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“

The Sky Island Restoration Collaborative (SIRC) 
is comprised of people living and working in the 
United States-Mexico borderlands that have self-
organized to address shared goals of ecological 
restoration and improve the social, cultural, and 
economic well-being of communities (Norman 
et al., 2021b). This collaboration is founded on a 
recognized need to improve management of our 
shared geography for biodiversity and conservation 
(DeBano et al., 1995) and to maximize restoration 
impacts using available funding (Norman et al., 
2021b). Our grassroots partnership organically 
embraces restoration practitioners, land and 
resource managers, and research scientists, with 
representation from agencies, government and 
non-governmental organizations, and educational 
institutions, across state and international 
boundaries of the Madrean Archipelago Ecoregion of 
North America (Figure 1). In this article, we describe 
SIRC’s integration of science and practice to sustain 
biodiversity, improve resilience to a changing climate, 
and re-establish an ecologically healthy relationship 
between nature and culture in the United States-
Mexico borderlands.

OUR HOME

This Ecoregion is a globally recognized biodiversity 
hotspot on the border of Mexico and the United 
States (Conservation International, 2020), that 
supports isolated patches of montane habitats 
separated by intervening valleys of grassland, 

Figure 1. Map of the Madrean Archipelago Ecoregion Sky Is-
land complexes, United States-Mexico border, urban areas, and 
major rivers.

“Sky Islands” describe the isolated mountain ranges 
surrounded by lowland desert basin environments 
that comprise the Madrean Archipelago Ecoregion 

of Arizona and New Mexico, United States and 
Chihuahua and Sonora, Mexico (Warshall, 1995).
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desert scrub and subtropical thorn scrub (Warshall, 1995). 
The borderlands region hosts exceptional cultural and 
biological diversity, but faces unique challenges in addressing 
environmental health, security, and climate change (Updike et 
al., 2013). Extended drought and changes in rainfall intensities 
associated with climate change have a disproportionate 
impact on the naturally arid environment as well as on 
the many vulnerable rural communities, largely made up 
of farmers, ranchers and other local people whom inhabit 
“colonias” (Norman et al., 2013, 2012, 2004). Many of these 
people have traditional and cultural knowledge that is valuable 
for restoring landscapes and sustaining livelihoods in this arid 
landscape (Norman, 2020; Norman et al., 2021b).

groundwater extraction and other land uses has left many 
stream and upland ecosystems degraded (Sheridan, 2006). The 
border wall along the international boundary affects critical 
water resources and hydrologic function near the border 
(Quijada-Mascareñas et al., 2012). The wall has also disrupted 
dispersal and migratory pathways for many culturally 
and ecologically important species, including the jaguar 
(Panthera onca) (Peters et al., 2018). An ecologically, socially, 
and economically resilient environment in the borderlands 

helps perpetuate years of past investments in conservation 
in the region (Good Neighbor Environmental Board (GNEB), 
2014; Peters et al., 2018). 

INTEGRATION

Restoration practitioners, land and resource managers, and 
research scientists of the SIRC began developing experiments 
together in 2014, to test hypotheses, qualify procedures, 
and quantify impacts on shared project landscapes that 

umbrella and a vehicle for information sharing, training, and 
successful project implementation. Collaborations include 
implementing cost-effective and simple restoration practices 
such as installation of rock detention structures (RDS; Figure 
2); collection and propagation of local plant materials; job 
creation to enhance the local restoration economy; and 
provision of educational programs for youth and residents, to 
involve them in local efforts and train them to be restoration 

Figure 2. Photographs of rock detention structures 
(RDS) in riparian areas in the Madrean Ecoregion, 
including a.) a one-rock dam (Tosline et al., 2020), 
b.), a check dam (Norman et al., 2015), and c.) a 
gabion (Norman et al., 2014).

Colonias are rural neighborhoods within 250 km of 
the United States–Mexico border that lack adequate 

infrastructure, housing, and/or other basic services (Norman et 
al., 2013, 2012, 2004).
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practitioners (Norman et al., 2021b). This socio-
environmental approach, and willingness to try 
new and innovative methods, has helped SIRC to 
continue to grow our partnership and expand 
into neighboring areas. Efforts by our grassroots 
collaborative were highlighted in a recent special 
issue in the journal of Air, Soil and Water Research
featuring an editorial describing the SIRC evolution 
into a broad landscape-scale restoration initiative 
and shared projects (Norman et al., 2021a). 

