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cological restoration or rehabilitation involves
actions that improve springs stewardship,
including modification of site characteristics,
processes, species, and management. While many
Arizona aquifers around urban and agricultural
areas have been drawn down, many throughout
the state are still relatively unimpaired. Springs
emerging from these unimpaired aquifers often
are remarkably resilient and can respond positively
to direct management actions. Restoration options
can range from relatively minor activities, such
as reestablishment of native species, removal
of small manmade structures like spring boxes,
tanks and piping, or constructing a trail to limit
hillslope erosion. Where natural drainage and
geomorphology are intact and physical conditions
allow desired conditions to recover, it may only
be necessary to remove or modify infrastructure.
At springs with severe impacts, larger-scale
physical manipulation and reconstruction of site
geomorphology may be appropriate.
As we recommend in previous chapters, careful
attention to inventory, assessment, and information
management, and forethought in planning are likely
to improve the success of restoration, monitoring,
and sustainable stewardship. Restoration involves
remediating the impacts of habitat alteration
through physical, on-site actions and reduction
of nonnative species impacts, but should be
undertaken after inappropriate management
practices have been rectified, as identified in the
restoration planning process.
After the major stressors have been removed, the
most important restoration activities for springs
include the following. 1) Restoration from livestock

Photo by Rich Rudow

grazing impacts may involve improving bank
stability, decompacting soils, controlling invasive
species, and revegetation, but vary in relation
to springs type and elevation. 2) Restoration of
spring sources may help protect springs-specialist
plants and animals, and can be accomplished
through modification of geomorphology and
flow regulation structures. In cases where water
extraction is also desired, installation of a flow
splitter can ensure water continues to emerge at
the source (Fig. 1.15). 3) Spring brook channel
restoration may be necessary if the spring channel
is functioning unnaturally. If so, restoration
options include restoring flow to historic channels,
restoration of existing channels, or constructing
new, geomorphically appropriate channels. 4)
Restoration of marsh-forming (helocrene) springs
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often involves filling ditches, preventing erosional
head-cutting with grade control structures,
eliminating erosional channels, removing drainage
tiles or subgrade water diversion structures to
increase groundwater depth, and replanting native
wetland plant species. 5) Restoration of poolforming (limnocrene) springs may range from
correcting issues of stagnation and eutrophication,
to geomorphic pool reconstruction. 6) Removal
of undesired nonnative species (e.g., tamarisk,
palms, Russian olive, and elms) may require
heavy equipment, and reconstruction may be
needed to prevent the return of undesired species.
Fish barriers or weirs, and livestock exclosures
also may be constructed to prevent nonnative

vertebrate species impacts. 7) Restoration from
recreation impacts may include soil regeneration
from compaction, replanting vegetation, removing
contaminants and nonnative species, and reducing
visitor impacts by construction of trails and
boardwalks, by restricting vehicular access, and
where necessary eliminating camping or even
closing sites to visitation.
Understanding the springs type and associated
microhabitats is crucial for sustainable restoration
success: construction of atypical microhabitats
will involve some to much maintenance, and
ultimately may not be successful. In this chapter,
we summarize the challenges, methods, results,
and lessons learned from restoration at the four
most common springs types in Arizona.

R h e o c r e n e —H o x w o r t h S p r i n g
Coconino National Forest
This helocrenic rheocrene springs ecosystem is near
Lake Mary, south of Flagstaff. A century of forest fire
suppression, introduction of nonnative ungulates, and
recent drought threatened the functionality of this wet
meadow. Geomorphic reconstruction was successful.

Hanging Garden—Castle Spring
K aibab National Forest
A rockshelter hanging garden in the North Kaibab
District on the North Rim of Grand Canyon, this spring
was historically used for livestock grazing, resulting
in extensive damage. Effort of Tribal, USFS, and NGO
collaborators rehabilitated the springs.

H i l l s lo p e - P a k o o n S p r i n g
Parashant National Monument
One of the largest spring complexes on the Arizona Strip
north of the Grand Canyon, this spring has 10 sources. It
was used for over a century as a cattle ranch, more recently
as an ostrich farm. Rehabilitation of geomorphology and
native vegetation restored natural function.

