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The Sonoran Desert is a unique biodiverse landscape of 
approximately 100,000 square miles in Southwestern United 
States. It is characterized by seasonal monsoon rains in both 
the summer and winter that sustain some 2,000 diff erent plant 
species, making it a comparatively lush desert.

“WHERE THE SHIMMERING SANDS OF THE DESERT BEAT

IN WAVES TO THE FOOT-HILLS’ RUGGED LINE,

AND CAT-CLAW AND CACTUS AND BROWN MESQUITE

ELBOWS THE CEDAR AND MOUNTAIN PINE...”

Sharlot M. Hall

Because of the Sonoran Desert’s geographic location and 
seasonal precipitation patterns, a variety of biomes can be found 
in the region, including tundra, coniferous forest, temperate 
deciduous forest, grassland, chaparral, desert, thornscrub, and 
tropical forest (Arizona-Sonora Desert Museum, 2017). Within 
these biomes are corridors of riparian communities, which 
are areas of watercourses that create unique habitats. In the 
Southwest, many of these riparian watercourses are currently 
ephemeral and only fl ow temporarily throughout the year. These 

xeroriparian habitats (dry riparian) are largely and increasingly 
ephemeral because of human disturbances. Watercourses that 
once were perennial, such as the Santa Cruz River, now fl ow 
primarily only during the monsoon rains.  

“BUT LISTEN, IT DID RUN, NOT JUST RUN OFF FROM 

RAINFALL OR TREATED SEWAGE WATER, BUT TRUE RIVER 

WATER. AND IT WAS AN AREA THAT SUPPORTED NATIVE 

VEGETATION AND CRITTERS, NOT TO MENTION HUMAN 

SETTLEMENTS ALL UP AND DOWN THE RIVER.” 

Petey Mesquitey

Riparian communities are critical components in the network 
of biomes and habitats in the Sonoran Desert. They provide 
corridors for the movements of plants and animals, and sustain 
unique species in the desert that require more water. These 
communities are also beautiful, lush landscapes that are often 
enjoyed by humans for their oasis-like qualities; trails, camping 
and picnicking spots, and scenic points-of-view are often found 
along watercourses.

The El Rio Preserve in Marana, Arizona is such a riparian 
community tucked along the banks of the Santa Cruz River. It 
is part of a chain of other regionally-signifi cant habitats, and 
presents opportunities for both habitat and human recreation. 
Many species of plants and animals have found refuge at El Rio, 
including invasive species. Its origins as a former borrow pit, 
however, make it a disturbed xeroriparian landscape that could 
benefi t from rehabilitation strategies. 

The following Master’s Report presents a process and design 
for El Rio. A majority of the work was done in collaboration 
with the Town of Marana. Public participation was a large 
component of the project, which informed many design 
decisions. A comprehensive literature and case review, and 
ongoing site assessments also contributed to the fi nal design 
and rehabilitation strategies. 

a b s t r a c t el rio ripAriAN reHABiliTATioN a b s t r a c t el rio ripAriAN reHABiliTATioN |a b s t r a c t|
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Sonoran Desert

Arizona

Marana

Tucson

I-10

I-1
9

Santa Cruz River

E L  R I O  PRESERVE

An aerial drone image of the southeastern pond at El Rio, and adjacent neighborhood. View is to the southeast.
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|  s iTe HisTorY |

c. 2100 BC  The prehistoric Native American Hohokam culture began settling along the  
 Santa Cruz River. Archeologists have discovered irrigation canals dating   
 back to 1250 BC a few miles south of El Rio. 

 
1775 AD  Juan Bautista de Anza, a New World Spanish explorer, leads an expedition   

 on the Santa Cruz River and camps for one night at Llano del Azotado, the   
 current site of El Rio.

 
1960s  A borrow pit is created by ADOT for the construction of Interstate 10.
 
2003   The Town of Marana purchases El Rio land from the Arizona Department of  

 Transportation.
 
2006  Flooding from Tropical Storm Emilia breaches the berm between the   

 borrow pit and the Santa Cruz River. The community starts to    
 notice interesting bird species at the site.

 
2008  Marana Rock Disc Golf Course offi  cially opens at El Rio, making the 18-hole   

 course the longest permanent course in Arizona.

2011   The Town of Marana implements a management plan and designates the   
 site as the El Rio Open Space Area. 

2012   A fl ood event breaches the berm in the northeast corner.

2014   Floodwaters from Hurricane Norbert widen the break in the berm that had  
 occurred in 2012, and the Santa Cruz River shifted its course into El Rio.      
          Even more birds sought habitat at the site.

2015   The Town of Marana designates the site as the El Rio Preserve under the   
 administration of Marana’s Parks and Recreation Department.

2016   A fl ood event breaches the restored berm.

  *site history provided by Town of Marana

i n t r o d u c t i o n| proJeCT siGNiFiCANCe |

The Town of Marana has recognized the importance of the El Rio 
Preserve as a rich riparian habitat and a community asset. As an 
ecological site, El Rio is part of a network of open space areas 
that are critical habitat links within the regional ecology; over 
200 species of birds have been observed at the site. As a riparian 
habitat along the Santa Cruz River, El Rio is unique in its ability 
to support diverse plant and animal species that thrive along 
watercourses. Riparian areas are increasingly threatened in the 
Sonoran Desert, making the case to protect and rehabilitate El 
Rio all the more crucial. 

As a community asset, the beautiful landforms and vegetation 
at El Rio aff ord opportunities for passive recreation, such as 
nature trails and bird blinds. Existing mounds and large trees 
can provide areas for nature viewing and shade. Additionally, 
the diversity of plant and animal species, and the process of 
riparian rehabilitation, are all stories that can be told through 
interpretation. The site then becomes a place where people can 
learn about local ecology, and a destination for school fi eld trips. 
The Loop Trail, a regional multi-use trail system administered by 
Pima County, is also being extended along the boundaries of El 
Rio, making the site an ideal stop along the route.

The site also provides a stormwater management function, as 
the adjacent neighborhoods drain directly into the basins at El 

Rio. The ability to imagine open space land for multiple purposes 
allows the Town of Marana to actually leverage the water 
resources from a storm and create a beautiful destination, rather 
than channelize the stormwater fl ow, as with most traditional 
methods. With a stronger design for onsite water catchment, as 
this report proposes, stormwater can become an asset rather 
than a burden. More strategic management of stormwater will 
also provide a strategy for slowing the growth of the invasive 
plant species onsite. 

Flooding from the Santa Cruz is perhaps the largest challenge for 
the future of El Rio. As a fi rst priority, the Town of Marana plans 
to rebuild a 25-year storm bank or berm between the site and 
the river. Once a berm is constructed, designs for nature trails, 
interpretation, and the other site elements proposed by this 
report can be considered and implemented.

Finally, the vision of enhancing El Rio to become a celebrated 
community asset requires a thorough public outreach campaign. 
During the course of this Master’s Report, a handful of 
meetings were held with neighbors, educators, stakeholders, 
naturalists, and Marana’s Town Council. An online survey was 
also administered, seeking the input of those who are impacted 
by El Rio. The ideas and concerns that evolved from the public 
outreach campaign helped to inform the design decisions.
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reseArCH iNTeNT

The redesign of a disturbed riparian habitat situated between the Santa Cruz River 
and residential neighborhoods that will enhance the ecosystem and create passive 
recreational opportunities and interpretation.

GoAl oNe

Create a permanent wetland that will support a healthy xeroriparian habitat.

» Design two permanent ponds that will be sustained by neighborhood runoff  and an alternative source
» Manage opportunistic species that are not supporting an ecological or programming function
» Allocate zones for hydroseeding to encourage the growth of native plant species

GoAl Two

Design passive recreational opportunities and an interpretive program.

» Design a series of pedestrian trails that feature areas of interest, including an ADA accessible loop trail
» Design a series of larger and smaller gathering areas
» Adequately connect to the Loop Trail
» Develop an interpretive program that educates visitors of all ages on the story of El Rio

GoAl THree

Develop a phasing plan that meets short-term and long-term requirements for the development of the site.

» Provide a design pre-stabilization of the berm between the site and the Santa Cruz River
» Provide a design post-stabilization of the berm between the site and the Santa Cruz River

01

02

03
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DesiGN proCess

The design process was an important component of the project, and helped achieve the goals 
and objectives through structured tasks and milestones. Components of the process were 
continually revisited and expanded upon during the duration of the project. 

preliminary conversations 
with Town of Marana

case 
reviews

literature 
reviews

review of
site history seasonal

site visits

site 
inventory

site 
analysis community and 

stakeholder 
meetings

presentation to
Town Council

community survey
and website

design 
specifi cation 
sheets

concept
development

phased 
masterplan 
design

interpretive
masterplan

graphics

s i T e  A s s e s s M e N Tr e s e A r C H p U B l i C  o U T r e A C H D e s i G N

p r o C e s s



l i terature rev iew [p20]

case rev iews [p34]

r e s e A r C H
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liTerATUre review sYNopsis

The subsequent literature review discusses four topics relevant to the opportunities and 
challenges for the El Rio Preserve, including I) stormwater management in open spaces; 
II) riparian habitat rehabilitation; III) interpretive master planning; and IV) management of 
recreation in natural spaces. A synopsis of each topic is provided here. 

sTorMwATer MANAGeMeNT iN opeN spACes

ripAriAN HABiTAT reHABiliTATioN

• Multi-purpose parks and open spaces for 
stormwater detention and recreation

• Neighborhood-level watershed analysis 
for better stormwater management

• Stormwater drainage that mimics natural 
drainage patterns to reduce water 
infrastructure requirements

An amphitheater doubles as a detention basin Redfern Park | Minto, Australia A river restored to natural drainage patterns Bishan Park, Singapore

• Emphasis on species diversity and 
landscape heterogeneity, as opposed to 
returning to preimpact levels

• Analysis of external factors such as 
development, agriculture, and watershed 
characteristics

• Analysis to determine potential net gain 
or net loss of vegetation for habitat with 
the removal of invasive species

Invasive species such as tamarisk 
should be evaluated for habitat 
potential before removal

Runoff from development can affect rehabilitation strategies 
by modifying runoff, discharge,w and sediment flow

RESEARCH

iNTerpreTive MAsTer plANNiNG

MANAGeMeNT oF reCreATioN iN NATUrAl spACes

• Learning, emotional and behavioral 
objectives of interpretation

• Site user groups: seekers, stumblers, 
shadowers, and shunners

• Format variety: signage, audio tours, 
guided tours, maps, brochures, 
pamphlets, smart phone apps

• Balance between designed landscape for 
human use and natural habitat for flora 
and fauna

• Placemaking in nature can increase 
stewardship of a site

• Identification of site vulnerabilities and 
access restrictions

Interpretation that is contextually appropriate Karratha, Australia

Boardwalks can be less invasive on a 
sensitive site Yosemite National Park, CA

Access restrictions help preserve natural areas
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sTorMwATer MANAGeMeNT iN opeN spACes

The recent surge of global media coverage and institutional 
involvement with water resources indicates an awareness of 
the current water challenges of our era (Nagourney, 2016). 
Water is arguably one of the most important natural resources 
to manage; it sustains life in both our natural and human 
ecosystems, and also has the power to destroy infrastructure 
and life. Specifically, stormwater is one component of water 
management that requires unique solutions to efficiently move 
water away from places where it is not desired. This is especially 
a focus in urban and suburban areas, where impervious surfaces 
prohibit the natural infiltration of stormwater, and require 
complex systems to safely move water through the built 
environment. 

In many cities, stormwater has traditionally been managed 
with an out-of-sight, out-of-mind philosophy; water is quickly 
moved through stormwater infrastructure and discharged at 
a distant location (Kirby, 2005). Recent trends in urbanization, 
coupled with stressors such as climate change and resource 
depletion, require more innovative approaches to stormwater 
management. Greater integration with land use planning 
presents opportunities for sustainable solutions that allow 
communities to re-envision stormwater as an asset rather than 
a burden (Stead, 2014). One specific aspect of land use planning 
that aids in the discussion of stormwater management is the 
design of parks and open spaces for both stormwater discharge 
and recreation (Miguez et al., 2014). The following literature 
review will present the arguments for why and how, at a land 
use policy level, the El Rio gravel pit in Marana, Arizona could 
be a successful wetland restoration project to help manage 
neighborhood runoff and provide recreational opportunities.

TRADITIONAL APPROACH OF STORMWATER MANAGEMENT

Water resources have traditionally been administered by 
centrally-managed institutions that are greatly influenced by 
economics. Often the objectives are to efficiently provide cheap 
services to the public, which results in large-scale infrastructure 
systems and technology designed to handle complex operations 
(Gober et al., 2013). In many places, stormwater is managed 
through traditional engineering solutions that efficiently move 
water out of the built environment (Kirby, 2005). Especially 
in areas prone to heavy rain events and flash flooding, the 
retention of water in low-lying areas and near infrastructure 
is seen as undesirable. According to Pinkham (1999), the old 
paradigm follows that “stormwater is a nuisance,” and that 

the goals are to “convey stormwater away from urban areas as 
rapidly as possible.”
 
The Dutch, for example, embraced their sophisticated systems 
of dikes and canals prior to the 1990’s, when disaster response 
and recovery still involved rebuilding and reinforcing dikes 
and dams (Stead, 2014). In California, 200 billion gallons of 
stormwater are funneled through sewers and drains every year, 
enough water to supply 1.4 million households. Specifically in 
Los Angeles, water is directed to the Los Angeles River and is 
drained into the San Pedro Bay (Nagourney, 2016). Stormwater 
systems are built to deliver near-term results, which usually 
mean “end-of-pipe solutions, primarily through storm drain 
enlargement, channelization and rectification, aiming at quickly 
discharging the excess stormwater far from the place to be 
protected” (Kirby, 2005).  These centralized systems that have 
the narrow focus of mitigating flood risk are being re-evaluate 
for their sustainability in a time of increased urbanization and 
climate change.   

REASONS TO CONSIDER ALTERNATIVE STORMWATER 
MANAGEMENT SOLUTIONS

Perhaps the greatest challenge to traditional stormwater 
management solutions are the current anthropogenic and 
environmental pressures faced around the world, notably 
urbanization, population growth, and climate change (Marlow 
et al., 2013). These dynamic challenges make it increasingly 
difficult to provide reliable water services, and can lead to a 
heightened vulnerability of water issues. Current stressors have 
also precipitated an increase in environmental awareness, in the 
context of both environmental and public health. People  now 
seek greener cities and healthier places that are designed and 
managed with a low impact on the environment (Mitchell, 2006). 