The partnership and integration of restoration 
practitioners, land and water resource managers, 
and research scientists facilitates successful projects 
(Figure 3). Co-location, interest, and collaboration 
between partners creates a platform to document 

biologic processes and promote the conservation 
of biodiversity. Partners work together to conduct 
research-based investigations and implement 
restoration concurrently. SIRC proactively employs 
adaptive management by monitoring projects during 
implementation (in addition to post-implementation), 

at various locations, and adjusting project 

(Norman et al., 2019; Simpson, 2018a, 2018b).

COSTS AND BENEFITS

The costs of restoration are often uncertain but 
critical to document as data becomes available for 
management implementation (Palmer et al., 2007). 

of SIRC projects for comparison, based on the 
trained installation of RDS. Most SIRC projects are 
designed to achieve multiple resource goals and 
combine treatments which helps make them more 
“cost effective” over time. Restoration implemented 
in conjunction with RDS can include native seed 

habitat improvement, education, and outreach (Figure 
4) (Norman et al., 2021b).

Costs are dependent upon the availability of 
materials, labor costs vs. volunteers, accessibility, 
engineering design of larger structures, permitting, 
and legal requirements (Tosline et al., 2020). In 
addition, due to variability in RDS, sizes and number 
needed to restore or fortify a riparian area or 
wetland, and the variability of the environmental 

with an exact price per structure or area (Norman, 
2021a). And at some locations, as mentioned, 

practices—such as planting vegetation (Weaver, 
2021). These additional restoration practices, which 
increase the cost of a project, can help stabilize 
the site and improve wildlife habitat, and could 
also extend the project’s life, reducing maintenance 
costs after the fact, and delivering additional returns. 

and vetted by the research partners of the SIRC. 
We document a range of costs by structure and 
by riparian distance of using one-rock dams, check 
dams, and gabions (Table 1).

in terms of the ecosystem services they provide 

regulation (Norman et al., 2010), erosion control 
(Norman et al., 2017; Norman and Niraula, 2016), 
vegetation and habitat provisioning (Norman et al., 
2014; Wilson and Norman, 2018), increased water 
availability (Fandel, 2016; Norman et al., 2019, 2016) 

sequestration and storage (Callegary et al., 2021), 
and social values (Petrakis et al., 2020). In addition 

climate adaptation or mitigation strategies (Norman, 
2021b; Norman et al., 2021c, 2016, 2014, 2010; 
Tosline et al., 2020; Wilson and Norman, 2018) or 
“nature-based solutions” (Gooden and Pritzlaff, 2021; 
International Union for Conservation of Nature, 
2021; Norman, 2022). 

GROWING GRASSROOTS EFFORTS INTO 
THE FUTURE

SIRC participants have communicated the results 
of several regionally important collaborative 
restoration projects over the past 5 years, including: 
the development of wildlife corridors (Manteca-

Rock detention structures (RDS) are low-tech, 
low-cost, natural infrastructure comprised of rock 
material that are situated perpendicularly in arid 

conserve soils (e.g., one-rock dams, check dams, or 
gabions; Figure 2)(Norman 2020).
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Design Price/Structure Price/km

Check dams $850 $37,358

One rock dam $656 $37,383

Gabions $32,000 $168,602

Table 1. Table describing range of prices for various struc-
tures to restore and revegetate channels based on price per 
structure and per kilometer of treated stream channel (from 
SIRC practitioners (Gerencia de Restauración Forestal, 
2018; Norman, 2022; Tosline et al., 2020)).

Figure 3. Practitioners, managers, and scientists 
from Arizona Department of Environmental 
Quality (ADEQ), Arizona State University 
(ASU), Borderlands Restoration Network 
(BRN), Cuenca Los Ojos (CLO), Phoenix Zoo, 
Sky Island Alliance (SIA), Tucson Audubon 
Society, US Bureau of Land Management 
(BLM), US Bureau of Reclamation (BOR), US 
Fish and Wildlife Service (USFWS), US Forest 
Service (USFS), US Geological Survey (USGS), 
US National Park Service (NPS), Watershed 
Management Group (WMG), and private 
landowners at an initial SIRC meeting (2015). 
Photo credit: SIRC. 