H e lo c r e n e - A s h S p r i n g
Coronado National Forest
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Ash Spring is a helocrenic hillslope spring at 1,873
meters (6,145 feet) elevation in the Chiricahua Mountains
of southeastern Arizona. Partners restored use of the
meadow by bats, birds, and amphibians.

H o x w o r t h S p r i n g , C o c o n i n o N at i o n a l F o r e s t
century without forest thinning, introduction of
Hoxworth Spring is a helocrenic rheocrene (wet nonnative Rocky Mountain elk (Cervus canadensis
meadow channel) spring that emerges at 2130 m nelsoni), and recent drought resulted in stream
(7000 ft) elevation near Lake Mary, south of Flagstaff channel incision that threatened sapping of wet
on the southern Colorado Plateau in Coconino meadow habitat, loss of the helocrenic functionality,
National Forest. The springs system emerges at a and invasion of ponderosa pine (Pinus ponderosa)
fault contact that crosses the drainage, wetting an into the meadow habitats.
otherwise ephemeral channel. The discharge of the Par tners
spring varies strongly seasonally and among years,
Working closely with Coconino National
creating seasonally variable reaches of intermittent
channel. The total habitat area supported by the Forest, and with funding from the Arizona Water
Protection Fund, Northern Arizona University
springs varies from 0.5 to 1 ha.
A century of forest fire suppression, creation of Hydrologist Abe Springer and his colleagues and
low head dams, tree harvesting followed by a half students began the restoration of Hoxworth Spring
in 1997.

Description/Site O ver view
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R h e o c r e n e R e s t o r at i o n

Detail map courtesy of Abe
Springer, NAU.

Fig. 6.01: Location of Hoxworth Spring in Mormon Lake Ranger District, Coconino National Forest, elevation 2144
meters.
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Fig. 6.02: Channel and pool at Hoxworth Spring.

Goals and Conser vation Targets
The goal of this project was to restore and repair
an unnaturally straight, incised springs/stream
channel to maximize the wetland and wildlife
habitat area of the springs (Fig. 6.02). Water sources
are scarce in this portion of Coconino National
Forest, and ecological and geomorphological
sustainability of the site were desired to better
support plants and animal diversity.

Methods
The team carefully mapped the site to 0.5 m
accuracy, monitored and modeled groundwater
flow, as well as water quality and variability, and the
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Fig. 6.03: Diagram of a rheocrene spring, A=aquifer,
S=source, and I=impermeable layer. illustrated by V.
Leshyk for SSI © 2012).

proposed geomorphological restoration to Forest
managers. Using the site map as a planning tool,
the team brought in an earth mover to restructure
the channel to a sinuosity that matched expected
high flows. As a rheocrene springs ecosystem, it
was assumed that rare large floods would shape
channel geomorphology, into which the springs
discharge would flow.
The team constructed channel barriers to elevate
the base level of the stream and stem the incision
process, and followed up on that construction

Fig. 6.04: Hoxworth Spring channel realignment plan developed by Northern Arizona University.
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Fig. 6.05: Pre- and post stabilization of Hoxworth Spring, photos courtesy of Abe Springer.

with planting of native wetland sedges and other
vegetation to function as bank stabilization.
Dr. Springer and his students subsequently
conducted long-term monitoring of channel
responses and springs flow, and followed up with
improved groundwater modeling.

Results and Lessons Learned
One of the essential lessons learned from this
project is that long-term monitoring data are
needed prior to construction to clarify the scope of
the restoration activities. Due to an extended dry
phase of long-term climate fluctuations, discharge
from the spring has been considerably less than
expected. The drier climate has caused the length
of intermittent flow in the reconstructed channel
geomorphology to be less than planned. Also,
intensive impacts from nonnative elk browsing
combine to affect channel vegetation and bank
erosion. Nonetheless, Hoxworth Spring now
provides open water for wildlife and is functioning