Stormwater management is a large component of this 
discussion being that impervious surface runoff and flooding 
are greatly altered by population growth and urbanization. 
But as community wellbeing and water security are evaluated, 
so is ecological health (Marlow et al., 2013). Can traditional 
water management practices manage stormwater in ways 
that maintain a healthy quality of life, while simultaneously 
protecting natural resources and preserving ecological 
functions? Such an analysis is challenging because of scale 
differences in water and land use planning, or as Bates (2011) 
refers to as the “governance gap.” Water management is often 
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dealt with at the state or regional level, which contrasts to the 
local level of land use planning. A more appropriate spatial 
scale for water management would be the river basin scale so 
that both functional and ecological considerations could be 
assessed for watersheds (Alahuhta et al., 2010). Traditional water 
management at the state or regional level however, is more 
confined to administrative boundaries that often do not align 
with environmental boundaries.

APPROACHES TOWARD SUSTAINABLE STORMWATER 
MANAGEMENT

Sustainable stormwater management benefits from local-
level analysis and planning that is specific to each locale: “The 
watershed should be considered as the reference for city 
planning, even if its territorial limits do not coincide with the 
administrative municipal limits” (Miguez et al., 2014). This 
means a thorough consideration of watersheds at various 
scales (regional to neighborhood), flood dynamics, vegetation 
mosaics, and rates of imperviousness, among other criteria 
(Miguez et al., 2014).  Ultimately, an urban drainage plan that 
compliments the urban masterplan can achieve an effective 
solution for stormwater management (Miguez et al., 2009). 
When urban drainage is evaluated in tandem with urban growth 
and development, there is the potential to design the landscape 
so that water follows natural drainage routes. 

The planned residential community of Rock Creek, outside of 
Denver, Colorado, implemented such a master drainage plan 
which sought to mimic the historic basin conditions of the 
area. The green spaces in Rock Creek that are used for natural 
drainage also function as parks and open spaces for recreation 
(Miguez et al., 2014). Urban drainage plans that leverage natural 
flow patterns are efficient because development can be better 
planned around areas that are more or less naturally impervious, 
thus reducing the need for complex stormwater infrastructure 
(Miguez et al., 2014). Essentially, the concept seeks to harness 
natural systems in the urban environment, acknowledging that 
there are economic and environmental benefits to working with 
landscape and its watershed characteristics.

Dedicating green spaces for the management of stormwater 
also presents opportunities for recreation and community 
engagement. Urban parks can be multi-purpose, and serve as 
both bioretention basins during rain events and public spaces 
during dry periods (Miguez et al., 2014). With the help of land 

use planning, water-wise landscapes can be preserved through 
policies that manage open spaces and setbacks, creating spaces 
for parks, trails, and habitat (Gober et al., 2013). Stormwater 
retention ponds at the West Davis Ponds in Davis, California 
have created unique habitat for local birds, which have in turned 
attracted bird watchers (Van der Ryn and Cowan, 1996). As 
landscape architect Robert L. Thayer, Jr. says, “by weaving 
the ecological structure and function of the [watershed] back 
into our neighborhoods, we are able not only to reinforce the 
community of humans, but also to rebuild the wider and truer 
community of all living creatures” (Thayer, 1994). 

APPLICATION TO EL RIO

The El Rio site in Marana sits in a low point between two 
residential subdivisions and the Santa Cruz River. It was a 
former borrow pit used in the 1960’s for construction, and is 
now a collection point for stormwater. During rain events, 
runoff flows from the neighborhoods into El Rio, temporarily 
retaining water and creating habitat (Core, 2015). The site 
presents a unique opportunity to leverage stormwater from the 
adjacent communities for the creation of a natural park. Such a 
solution would provide an alternative approach to traditional 
stormwater management, while simultaneously creating a 
space for recreation and community engagement.
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ripAriAN HABiTAT reHABiliTATioN

Riparian habitats are important ecosystems that provide 
vital services to both the natural and build environments. 
Their overall contribution to watershed health through the 
improvement of water quality, the recharge of groundwater, 
and the support of local flora and fauna are just some of the 
unique values of riparian areas (Groeneveld and Griepentrog, 
1985; McGlothlin et a1., 1988; Zauderer, 1987). In turn, watershed 
health greatly affects the welfare of riparian ecosystems because 
of the interrelationships of plant communities and water flows 
at both the watershed and local riparian area scales (DeBano and 
Schmidt, 1989). 

Like many places around the world, the Southwestern United 
States is a region that is experiencing critical degradation of 
riparian habitats (DeBano and Schmidt, 1989). Water scarcity, 
population growth, and climate change are all contributors to 
increasing poor watershed health. More specifically, riparian 
habitat loss can be characterized by changes in vegetation 
communities, alterations in hydrology, and conversions of land 
use to agriculture and development (Stromberg, 2001). The 
Santa Cruz River, in southern Arizona and northern Mexico, has 
largely become ephemeral because of groundwater pumping, 
which has altered the riparian habitats along its stretches 
(Stromberg, 2001).

Efforts must be made to protect and enhance riparian habitats 
in order to maintain their valuable eco-services. Riparian 
eco-services create habitat for local species, help improve 
water quality, mitigate flood risk, and even create recreational 
opportunities and green spaces in urban areas (Hughes and 
Rood, 2003; Bernhardt et al., 2005; Galatowitsch and Richardson, 
2005; Parkyn et al., 2005; Watanabe et al., 2005). The following 
literature review 1) makes a case for riparian rehabilitation versus 
restoration; 2) discusses the importance of external factors in 
riparian rehabilitation; 3) examines the traditional approach 
of invasive species removal; and 4) concludes with a general 
methodology toward achieving riparian rehabilitation.        

RIPARIAN REHABILITATION

The terms “restoration” and “rehabilitation” are often used 
interchangeably when discussing the strategies towards 
degraded riparian habitats. However, these terms can have 
different objectives that become critical to discern when setting 
overall goals of riparian projects. A general definition of such 
strategies by Platts and Rinne (1985) is “returning the riparian/

stream habitat to a more productive condition by natural 
or artificial means.” This definition is more conducive to the 
strategy of rehabilitation, which is a strategy that improves upon 
species diversity and landscape heterogeneity (Stromberg et 
al., 2007). This differs from restoration which tries to achieve an 
ecosystem identical to preimpact levels.

There are several arguments for why rehabilitation is a 
more realistic strategy for riparian projects than restoration, 
especially for landscape architects. For one, projects range in 
scope and scale; some are more focused on the hydrological 
and geomorphological processes associated with an 
unhealthy ecosystem (Ward et al., 2001), and others focus 
on the vegetative and biotic components (Stromberg et al., 
2007). A holistic approach would focus on all aspects of the 
system, which is more conducive to proper restoration, but is 
conceptually difficult to do. Another reason why rehabilitation 
is more feasible, especially in the arid Southwest, is because of 
the variability in climate, both during the year (with fluctuations 
between monsoon seasons and dry periods), and also on a 
larger temporal scale as a result of climate change. This makes it 
difficult to restore a landscape back to a certain historical norm, 
because the climate was different in the past, and choosing that 
certain time period is often an arbitrary process (Richter et al., 
1997).

For the purpose of a landscape architecture project in a 
riparian habitat, rehabilitation is the approach that should be 
use when defining goals and objectives. The more ambitious 
goals of restoration often fall short of project desires (Hey and 
Phillipi, 1999), either because of a lack of scientific information, 
an inability to implement changes, or a disconnect between 
the strategy and the underlying problems that have caused 
ecosystem degradation (Briggs,1996; Briggs et al., 1994; Hobbs & 
Norton, 1996; Alpert et al., 1999).

EXTERNAL FACTORS

Successful riparian rehabilitation projects consider the external 
environment and processes that are interrelated with a riparian 
habitat, including surrounding land uses, climate, and the 
dynamics of the larger watershed (Sogge et al., 2008). Regional 
land uses within the catchment, such as development and 
agriculture, modify riparian ecosystems by increasing runoff, 
discharge, and sediment flow (DeBano and Schmidt, 1989). 
Urbanization arguably has the largest effect on adjacent riparian 
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areas by increasing the area of impervious surfaces, which 
increases surface runoff and can cause excessive erosion. 
However, there have been cases where the increase of 
stormwater runoff from urban areas actually doubled riparian 
vegetation in corridors (White and Greer, 2006). Therefore, 
each rehabilitation situation should be assessed for its own 
characteristics.

Climate is also an important factor to consider, especially in 
the southwest where the monsoons create two distinct rainy 
seasons in the summer and winter. Monsoon floods in riparian 
areas can help with the process of succession by stimulating 
germination and creating physical heterogeneity in the 
landscape that form microclimates for growth, and aid in the 
establishment of pioneer species (Scott, Friedman and Auble, 
1996; Stromberg et al., 2007). Leveraging the opportunities of 
local climate, and being aware of its challenges and potentials, 
are key in riparian rehabilitation.

Knowledge of the watershed and watercourses related to a 
specific riparian area will also inform strategies of rehabilitation. 
If the site is along an ephemeral watercourse and has deep 
groundwater resources from decades of diversion, such as 
the Santa Cruz River, design must consider alternative water 
resources and appropriate vegetation (Logan, 2002). Watershed 
characteristics, such as the dominance of invasive species, can 
also be indicators of certain problems in the riparian corridor, 
which can be addressed with rehabilitation (Stromberg et al., 
2007). Understanding the context of a site, in terms of its related 
watershed, can help address problems that may be larger 
in scale than the area of interest, and help focus on specific 
solutions. 

INVASIVE SPECIES

Invasive species removal is often a focus of riparian rehabilitation 
efforts. A body of literature suggests that the strategies that are 
strictly against invasive species and that emphasize their removal 
miss the larger goal of focusing on processes that favor native 
species diversity: “Approaching restoration by focusing only on 
invasive control is problematic and unlikely to prove successful; 
restoration plans should factor in local physical and ecological 
conditions and address the potential need for activities such 
as planting, supplemental watering, or reduction of other local 
stressors” (Bay and Sher 2008; Shafroth et al., 2008).

Salt cedar or tamarisk (Tamarix aphylla and T. pentandra) is an 
opportunistic species of concern in the southwestern United 
States. The tree is able to tap deep into low groundwater 
resources, is tolerant of saline conditions, and has high seed 
production capacity. As a result, tamarisk has thrived in 
degraded riparian corridors where native species populations 
have declined (Lovich and De Gouvenain, 1998; Glenn and 
Nagler, 2005; Shafroth et al., 2005). Yet, as tamarisk spreads 
and destroys native vegetation, it also provides habitat to 49 
species of birds according to Arizona Breeding Bird Atlas and 
Birds of North America (Sogge et al., 2008). Although many of 
these species are generalists, and not the species that would 
otherwise be supported by native habitat, tamarisk provides 
more breeding space for birds than would have been otherwise 
available without tamarisk (Sogge et al., 2008). Therefore, an 
assessment of the potential net gain or net loss of vegetation 
suitable for habitat must be analyzed before invasive species are 
removed- to determine if there is even a chance that replacing 
invasive species with natives will produce any benefit (Shafroth 
et al., 2005). 

Additionally, the presence of an opportunistic species can 
also be an indication of a larger problem in the ecosystem, 
such as a decrease in water availability or a disruption in flood 
regime (Stromberg et al., 2007). Again, a balance must be 
reached and proper knowledge of the riparian system must be 
realized in formulating a strategy for removing invasive species: 
“Restoration efforts that emphasize plant species removal run 
two risks: first, because the ‘target’ species may be less well 
adapted to the current conditions than the introduced species, 
they may be less likely to sustain themselves over the long term. 
Reductions in the species pool can reduce the resistance of the 
ecosystem to future environmental changes…Secondly, if the 
root causes of the riparian vegetation change are not addressed, 
restoration goals may not be met” (Stromberg et al., 2007).      
 
METHODOLOGY

Mitsch and Wilson (1996) outline a general methodology to 
help achieve successful riparian projects, which includes 1) 
understanding wetland function; 2) giving the system time; 
and 3) allowing for self-design. The steps are discussed on the 
following page.
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ripAriAN HABiTAT reHABiliTATioN cont .

1.  Understand wetland function

Scientific knowledge is imperative to the creation and 
rehabilitation of riparian projects. Often times, project leads 
in landscape architecture or engineering have little expertise 
on ecology. This misunderstanding of ecology can present 
obstacles to the success of the project. Hydrology, for example, 
is often not understood to the extent that is needed, and is an 
increasingly important component in riparian projects in the 
context of urbanization (Mitsch and Wilson, 1996).  

2.  Give the system time

Mitsch and Wilson (1996) argue that riparian restoration projects 
are often not afforded enough time to develop and be properly 
assessed. Project leads seek “quick-fix” solutions and evaluate 
progress after five years, which is not enough time to judge 
success, especially in wetland ecosystems that have a high level 
of variability. A period of 15-20 years is a more realistic timeframe 
to properly assess the success of a new riparian system and its 
possible effects on surrounding ecology.  

3.  Allow self-design

The two general strategies that are employed in riparian 
restoration are the more managed designed approach, and the 
self-design approach, the latter of which is recommended by 
Mitsch and Wilson (1996). The designed approach relies heavily 
on the management of the system by humans, and counts 
on the survival of introduced species in an orderly manner. 
The self-design approach still relies on the introduction of 
species by humans, but introduces a greater variety of species 
in acknowledgement that nature will choose the appropriate 
species. The value in the self-design approach is that nature is 
afforded multiple opportunities through a variety of seeding 
and transplanting activities, which avoids the danger of 
overpredicting the viability of just a select number of species, as 
used in the designed approach.   
   
APPLICATION TO EL RIO

The discussion of invasive species, external factors, and 
appropriate methodology are all applicable to the design of 
the El Rio site. One of the project’s goals is to reduce invasive 
species and introduce native vegetation that will foster 
habitat for local birds. Therefore, formulating an appropriate 

strategy that finds a healthy balance between the removal and 
introduction of vegetation will be key to habitat goals. El Rio is 
also part of the larger Santa Cruz watershed system, which has 
been greatly altered by humans. This once year round flowing 
river is now an ephemeral river. Treated effluent from the 
upstream Sweetwater Wetlands water treatment facility does 
maintain a steady flow of water into Marana and also into  the 
El Rio site. Realizing the constraints and opportunities of the 
surrounding hydrologic context will be important in designing a 
strategy for riparian rehabilitation at El Rio.

