelines for record keeping must be instituted. Without them, data would not 

be available for reference purposes as experienced by this study. NPPO projects must be 

entered into a database to help facilitate completion o f inspections and monitoring. In 

addition to the first two inspections, a third inspection should be performed for a 

certificate-of-occupancy verifying that the created landscape corresponds to the approved 

NPPO plan. A fourth and final inspection should be instituted, replacing the current 

section o f the ordinance addressing monitoring. This final inspection should take place 

one year from the third inspection with results made available for future 

recommendations regarding necessity of assurances, adjustments to mitigation 

requirements, and suggestions for successful salvaging. These initial recommendations 

only ensure the successful implementation of the PIM and do not guarantee that the 

ordinance’s intent will be achieved.

Future Recommended Research

This study indicated that the PIM does not successfully preserve native plants or the 

landscape integrity of the Sonoran Desert Scrub. A surveyed NPPO user stated, “There is 

a huge difference in intent and practice with the NPPO.” Future research can help 

eliminate this difference by concentrating its efforts on creating the next generation of 

methods preserving the Sonoran Desert Scrub. Research should focus on: 1) how to make 

created landscapes appear more similar to the integrity of the Sonoran Desert Scrub, 2) 

transplanting and salvaging versus native grown container plants, 3) improving incentives 

for developers to preserve in-place and preserve undisturbed contiguous area, and 4) what
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to do in areas with high species concentration.

The following examples demonstrate why continued research is imperative. Most 

NPPO users surveyed agree that created landscapes are not similar to the Sonoran Desert 

Scrub plant community. The most effective way to create landscapes similar to the 

Sonoran Desert Scrub is the preservation of contiguous undisturbed areas. However, 

current development practices entail clearing o f entire sites. Sites cleared o f vegetation 

are usually covered in decomposed granite with trees sparsely planted. The town of Oro 

Valley appears to create landscapes similar to existing areas by requiring three to four 

shrubs planted with every tree in an attempt to recreate the biomass o f the previously 

existing landscape. Efforts, such as Oro Valley’s, and the exceptional development 

practices o f DC Ranch and Desert Mountain in the Phoenix area should be studied to 

determine solutions relating to the creation of landscapes similar in integrity to the 

Sonoran Desert Scrub.

Mitigation calculations result in additional plants being planted for plants that have 

been destroyed or may not survive transplanting. Many surveyed NPPO users believe that 

salvaging is too expensive and unsuccessful in the long-term and that container grown 

native plants should be used instead. Whether an individual native tree is preserved in- 

place or replaced with a container-grown tree of the same species is not as critical as the 

preservation o f the native tree and its associated understory plantings. However, research, 

involving monitoring o f sites, can provide answers regarding survival rates of 

transplanted species. In fact, the City of Scottsdale has recently implemented a fourth 

inspection to its NPO, monitoring transplants.
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Surveyed NPPO users and I agree that the most successful post-construction 

landscapes were sites preserving contiguous undisturbed natural areas. It is imperative 

that research focuses on developing better incentives that lure developers away from 

current practices of clearing entire sites of vegetation to the preservation o f undisturbed 

contiguous areas and native plants in-place. Site analysis, regarding vegetation, must be 

included in the developers design phase if  preservation of contiguous areas and individual 

species is to be successful. The current practice o f aerial photographs with overlays of 

pre-designed development plans given to outside parties for purposes o f performing plant 

inventories, as observed by myself, needs to change. Incentives enticing developers to 

include site analysis of vegetation in their design phase should be based on economics. 

Currently, it is cheaper to clear a site o f its vegetation than preserve contiguous areas or 

plants in-place. Successful incentives will hopefully reverse this type o f thinking.

Finally, due to the availability o f sites studied, !  was unable to evaluate sites 

containing NPPO listed plants with high densities. For example, there are sites with high 

densities of saguaro and ironwood that were not studied. Surveyed NPPO users of the 

PIM claim that quantities required of an individual species after mitigation are unrealistic 

and promote overcrowding and unnatural landscapes. Sites with such high resource 

values, in terms of vegetation, must be addressed to determine the most appropriate 

means of integrating the built and natural environments. However, when the City and 

County governments pass the Sonoran Desert Conservation Plan, many of these sites may 

not have to be addressed as they will require lower building densities or be restricted 

from development altogether.