well as a riparian wetland.
This springs restoration project is successfully
meeting the project objectives. In addition, it was a
highly successful collaboration between federal and
non-federal partners. It is an important test case
for Coconino National Forest, which has expressed
interest in improving springs stewardship. Longterm flow monitoring and groundwater modeling
has served as an educational opportunity for a
generation of NAU hydrology students, and has
clarified responsiveness of this springs ecosystem
to climate change. This site has become a classic
case for improving understanding of how improved
forest management by forest thinning may help
improve springs discharge and enhance Forest
wildlife habitat quality. Other excellent examples
of rheocrene springs restoration include Anderson
et al. (2003) and Marks et al. (2009).
103
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H a n g i n g G a r d e n R e s t o r at i o n
C a s t l e S p r i n g , K a i b a b N at i o n a l F o r e s t
District on the Arizona Strip. It lies at 2,195 m
Hanging gardens are abundant on the southern (7,200 ft) elevation, and has long been used for
Colorado Plateau in northern Arizona. These livestock watering and grazing. As a consequence
springs often are geomorphically delicate features the site contained much old, decomposing fencing,
that can be easily altered by erosion, fire, livestock gates, and many buried and leaking pipes, a heavily
presence, and other anthropogenic impacts. A disturbed parking area, graffiti on the backwalls,
study of the burned Knowles Canyon hanging and a host of nonnative plants throughout the site.
garden in southern Utah revealed slow vegetation A hand-hewn ponderosa pine log watering trough
and soil biota recovery 8 years after fire (Graham was the only feature of historic value at the spring.
2008), suggesting that the ecological integrity of
Par tners
hanging gardens may be difficult to restore.
After receiving inventory and stewardship
Castle Spring is a rock shelter hanging garden
in Kaibab National Forest on the North Kaibab recommendations from SSI described in Chapter

Description/Site O ver view

Fig. 6.06: Diagram of a hanging
garden spring, A=aquifer,
S=source, and I=impermeable
layer. illustrated by V. Leshyk
for SSI © 2012).
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Fig. 6.07: Location of Castle Spring in North Kaibab Ranger District, Kaibab National Forest.

corrals, and piping (Fig. 6.08); 2) removing graffiti
from the backwalls; 3) redirecting flow to support
hanging gardens and colluvial slope habitat and
constructing an open-water pool beneath the
overhang; 4) protecting and restoring flow into the
historic ponderosa pine water trough to provide
open water for bats, birds and wildlife (Fig.
6.09); 5) fencing the site to protect the resources
but provides wildlife access to the overhang;
Fig. 6.08: Tribal partners helped to remove old corral
and 6) conducting outreach about this project.
fencing that was no longer functional.
Participants discussed removal of nonnative plants
2, the U.S. Forest Service selected Castle Spring and restoring native vegetation, but decided that
as a restoration site. They convened a week-long it should be a secondary restoration step after
meeting between the Forest Service, elders and first focusing on the obvious primary concern of
youth from the Hopi Tribe and the North Kaibab geomorphic rehabilitation. They also agreed that
Piute Band, Grand Canyon Trust, and SSI to plan SSI will conduct monitoring, entering survey
and conduct rehabilitation.
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Fig. 6.09: A pipe draws water from the channel to a
carved wooden trough. Photo by Molly Joyce © 2015.

Projec t Goals and Conser vation
Targets
The objectives of the restoration project were to: 1)
cooperatively plan springs restoration with Forest
Service, the Tribes, and SSI; 2) directly implement
the plan with the assistance of the collaborators;
and 3) provide information and outreach about
restoration science to Tribal youth, as well as
develop closer working relationships between the
Forest Service, the Tribes, and the NGO’s.

Methods
The Forest convened the meeting using the North
Kaibab Big Springs Ranger Station as a base camp.
Following a site visit, participants discussed how
and why to conduct rehabilitation. The planning
process identified the following work elements:
1) removing the unused and degraded fencing,

Fig. 6.10: Tribal partners constructed a pool at the base
of the overhang.
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Fig. 6.11: Before restoration of the site, there were several very small catchments. Seepage emerged from the
bedrock walls of coconino sandstone. Species were unable to establish themselves.
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Fig. 6.12: After construction of two pools, channel flow and biodiversity increased. Photo by Molly Joyce ©
2015.