RESEARCH
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iNTerpreTive MAsTer plANNiNG

Interpretation plays a unique role in connecting people with 
physical space and transforming this space into a meaningful 
memorable place. The human-constructed notion of place goes 
beyond the physical existence in a particular area; it involves 
a deeper cultivation of values, significance, and meanings. 
Interpretation effectively works to help foster this sense of 
place in a person, by facilitating appreciation and motivation 
toward a larger cause, such as conservation (Stewart et al., 
1998). Interpretive material can be found in a variety of places, 
from botanical gardens to school campuses.  Interpretation 
also exhibits a variety of formats, from visual wayside panels to 
personal audio-tours. 

The following literature review 1) defines interpretation and 
discusses its value; 2) examines the various user groups that 
interact with interpretation; 3) outlines the interpretive master 
planning process; and 4) summarizes several effective design 
considerations.

DEFINITION AND VALUE OF INTERPRETATION

The most common form of interpretation is the wayside exhibit, 
a term used by the National Park Service (NPS) (Wayside 
Exhibits: A guide to developing outdoor interpretive exhibits, 
2009). This is a panel with informational text and graphics 
that tell a story about a significant landscape feature, usually 
in clear view of that landscape feature. Wayside exhibits are 
often accompanied by larger orientation kiosks that provide 
context information, maps, and brochures about the overall 
site and program. Interpretation can also take the form of 
tactical models, audio or guided tours, smartphone apps, visitor 
centers, checklists, and organized activities (Stewart et al., 1998; 
Ziemann, 2004; Wayside Exhibits: A guide to developing outdoor 
interpretive exhibits, 2009). 
  
Interpretive material and programming are valuable because 
they extend beyond the conveyance of factual information, and 
instead are mechanisms to enhance stewardship, awareness, 
and perceptions of a particular site (Recommendations 
for Developing Interpretive Signs): “Interpretation is a 
communication process designed to reveal meanings and 
relationships of our natural and cultural heritage to visitors 
through first-hand involvement with objects, artifacts, 
landscapes, built features, experiences and sites” (Tilden, 1954). 
Veverka (2005) argues that interpretation should achieve three 
objectives: learning, emotional, and behavioral.

•	 The learning objective ensures that a visitor leaves the site 
with greater factual knowledge about a particular topic. 

•	 The emotional objective aims to further the appreciation 
and value of place within a person, perhaps in a new way. 

•	 The behavioral objective works to motivate the visitor to 
take a particular action post-visit, or works to inspire the 
worldview of the visitor.   

These objectives work together to effectively address the large 
intent of interpretation. They present the “big picture” to the 
visitor, placing the site into the context of their own life, and 
hopefully creating a memorable experience (Veverka, 2005).

USER GROUPS

There are always a variety of user groups that interact with 
interpretive material, so it is important to maintain diversity 
in the forms of interpretation. Visitors may include children, 
seniors, those with disabilities, and people from various cultural 
backgrounds. As a result the information that is presented 
should range from sophisticated to less complicated (Ziemann, 
2004). It should try to promote diverse meanings that are 
relevant to a broad audience (Kohl and Eubanks, 2008). Visitors 
also differ in learning styles, therefore, providing diverse 
interpretation that adheres to visual, auditory, and tactile 
learners is also key. 

A variety of interpretation helps reach a wide range of audiences 
with different appreciations of place. Stewart et al. (1998) argues 
that visitors can be classified into four groups, including seekers, 
stumblers, shadowers, and shunners, as summarized below. 

•	 Seekers: people who take the time to seek information and 
interpretation, whether it’s is by choice or to fill time

•	 Stumblers: people who stumble over information and 
either take the time to interact with interpretation or do 
not

•	 Shadowers: people who are guided through interpretation 
by others, formally or informally

•	 Shunners: people who do not seek interpretation

Finally, research from the Corridor Management Plan ,for the 
Lower Corridor of the Mt. Evans Scenic Byway in Colorado, 
identified several audience groups that could become of 
importance in the future according to changing trends in 
tourism, technology, and values. These groups include heritage 
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tourism groups (those interested in archaeology, history, and 
culture), families with children, and ecotourists (those who 
appreciate wildlife and scenic vistas) (Ziemann, 2004). Projecting 
future trends in tourism helps ensure that interpretation 
is not antiquated and that it appeals to current tastes and  
modern mechanisms for information dissemination, such as 
smartphones.  
  
INTERPRETIVE MASTER PLANNING

Several sources of literature provide a master planning process 
for the development of interpretive programs, including the 
National Park Service. Although focused on wayside exhibits, 
the NPS process is inclusive of all steps in the master planning 
process and can be applied to multiple forms of interpretation.

1.  Project Setup

The first phase of the project creates a solid foundation for 
the project and will help realize its success. This involves 
selecting the group of people to work on the project, including 
researchers and media specialists, gathering important 
documents related to the site, establishing time and funding 
constraints, and formulating a project management plan. Most 
importantly, this is the phase when research begins, including 
numerous site visits.

2.  Site Analysis

The site analysis phase of the project is when the site is 
examined for potential exhibit locations. Additionally, the 
respective literature and text that will accompany the exhibit is 
researched. An initial meeting with stakeholders should occur 
prior to site analysis, and a follow-up meeting should occur after 
site analysis to review exhibit proposals. Details such as colors, 
sizes, and graphics can be discussed during this phase.

3.  Project Proposal

A project proposal is submitted for review by stakeholders, 
which documents the exhibits and their related locations and 
content. The proposal should include cost estimates, a schedule, 
and a map of exhibits. The proposal is then reviewed, edited, and 
approved by stakeholders. 

4.  Wayside Exhibit Plan

A wayside exhibit plan is drafted which details each interpretive 
station including appropriate layout, art, graphics, and text. 
Hierarchy of elements within the layout is determined, and 
should be consistent across exhibits. Final maps of the site are 
produced, in addition to any tactile elements (tangible features 
that can be touched).

5.  Final Wayside Plan

Final exhibits with art, maps, photos, text, and tactile elements 
are sent for review and approved. Materials are then sent to a 
fabricator and printer for production. Changes should be minor 
during this phase.

The NPS interpretive master planning process will help guide the 
development of a successful interpretive program, and ensure 
that stakeholders are all in agreement in terms of content, 
timeline, and budget (Wayside Exhibits: A guide to developing 
outdoor interpretive exhibits, 2009). 

DESIGN CONSIDERATIONS

There are many design considerations that should be 
incorporated into an interpretive program, including content 
design and graphic design. Content should have a cohesive sense 
of organization, with layered information from basic concepts 
to more detailed information.  Determining an overall theme will 
help guide the program. The theme should be the big picture, 
the “so what,”  or the main idea that guides all interpretation. 
Subthemes then help to develop the larger program theme, and 
storylines further detail the constructed narrative. 

Example from the Corridor Management Plan for the Lower 
Corridor of the Mt. Evans Scenic Byway in Colorado (Ziemann, 
2004):   

THEME: “...Mt. Goliath’s distinctively beautiful and diverse 
setting inspires at once the scientist, artist, and steward in us 
all.”

SUBTHEME (one of many): Bristlecone pines
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iNTerpreTive MAsTer plANNiNG cont .

STORYLINES: (of Bristlecone pine subtheme):  adaptation/
resiliency, conservation, unique aesthetics, orientation via 
ecosystem indicators

In addition to content design, the graphic design, formatting, 
and physical locations of exhibits play a large role in a visitor’s 
engagement with interpretation. These aesthetic elements are 
significant factors that draw or deter a person from interacting 
with interpretation. Specific recommendations are detailed 
below:

•	 Use at least one site-specific graphic
•	 Place exhibit in a safe, accessible place for any user group
•	 Ensure routine maintenance of exhibit and surrounding site
•	 Align exhibit with intended view and label the landscape if 

possible (Wayside Exhibits: A guide to developing outdoor 
interpretive exhibits, 2009)

•	 Use compelling titles, and small sections of words between 
40-75 words (Wayside Exhibits: A guide to developing 
outdoor interpretive exhibits, 2009)  

•	 Consider an orientation kiosk with brochures, maps, 
and wayfinding (Interpreting Your Green Building and 
Infrastructure Projects, 2014)

•	 Be consistent with fonts, colors, sizes, etc. (Veverka, 2005
•	 Consider alternate forms of interpretation, including visitor 

centers, leaflets, display panels, guided activities (hikes), 
audio-tours, smartphone apps, etc. (Stewart et al., 1998)

APPLICATION TO EL RIO

One of the goals of the El Rio project is to create an interpretive 
program for the site. There are many interesting stories to 
tell at El Rio, from its history and origins as a borrow pit for 
construction, to a riparian habitat for local flora and fauna. 
Developing an interpretive program presents a unique 
opportunity to engage local residents, school children, and 
tourists with the site’s history and ecology. Such an interpretive 
program benefits from the site’s proximity to residential 
neighborhoods, schools, and The Loop Trail. Immensely popular 
with cyclists, the Loop Trail forms the southern border of El 
Rio. The design program at El Rio should undoubtedly take 
advantage of these opportunities to create public valuable 
interpretation.

RESEARCH
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MANAGeMeNT oF reCreATioN iN NATUrAl spACes

There is significant overlap between places that are used for 
recreation and places that are natural open space. People seek 
recreational experiences that allow them to be immersed in 
a natural setting, away from the world they typically inhabit, 
and be able to explore and learn about nature (Kil et al., 2012). 
Natural spaces provide this social benefit to visitors, but also 
provide environmental benefits, such as the preservation of 
habitat, and the overall contribution to the network of patches 
and corridors. Because recreation warrants some unavoidable 
degree of human interference, a strategic balance must be met 
in the management of natural spaces in order to keep impact at 
a minimum (Cole, 1993).

The following literature review discusses the various benefits 
that can be achieved from natural spaces, both to humans and 
the environment, and the management techniques that can be 
used toward responsible recreation in natural spaces.

BALANCING BENEFITS FROM NATURAL SPACES

Varying definitions, or visions of natural open space, describe 
the level of human interaction with a particular space (Gobster, 
2001). These “levels” are designed, critical, and recreational. 
The “designed landscape” approach is space that provides an 
aesthetic experience and views landscape as art. Use of the 
designed landscape is passive and appreciative. The “critical 
habitat” is space that focuses on habitat, uniqueness, and 
diversity. Use of the space is limited to those who seek its 
flora or fauna. Finally, “recreation” defines a space that is used 
actively because of its ability to provide nature or wilderness 
as a backdrop to human activity. Recreational use is balanced 
with natural preservation. The three visions of natural open 
space all provide a service or beneficial outcome. These 
outcomes are a social or cultural benefit achieved through the 
designed landscape approach, or an ecological benefit achieved 
through the critical habitat approach. The challenge is how to 
appropriately integrate these benefits at one site.

Kil et al. (2012) suggests an “outcome-focused management” 
(OFM) strategy to aid in the integration of various desired 
outcomes or benefits from a site. The approach essentially seeks 
to holistically identify all the various values of a site, including 
values to humans, to economy, and to environment, in the 
preparation of a management plan. The value a site holds to 
human visitors is especially important not only because humans 
pose the largest threat to natural spaces, but also because 

they are the ones who can properly manage and mitigate 
harm. Allowing visitors to become engaged with a site and find 
opportunities for placemaking in nature can ultimately translate 
to visitors who become attached, and are perhaps more willing 
to support specific management objectives. Having dedicated 
stewards, volunteers, and active community members is crucial 
in achieving and protecting the ecological benefits of natural 
spaces: “research shows that the benefits and settings highly 
attached WUI trail users desire are consistent with managing 
ecologically healthy natural areas” (Kil et al., 2012). Eventually, 
engaged site visitors may form an organization to help spread 
awareness of the site, maintain its facilities, and promote its 
conservation (Schasberger et al., 2009).

MANAGEMENT TECHNIQUES FOR RECREATION IN NATURAL 
SPACES

Cole (1993) notes several characteristics that determine how 
recreation impacts a natural space including 1) the amount 
of use, 2) the type of recreational activity, 3) the behavior of 
recreationists, 4) the spatial distribution of use, and 5) the 
temporal distribution of use. The following section describes 
different approaches for managing these characteristics in 
natural spaces that can help limit the effects of recreation on 
sensitive landscapes, and help preserve the ecological services 
they provide.

Site Vulnerabilities

The natural space should be evaluated for vulnerable areas 
that should be avoided by recreational activities. These spaces 
may be intrinsically vulnerable to the site, such as low points 
in the landscape that consistently collect water, areas of 
unstable soil, and areas of unique and diverse flora and/or fauna. 
Vulnerable sites can also include new areas of plantings, or newly 
established ponds, that may be initially sensitive during early 
project phasing (Chovanec, 1994). The spatial identification of 
vulnerabilities and ecologically sensitive areas will help delineate 
where trails and facilities may or may not be located, or if 
screening or barriers are needed such as fencing, even if they are 
temporary. If large portions of a site are vulnerable, consider less 
invasive design solution elements, such as elevated boardwalks 
over unstable soil (Cole, 1993).
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Trails

Trails play a large role in defining the user groups and user 
volume of a recreational nature space. Trail material and width 
will determine the types of users, such as hikers, joggers, or 
bikers. Width of the trail will also determine the user group and 
group size. A single track trail may cater more to the individual or 
couple, while wide trails may attract larger, more social groups. 
Trails should also avoid sensitive areas so users are not inclined 
to interact with areas that should be left undisturbed (Chovanec, 
1994). Trail design should consider proper drainage, especially if 
the trail is paved, so as to not disrupt the natural flow of water, 
or cause unforeseen flooding (Cole, 1993).

Signage

Signage and its related interpretive material are important 
components for the education of visitors, both about the 
uniqueness of the site and also about the rules and expected 
behavior at the site. Signage can remind visitors to stay on 
marked trails and can outline prohibited activities or prohibited 
areas. Interpretive signage that tells the story of the site and 
the importance of its ecology are crucial in maintaining visitor 
engagement, and achieving a sense of stewardship that will 
ultimately motivate people to follow park rules and behavior 
guidelines. This is achieved by making “people aware of the 
link between inappropriate behavior and specific ecological 
problems” (Cole, 1993).   

Access

Access to and within the natural recreation space is largely a 
cause of the spatial location of trails, facilities, and parking lots. 
If trails and facilities are well-designed and desirable places 
to be, people will utilize these elements and avoid areas that 
should be left undisturbed. Parking lots should be located at 
access points that can handle more traffic relative to other 
areas of the site, and parking lot size should be considered as a 
strategy to regulate the volume of visitors (Cole, 1993). Parking 
lots also encourage people to engage in a “loop” experience 
within the park, which should be adequately assessed in terms 
of trail design (Taczanowska et al., 2006). There can also be 
opportunities to connect with outside trail networks, which can 
help reduce car traffic and encourage people to walk or bike 
between other areas of green infrastructure (Schasberger et 
al.,2009).

