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Abstract Introduction

The substantially natural hydrograph of the upper Gila River The Gila River is widely recognized for the habitat it pro-
supports the largest complement of native fishes and some vides for people and wildlife in southwest New Mexico. Flow
of the best remaining riparian habitat in the lower Colorado variability is the defining feature of the Gila River in New
River Basin. Changes to the river’s flows may significantly de- Mexico—creating a multi-aged riparian forest and floodplain

grade the aquatic and riparian ecosystem. The Arizona Water wetlands that support rich bird diversity (Hubbard 1971;
Settlements Act (AWSA) authorizes federal funds to build a Baltosser 1986; USFS 2002) and provide habitat for numer-

New Mexico Unit that could divert up to 14,000 acre-feet ous mammals (Simpson 1964; Frey 2010). An array of aquatic
annually. The goal of Flow Needs Assessmentwas to define habitats supports native fishes (Propst et al. 2008). Numer-
the ecosystem water needs of the upper Gila River in New ous federally protected species are found in the Cliff-Gila
Mexico and to evaluate the impact of the proposed diversion Valley: Southwestern Willow Flycatcher (Empidonax traillii
and climate change. To achieve this goal, a team of aca- extimus) (USFWS 1995), spikedace (Meda fulgida) (USFWS
demic partners synthesized scientific literature on hydrology, 1986b), Western Yellow-billed Cuckoo (Coceyzus americanus)
geomorphology, riparian vegetation, wildlife, and flow-ecology (USFWS 2014a), loach minnow (Tiaroga cobitis) (USFWS
relationships and conducted new analyses. Diversion allowed 1986a), northern Mexican gartersnake (Thamnophis eques

under the AWSA and climate change would reduce the num- megalops) (USFWS 2014b), and narrow-headed gartersnake
ber and magnitude of mid-size flows in the 150-4,000 cubic (Thammnophis rufipunctatus) (USFWS 2014b). The Gila is a

feet per second (cfs) range. If the frequency of these flows is rare example of a southwestern river with a natural flow pat-
reduced, the floodplain would be inundated less often, with tern that sustains its high biodiversity.
decreases in alluvial aquifer recharge. The most pronounced The Arizona Water Settlements Act of 2004 (AWSA) pro-
seasonal impact from the proposed diversion would occur vides an opportunity to augment water supply in southwest
during the snowmelt runoff period. Reduced flows and abrupt ~ New Mexico, authorizing diversion of an additional 14,000
changes in flow as snowmelt recedes would reduce the clean- acre-feet annually from the upper Gila River in exchange for
ing of fine sediments from gravel and cobbles, and limit the Central Arizona Project water (US Congress 2004). Terms
re-sorting of these substrates to create suitable spawning hab- of diversion are described in the Consumptive Use and
itat for native fish. This would reduce spawning success and Forebearance Agreement (CUFA) in the AWSA. AWSA was
diminish aquatic invertebrate production. Invertebrates are accompanied by an appropriation to New Mexico that may
an important food source for fish, birds, amphibians, reptiles, be used for either “other water utilization alternatives to meet
and mammals. The Gila River Flow Needs Assessment offers the water supply demands” of the region or a permanent river
a comprehensive overview of projected impacts of climate diversion and other associated facilities (US Congress 2004).
change and water diversion on the ecosystem in the Cliff-Gila ~ The Gila River Flow Needs Assessment (the “Assessment”) is
Valley; this paper provides a summary of this report. intended to help water and natural resource managers effec-
Index Descriptors: Gila River, hydrology, ecology, diversion,  tively weigh the ecological impacts of a permanent diversion
Arizona Water Settlements Act. and adapt to climate change.
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Description of Study

The Nature Conservancy and a team of academic partners
received funding for the Assessment from Bureau of Recla-
mation’s WaterSMART Program and the Desert Landscape
Conservation Cooperative. The Assessment describes the
existing condition of the Gila River in the Cliff-Gila Valley,
New Mexico, and examines the potential impacts of ad-
ditional diversion and climate change on the riparian and
aquatic ecosystem of the 35 km (22 mi) Cliff-Gila Valley
(Fig. 1). The project team completed a draft report sum-
marizing river flows and ecological attributes. A workshop
brought together 35 scientists from 24 agencies, universities,
and organizations with expertise in some aspect of the Gila
River’s hydrology and ecology (Table 1). Workshop partici-
pants reviewed and contributed to the report. The report
includes a summary of workshop findings, focusing on how
flows shape the ecosystem and how these interactions may
be affected by flow alterations due to CUFA diversion and
climate change.