S prings Restoration

data into Springs Online so that it will be securely
archived and available to collaborators.
In concert with the restoration discussions, the
Forest Service staff presented job descriptions
about forestry, natural resources management,
policy, and law enforcement to the Tribal youth,
outlining what educational pathways were needed
to work in those topic areas.

Results
Collaborators implemented the plan in July
2014, accomplishing all five planning elements.
Participants constructed two fences—a wooden
bar fence that allows deer but not cattle to the
colluvial slope wetland habitat associated with the
springs, and a cyclone wire fence to discourage
visitors and livestock from accessing the newly
constructed pool beneath the overhang.

Monitoring
SSI monitored Castle Spring in June 2015, a year
after the restoration effort. As expected, nonnative
herbaceous and graminoid plants colonized the
newly exposed surfaces, a process that may resolve
as native shrub and tree vegetation takes over
naturally, but could be accelerated by translocation
planting of selected native shrubs and trees. The
inner fencing had been knocked down, perhaps by
livestock or hybrid buffalo trying to reach the rock
shelter pool; however, this can easily be rebuilt and
reinforced. Piles of fence logs that were originally
to be burned or removed from the former corral
areas are being evaluated as potential bird and
small mammal habitat. Surveyors observed a
minor amount of new graffiti, suggesting that
signage might be appropriate out near the parking
area.

Fig. 6.13: Constructed pool and runout channel at Castle
Spring in 2015.

Fig. 6.14: A silver-spotted skipper (Epargyreus clarus)
nectaring on New Mexico honey locust (Robinia
neomexicana) at Castle Spring. Molly Joyce photo 2015.

Outreach and Education
In addition to the outreach provided by Forest
Service staff, the agency brought in a professional
film crew to document the work to improve public
relations for all collaborators. The resulting Forest
Service video on this project is expected to be
released shortly.

Challenges
This is an excellent example of collaborative
stewardship between the federal government,
Native American Tribes and NGOs. The amount
and quality of discussion, planning, and actions
taken was impressive to all the participants, and is
a model that can be followed for the rehabilitation
of selected springs everywhere. However, and as
with all such efforts, the first 3-5 years following
site restoration are not likely to impress visitors:
nonnative weeds predominate immediately after
the work is completed. The intent of this effort was
to limit the amount of maintenance at this remote
springs ecosystem, but follow-up monitoring visits
and management actions may be required for the
first several years after implementation to correct
problems that arise unexpectedly. Monitoring
wildlife use patterns can help inform managers
about further site rehabilitation needs. Signage
and outreach may help reduce ongoing vandalism.
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H i l l s lo p e R e s t o r at i o n
P a k o o n S p r i n g , G r a n d C a n yo n P a r a s h a n t N at i o n a l M o n u m e n t

in 2000–2001. They subsequently cooperated to
Pakoon Springs is a complex of 10 sources across 22 assess, plan, restore, and monitor the springs from
ha (80 ac) in upper Grand Wash in Grand Canyon- 2006 to 2012 (Burke et al. 2015).
Parashant National Monument, northwestern
Arizona. It is one of the largest spring complexes Par tners
Planning engaged agency, non-profit, private,
on the Arizona Strip with a total discharge that
averages 6.31 L/sec (100 gallons/minute). Prior to and tribal partners and provided a broad
its purchase by the Bureau of Land Management range of options. GCWC used ortho-rectified
(BLM) in 2003, the site was used for a century as a aerial photography to develop a 0.3 m contour
cattle ranch and, for a time, an ostrich farm. With topographic basemap for the entire site (Fig. 6.17).
funding from the Arizona Water Protection Fund This was used for planning as well as mapping
(AWPF), the BLM partnered with Grand Canyon vegetation polygons, soil profiles and sample
Wildlands Council (GCWC) to inventory the site locations, and hydrologic data collection.

Description/Site O ver view

Fig. 6.15: Diagram of a
hillslope spring. A=aquifer,
S=source, and I=impermeable
layer. illustrated by V. Leshyk
© 2012).