APPLICATION TO EL RIO

The ability to enjoy high quality recreation spaces is vital in 
ensuring community health and wellbeing. Natural open spaces 
with quality management plans are also important community 
resources for their ability to provide ecological services. 
Strategies to balance both of these needs are possible through 
appropriate site design and visitor education, subsequently 
allowing a natural recreation space to be valuable for both 
humans and the environment (Taczanowska et al.). Developing 
a plan that clearly outlines the expected outcomes and benefits 
of the natural space will help to determine how the site is 
designed and managed.

The objectives of El Rio are to create both a riparian habitat and 
also a community recreational space.  Specific areas of the site 
should be left undisturbed to allow for rehabilitation processes 
to occur, such as native plant growth and bird nesting. 
Recreational activities and infrastructure can be concentrated 
in one area  to facilitate public access and yet discourage wide 
human use that may interrupt habitat creation in other parts 
of the site. A management plan that addresses the needs of 
the site will help determine the spatial organization of more 
human-centric features and environmentally-focused features.



CAse reviews sYNopsis

The seven case reviews summarize projects that have similar design goals and features of 
El Rio, primarily in their attempt to balance ecology and human use.  More specifically, the 
categories of projects that are captured by the seven case reviews include riparian habitat 
rehabilitation/restoration, interpretative programming, and recreation.  
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sweeTwATer weTlANDs

loCATioN Tucson, Arizona

DesiGNer City of Tucson

siZe 17.5 acres constructed wetlands, 14 acres recharge basins

FeATUres constructed wetlands, water treatment facility, interpretation (Discovery Program Journeys via Tucson Water and 
Arizona Project WET, QR code and smart device self-guided tour), 2.5 miles of pathways, 1,000 feet concrete/ADA pathway, ramadas 
and overlooks, online bird checklist and wetlands activity books/fi eld guides, mosquito mitigation program, annual controlled burn

sUMMArY Sweetwater Wetlands was constructed by the City of Tucson to treat backwash water from the City’s Reclaimed Water 
Treatment Plant. The site includes a series of ponds and recharge basins. The ponds alternate between shallow and deep areas to 
support a healthy wetland ecology. Recharge basins replenish the local aquifer by fi ltering treated water through sediment.  The 
wetlands have created an urban riparian wildlife habitat for a variety of mammals, birds, reptiles, and plants. Additionally, the site is 
part of the Tucson Birding Trail, which is a series of birding spots in the Tucson area. Sweetwater  also serves as an outdoor classroom 
and laboratory through a variety of interpretation available onsite and online. Visitors have the opportunity to take a self-guided 
tour with smart devices and QR codes located around the site. Both decomposed granite and paved concrete trails are available 
for visitors, and the site is accessible via The Loop Trail. Bicycles and dogs are prohibited, although bicycle racks are available at the 
entrance of the site (City of Tucson, 2017; Gelt, 1997). 

iMpliCATioNs To el rio
Sweetwater Wetlands addresses a wastewater challenge and simultaneously creates 
a riparian habitat and site for education and community engagement. The balance of 
ecological, human, and functional needs is at the forefront of the design; trails and 
infrastructure are limited to avoid mass crowds, and ecological health is continually 
evaluated. During the initial proposal phase, an ad hoc Citizens’ Wetlands/Recharge 
Advisory Committee was created to involve the community with the design of site. An 
Educational Outreach Program was also created which allowed high school students to 
become part of the public participation program; their documentaries were eventually 
shown to Mayor and Council. Sweetwater’s ability to provide ecological, educational, 
and water quality services makes it applicable to the goals of El Rio. Strategies from the 
public participation program, including local schools, and the interpretative program 
both onsite and online can also be leveraged at El Rio.

w e t l a n d s
i n t e r p r e t a t i o n

recreat ion
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YUMA eAsT weTlANDs

loCATioN Yuma, Arizona

DesiGNer Fred Phillips Consulting

siZe 350 acres

FeATUres  restored wetlands, native plantings, sustainable irrigation techniques, bioengineering, pedestrian trails, volunteer and 
community programming  

sUMMArY  The Yuma East Wetlands (YEW) project restored riparian habitat along the Colorado River in southwestern Arizona. The 
350 acres of restored habitat was part of a larger degraded landscape characterized by invasive species, high salinity soils, trash, and 
security concerns. The site was cleared of invasive species and replanted with native plant material; 90% of the 300,000 plantings 
achieved survival.  A back channel was created to return water fl ow into the site from the Colorado River, which was stabilized 
using bioengineering techniques. A network of 2.5 miles of pedestrian trails makes the site a community asset and gives people the 
opportunity to once again interact with the Colorado River. In regards to social programming, over 200 volunteers per year help 
maintain restoration activities at YEW, and several festivals are hosted onsite, including the week-long Yuma Birding and Nature 
festival (2001-2012) and the YEW Youth Cultural Festival (Landscape Architecture Foundation, Yuma East Wetlands Phases 1 and 2).

iMpliCATioNs To el rio
The Yuma East Wetlands project was highly successful in establishing native plant 
material due to irrigation and seeding practices that mimicked natural processes. 
For example, willow cuttings were planted in trenches and fl ood irrigated which 
encouraged quick root growth and therefore reduced irrigation requirements. This is 
applicable at El Rio because there will be little access to irrigation. The bioengineering 
techniques employed at YEW can also help inform design strategies for stabilizing 
the berm at El Rio between the site and the Santa Cruz River. Instead of using rock or 
concrete, the channel banks at YEW were stabilized with willow cuttings and other 
native species. The programming of festivals and volunteering at YEW also helps to 
inform the diff erent activities that can occur at El Rio to help activate the space.

c o m m u n i t y 
p r o g r a m m i n g

s u s t a i n a b l e  i r r i g a t i o n b ioengineer ing
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rilliTo river-swAN weTlANDs 
eCosYsTeM resTorATioN

loCATioN Tucson, Arizona

DesiGNer RECON Environmental, Inc.

siZe 60 acres

FeATUres passive water harvesting, hydroseeding, native mesoriparian vegetation, invasive species removal  

sUMMArY  The Rillito River-Swan Wetlands Ecosystem Restoration project was a two-year undertaking to restore 60 acres of 
mesoriparian habitat along a southern section of the Rillito River in Tucson, Arizona. The project was in collaboration with Pima 
County Regional Flood Control District and the U.S. Army Corps of Engineers. The project followed a design-build process in which 
the site was divided into four areas and project phases. Non-native and invasive plant species removal was a component of the 
restoration process, after which native species were introduced via plantings and hydroseeding. Irrigation strategies included 
reclaimed water to support plant growth during the establishment period, and small basins for passive rainwater harvesting. Cement 
lining from several drainage channels was removed and channels were recontoured to help slow the movement of water and thus 
better support riparian habitat (Pima County, 2017).

iMpliCATioNs To el rio
The Rillito River-Swan Wetlands Ecosystem Restoration project was an attempt 
to restore a disturbed riparian habitat through strategies such as invasive species 
management, hydroseeding, and passive rainwater harvesting. All of these restoration 
techniques can be employed at El Rio. The Rillito site is also adjacent to existing 
neighborhoods and was integrated into a separate river park project by Pima County 
Parks and Recreation Department. The proximity of the Rillito project to developed 
areas helps inform how El Rio can best function as a rehabilitated landscape and 
community asset.
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DRAFT Work Plan for  
Rillito River Ecosystem 
Restoration and Environmental 
Project—Area 1, Tucson, 
Arizona

 Prepared for Prepared by

 NAC Construction RECON Environmental, Inc. 

 Allen Sheppard, Project Manager 525 West Wetmore Road, Suite 111 

 8359 West Tangerine Road Tucson, AZ 85705 

 Marana, AZ 85653 P 520.325.9977  F 520.293.3051 

For submittal to 

 U.S. Army Corps of Engineers RECON Number 4252B 

 Tucson Resident Office March 15, 2006 

 John Taylor, Project Manager 

 5205 East Comanche Street, Building 1605 Lori Woods, Principal, RLA No. AZ15970 
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w a t e r  h a r v e s t i n g
i n v a s i v e s  r e m o v a l

hydroseeding
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loCATioN Tucson, Arizona

spoNsor Tucson Unifi ed School District, University of Arizona

siZe 10 acres

FeATUres classrooms, cabins, amphitheater, cookout areas, ramadas, wildlife blind, educational programs, teacher orientations 

sUMMArY  The Cooper Center was created in the 1970’s in response to the expansion of nature studies in schools and the need for 
an outdoor education site. Onsite features include a variety of buildings that serve as classrooms and administration offi  ces, sleeping 
cabins, cookout areas, ramadas, a wildlife blind, and an amphitheater. The site is adjacent to Tucson Mountain Park, which groups 
at the Cooper Center can use via a special educational-use permit from Pima County.  The Center has a full-time staff  and organizes 
educational programs for grades K-8. Educational programs vary in curriculum and length, with half-day, full-day, or overnight 
agendas. The Center also off ers teacher orientations to brief educators on the programs and facilities onsite and prepare them for 
fi eld trips with their students (The University of Arizona).

Cooper CeNTer For
eNviroNMeNTAl leArNiNG

iMpliCATioNs To el rio
A Marana elementary school principal recommended that the Cooper Center be 
included as a case review as the school often organizes student fi eld trips to the 
Cooper Center. It was suggested the similar amenities be provided at El Rio, which is in 
closer proximity to Marana schools and would be a desirable alternative to the Cooper 
Center. El Rio would not have a full-time staff , but there is potential to develop teacher 
resources and curriculum material similar to the Cooper Center. These materials would 
help educate students and teachers on topics relevant to El Rio, including riparian 
studies and local fl ora and fauna.

e d u c a t i o n a l 
p r o g r a m s w i l d l i f e  b l i n d

amphitheater
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loCATioN Tucson, Arizona

DesiGNer Kimberly Creagan

siZe n/a

FeATUres interpretive website, self-guided walking tour, tour pamphlet

sUMMArY  The Tucson Urban Wildlife Walk was a Master’s Report of a landscape architecture student at the University of Arizona. 
The goal was to increase awareness of Tucson urban habitats, and encourage citizens to design their own backyard habitats. The 
project included an inventory of potential habitat sites in Tucson, an interpretive website, the design of a self-guided tour with an 
accompanying pamphlet, and detailed site designs of several stops on the tour. The website is designed for both Tucson residents 
and tourists, and is generally geared toward children. As such, it is a tool for parents and educators to use to teach and inspire.  The 
website has fi ve main sections:

1.   “Sonoran Desert Habitat” – habitat characteristics of the Sonoran Desert
2.   “Meet the Wildlife”  - information on wildlife in urban Tucson
3.   “Take the Tour” – virtual tour of downtown habitats, with three tour routes and a corresponding interpretive pamphlet
4.   “Create Your Own Habitat” – tips for improving backyard habitats
5.   “Additional Resources” – resources for more information on building habitats
 
(American Society of Landscape Architects, 2009)

TUCsoN’s UrBAN
wilDliFe wAlk

iMpliCATioNs To el rio
The website component of the Tucson Urban Wildlife Walk is an interpretation strategy 
that does not require the development of physical infrastructure, such as wayfi nding 
signs and kiosks. This strategy is especially useful in the current era as people seek 
opportunities to engage with modern technology, such as smartphones and GPS units. 
Physical interpretive infrastructure can also be costly and less resilient to extreme heat 
or fl ooding. Another strength of the Tucson Urban Wildlife Walk website is that it caters 
to a variety of users and desires. It is applicable to those who are on the self-guided 
tour, and also to those who choose to use the website to learn about local ecology.

i n t e r p r e t i v e  w e b s i t e
e n v i o r n m e n t a l  e d u c a t i o n

se l f -gu ided tour
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loCATioN New Boston, Michigan

DesiGNer SmithGroupJJR

siZe 1.050 acres

FeATUres self-sustaining wetlands, native plants, limited-access habitat sites, hiking trails, boardwalks, interpretive signage, 
interpretive programs, full-time naturalists

sUMMArY  Crosswinds Marsh Wetland is a park and wildlife refuge that restored historical wetlands, decreased local fl ooding 
issues, created habitat, and provided recreational opportunities. Design goals prioritized environmental health over recreation, 
therefore, infrastructure for recreation and interpretation are relatively contained to a minor portion of the site. The wetlands include 
a variety of habitats, from forest to deep water habitats, and are self-sustaining due to careful land contouring that leverage natural 
drainage patterns. Several threatened species are successfully protected on site due to the limited access regulations. Recreational 
aspects include over 5 miles of hiking trails, and opportunities for canoeing, fi shing, bird watching, and horseback riding. There are 
also two naturalists who lead interpretive programs at Crosswinds (Landscape Architecture Foundation, Crosswinds Marsh Wetland 
Interpretive Preserve).

CrosswiNDs MArsH weTlAND 
iNTerpreTive preserve 

iMpliCATioNs To el rio
Crosswinds is a valuable case study in its ability to balance ecological and human needs. 
The containment of human-related activities and infrastructure to a section of the site 
is a strategic approach that recognizes the value in providing some separation between 
spaces for habitat and spaces programmed for humans. The robust interpretive 
programs that are led by naturalists at Crosswinds are also applicable to El Rio. 
Crosswinds’ “Nature Program Series” caters to students ages 6-10 years old, and are 
off ered once per month. Program titles include Wildlife Tracking, Animal Architects, 
Splendid Spiders, Dabblers and Divers, and Sensational Seed Dispersal. Crosswinds also 
off ers organized fi elds trips that include guided nature hikes, pond study explorations, 
reptile and amphibian studies, and canoe trips, among other activities. There are also 
family program options which encourage both adults and children to learn about 
wildlife and habitats.

d e d i c a t e d  h a b i t a t  a r e a s
n a t i v e  p l a n t s

boardwalks
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loCATioN Champaign, Illinois

DesiGNer Hitchcock Design Group

siZe 10 acres

FeATUres retention basins, rain garden, waterfalls, amphitheater for 100, paved pathways, arterial promenade, light fi xtures   

sUMMArY  The Scott Park and the Second Street Detention Basin projects of the larger Boneyard Creek Restoration converted a 
channelized waterway to its original alignment and created two retention basins, thereby increasing the site’s stormwater capacity 
to 100-year fl ood levels. The creek was restored with terraced stones for erosion control and also created new spaces for people 
to explore. A bioswale and raingarden in a section of the site act as a fi rst fl ush system to fi lter water from a nearby parking lot, 
and two waterfalls continually aerate the pond. Amenities for human use include a 100-person amphitheater, adequate lighting for 
safety, paved pathways, connections to adjacent neighborhoods, and an arterial promenade that is located four feet below grade 
(Landscape Architecture Foundation, Boneyard Creek Restoration: Scott Park and the Second Street Detention Basin). 