River Flows and Floodplain Processes

The Gila River in New Mexico fluctuates between extraor-
dinarily high and low flows within years and over the course
of years (Propst et al. 2008). Native flora and fauna have
evolved life history strategies and life cycles in direct re-
sponse to the natural flow regime (Poff et al. 1997; Bunn and
Arthington 2002). Flows during each season play distinct eco-
logical roles that support the diversity of the aquatic and ri-
parian ecosystem (Yarnell et al. 2010). The annual hydrograph
was delineated into four seasonal blocks: snowmelt runoff,
late spring and early summer low flow, monsoon, and fall and
winter (Fig. 2) (Kelly et al. 2005). Flow patterns within each
seasonal block and their ecological functions were then char-
acterized for important riparian and aquatic species.

Flows of different magnitudes have different functions in
creating and maintaining topographic and vegetative complex-
ity (Poff et al. 1997; Bunn and Arthington 2002; Tockner and
Stanford 2002). Infrequent large floods rework the floodplain
(Soles 2003), support nutrient cycling (Poff et al. 1997;
Tockner et al. 2000), scour out secondary channels, and cre-
ate off-channel pools and wetlands (Fig. 3) (Makaske 2001).
Frequent mid-size flows inundate these secondary channels
(Makaske 2001), transport nutrients across the floodplain
(Tockner et al. 2000), rehydrate wetlands, and raise ground-
water levels that support floodplain forests and dense thickets
of vegetation (Junk et al. 1989; Stromberg et al. 1992; Hupp
and Osterkamp 1996; Poff et al. 1997; Tockner et al. 2000;
Stella et al. 2006; Wilcox and Shafroth 2013).

Changes to Flows

The New Mexico Consumptive Use and Forbearance Agree-
ment (CUFA), ratified by the AWSA (US Congress 2004),
sets forth specific Terms of Diversion under which New
Mexico may divert surface water from the Gila River, referred

9 Upper Gila River Watershed
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Fig. 1. Upper Gila River watershed, showing extent of
perennial flow and the Cliff-Gila Valley.

to as the “CUFA diversion.” This Assessment evaluates the
potential impact of diverting an average of 14,000 acre-feet
annually, with an additional constraint that 150 cubic feet per
second (cfs) of water be allowed to bypass the diversion to
meet downstream obligations. The most significant effect of
CUFA diversion is to reduce the number and magnitude of
mid-size flows and flood pulses (400—4,000 cfs range), par-
ticularly during snowmelt runoff and monsoon (Fig. 4) (SSPA
2013). The number of days that flows in this range occur in
the historic gage data (1937-2012) is 2,049; with diversion,
the number is reduced to 1,364, a 33% decrease. In addition,
a high proportion of flow can be diverted within this range:
350 cfs removed from a 500 cfs flow results in 70% reduction
in flow.

Results from climate models project reduced snowpack,
earlier snowmelt, and lower overall annual streamflow due to
increases in temperature (evapotranspiration) and slight de-
creases in precipitation, aligned with trends reported in other
recent climate change modeling studies for the Southwest
(Seager et al. 2007; Barnett et al. 2008; Cayan et al. 2008;
Barnett and Pierce 2009; Gershunov et al. 2013). These
changes will result in smaller peak flows in the spring, a more
rapid decrease in flows during snowmelt runoff, lower flows
during the summer, and higher-magnitude monsoon flood
events. The summer low-flow period is projected to begin
earlier and last considerably longer, a time of significant stress
for both aquatic and terrestrial organisms.

CUFA diversion and climate change will reduce flows
in the mid-size range (400—4,000 cfs), with direct negative
effects on many ecological processes: the floodplain will be
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Table 1. Workshop Participants. Participants of the Silver City Workshop (January 8-9, 2014)
and Albuquerque Workshop (April 14, 2014).

Name

Affiliation

Leslie Bach

Dr. Mike Bogan
Jim Brooks

Dr. Carol Campbell
Rob Clarkson
Martha Cooper
Dr. Cliff Dahm
Matt Ely

Carol Evans

Dr. Deb Finch

Dr. Jennifer Frey
Mike Fugagli

Dr. Gregg Garfin
Dr. Keith Geluso
Dr. Keith Gido

Dr. Dave Gori

Dr. Dave Gutzler
Jeanmarie Haney
Dr. Mary Harner
Deb Hathaway
Jennifer Holmes
Dr. Mark Horner
Dr. Jerry Jacobi
Dr. Randy Jennings
Matt Johnson

Dr. Kelly Kindscher
Dale Lyons

Steve MacDonald
Dr. Paul Marsh
Melissa Mata
Laura McCarthy
Jerry Monzingo
Dr. Ryan Morrison
Dr.Esteban Muldavin
Nathan Myers
Nessa Natharius
Dr. Dave Propst
Mary Richardson
Craig Roepke