Figure 4.a.), b.), and c.) Photos of restoration practitioners at Borderlands Restoration Network and volunteers installing one-rock 
dams. Photo credit: Tess Wagner.
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Rodríguez et al., 2021); restoration impacts on 
vegetation and birds (Flesch and Esquer, 2020); 
creating low-water plant palettes (Campbell, 2020); 

and reducing risks (Laushman et al., 2020; Villarreal 
et al., 2020). Social values and community efforts 
are portrayed that describe: social valuation of 
restoration (Petrakis et al., 2020);  how a youth 
group learns leadership and restoration skills 
(Weaver, 2021); how RDS can sequester and store 
carbon (Callegary et al., 2021) and a summary of a 
multidisciplinary study of installing RDS (Norman, 
2020). In 2022, partners continue to unite our 
shared goals and nurture binational projects 

private landowners. Table 2 portrays some examples 
of new collaborative projects where participating 
agencies, landscapes, and driving themes overlap. 

CONCLUSION

The Sky Island Restoration Cooperative 
(SIRC) is committed to building a resilient 

restorative action to reverse degradation 
and conserve biological diversity using 
natural infrastructure solutions (Figure 
5). The collaborative employs a variety of 
restoration techniques from low-cost/
low-tech rock detention structures to 
sophisticated watershed planning, conducts 
research to monitor and quantify effects, 
and creates outreach to engage more 
people (Norman et al., 2021b). SIRC focuses 
on grassroots restoration efforts where 
everyone is welcome to share knowledge, 
labor, and skills, including research scientists, 
educators, restoration practitioners, 
students, residents, visitors, land and 
resource managers, and volunteers. We 
appreciate this opportunity to share the 
actions from a local grassroots effort in the 
United States-Mexico border that can have 

in other arid and vulnerable environments 
around the world (Norman, 2022). It is 
our goal to engage with more people and 
larger groups of land managers and leaders 
who are interested in developing ecological, 
social, economic, and climate resilience.

Figure 5. Drawing of RDS in the southwestern United States 
and northern Mexico “Sky Islands” by Valer A. Clark.
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Arizona Depart. Env. (M) x x x
Arizona State University 
(R)

x

AZ Dept of Forestry & 
Fire Mngt. (M)

x

AZ Game and Fish 
Department (M/P)

x x

AZ Sonoran Desert 
Museum (R/M/P)

x x

Babocomari Ranch (M)

Borderlands Restoration 
Network (P)

x x x

Cienega Ranch (M) x x
City of Phoenix (M) x
Cuenca los Ojos (P) x
Desert Laboratory on 
Tumamoc Hill (R)

x

Flood Control Maricopa 
County (R/M)

x x

Gila Watershed Partner-
ship (R/M/P)

x

Malpai Borderlands 
Group (M)

x

Maricopa County Air 
Quality (M)

x

Pima County Flood Con-
trol (R/M)

x

Pima County Emergency 
Mngt. (M)

x

San Carlos Apache Tribe 
(M/P)

x x

Table 2. Eighteen new SIRC projects, colored by theme (where orange represents “Conservation”, pink represents “Community Out-
reach”, blue represents “Hydrological”, and green represents “Ecological”), and portraying the overlap of shared goals, study sites, 
and agency interaction (labeled as research (R), land manager (M), practitioner (P), or a combination thereof).
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Strategic Habitats 
Enhancement (P)

x

SW Climate Adaptation 
Center (R)

x x

The Nature Conservancy 
(R/M/P)

x x

Trust for Public Lands 
(M)

x

University of Arizona (R) x x x x x x
University of Baja 
California (R)

x x

University of Sonora (R) x
University of Texas (R) x x
University of Wyoming 
(R)

x

U.S. Bureau of Indian 
Affairs (M)

x x x

U.S. Bureau of Land Man-
agement (M)

x x x x

U.S. Bureau of Reclama-
tion (R/M)

x

U.S. Fish and Wildlife 
Service (R/M/P)

x x

U.S. Forest Service (R/M) x x x x x x
U.S. Geological Survey 
(R)

x x x x x x x x x x x x x x

U.S. National Park Service 
(M/P)

x x x

Watershed Management 
Group (P)

x

Table 2. cont. 
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