BoNeYArD Creek resTorATioN:
sCoTT pArk + seCoND sTreeT
DeTeNTioN BAsiN

iMpliCATioNs To el rio
The design features at Scott Park and the Second Street Detention Basin are similar 
to the design goals of El Rio, mainly the ability to create a community amenity out of a 
restoration project that also helps to manage stormwater runoff . The design of the fi rst 
fl ush system via the bioswale and raingarden is a potential solution to fi ltering runoff  
from the two adjacent neighborhoods at El Rio.  Features such as the amphitheater 
and the main arterial pathway are amenities that also can be incorporated at El Rio to 
support larger gatherings and interpretive programming.

r a i n  g a r d e n
a m p h i t h e a t e r

retent ion bas ins
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s i T e  A s s e s s M e N T
regional  + loca l  context [p52]

s i te inventory [p54]

s i te hydrology [p56]

seasonal i ty  [p58]

species inventory [p60]

v iewshed study [p62]

oppor tunit ies  + constra ints  [p64]

color + texture study [p66]



reGioNAl + loCAl CoNTeXT

REGIONAL CONTEXT The El Rio Open Space Preserve is part of larger regional collection 
of open spaces, parks, and wilderness areas. These patches and corridors of natural resources 
are vital in providing habitat for fl ora and fauna. A well-connected network of natural areas 
is also important in providing opportunities for species movement and migration. Since its 
transition from a borrow pit to a disturbed riparian habitat, El Rio has become part of this 
regional network. Over 200 species of birds have already been observed at El Rio, indicating 
its ability to provide important ecological services. 

The graphic below displays El Rio’s spatial relationship to the natural resource areas in the 
regions surrounding Marana and Tucson. 

T U C s o N *

M A r A N A *

1-10

❶
❷

❸

❹

❺
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NTS

The El Rio Open Space Preserve is part of larger regional collection 
of open spaces, parks, and wilderness areas. These patches and corridors of natural resources 
are vital in providing habitat for fl ora and fauna. A well-connected network of natural areas 
is also important in providing opportunities for species movement and migration. Since its 
transition from a borrow pit to a disturbed riparian habitat, El Rio has become part of this 
regional network. Over 200 species of birds have already been observed at El Rio, indicating 

The graphic below displays El Rio’s spatial relationship to the natural resource areas in the 
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❶  Santa Cruz River

❷  Tortolita Preserve

❸  Tortolita Mountains

❹  Tucson Mountains

❺  Sweetwater Wetlands

❻  Santa Catalina Mountains

            * denotes general population 
               center, not actual city limits

NATUrAl resoUrCes LO CAL CONTEXT El Rio is situated just east of the northern-most extent of the Tucson 
Mountains, and adjacent to the Santa Cruz River. The site is  located within the Town of 
Marana, and within close proximity to Interstate 10. Immediately surrounding El Rio are two 
residential neighborhoods on the west and east, and open space land just to the south which 
is owned by Pima County.  The El Rio Neighborhood Park is found southeast of the site. 
The Pima County Loop Trail, a regional trail system which follows the Santa Cruz and Rillito 
Rivers, runs along the southern boundary of El Rio and then turns north to follow the western 
boundary. 

Because of its proximity to neighborhoods, local parks, and also a handful of schools, El Rio 
is strategically located to become a community asset for diverse user groups. Families can 
enjoy evenings walks or weekend picnics. Students and teachers can learn and study the 
xeroriparian ecology. Birders and naturalists are presented with a recreational amenity. 

500’
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siTe iNveNTorY

CANOPY COVER 
Mature tree specimens are 
found throughout the site. Most 
are invasive tamarisk (Tamarix 
aphylla and T. pentandra). Dense 
cover exists in the middle of the 
site, which currently provides 
habitat. Existing trees also present 
opportunities for shaded rest areas.

NATURAL RESOURCES
The site is immediately adjacent to 
the Santa Cruz River, open space 
land, and the El Rio Neighborhood 
Park. The site’s connections to 
these natural resources present a 
case for its importance as a habitat 
preserve. The proximity to the 
river makes the site unique as a 
xeroriparian habitat. 

INFRASTRUCTURE
Two neighborhoods are situated 
near site boundaries. The Loop 
Trail system is also along the site, 
with a parking lot in the southwest 
corner. Creating adequate 
connections to the existing built 
environment will help make El Rio 
a community asset. 

area of dense canopy cover

Santa Cruz River

open space

El Rio Neighborhood Park

residential

current extent 
of Loop Trail

future extent 
of Loop Trail

Loop Trail parking lot
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siTe HYDroloGY

low points adequate for ponds

high ground area adequate for structures

high ground west-east transect 
adequate for trail development

Site hydrology is perhaps one of the most challenging issues at El Rio. The constructed berm 
along the northern boundary has been breached by the Santa Cruz River on several occasions  
during monsoon rains, notably in 2014 and 2016. Because the site is a former borrow pit and 
therefore a low point in the area, fl ood waters collect in the site and pool for weeks at a time, 
especially in the site’s two lowest points. 

Stagnant fl ood waters breed mosquitoes, encourage the growth of invasive species, and 
increase sedimentation. Simultaneously however, times of fl ooding bring diverse species of 
birds and other wildlife to the site. Birders from across the country visit El Rio, and it becomes 
a vibrant xeroriparian habitat. 

El Rio’s potential as a natural habitat, coupled with its proximity to residential neighborhoods 
and ability to become a community asset, require that ecological and human needs be 
balanced. Strategic management of site hydrology is the fi rst step. Water is essential in 
maintaining a xeroriparian habitat, but should be contained in dedicated areas. Improving the 
site’s water catchment will allow for mosquito management, growth of native plant species, 
and the development of site amenities for public use. 

»
»

»

stormwater drainage into site

Santa Cruz River

current berm
requires stabilization

site of berm breach, 2014 + 2016

» »

250’
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seAsoNAliTY

El Rio’s location within the Sonoran Desert 
creates a dynamic xeroriparian landscape. 
Summer and winter monsoon rains sustain 
the ponds that attract riparian fl ora and fauna. 
During late spring and early summer, the 
landscape is signifi cantly diff erent, and the 
Preserve is dry. The images to the right present 
a temporal documentation of the same area 
of El Rio throughout the seasons of the year. 
The graphic on the opposite page shows the 
relative monthly precipitation for the Tucson 
area (January being the topmost bar and 
December being the bottommost bar).

Understanding the seasonal dynamics of El 
Rio, and the associated changes in hydrology, 
can inform maintenance decisions and 
timing of community engagement activities 
(student fi eld trips or guided nature hikes). 
Observations of the changes in fl ora and fauna 
throughout the year is also an important 
component in monitoring the processes of 
riparian rehabilitation, such as the eff ects of 
hydroseeding or the management of invasive 
species. 
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speCies iNveNTorY

El Rio is rich in plant and animal life. Over 200 species of birds have been observed at the 
Preserve, and are continually documented on ebrid.org, an online tool for  recording bird 
observations. The diversity of species is largely due to the unique riparian habitat at El Rio. 
The availability of water at the Preserve, however, also supports the growth of invasive 
species, such as tamarisk (Tamarix aphylla).  Below is an inventory of a select few of the 
common species found at El Rio. (Species data provided by Town of Marana.)

(from top)
Prosopis velutina
mesquite

Larrea tridentata
creosote bush

Salix gooddingii
willow

Baccharis sarathroides
desert broom

Baccharis salicifolia
seep willow

Sisymbrium irio
London rocket

(from left)
Tamarix aphylla
tamarisk (invasive)

Sorghum halepense
Johnson grass (invasive)

Xanthium strumarium
cocklebur (invasive)

flo
ra

(from top)
Lynx rufus 
bobcat

Spermophilus townsendii
round-tailed 
ground squirrel

Canis latrans 
coyote

Heloderma suspectum
gila monster

Tayassu tajacu 
javelina

Apalone spinifera 
spiny soft-shell turtle

Procyon lotor
raccoon

Gambusia sp.
mosquito fi sh

(from top)
Ardea herodias
great blue heron

Pyrocephalus rubinus
vermilion fl ycatcher

Egretta thula
snowy egret

Nycticorax nycticorax
black-crowned 
night-heron

Petrochelidon pyrrhonota
cliff  swallow

Vireo bellii
Bell’s vireo

fa
u

n
a
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viewsHeD sTUDY
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The views both into and out of El Rio are spectacular. Both the Tucson Mountains and the 
Tortolita Mountains can be seen from various points at the Preserve, reminding visitors 
of their unique locations within a rich and varied Sonoran Desert landscape. Background 
views of the surrounding mountains are enhanced by the beautiful riparian landscape in the 
foreground of the Preserve. These unique viewpoints are potential locations for seating areas 
and interpretive material, and utlimately informed design decisions for the fi nal masterplan.
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opporTUNiTies + CoNsTrAiNTs

Ohigh ground adequate for structures

connections to Loop Trail

stormwater from existing drainage channels

parking accessibility with Loop Trail parking lot

existing informal trails

O

O

O

O

O

C

OPPORTUNITIES

CONSTRAINTS

The opportunities and constraints at El Rio generally relate to site hydrology, existing 
amenities, and surrounding infrastructure. This analysis is leveraged in concept development,  
where opportunities and constraints are considered in the design of water management 
strategies, circulation, connections, and interpretation.   

C

habitat for wildlife + 
opportunities for shade trees

berm that requires stabilization fl ooding from  the Santa Cruz River 
encourages invasive plant growth + prohibits 

infrastructure development

disc golf courseberm along south end of site existing informal 
trailhead

connections 
to El Rio 

neighborhood 
park and 

surrounding 
residential 

development

O

O

O

C

C

C

250’
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Color + TeXTUre sTUDY

The intrinsic colors and textures at El Rio can help inform detailed design decisions, such as 
the selection of materials used in fabricating benches or interpretive structures. Because one 
of the primary design goals for El Rio is to keep the site natural, human-introduced elements 
should appropriately blend into the intrinsic landscape. Below is a sample of colors and 
textures found at El Rio. 
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7170 EL RIO RIPARIAN REHABILITATION PUBLIC OUTREACH

pUBliC oUTreACH iNiTiATives

Public outreach initiatives were a continual effort during the duration of the project. Efforts ranged from one-on-one 
conversations with a local school principal, to formal presentations for stakeholder groups and Marana Town Council. 
The public outreach campaign was robust because of the priority to make El Rio a valuable community asset; it was 
essential that the project team understood the viewpoints of the community and those affected by El Rio. Research 
shows that the more a community feels that a space is a genuine extension of their community, and feel a sense of 
connection, they are more likely to advocate for its protection and even seek ownership at some capacity (Wolch et 
al., 2015).

Overall, feedback on the plans for El Rio were largely positive. The community is enthused about the potential of new 
recreational opportunities, and the vision of El Rio as a wildlife preserve. There continues to be concerns about the 
flooding and mosquito challenges, which are being addressed through the initial goals of improving water catchment 
onsite. Pages 70-73 document the outcomes of the public outreach process.

SCHOOL PRINCIPAL MEETING

» one-on-one meeting with principal from Coyote Trail Elementary

» discussed conceptual plans for El Rio
 
» principal was enthusiastic about the possibility of having another field trip destination - Cooper Center was the usual destination

» recommended including larger gathering  areas to accommodate at least 100 students, and overnight camping areas

» suggested researching potential for hosting Arizona Project WET Water Festival for fourth graders

» applicable curriculums include US and Arizona history, native cultures, and water resources

SUMMER 2016

TASK FORCE PRESENTATION

» stakeholders present included: University of Arizona, Pima County Regional Flood Control District, Tucson Audubon Society, 
Marana Disc Golf, Coalition for Sonoran Desert Protection, Marana Water, Marana Planning, Marana Engineering, Marana Parks 
and Recreation, Marana Public Works, and an interested neighbor

» concern voiced regarding overnight camping

» design suggestions included: relocation of arroyo further south, a cantilevered viewing platform near the parking lot, 
interpretive signage, a 1/2 mile ADA accessible loop trail, and hydroseeding with a Sonoran Desert Scrub seed mix

» discussions involved water management onsite, including the stabilization of the berm, water sources for the ponds, the 
relocation of the disc golf course, and the management of invasive species onsite

SUMMER 2016

TOWN COUNCIL PRESENTATION

» presented preliminary plan to Town Council, with revisions from Task Force Presentation

» overall support for the project
 
» one comment over safety, specifically in regards to children and water

LATE SUMMER 2016

NEIGHBORHOOD MEETING

» meeting included presentation of preliminary plan, updates on the disc golf course and Loop Trail, and updates on the hydrology 
and berm design

» concerns from neighbors regarding mosquitoes and flooding, the proximity of the permanent ponds to residential areas, and the 
proposed entry to El Rio in the northwest corner (concerns over privacy and traffic)

» suggestions included creating one large pond on the east side, or shifting the ponds away from the residential areas

» Town of Marana engineer discussed difficulty of relocating ponds away from the existing low points due to the need for 
extensive grading

FALL 2016
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pUBliC oUTreACH iNiTiATives cont .