108

Fig. 6.16: Location of Pakoon Springs in the Grand Canyon Parashant National Monument in Northern Arizona.
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Fig. 6.17: GCWCdeveloped this digitally rectified orthophoto contour map of Pakoon Springs prior
to rehabilitation efforts. This provided 1-foot contours with a 90% accuracy, generated from a land
survey. The GIS products provided the basis for developing hydrologic, vegetation, and planning
maps. Map and analysis completed by Chris Brod.
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Fig. 6.18: Area identified as Arena 1 of Pakoon Spring in 2007, prior to rehabilitation
efforts. GCWC photo.

there.
The springs also now support a population
GCWC and the BLM began rehabilitation
of
western harvest mouse (Rheithrodontomys
activities in 2007 by removing dozens of
truckloads of abandoned equipment and exposed megalotis). The first phase of the project restored
irrigation pipe, many kilometers of fencing, and flow in Pakoon Wash, making it the longest
dilapidated ranch buildings. They also removed perennial desert stream on the 445,159 ha
nonnative woody plant species (particularly monument. A subsequent AWPF grant supported
tamarisk – Tamarix spp), western mosquitofish enhancement of riparian habitat associated with
(Gambusia affinis), American bullfrogs (Lithobates this stream. Bullfrog removal continues in advance
catesbeianus), and a remarkably irritable 3 meter of potential translocation wetland species such as
long American alligator (Alligator mississippiensis) leopard frogs.
For more information, see GCWC’s final report
named Clem.
at
http://www.azwpf.gov/Grant_Project_Reports/
GCWC and BLM rehabilitated geomorphic
and vegetation by recontouring excavated water documents/06-137WPFFinalReport.pdf.
sources and berms and resetting drainages. In
Conclusions
these reconstruction efforts, three habitats were of
When aquifers have not been damaged or heavily
particular interest: wet meadow (ciénega), desert
modified, springs ecosystem geomorphology
spring-fed stream, and open water.
and habitat rehabilitation can be successful. The
Results and Monitoring
Pakoon Springs ecosystem was changed from a
After replanting local native wetland and highly modified and degraded condition to one
riparian vegetation, monitoring results revealed in which natural ecosystem processes prevail. This
a surprisingly strong recruitment of native project clearly demonstrates that collaborative
plant species. In subsequent surveys, GCWC partnerships focused on clear, well-defined goals
documented a five-fold increase in riparian and rigorous implementation and monitoring
vegetation cover over a 3.5 year post-treatment can be used to improve ecosystem function,
period, and bird species richness totaled nearly two sustainability, and stewardship, even for highly
110 dozen—far more than previously were observed degraded springs.

Methods
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Fig. 6.19: Areas identified by GCWC as Arenas 1 and 2 at Pakoon Spring in 2007, prior to rehabilitation
efforts. Photo courtesy of GCWC.

Fig. 6.20 Areas identified by GCWC as Arenas 1 and 2 at Pakoon Spring in 2011, following rehabilitation
efforts. Photo courtesy of GCWC.
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Fig. 6.21 Area identified as Arena 4 at Pakoon Spring in 2013, following rehabilitation efforts. Photo courtesy of
GCWC.

A s h S p r i n g , C o r o n a d o N at i o n a l F o r e s t

Description/Site O ver view

International, and many volunteers collaboratively
restored this site in 2014.

Ash Spring is a helocrenic hillslope spring at 1,873
m (6,145 ft) elevation, located in the Chiricahua
Projec t Goals and Conser vation
Mountains of southeastern Arizona. The spring
was boxed and, prior to the project, flowed onto Targets
a wet meadow less than 2.5 ha (one acre) in size.
The goal of this project was to create new habitat
for bats and threatened Chiricahua leopard frog
Par tners
(Lithobates chiricahuensis) in the Chiricahua
Sky Island Alliance (SIA), Coronado National Mountains, where mid- and high-elevation
Forest (Douglas Ranger District), Arizona Game water sources are becoming rare. The Chiricahua
and Fish Department (AGFD), Bat Conservation Mountains are a large, relatively wet high elevation
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H e lo c r e n e (C i é n e g a ) R e s t o r at i o n

Fig. 6.22: Diagram of a
helocrene spring. A=aquifer,
S=source, and I=impermeable
layer. illustrated by V. Leshyk
for SSI © 2012).