106

APPENDIX A



Observation W orksheet

Project Name- Sample

G e n u s/sp ec ie s

P ro p o sed
Nppo-PIP

P reserved-in -
p lace

P roposed
Nppo-TOS

T ransp lan t-on-
Site

P ro p o sed
Nippon-MIT

M itigated
P lan ts

Actual 
No. 

o f PIP

Actual
No.

ofT O S
A ctual No. 

o f Mit+ Dead

No. of 
Nearly 
Native

No. of 
exo tics

ACSM

ALSA

FIPU

LACA

LAMO

LITE

MAUN

PAAC

PR hybrid

PRVE

SA GR

Totals

Notes:

end com m en ts



INVENTORY WORKSHEET
14-Feb-01

Project Name- SAMPLE
T=1

Pro Pro Pro Sh=2 Nat=5 G rand % of
G en u s /sp e c ie s nppo nppo n p p o Act Act Act NPPO #  of C/A=3 Exot=6 D ensity to tal P ro p o sed required

PIP TOS MIT PIP TOS Mit+ RESULTS Dead # o f  NN Exot Gr/V=4 NN=7 to ta ls d ead by Ord. on site

Ac sm 0 0 0 1 5 24 33

C efl 6 0 12 0 0 0 i 5 18 18

C e mi 0 2 2 0 0 0 0/-2/-2 0 0 0 1 5 0 0 4 0

Ce p a 0 0 2 0 0 1 0/0/-1 1 0 0 2 5 1 1 2 50

Ch li 0 0 0 1 5 18 18

Da wh 0 0 0 3 5 58 58

La tr 1 0 0 2 5 3 3

Le sp e c ie s 0 69 0 2 7 69 69

Pr hybrid 0 0 26 1 6 26 26

Pr ve 0 3 11 0 6 0 0/+3/-11 0 0 0 1 5 5 6 14 43

Ve sp . 0 0 10 4 6 10 10
:

T o t a l s 69 36 232 242

N o t e s : ■ i
CEFL not identified in nppo , som e may be from s tree t easem ent.
Looks to be  that they replanted CEFL instead of CEMl or they m islabled on the  nppo
stree t buffer not included due to future curb '

I
Density areas: R etentions a rea  35000, street buffer 24600, Total: 59,600 sqft



NATIVE PLANT PRESERVATION ORDINANCE 
NPPO User Survey

(16 questions)
Researcher: Troy L Goodwin -  University of Arizona 

School of Landscape Architecture

This survey was designed to help the City of Tucson evaluate the effectiveness of the NPPO.
Your responses to the following questions will help city officials create a better ordinance for the future. 

Please e-mail completed survey to goodwintrov@jnsn.com thank you!

Please indicate answers by placing your cursor in the (space) provided and typing ‘X ’

1. What do you believe to be the intent of the NPPO?

(____ ) Preserve native plants
(_) Preserve the aesthetic appeal o f the desert scrub plant community
(____ ) Satisfy the needs of citizens, that plants will be protected from development’s

mass grading 
(____ ) All the above
(____ ) Integrates the built and natural environments
(____ ) Slow down growth

2. Have you ever conducted a plant inventory using the NPPO, within Tucson’s 
city limits?

Yes No(___)

I f  you answered ‘NO’ to the above question, you may stop here. Thank you for your time!

3. Using Broadway and Campbell as the dividing lines, please mark the area(s) 
within Tucson’s city limits, which you have performed a plant inventory

(____ ) Northeast Tucson
(___________ ) Northwest Tucson
(____ ) Southeast Tucson
( ) Southwest Tucson

mailto:goodwintrov@jnsn.com


4. How would you rate your knowledge of the NPPO?

1(__ ) 2(___) 3(___) 4(___ ) 5(___ )
None adequate expert

5. How would you ra te  your ability to accurately determ ine the viability of a 
p lan t in regard  to disease and  overall health?