PUBLIC SURVEY

» accessed via El Rio webpage and available for approximately four weeks

» seven total questions designed to understand importance of El RIo to the community, activities of interest,  and demographic 
characteristics of site users

» write-in options available; received over 140 comments from the community, largely positive

» positive comments (majority of comments) focused on the need to preserve habitat and the support for creating an additional 
community amenity

» negative comments focused on the need to better manage mosquitoes and flooding

WINTER 2017-2016

EL RIO WEBPAGE

» available at www.maranaaz.gov/elrio

» includes project description, site images, conceptual renderings, and regular project updates

» access page for online public survey

WINTER 2016

WATER RESOURCES RESEARCH CENTER (WRRC) MEETING

» met with Director of Arizona Project WET and provided a brief project overview

» ideas/ case studies discussed: incorporation of Phenology Network, incorporation of interpretive program similar to Discovery 
Program at Sweetwater Wetlands, design of butterfly habitat area

» suggestions included developing classroom curriculum to supplement field trips to El Rio (can be done by Project WET) and 
collecting data during site visits that can be further analyzed in the classroom 

» possible interest in doing Water Festival at El Rio (education day for fourth graders)

WINTER 2017

EDUCATORS MEETING

» participants present included: educators and principal from Marana Unified School District, Tucson Audubon Society, Tucson 
Botanical Gardens, Marana Planning, Marana Parks and Recreation, and an interested neighbor

» presented brief introduction to El Rio and case studies of similar sites doing environmental education and interpretation

» discussed interest in using El Rio for science class/clubs, and having dedicated experimentation sites, interest in curriculum 
development offered by Project WET, including educator trainings

» interest in involving students in monitoring, which may require a 6+ year program, to document temporal processes

WINTER 2017
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pUBliC sUrveY sUMMArY

An online survey was administered by the Town of Marana for approximately four weeks in the winter of 2016-2017. 
The survey was accessed via the El Rio webpage as part of the Town of Marana website. The webpage includes 
information about the site, future plans, and regular updates. The survey was intended to gather feedback on plans 
for El Rio and understand the level and type of use that community members currently enjoy and/or hope to enjoy in 
the future. Survey data informed the fi nal design recommendations for El Rio. A compilation of select responses from 
the survey is provided below. Full survey data is provided in the Appendix.

How many 
PEOPLE  d id 

we reach?

why is  e l  rio 
IMPORTANT  to 
the community?

“Marana needs a spec ia l 
p lace that  our community 

can take pr ide in and va lue”

[507]totalrespondents

bird+wildlife 
watching

nature appreciation
walking+running 

photography+sketching

biking 
riding

dog walking

picnicking

stargazing

riparian 
rehabilitation

environmental 
education

mosquito 
prevention

trash 
prevention

11 22 33 44
55% RETIREES

47% WORKING ADULTS

13% STAY-AT-HOME 
WORKING AGE ADULTS

13% CHILDREN UNDER 12

6% TEENAGERS 13-19

what ACTIVITIES  do 
people want to enjoy?

who are 
the USER 

GROUPS*?

*Respondents were able to choose more 
than one category for their household

“This  i s  a  great  oppor tunity  
to do the r ight  th ing”

“i  wi l l  br ing b irwatchers 
from out of  state and 
overseas to Marana”
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concept study [p78]

prel iminar y masterplan [p80]

prel iminar y focus area p lan [p82]



CoNCepT sTUDY

GROUNDED 
The defi ning feature of Grounded is 
the multi-use trail that transects the 
site, allowing both pedestrians and 
cyclists to access El Rio. A variety of 
informal trails bring visitors to the 
two pond areas and gathering nodes. 
A dedicated area for revegetation 
is located between the site and the 
Santa Cruz River. 

01C o N C e p T
STRENGTHS 
•	 Multi-use trail allows for a 

variety of users
•	 Three access points creates 

ease of entry
•	 Dedicated area for 

hydroseeding provides 
opportunities for riparian 
rehabilitation

WEAKNESSES
•	 Highest level of human 

accessibility throughout 
the site

•	 No dedicated primary 
entrance to provide site 
information

BALANCED
Balanced introduces a dry arroyo 
feature that connects the two pond 
areas. A primary trail for pedestrians 
transects the site and leads to the 
secondary semi-formal trail network. 
Entry points are diff erentiated 
between a primary entry and 
secondary entries. Disc golf spans 
the south end of the site.

STRENGTHS 
•	 Primary entry point allows for 

wayfi nding information and 
kiosk, and is also connected to 
parking lot

•	 Pedestrian-only access is less 
invasive to ecology

•	 Arroyo landform improves 
water catchment onsite

WEAKNESSES 
•	 Disc golf is less contained 

and could be detrimental to 
habitat creation

•	 Arroyo landform requires 
costly earthworks

•	 Neighborhood privacy is 
compromised with entry 
points near residential areas

ELEVATED
Elevated is the most structurally 
ambitious of the three concepts with 
the introduction of boardwalks that 
allow visitors to cross the arroyo 
and access gathering nodes. A large 
section of the site is dedicated to 
revegetation. Parts of the existing 
disc golf course are preserved along 
the south boundary.

STRENGTHS 
•	 Boardwalks are less invasive 

on the landscape and allow 
for the movement of fl ora and 
fauna

•	 Large dedicated area for 
revegetation

•	 Four access point for ease of 
entry

WEAKNESSES 
•	 Boardwalk design is costly and 

would need to be resilient to 
occasional fl oods

•	 Disc golf is less contained 
and could be detrimental to 
habitat creation

•	 Lack of semi-formal trail 
network could deter select 
visitors

02C o N C e p T

03C o N C e p T
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preliMiNArY MAsTerplAN

The preliminary plan combines features of the initial three concepts, and also incorporates 
comments from the Town of Marana Planning Department and feedback from several 
stakeholder meetings. 

The preliminary plan demonstrates a balance of both human and ecological needs in order 
to allow visitors to enjoy El Rio and learn from its unique features while simultaneously 
encouraging riparian rehabilitation.

The arroyo landform is sited further to the south to allow for greater engagement with 
people on the southern transect trail. The disc golf course is completely contained in the 
eastern-most section of the site (the disc golf community, with Marana Parks and Recreation, 
agreed to move the course off site), which will help with habitat creation. A dedicated entry 
point near the existing parking lot creates opportunities for wayfi nding, interpretation, 
and large gatherings. Visitors can also access the 1/2 mile ADA boardwalk from the primary 
entrance, which can function as a nature walk with interpretive material. Semi-formal trails 
bring visitors to points of interest such as bird blinds, views of the mountains, and views of 
the ponds. 

STRENGTHS 
•	 Arroyo landform improves water catchment onsite
•	 Entry points allow for connections to the Loop Trail, the 

adjacent neighborhoods, the existing parking lot, and 
the El Rio Neighborhood Park

•	 Nodes provide opportunities for large and small 
gatherings, educational stops, wildlife viewing, and 
interpretive material

•	 Design features are minimally invasive
•	 Existing trees and mounds are repurposed for shade 

and points of interest
•	 Contained area for disc golf allows for habitat creation

WEAKNESSES
•	 Pond locations are in close proximity to residential 

neighborhoods and will require proper mosquito and 
fl ooding mitigation strategies

•	 Boardwalk feature is costly
•	 Arroyo landform is costly
•	 Built features, including boardwalk and any structures 

at gathering nodes, need to be resilient to occasional 
fl ooding, and also require that the northern-most berm 
be stabilized 

❶

❸

❹

❾

❶ ponds

❷ arroyo

❸ primary entrance

❹ secondary entrances

❺ elevated ADA boardwalk

❻ semi-formal trail network

❼ gathering nodes

❽ disc golf course

❾ parking lot

❿ bridges

❶

❷

❹

❹

❺

❻

❼

❻
❽❿

❿

250’
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250’

preliMiNArY FoCUs AreA plAN

The focus area is contained to the southern border of the El Rio Preserve, the two terminus points being the Loop Trail parking 
lot on the west end and the El Rio Neighborhood Park and parking lot on the east end. This section is currently well used via an 
informal trail/road, and is also one of the upland areas that typically does not fl ood. The strategy for the focus area is: to use 
existing trees for respite locations, to incorporate interpretation that tells the story of El Rio and the surrounding context, and to 
provide an ADA accessible trail from either end of the site.

❶ primary trailhead with information kiosk

❷ amphitheater and overlook

❸ node for respite + interpretation

❹ boardwalk

❺ main trail

❻ stairway access to Loop

❸

❶
❷

❹

❺
❻

❸ ❸

① timelapse camera mounts

② sightline tubes

③ natural slide

④ solar amber wildlife-safe lighting

⑤ specialized drainage crossing

SP
A
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S

E
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M
E

N
TS

Loop Trail 
parking lot

①

❶
❺

❸

❸
❸

Focus Area

approx. 1/2 mile

future Loop Trail

El Rio Neighborhood Park

②

③ ④

⑤

viewing deck

river rock edging

bird nest 
architecture

82 EL RIO RIPARIAN REHABILITATION 83CONCEPTUAL DEVELOPMENT



D e s i G N
final  masterplan : phase i  [p86]

f ina l  masterplan : phase i i  [p88]

southwestern transect  [p90]

southeastern transect  [p92]

render ings of  southern transect  [p94]

interpret ive master p lan [p102]



③

①

①

④
⑤

⑥

② ⑦

⑧

FiNAl MAsTerplAN
phase 1 des ign

PHASE I DESIGN FEATURES

① ponds

② primary pedestrian trail

③ primary trailhead to El Rio from Loop Trail

④ Loop Trail (existing)

⑤ parking lot for Loop Trail (existing)

⑥ arroyo landform

⑦ hydroseed zone, phase one

⑧ secondary trailhead to El Rio from Loop Trail

* detailed design for southern transect on pages 90-93

Phase I of the design for El Rio addresses the immediate needs of the site for both ecological health 
and community enjoyment. Onsite water catchment is improved through the concentration of water in 
the two pond areas and the arroyo landform. These design solutions will help address the fl ooding and 
mosquito issues, and discourage the growth of invasive species that thrive on water. Native species are 

reintroduced to the site via the hydroseed zone along the southern transect of El Rio.

Design for community enjoyment is confi ned to the southern transect because of its lower tendency of 
fl ooding. The transect features a primary pedestrian trail connected by two trailheads on the western 

and eastern endpoints, which also provide access to and from the Loop Trail.  The trail is ADA accessible 
and features a pollinator garden and shaded seating areas that utilize existing shade trees. Many of the 

design features for both phase I and phase II were a result of community feedback.

250’
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①

②

③

④

⑤

③

①

①

④
⑤

⑥

② ⑦

⑧

④

FiNAl MAsTerplAN
phase i i  des ign

PHASE I DESIGN FEATURES

① ponds

② primary pedestrian trail

③ primary trailhead to El Rio from Loop Trail

④ Loop Trail (existing)

⑤ parking lot for Loop Trail (existing)

⑥ arroyo landform

⑦ hydroseed zone, phase one

⑧ secondary trailhead to El Rio from Loop Trail

PHASE II DESIGN FEATURES

① semi-formal trail network

② gathering nodes

③ secondary trailhead to El Rio from Loop Trail

④ experimentation sites for educational use + bird blind locations

⑤ ADA boardwalk (1/2 mile loop)

⑥ bridge crossing

⑦ hydroseed zone, phase two

* detailed design for southern transect on pages 90-93

⑥

⑦

250’

Phase II of the design for El Rio maximizes the ecological and human engagement components 
of the site.  With improved water catchment and the ability to assess the  eff ectiveness of 

the  hydroseeding eff orts from phase I, revegetation of the greater site can occur.  As with any 
rehabilitation project, continual management and observation of the site ecology will be required. 

A series of structures along the southern transect allow for  larger gatherings, such as an 
amphitheater near the main trailhead, and several other viewing platforms.  These structures are 

strategically placed to maximize the scenic views of the site. Another feature is the boardwalk, which 
is an eff ective strategy for riparian habitats as it minimizes contact with the ecology beneath and can 

handle fl ood events. Finally, a network of semi-formal trails allows visitors to explore the site; these 
trails are especially useful for student groups who wish to access various areas for experimentation. 
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① ②

①③

④

② ③

⑤

⑥ ⑥ ⑦ ⑥

PHASE I DESIGN FEATURES

① primary trailhead to El Rio from Loop Trail, with bicycle rack

② pollinator garden with bird nest ramada, picnic table, site information/rules, and doggie bag station

③ primary pedestrian trail

④ Loop Trail parking lot (existing)

⑤ archaeological site of interest with interpretation

⑥ seating areas under existing shade trees, with surrounding garden space to be used for education

⑦ at-channel crossing with specialized treatment for erosion control

PHASE II DESIGN FEATURES

① amphitheater with overlook deck/stage

② natural rock slide

③ access to boardwalk

FiNAl MAsTerplAN - soUTHwesTerN TrANseCT

The southern transect of El Rio is perhaps one of the most important areas for 
community engagement as it directly connects people from the Loop Trail and 

surrounding neighborhoods. The transect is also an area of higher elevation , therefore, 
more design elements can be incorporated because of the reduced risk of fl ooding. 
In the southwestern portion of the transect, visitors access the main trailhead to El 

Rio from the Loop Trail parking lot. A pollinator garden  provides a welcoming entry, 
complete with a shade ramada that resembles a bird nest (planting detail can be found 

on pages 114-115). Site information and rules are also found here. 

The main trail takes visitors to an amphitheater built into the natural slope just south 
of the pond; a key design feature for school and interpretive groups. Additional seating 
areas are scattered throughout this section. These seating areas can be surrounded by 

garden space that could be maintained by local schools or clubs as educational elements.   

50’
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②①

PHASE I DESIGN FEATURES

① maze gate from Loop Trail guard rail to existing stairs into El Rio

② seating areas under existing shade trees, with surrounding garden space to be used for education

③  at-channel crossing with specialized treatment for erosion control

④ secondary trailhead to El Rio from Loop Trail, with bicycle rack

⑤ secondary trailhead with bird nest ramada, picnic table, site information/rules, and doggie bag station

PHASE II DESIGN FEATURES

① bridge crossing

② seating area

③ cantilevered viewing platform on existing disc golf mound

④ cantilevered platform over pond

③②

①

FiNAl MAsTerplAN - soUTHeAsTerN TrANseCT

The  southeastern section of the transect features a secondary access  point from  
the El Rio Neighborhood Park and the Loop Trail . A similar bird nest ramada and 

site information is also found here, creating design continuity and placemaking for 
the Preserve. Access to the semi-formal trail network is found in this section, with 

an immediate crossing over the arroyo landform.

As with  all the seating areas in the transect, existing shade trees continue to be 
the location for respite.  Building upon the goal of utilizing existing site resources, 

a viewing platform is also proposed atop a disc golf mound, which features 
beautiful views to the northeast. 

④② ③ ④ ⑤
50’
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A

B

A-A

Perspective A: El Rio Preserve Trailhead featuring 
native pollinator garden, bird nest ramada, and site 
information.

Perspective B: Amphitheater for larger gatherings 
featuring tiered seating, bird nest overlook 
platform, and camera mount for timelapse 
photography.

Section A-A: Cross-section of transitional zones 
from Loop Trail to riparian habitat.