Fig. 6.23: Location of Ash Spring, located in Arizona’s Chiricahua Mountains in the Douglas Ranger District of
Coronado National Forest.
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Challenges

Fig. 6.24: The restoration team constructed three ponds
to provide breeding habitat for Chiricahua laopard
frog (Lithobates chiricahuensis), and water for bats,
pollinators and other wildlife. SIA photo © 2015.

During construction, the partners decided to
alter the original design from nine ponds to three.
This decision was made in collaboration with
Coronado National Forest and AGFD personnel
and addressed concerns to limit the disturbance of
the wet meadow habitat, while providing adequate
open water resources for bats and Chiricahua
leopard frogs. This change prompted lively
discussions with workshop participants about how
to account for and satisfy multiple ecological goals
on a site; in addition, it has stimulated an ongoing
discussion among all participating agencies that
is helping to frame next steps. Having multiple
stakeholders engaged onsite produced invaluable
discussion.

range that connects the diverse Sierra Madre with
the vast Gila Wilderness—perfectly positioned
for importance to a great diversity of plants and
animals.

Methods
In May 2014 the restoration team constructed
three new ponds using an excavator during a
collaborative Wetlands Creation and Restoration
Workshop held at the Southwest Research Station
in Portal, Arizona. Participants came from four
states and various agencies to learn the ropes from
wetlands expert, Tom Biebighauser.
The ponds were designed to allow bats to obtain
water, provide habitat for Chiricahua leopard frog,
and to provide food and cover for pollinators and
wildlife. During construction, the crew removed
vast amounts of nonnative vegetation and salvaged
native grasses, sedges, and herbs (Figs. 6.25 and
6.26). In addition, SIA volunteers installed native
plants grown by local native plant nurseries to
increase the diversity of flowering species (for
nectar resources). Another novel plant material
resource came in the form of native grass hay
donated by The Nature Conservancy’s Aravaipa
Canyon Preserve. The team was excited to be able
to use this sustainable resource that not only is
a source of native grass seeds but also provides
erosion control.
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Fig. 6.25: During restoration of Ash Spring, SIA staff,
partners and volunteers removed large amounts of
horehound, a nonnative species, to be replaced by
native vegetation. SIA photo © 2015.

Fig. 6.26: The restoration team salvaged native plant
species to be replanted and used plants from local
native plant nurseries. SIA photo © 2015.

Fig. 6.27: Following restoration efforts, constructed fences help protect the wet
meadow and ponds from being trampled by livestock. SIA photo © 2015.
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is seeking grant funding for continuing this project
Four months after construction, the ponds as well as Phase 2 of Ash Spring to reduceerosion
successfully met habitat creation goals. Sixteen in the large gully adjacent to the project.
species of bats were documented using the new Monitoring
water source during acoustic and mist-net surveys
SIA’s Adopt-A-Spring citizen scientist volunteers
at the end of July, and suspected Chiricahua leopard
are
monitoring seasonal changes at Ash Spring five
frog tadpoles were confirmed in early September.
SIA also noted that the third and deepest pond was times per year, providing a way to keep Coronado
not holding water as expected, presumably because National Forest apprised of stewardship needs,
there was not enough clay in the soil to effectively and to help maintain this important new water
seal the bottom. Working with the Coronado source for wildlife in a sustainable and ecologically
National Forest, SIA is developing a plan to seal the functional condition.
pond so that it is effective winter habitat for leopard
frogs, and also to enhance water infiltration in the
wet meadow downslope from the pond. The team

Results
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Fig. 6.28: (Top) Prior to restoration, Ash Spring was a ciénega (wet meadow) that had been boxed, and had no
collection pools. (Bottom) After restoration efforts, the site exhibits improved flow and native vegetation has
rebounded. SIA photo © 2015.
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