1(__ ) 2(___) 3(__) 4(___ ) 5(___ )
None adequate expert

6. Do you believe th a t the NPPO preserves Tucson’s native plants?

Yes(___) No(___ )

7. Have you seen post-NPPO landscapes th a t appear sim ilar to the desert scrub 
A rizona uplands p lant community?

Yes(___) No(____)

8. A re the guidelines and procedures set forth  by the N PPO ’s methods of plant 
inventorying easy to understand?

Yes(___) NoG___ )

9. I f  you answered ‘No’ to question 8, w hat is not clearly expressed by the 
NPPO?

(___) The size requirements involved in determining a plant’s viability
(___) Evaluating health in determining a plant’s viability
(___) The calculations imposed in determining the mitigation requirements

o f viable species 
(___) Other- (please specify)

10. To what extent do you think the developer implements the results of 
completed inventory and salvage plans including mitigation?

(___ ) Not at all
(___) 1-25%
(___) 26-50%
(___) 51-75%
(___________) 76-100%



11. Have you ever completed a salvage plan and a landscape plan for the same 
project?

Yes(___) No(___)

I f  ‘Yes’ was marked for question 11, please answer questions 12 and 13. I f  ‘No’, please slap to question 
14

12. Did you conduct a post assessment or post construction follow-up to monitor 
the plants installed in the plans above?

Yes(__ ) No(___ )

13. If you answered yes to question 12, were all the plants on the approved 
salvage plan accounted for?

Yes(__ ) No( )

Note: For questions 14-16, should you  m ark m ore than one answer, p lease rank  
your responses with “1 ” being the m ost im portant

14. What do you think is the weakest component of the Plant Inventory Method?

(___} Lack of enforcement
(___) Too many species required to be inventoried
(___) Process is too time-consuming
(___) Lack of knowledge on the part o f the individual making assessment o f a

plant’s viability
(___) Inability to complement the built environment with the natural environment
(___) Too stringent on the developer in satisfying both the ordinance’s

requirements and planned development
(___) Too many native plants are required limiting the number o f additional

plants that can be used

15. What do you think is the strongest component of the Plant Inventory 
Method?

(___) Provides an incentive for the developer to preserve native plants in place by
allocating credits for the preservation of vegetation.

(___) Integrates the built and natural environments
(___) Saves and promotes the planting o f native plants.
(___) Less likely to incorporate exotic plants in landscape
(___) Reduces landscape water use



16. What aspect of the ordinance would you change to make the Plant Inventory 
Method of the NPPO more effective?

(__ ) Increase the number o f understory species preserved by the NPPO
(___) Increase enforcement
(___) Reduce the number of species preserved
(___) Provide a list o f vendors, to developers, which have been pre-approved by the

City to perform plant inventories.
(___) Eliminate the NPPO concept and plant available areas, post construction, with

similar species existing prior to development
(___) Change method to preservation o f all viable plants whether preserved-in-place

or transplanted on-site, and if destroyed, replaced with nursery stock at a 1:1 
ratio.

(___) Other- (please specify)

Additional Comments Section

Thank you fo r  you r lime!
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Species list and plant type with abbreviations for density data collected at S.A.A.S.I 
and Desert Station.

Species Species
Abbreviation Genus and Species Abbreviation Genus and Species

ABPA s Abutilon palmeri LATR s Larrea tridentata
ACCO s Acacia constricta LYBE s Lycium berlandieri
ACGR t Acacia greggii MASP c Mammilaria species
ACWR s Acourtiawrightii MOMI s Moms microphylla

ALWR s Aloysia wrightii OESP g Oenothera species
AMDE s Ambrosia deltoidea OLTE t Olneya tesota