NTS

reNDeriNGs oF soUTHerN TrANseCT

A series of one cross section and two perspectives conceptually demonstrate the design 
features as they would appear in reality. The renderings include views of the transitional 
zones between the Loop Trail and the riparian habitat (Section A-A), the pollinator garden (A), 
and the amphitheater (B).
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Loop Trail Berm + hydroseed 
phase 1 zone

Primary pedestrian 
trail for El Rio

Riparian habitat + 
hydroseed phase 2 zone

NTS

SECTION A-A
The interchange of spaces from the Loop Trail down to the riparian habitat at 
El Rio is an exciting feature of the Preserve. Visitors enjoy spaces for recreation 
that are surrounded by areas of habitat rehabilitation, allowing people to 
engage with the ecological processes and temporal dynamics of El Rio. Realizing 
the vast diff erences in these spaces is a reminder of the importance in reaching 
a balance in the design for humans and the design for ecology.
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PERSPECTIVE A
The pollinator garden provides an attractive entry into 
El Rio, and is complete with a shaded seating area. 
Visitors can learn about El Rio through the trailhead 
sign. Architectural elements such as the ramada 
and sign are inspired by bird-like features, creating a 
unique identity and sense of wayfi nding at El Rio.
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PERSPECTIVE B
An amphitheater is constructed into the existing slope, 
and provides a space for larger gatherings such as school 
fi eld trips or guided nature tours. An overlook deck and 
stage is oriented toward the beautiful views of the pond 
and the surrounding mountains. A permanent camera 
mount allows visitors to engage with the temporal 
processes at the site through timelapse photography. 
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iNTerpreTive MAsTer plAN

The interpretive master plan for El Rio specifies the interpretive storyboard and site elements for the trail along the southern 
transect. The trail is located on higher ground and is less susceptible to flooding, making it more reliable for design features. The 
trail is also ADA accessible and accessed via the Loop Trail, providing ease of access to interpretation.

The following pages 104-105 provide vignettes of the interpretive elements and their respective locations along the trail. 
Elements should be designed to consider various user groups, such as children and those with different learning abilities. 
Materials should blend into natural surroundings to maintain the ecological priorities of the Preserve. Simple yet resilient design 
is encouraged to allow elements to withstanding flooding.

Pages 106-109 outline the storyboard for the interpretation at El Rio. For each space, the master plan specifies the type of 
interpretive element, the main theme, the stories for describing the theme, and the strategies for locating the physical elements. 
Locations for each interpretive theme and story were strategically chosen based on their location along the trail to maximize the 
views afforded at the location or the vegetation specific to the immediate area. For example, the invasive species interpretive 
panel is situated under specimens of tamarisk and Mexican palo verde. 

Additional recommendations and guidelines can be found in the Interpretive Master Planning section of the Literature Review 
(pages 28-31).

Shapes of interpretive elements can be inspired by features 
intrinsic to a site, such as the importance of birds at El Rio.

Interpretive panels should be oriented toward features of discussion. 
Landscape labeling is often an effective way to relate to a vista.

Interpretive elements do not need to conform to 
traditional signage structures. Pictured above are 
boardwalk dots that describe the population of certain 
species overtime, providing visitors a greater degree of 
interaction with the storytelling element. 

Simple elements that are repeated throughout a site can help create a sense of identity and unique 
branding. Resilient design will ensure that elements withstand weathering processes. 
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iNTerpreTive eleMeNTs

Conceptual vignettes of interpretive elements provide ideas for the style and materials of the interpretive elements along the 
trail. Color-coded dots on each vignette relate to the use of the element in the spaces along the trail, as diagrammed below.

BOARDWALK SHADED SEATING AREA SHADED SEATING AREAAMPHITHEATER

ARCHAEOLOGICAL SITE

PRIMARY 
TRAILHEAD

Color dot denotes use of 
element in spaces below

TRAILHEAD SIGN

INTERPRETIVE PANEL

SP
AC

ES
 F

O
R 

EL
EM

EN
TS

EL
EM

EN
TS

INTERPRETIVE PANEL

POND OVERLOOKELEVATED VIEWPOINT

LOOP ACCESS POINT

SHADED SEATING AREA

SECONDARY 
TRAILHEAD

CAMERA MOUNT

WAYFINDING PANEL

SIGHTLINE TUBES

WAYFINDING PANEL

105104 EL RIO RIPARIAN REHABILITATION DESIGN



» El Rio
» Pollinator species 

AMPHITHEATER

»Interpretive Panel
»Wayfinding Panel

»Camera Mount

ARCHAEOLOGICAL SITE

»Interpretive Panel
»Wayfinding Panel

S
P

A
C

E
S

E
L

E
M

E
N

T
S

T
H

E
M

E
S

S
T

O
R

IE
S

 &
 S

T
R

A
T

E
G

IE
S

PRIMARY 
TRAILHEAD

»Trailhead Sign
»Interpretive Panels
»Wayfinding Panel

» Riparian rehabilitation » Hohokam culture

• On trailhead sign, provide 
site history and orientation 
information; site rules; and 
a brief introduction to the 
rehabilitation processes 
employed.

• Provide interpretive panels 
throughout pollinator 
garden identifying plant 
species and wildlife 
pollinators.

• Provide wayfinding panel 
at threshold of pollinator 
garden and Loop Trail to 
direct visitors into space 
and toward primary 
trailhead sign.

• Interpretive panel to be 
situated near camera 
mount. Discuss the 
changes that occur with 
riparian rehabilitation, 
including vegetative 
changes. Discuss the 
camera mount as a feature 
that encourages “citizen 
science” and allows visitors 
to document landscape 
changes.

• Provide wayfinding 
panel at threshold of 
amphitheater to orient 
visitors to the gathering 
space.

• Interpretive panels within 
archaeological site to 
discuss Hohokam culture 
and the use of morteros. 
Discuss the process of 
preserving archaeological 
resources, and any rules 
associated with the site. 
Include tactile elements if 
possible.

• Provide wayfinding panel at 
threshold of archaeological 
trail.

BOARDWALK 

»Interpretive Panel

SHADED SEATING AREA

»Interpretive Panel
»Wayfinding Panel

SHADED SEATING AREA

»Interpretive Panel
»Wayfinding Panel

» Boardwalk Nature Loop » Invasive species» Water in the desert

• Interpretive panel to 
discuss the Boardwalk 
Nature Loop, and to 
be placed at start of 
boardwalk. Provide 
length of loop, time to 
walk, features along 
the way, and preview of 
interpretive information. 
Discuss boardwalks as 
adequate design features 
for wetlands by allowing 
the movement of plant 
and animal life below the 
structure.

• Interpretive panel within 
seating area to discuss 
the importance of water 
in the desert. Discuss 
increasing scarcity of 
water, and the unique 
plant and animal life that 
are supported by riparian 
habitats. Relate back to 
the permanent ponds and 
the dry arroyo landform of 
El Rio.

• Provide wayfinding panel 
at threshold of seating 
area trail.

• Interpretive panel within 
seating area to discuss 
invasive species, and 
make reference to the 
tamarisk and Mexican 
palo verde trees that 
provide shade for this 
seating area. Discuss 
the invasive species 
management strategy for 
El Rio, noting the balance 
between managing new 
growth and allowing large 
specimens to remain 
and continue providing 
ecological (habitat) 
and human (shade) 
services.

• Provide wayfinding panel 
at threshold of seating 
area trail.
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SECONDARY 
TRAILHEAD

POND OVERLOOKELEVATED VIEWPOINTLOOP ACCESS POINTSHADED SEATING AREA

»Trailhead Sign
»Interpretive Panels
»Wayfinding Panel

»Sightline Tubes

»Interpretive Panels
»Wayfinding Panel

»Camera Mount

»Interpretive Panel
»Wayfinding Panel

»Sightline Tubes
»Interpretive Panels»Interpretive Panel

» El Rio
» Sonoran Desert»Seasonality»Regional linkages»El Rio

»Multi-purpose spaces
»Native vegetation

• Interpretive panel within 
seating area to discuss 
native and drought-
tolerant species, and 
make reference to the 
mesquite tree that 
provides shade for this 
seating area. Discuss the 
hydroseeding process 
and the management 
strategy for reintroducing 
native vegetation to El 
Rio. 

• Interpretive panel 
within seating area to 
discuss El Rio as a multi-
purpose space, serving 
both ecological needs 
and the community 
through habitat creation, 
stormwater management, 
recreational opportunities, 
and environmental 
education. 

• Provide interpretive 
panel at top of stairs off 
Loop Trail with brief site 
information.

• Interpretive panel on 
elevated platform to 
discuss regional context 
of El Rio among other 
natural resources. Discuss 
habitat corridors and 
patches and how El Rio 
is a component of these 
linkages. Use sightline 
tubes to direct views to 
various natural resources 
within sight.

• Provide wayfinding panel 
at threshold of viewpoint 
trail.

• Interpretive panel on 
pond overlook to discuss 
seasonal changes of 
riparian habitats and El 
Rio. Encourage visitors 
to use the camera mount 
to document seasonality 
and note how plant 
and animal species 
respond to seasonal 
changes.

• Provide wayfinding panel 
at threshold of trail to 
overlook.

• On trailhead sign, provide 
site history and orientation 
information; site rules; and 
a brief introduction to the 
rehabilitation processes 
employed.

• Provide interpretive panels 
for the vistas to the east, 
and discuss the context of 
El Rio within the Sonoran 
Desert. Use sightline 
tubes directed at specific 
features in the easterly 
vista.

• Provide wayfinding panel 
at threshold of Loop Trail 
to direct visitors into 
space and toward primary 
trailhead sign.
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D e s i G N
   s p e C i F i C A T i o N s

revegetat ion + p lant ing spec i f icat ions [p114]

southern transect  spec i f icat ions [p116]



DesiGN speCiFiCATioNs

The following chapter presents the design specifi cations for the southern transect of El Rio that were provided to the Town 
of Marana. Included is the revegetation and planting specifi cation sheet, which outlines the seed mix for the hydroseeding 
application, along with a conceptual arrangement of plantings for the pollinator garden. The subsequent fi ve sheets outline the 
specifi cations for the design of the southern transect, separated into phase I and phase II design goals. All specifi cations sheets 
need to be approved by a Landscape Architect.

Existing shade trees can provide optimal locations for seating and interpretation.

An entry point from the Loop Trail to El Rio via the existing set of stairs 
allows people to have a greater ease of access between the two spaces. 
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115114 EL RIO RIPARIAN REHABILITATION DESIGN SPECIFICATIONS

SEED MIX
SHRUBS (at least 6 species and minimum of 5 PLS/acre) Lbs./acre

Ambrosia deltoidea triangle leaf bursage 3

Atriplex spp. (A. canescens, A. lentiformis, and/or A. polycarpa) four-wing saltbush 1

Calliandra eriophylla fairy duster 1

Celtis pallida desert hackberry 1

Encelia farinosa brittlebush 2

Larrea tridentata creosote 2

SMALL PERENNIALS (at least 10 species and minimum of 8 PLS/acre) Lbs./acre

Aristida purpurea three awn 1

Aristida ternipes spidergrass 1

Bahia absinthifolia desert bahia 1

Baileya multiradiata desert marigold 1

Bouteloua curtipendula sideoats grama 1

Bouteloua rothrockii Rothrock’s grama 1

Cucurbita digitata fingerleaf gourd 1

Datura wrightii sacred datura 1

Digitaria californica Arizona cottontop 1

Erioneuron pulchellum fluffgrass 1

Glandularia (Verbena) gooddingii Southwestern mock vervain 1

Muhlenbergia porteri bush muhly 1

Oenothera caespitosa tufted evening primrose 1

Porophyllum gracile slender poreleaf 1

Proboscidea parviflora devil’s claw 1

Psilostrophe cooperi whitestem paperflower 1

Senna covesii desert senna 1

Sphaeralcea spp (S. ambigua S. laxa, and/or S. emoryi) globemallow 1

Zinnia pumila desert zinnia 1

ANNUAL HERBS (at least 8 species and minimum of 5 PLS/acre) Lbs./acre

Allionia incarnata trailing windmills 1

Bouteloua barbata six-weeks grama 1

Datura discolor desert thorn-apple 1

Eschscholzia californica ssp. mexicana Mexican gold poppy 1

Evolvulus arizonicus wild dwarf morning-glory 1

Hordeum pusillum little barley 1

Hymenothrix wislizeni Trans-Pecos thimblehead 1

Kallstroemia grandiflora Arizona poppy 1

Lesquerella gordonii Gordon’s bladderpod 1

Lupinus sparsiflorus Coulter’s lupine 1

Nama demissum purplemat 1

Nicotiana obtusifolia desert tobacco 1

Orthocarpus purpurascens purple owl’s clover 1

Poa bigelovii Bigelow’s bluegrass 1

Pectis papposa manybristle chinchweed 1

Phacelia distans distant phacelia 1

Plantago ovata desert Indianwheat 1

Salvia columbariae desert chia 1

Sphaeralcea coulteri Coulter’s globemallow 1

Tidestromia lanuginosa woolly tidestromia 1

TOTAL PER ACRE (per minimum requirements) 28 Lbs.

NOTES:

1. Revegetation and planting plan is to be approved by the Landscape 
Architect or Habitat Restoration Specialist prior to actual planting 
and irrigation work.

2. Revegetation and planting work shall be coordinated with grading 
and irrigation work. 

3. The contractor shall protect and preserve in place all existing 
vegetation except those species that are identified by the Landscape 
Architect or Habitat Restoration Specialist for removal.

4. All native species protected by state and local laws shall remain in 
place undisturbed. A Native Plant Preservation Ordinance survey will 
identify all trees and shrubs to be preserved in place.

5. SEEDING: The final seed mix shall be approved by the Landscape 
Architect or Habitat Restoration Specialist; if seed of a particular 
species is not available at the time of seed application, the 
Landscape Architect or Habitat Restoration Specialist may make 
substitutions. Seed shall be applied during October 1 and January 
31. The tank and hose used to apply the hydroseed mix will be 
thoroughly rinsed with water at least three times to ensure any 
previous hydroseed mix is removed. The tank does not require 
washing between batches if the same mix is being applied. The 
hydroseed mix will contain M-binder, which does not prolong seed 
germination, and should be applied at 200 pounds/acre with 2,000 
pounds/acre of wood fiber. The seed/slurry will be mixed thoroughly 
before and continuously during application, and be applied in an 
even and consistent manner. 

6. POLLINATOR GARDEN: Conceptual arrangement drawing is 
diagrammatic and suggests the appropriate mix of plantings and 
relative spacing for the specified area size. The Landscape Architect 
reserves the right to make any adjustments. Plantings for Pollinator 
Garden shall not be initiated until an automatic irrigation system 
is installed sufficient to provide immediate work upon planting. 
Plantings should be done prior to monsoon seasons. Grading for 
microbasins will allow for passive rainwater harvesting within 
Garden. Plantings suggested in schedule are appropriate to be used 
as plant material elsewhere onsite with adequate irrigation.