ANTE s Anisicanthus thurberi OPAR c Opuntia arbuscula

BAAB s Bahia absinthifolia OPBI c Opuntia biglovii

B.B. g Bull’s Balls(?) OPFU c Opuntia fulgida

CAER s Calliandra eriophylla OPLE c Opuntia leptocaulis

CAGI c Carnegiea gigantean OPPH c Opuntia phaeocantha

CEMI t Cercidium microphyllum OPVE c Opuntia versicolor

CEPA s Celtis pallida PEPA s Penstemon parryi

DIPU g Dichelostemma pulchellum POOR s Porophyllum gracile

ECSP c Echinocerus species POMA s Polygala macradenia

ENFA s . Encelia farinose PRVE t Prosopis velutina

FEWI c Ferrocactus wislizenii PSCO s Psilostrophe cooperi

FOSP c Fouquieria splendens SICH s Simmondsia chinensis

HIDE s Hibiscus denudatus SIFI s Sida fllicaulis

JACU s Jatropha cuneata SPAM S  ' Sphaeraclea ambigua

JAGR g . Janusia gracilis TICA s Tiquilia canescens

KRGR s Kramerid grayi TRCA s frixis californica

KRPA s Krameria parvifolia ZIAC s . Zinnea acerosa

KRSP s Krameria species

Note: Consonant following species abbreviation indicates plant type,
( t ' tree, s= shrub, c = cacti/accent, g = groundcover/vine)



Tree species list and common name with plant origin for created landscape’s plant
palettes.

Species
Abbreviation Origin

Common
Name

Species
Abbreviation Origin

Common
Name

ACAB X abyssinian acacia PRVE N velvet mesquite
ACGR N catclaw acacia QUBU X red rock oak
ACSA X willow acacia QUVT X heritage live oak
ACSM N sweet acacia RHLA X African sumac
ACST X shoestring acacia SAGO N goodding willow
ACWI NN palo bianco SAME N desert elderberry
ARRO X queen palm SASA N western soapberry
BOCO X orchid tree SCMO X California pepper
BRAR X Mexican blue palms SOSE NN texas mountain laurel
BRPO X bottle tree TAAP X Salt cedar
CEFL N blue palo verde TRFO X windmill palm
CEMI N foothills palo verde ULPA X Chinese elm
CEPR NN palo brea UGSP NN mexican buckeye
CERE N net leaf hackberry WARO X Mexican fan palm
CESO N des. museum palo verde
CHLI N  ' desert -willow
EUMI X tiny capsule eucalyptus
EUPO X silver dollar gum
EUSP X swamp mallee
EUsp. X eucalyptus species
FRVErio NN fan-tex ash
FRVE N arizona ash
GEPA X Australian willow
JXJMA N arizona black walnut
LAIN X crape myrtle
LERE NN golden lead ball tree
LYMI N feather bush
NEOL X oleander
OLEU X olive tree, swan hill
OLTE N ironwood
PAAC N Mexican palo verde
PHDA X date palm
PICK X Chinese pistache
PIME NN Mexican ebony
PEFL NN Texas ebony
PLRA N Arizona sycamore
POFR N Fremont cottonwood
PRAL X argentine mesquite
PRCH X Chilean mesquite
PRGL N honey mesquite
PRPU N screwbean mesquite



Shrubs species list and common name with plant origin for created landscape’s
plant palettes.
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Species
Abbreviation Origin

Common
Name

Species
Abbreviation Origin

Common
Name

ACCO n -whitethorn acacia LESP nn texas ranger species
ACRE X spreading acacia LITE X waxy leaf privet
ANTE n desert honeysuckle LYFR n Fremont thombush
AQCH n columbine LYSP. n lycium species
BOMI X Japanese boxwood MYCO X twisted myrtle
BOSP. X bougainvillea MYCOC X compact myrtle
CAAR X feathery cassia NADO X dwarf heavenly bamboo
CACA nn baja fairy duster Ne ol X petite pink oleander
CAER n pink fairy duster PITO X pittosporum
CAGI nn desert bird of prdse. PITOV X variegated pittosporum
CAME nn mexican bird of prdse. PLAU X plumbago
CANE X desert cassia RAIN X indian hawthorn
CAPE X silver leaf cassia RUBR nn katie raellia
CAPU X red bird of paradise RUPE nn baja raellia
CEPA n desert hackberry SACL nn chaparral sage
CHHU X Mediter. fan palm SAGR nn autumn sage
COGL n baby bonnets SAGRS nn ‘sierra linda’ red sage
COPA nn little leaf cordia SALE nn mexican bush sage
COWA n kearney condalia SEWI n shrubby senna
DAFR nn black dalea SICI n jojoba
DABI nn Monterey blue dalea TECA X cape honeysuckle
DAPU n bush dalea TEST n yellow bells
DAVE n mountain dalea TEST! n orange bells
DOVI ‘pur’ n purple hop bush VACA n arizona rosewood
DOVI n hopseed bush Z4CA n hummingbird trumpet
ELEB X silverberry ZIOB n greythom
ENFA n brittle bush
EPTR n mormon tea
EUJA X evergreen euonymus
EUSP. ? Eupatoria species
FESE x  ‘ pineapple guava
GUCO nn guayacan
m c o n hibiscus coulteri
EYMO n burrobrush
JACA n Limber bush
JUCAL n chuperosa
JUCAN n redjusticia
JUSP. nn Mexican honeysuckle
LATR n creosote bush
LELA nn chihuahuan sage
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Cacti and Succulents species list and common name with plant origin for created
landscape’s plant palettes.

Species Common Species Common
Abbreviation Origin Name Abbreviation Origin Name

AGAM nn century plant YUEL n soaptree yucca
AGAMM nn margin century plant YUPI x yucca piccattoe
AGDE n desert agave YUGL x Spanish dagger
AGMU n muiphey’s agave YURE x pendulous yucca
AGFA n palmer’s agave
AGPAR n parry’s agave
AGSP. nn agave species
AGSC n shindagger
AGYI nn octopus agave
AGWE nn smooth-edged agave
ASDE X asparagus fern
ASLI n pineleaf milkweed
ASSU n desert milkweed
CAGIC n crested or fan-top saguaro
CAGI n saguaro
CESP. nn cereus species
CEHI nn hildemann’s cereus
COSC n pima pineapple cactus
DAAC nn green sotol
DAWH n desert spoon
DIVE X fomight lily
ECER n needle-spined pineapple
ECGR nn golden barrel cactus
ECPE n rainbow hedgehog
FEAC n compass barrel
FEWI n fishhook barrel
FOSP n ocotillo
HEFU nn giant hesperaloe
HEPA nn red yucca
MUCA nn regal mist muhly
MURI n deer grass
NOMI n bear grass
OPAC n buckhom cholla
OPBI n teddy bear cholla
OPVI n purple prickly pear cactus
OPEN n englemannii prickly pear
OPSP. n Cholla and prickly pear species
PAMA nn Mexican organ pipe
PEGR n desert night-blooming cereus
PEMA nn slipper flower
YUAL nn Spanish bayonet
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Groundcover and Vines species list and common name with plant origin for created
landscape’s plant palettes.

Species
Abbreviation Origin

Common
Name

ALSA X african aloe
ALBA X aloe vera
ASDE X sprenger asparagus
BAMU n desert marigold
CAHA nn calylophus, yellow drop
CARA X common trumpet creeper
COON X bush morning glory
DACA nn green dalea
DAGR nn trailing dalea
DAWR n sacred datura
DYPE n dogweed
DYPEN n golden dyssodia
FIPU X creeping Fig.
GARI X trailing gazania
GARIL X sunrise yellow gazania
HESA n coral bells
HYAC nn angelita daisy
HYEM n desert lavender
LACA X gold mound lantana
LAMO X trailing lantana
LOJA X hall’s honeysuckle
MAMA X yellow orchid vine
MAUN . X catclaw vine
MELE n black foot daisy
MIMU n monkey flower
MYPA X myoporum
OEBe nn mexican primrose, pink
OECA n evening primrose, white
OEST nn chihuahuan primrose
PEIN X karoo
SACY n climbing milkweed
TRAS X dwarf star jasmine
VEGO n gooding verbena
VESP. X non-native verbena species
VIMA X periwinkle
WETR X yellow dot

plants in italics are NPPO plants 
n=Nati.ve plants 
nn=Nearly native plants 
x=Exotic plants
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Fig. 1- S.A.S.I.
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Fig 3 -  Clearing of Sonoran Desert Scrub for 
Development

Fig 4 -  Nursery for Salvaged NPPO Listed Plants
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Fig 5 -  Landscape Integrity, Good Site Example

Fig 6 -  Landscape Integrity, Bad Site Example
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Fig 7 -  Landscape Preservation, Best Site Example

Fig 8 -  Landscape Preservation, Bad Site Example
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