7. All plantings and hydroseed shall be maintained during the life of 
the project. Maintenance during installation and during a one year 
Landscape Establishment period of the plant materials and irrigation 
is suggested.

POLLINATOR GARDEN
TREES Size

Acacia greggii catclaw acacia 5 gallon

Celtis reticulata netleaf hackberry 5 gallon

Chilopsis linearis desert willow 15 gallon

Olneya tesota ironwood 15 gallon

Parkinsonia florida blue palo verde 15 gallon

Prosopis veluntina velvet mesquite 15 gallon

SHRUBS Size

Calliandra californica red fairy duster 1 gallon

Justicia californica chuparosa 1 gallon

Larrea tridentata creosote 5 gallon

Lycium berlandieri wolfberry 5 gallon

Muhlenbergia rigens deer grass 1 gallon

Opuntia engelmannii prickly pear 5 gallon

Pollinator Garden
conceptual arrangement of plantings for 20’ x 20’
scale: 1’ = 10’

Trees - to be spaced at least 20’

Muhlenbergia rigens deer grass

Justicia californica chuparosa

Lycium berlandieri wolfberry

Opuntia engelmannii prickly pear

Larrea tridentata creosote

Calliandra californica red fairy duster

20’

Revegetation and Planting Specifications
El Rio Preserve
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KEY NOTES

1 Entry point from Loop Trail to El Rio Preserve.

Bird nest ramada - custom steel fabrication. Picnic table and site
information kiosk to be located under ramada. Diameter to be 16',
with 2' overhang from steel bird nest rooftop.

Decomposed granite to be different from trail material.

Pollinator garden (approx. 4,900 sq.ft.) intended to enclose
trailhead entry. Site garden on ground of even grade. See planting
specification sheet for planting details.

Main trail to be composed of compacted decomposed granite.
Edging is recommended to aid in containment of decomposed
granite, such as a river rock edging. Trail is 10' wide throughout
pollinator garden and widens to 12' at the west edge of the
amphitheater to match width of existing informal trail. Trail should
not exceed 5% slope and 2% cross-slope at any point.

Amphitheater tiers to be decomposed granite to match main trail,
with a 1' concrete seating edge of a different color. Tiers should be
16" in height. Tiers at the east end should be accessible and at
grade with the main trail.

Bird nest deck and stage area to be built of composite plastic or
concrete, such as PermaTrak. North edging to be custom steel
fabrication to match bird nest ramadas at trailheads. Deck should
come off grade at southern half and cantilever off ground plane
northward.

Trail to archaeological site of interest.

Archaeological site of interest with interpretation and seating.

*The final design must be approved by a Landscape Architect. The
Landscape Architect reserves the right to make any adjustments.

9

# phase I design goal # phase II design goal

DETAILED LOCATIONScale: 1" = 50'
50'

N
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5

6

7

8

El RIO RIPARIAN REHABILITATION
design for southern upland transect | sheet 1 of 5
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13

11

12

10

14

KEY NOTES

10 Seating area with bench.

Natural rock slide area. Boulders to be placed around slide as
stairs/climbing features. Top and bottom landing areas to be same
decomposed granite under trailhead ramada.

Entry point to ADA accessible boardwalk. Boardwalk to begin at
grade and ramp to 3' above grade at no greater than 5% slope.
Railing on either side is recommended for safety.

Arroyo landform feature to connect pond areas.

Seating area with bench. Location is determined by existing shade
tree specimen. Shade tree to be adequately pruned to allow for
bench and standing room. Area to be treated with same
decomposed granite as mail trail. Garden space surrounding
seating area has potential to be used and maintained as
"Adopt-a-Garden" space for local schools or garden clubs.

*The final design must be approved by a Landscape Architect. The
Landscape Architect reserves the right to make any adjustments.

11

12

13

14

# #

Scale: 1" = 50'
50'

N

DETAILED LOCATION

El RIO RIPARIAN REHABILITATION
design for southern upland transect | sheet 2 of 5

phase I design goal phase II design goal
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16

15

KEY NOTES

15

Seating area with bench. Location is determined by existing shade
tree specimen. Shade tree to be adequately pruned to allow for
bench and standing room. Area to be treated with same
decomposed granite as mail trail. Garden space surrounding
seating area has potential to be used and maintained as
"Adopt-a-Garden" space for local schools or garden clubs.

At-channel crossing to be treated with material adequate for water
flow and erosion prevention. One solution is a vertically interlocking
articulating concrete block (ACB) system called Enviroflex which
allows for infiltration, helps mitigate stormwater pollution, and
requires less excavation that most traditional channel crossing
systems.

*The final design must be approved by a Landscape Architect. The
Landscape Architect reserves the right to make any adjustments.

16

# #

Scale: 1" = 50'
50'

N

DETAILED LOCATION

El RIO RIPARIAN REHABILITATION
design for southern upland transect | sheet 3 of 5
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24

20

22

23

19

18

17

KEY NOTES

17
Seating area with bench. Location is determined by existing shade
tree specimen. Shade tree to be adequately pruned to allow for
bench and standing room. Area to be treated with same
decomposed granite as mail trail.

Seating area with bench. Location is determined by existing shade
tree specimen. Shade tree to be adequately pruned to allow for
bench and standing room. Area to be treated with same
decomposed granite as mail trail. Garden space surrounding
seating area has potential to be used and maintained as
"Adopt-a-Garden" space for local schools or garden clubs.

Existing stairs from upland to lowland area.

Maze gate from Loop Trail to stair access.

Cantilevered viewing platform to be constructed on top of existing
disc golf mound. Platform should be constructed out of same
material as amphitheater deck, with railings. Orientation should be
toward the northeast to maximize views. Two sets of stairs with
landing deck allow access from seating area to platform.

Seating area with two sets of benches in corners.

Semi-formal trail to be delineated by regularly maintained
clearings. Maintain natural ground treatment.

Bridge crossing across arroyo landform feature.

*The final design must be approved by a Landscape Architect. The
Landscape Architect reserves the right to make any adjustments.

# #

18

19
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22

23

24

Scale: 1" = 50'
50'

N
DETAILED LOCATION

El RIO RIPARIAN REHABILITATION
design for southern upland transect | sheet 4 of 5
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26

25

27
29

28

30

KEY NOTES

25
Viewing platform should be constructed out of same material as
amphitheater deck, with railings. Orientation should be toward the
north overlooking pond. Platform to cantilever over lower pond
grade. Access trail to be at grade.

Seating area with bench. Location is determined by existing shade
tree specimen. Shade tree to be adequately pruned to allow for
bench and standing room. Area to be treated with same
decomposed granite as mail trail.

At-channel crossing to be treated with material adequate for water
flow and erosion prevention. One solution is a vertically interlocking
articulating concrete block (ACB) system called Enviroflex which
allows for infiltration, helps mitigate stormwater pollution, and
requires less excavation that most traditional channel crossing
systems.

Bird nest ramada - custom steel fabrication. Picnic table and site
information kiosk to be located under ramada. Diameter to be 16',
with 2' overhang from steel birds nest rooftop. Underlying
decomposed granite to match treatment at west trailhead.

Potential pollinator garden space if adequate irrigation can be
achieved. Rock/boulder garden as a substitute.

Entry point from Loop Trail and El Rio Neighborhood Park into El
Rio Preserve.

*The final design must be approved by a Landscape Architect. The
Landscape Architect reserves the right to make any adjustments
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27

28

29

30

# #

Scale: 1" = 50'
50'

N

DETAILED LOCATION

El RIO RIPARIAN REHABILITATION
design for southern upland transect | sheet 5 of 5
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c o n c l u s i o n| MoviNG ForwArD |

The Town of Marana and the greater region have a special place 
in the El Rio Preserve. The drive to protect and celebrate riparian 
habitats is needed now more than ever, and the Preserve 
presents an opportunity to realize that vision. The support and 
momentum from the community who already value El Rio is a 
promising assurance of the future eff orts to rehabilitate this 
landscape. 

This Master’s Report is the beginning of a larger scope of work 
to be done at El Rio. Water catchment onsite will need to be 
improved to help with the immediate issues of mosquitoes and 
fl ooding, and also before any design decisions can be realized. 
Continual monitoring of the revegetation eff orts and invasive 
species management is also critical in assessing the processes of 
rehabilitation. The community needs to be continually engaged 
with the site so that opportunities for education and recreation 
are realized. 

“IN EVERY WALK WITH NATURE ONE 

RECEIVES FAR MORE THAN HE SEEKS”

John Muir
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Sonoran Desert outline - United States Geological Survey; urban footprints and highways -  Pima County GIS; boundaries - Natural 
Earth
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invasives removal - http://news.nationalgeographic.com/news/2011/04/110421-national-parks-grand-canyon-water-tamarisk-flycatcher/
runoff - http://www.chesapeakebay.net/issues
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boardwalk - http://www.mnn.com/lifestyle/eco-tourism/blogs/boardwalk-trails-provide-special-doorway-national-parks

Pages 34-35 Images: 
sweetwater - https://www.tucsonaz.gov/water/sweetwater-wetlands-mosquito-abatement
yuma - https://landscapeperformance.org/case-study-briefs/yuma-east-wetlands
rillito - https://webcms.pima.gov/UserFiles/Servers/Server_6/File/Government/Flood%20Control/Projects/Rillito%20River%20Swan%20
Wetlands%20Ecosystem%20Restoration/r1-draftplan.pdf
cooper - http://coopercenter.arizona.edu/content/facilities-center-map
tucson - http://www.tucsonurbanwildlife.com/ 
crosswinds - https://landscapeperformance.org/case-study-briefs/crosswinds-marsh-preserve
boneyard - https://landscapeperformance.org/case-study-briefs/boneyard-creek-restoration

Pages 36-37 Images: 
pond & background - https://www.tucsonaz.gov/water/sweetwater-wetlands-mosquito-abatement
person & discovery panel - https://www.tucsonaz.gov/water/self-guided-tours-of-sweetwater-wetlands

Pages 38-39 Images: 
all images - https://landscapeperformance.org/case-study-briefs/yuma-east-wetlands

Pages 40-41 Images:
map & draft - https://webcms.pima.gov/UserFiles/Servers/Server_6/File/Government/Flood%20Control/Projects/Rillito%20River%20
Swan%20Wetlands%20Ecosystem%20Restoration/r1-draftplan.pdf
mountains - https://www.recon-us.com/services/biological-res/rillito-river-eco-restoration.php
background - https://biketucson.wordpress.com/tag/rillito-river-path-2/

Pages 42-43 Images:
bird blind - http://coopercenter.arizona.edu/content/facilities-center-map
kids & background - https://crowdfund.arizona.edu/project/1755
sign - http://frontdoortucson.blogspot.com/2014_10_01_archive.html
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Pages 82-83 Images:
sunset amphitheater - https://jeffersonpva.ky.gov/2015/08/26/so-what-is-norton-commons/
desert amphitheater - https://www.dbg.org/venues
camera mount - http://www.instructables.com/id/How-to-make-a-long-term-time-lapse/
slide - https://tclf.org/m-paul-friedberg-and-partners
boardwalk - https://www.dezeen.com/2014/04/14/wooden-viewing-platform-latvia-river-daugava-didzis-jaunzems-jaunromans-abele/
nest - http://artsplastiquessaintepulcherie.blogspot.com/2015_10_01_archive.html
lights - http://seaturtlelighting.net/

Pages 102-103 Images:
bird wing - miso-butter.info/bird-wing-template/
boardwalk - https://greenlivingguy.com/2015/05/08/12-projects-certified-by-nations-most-comprehensive-landscape-sustainability-
rating-system/
boardwalk with interpretation - Kirk Dimond
panel - http://scarletandminiver.com/category/running/

Pages 44-45 Images:
all images - http://www.tucsonurbanwildlife.com/
background - http://www.archaeologysouthwest.org/event/tucson-underground-the-archaeology-of-a-desert-community

Pages 46-47 Images:
all images - https://landscapeperformance.org/case-study-briefs/crosswinds-marsh-preserve

Pages 48-49 Images:
all images - https://landscapeperformance.org/case-study-briefs/boneyard-creek-restoration

Pages 56-57 Data:
Contours - Town of Marana

Page 59 Data:
Precipitation data - http://www.usclimatedata.com/climate/tucson/arizona/united-states/usaz0247

Pages 60-61 Images :
mesquite - https://en.wikipedia.org/wiki/Prosopis_velutina
willow - http://www.panoramio.com/photo/119446671
seep willow - http://wnmu.edu/academic/nspages/gilaflora/baccharis_salicifolia.html
creosote - https://freethoughtandmetaphor.com/2014/08/
desert broom - http://ghost32writer.com/?p=7840
London rocket - https://www.desertortoisebotanicals.com/blogs/news/urban-foraging-for-london-rocket
Johnson grass - https://commons.wikimedia.org/wiki/File:Sorghum_halepense_(6134151713).jpg
cocklebur - http://handbookofnaturestudy.com/2014/09/burdock-nature-study.html/
great blue heron - http://dunescenter.org/dunes-in-flight-the-great-blue-heron/
snowy egret - https://whyevolutionistrue.wordpress.com/2014/01/11/readers-wildlife-photos-8/jd3-snowy-egret/
cliff swallow - http://www.audubon.org/field-guide/bird/cliff-swallow
vermilion flycatcher - https://sites.google.com/a/asu.edu/sonoran-desert-explore/w-c-vermilion-flycatcher
black-crowned night-heron - http://mamba.bio.uci.edu/~pjbryant/biodiv/birds/ciconiiformes/Nycricorax%20nycticorax/index.htm
Bell’s vireo - http://www.audubon.org/field-guide/bird/bells-vireo
bobcat - https://www.flickr.com/photos/mattknoth/sets/72157623338674998/
coyote - http://news.nationalgeographic.com/2016/08/coyote-america-dan-flores-history-science/
javelina - https://notesfromthewest.wordpress.com/tag/javelina-2/
raccoon - http://kingofwallpapers.com/racoon.html
round-tailed ground squirrel - http://www.1stresponsewildlife.com/my-blog/2014/04/1st-response-wildlife-customers-sometimes-find-
round-tailed-ground-squirrels-to-be-a-nuisance.html
gila monster - http://wheninyourstate.com/arizona/gila-monsters/
spiny soft-shell turtle - https://www.flickr.com/photos/alan_cressler/2710414030
mosquito fish - https://www.youtube.com/watch?v=idhLtKG7oHI
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