Dr. Phil Rosen
Jeffrey Samson

Dr. Roland Shook
Ellen Soles

Dr. Mark Stone
Dale Turner

Dr. Tom Turner
Hanna Varani

Dr. Hira Walker
Andy Warner

Dr. Meg White
Dr. Kathy Whiteman
Jill Wick

The Nature Conservancy

University of California, Berkeley

US Fish and Wildlife Service

New Mexico State University

US Bureau of Reclamation

The Nature Conservancy

University of New Mexico

US Geological Survey, New Mexico Water Science Center
US Bureau of Reclamation

US Forest Service, Rocky Mountain Research Station
New Mexico State University

Private consultant (Ornithology)

University of Arizona

University of Nebraska

Kansas State University

The Nature Conservancy

University of New Mexico

The Nature Conservancy

Crane Trust

S.S. Papadopulos and Associates

Northern Arizona Univ./ Colorado Plateau Research Center
University of New Mexico

Highlands University

Western New Mexico University

Northern Arizona Univ./ Colorado Plateau Research Center
University of Kansas

The Nature Conservancy

University of New Mexico

Marsh & Associates

US Fish & Wildlife Service

The Nature Conservancy

Gila National Forest

University of New Mexico

NM Natural Heritage Program

US Geological Survey, New Mexico Water Science Center
Gila National Forest

University of New Mexico

US Fish and Wildlife Service

NM Interstate Stream Commission
University of Arizona

University of New Mexico

Western New Mexico University

Northern Arizona University

University of New Mexico

The Nature Conservancy

University of New Mexico

New Mexico Natural Heritage Program
Colibri Consulting

The Nature Conservancy

The Nature Conservancy

Western New Mexico University

New Mexico Department of Game and Fish
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Fig. 2. Conceptual ecological model for the upper Gila River.
The mean daily flow for the period of record (1929-2013) at

the Gila near Gila gage is divided into four seasonal blocks. The
black lines and arrows show the approximate timing of life history
events and life stages of important riparian and aquatic species
(Mahoney and Rood 1998; Propst et al. 2008; Sogge et al. 2010).

inundated less often, reducing alluvial aquifer recharge; sur-
face water and groundwater levels will decline faster, surface
water temperatures will increase, and nutrient cycling will be
decreased, resulting in a less productive ecosystem (Hughes
1980; Junk et al. 1989; Ward and Stanford 1995; Naiman and
Decamps 1997; Tockner et al. 2000; van der Nat et al. 2003;
Heffernan and Sponseller 2004; Ficklin et al. 2013).

Results

Existing conditions, flow-ecology relationships, and the as-
sociated impacts of CUFA diversion and climate change on
each community type are described below.

Riparian and Wetland Plant Communities

Flow is a major determinant of physical habitat in rivers

and on the floodplain (Poff et al. 1997). Infrequent high-
magnitude flows (> 11,000 cfs) are needed to reconfigure the
floodplain periodically and remove woody riparian vegetation,
maintaining the compositional and structural diversity of
riparian vegetation in the floodplain. Mid-size flows (400—
4,000 cfs) in the snowmelt runoff and summer monsoon
periods that periodically inundate the floodplain through
secondary channels (Fig. 3) and recharge groundwater are

These events and stages are tied to flows in the river that created
and maintain habitat, provide food, and promote environmental
conditions necessary for survival and reproduction. River-
dependent species have evolved life history strategies in direct
response to the natural flow regime.

necessary for growth and survival of woody and herbaceous
riparian vegetation.

Groundwater levels in the floodplain rise and fall with
fluctuating river flows. Floods recharge groundwater; the
amount of recharge depends on the size and duration of
flows. Extended dry periods drop groundwater levels; mortal-
ity of riparian trees occurs when groundwater levels remain
too low (Stromberg et al. 1992; Leenhouts et al. 2006).

Vegetation in the Cliff-Gila Valley is characterized by
multi-aged stands of numerous native tree and shrub species,
dominated by Fremont cottonwood (Populus deltoides var.
fremontii) and willow (Salix gooddingii, S. exigua, S. irrorata,
etc.) (Fig. 5). Regeneration of cottonwood and willow occurs
episodically, requiring the alignment of a particular set of
circumstances: a large flood to prepare a seedbed of fine sedi-
ment and slow recession of flows during the snowmelt runoff
period to keep soil moist as seeds germinate, take root, and
grow (Mahoney and Rood 1998; Rood et al. 2003).

Reduced floodplain inundation and abrupt changes in
flow from CUFA diversion would lead to rapid declines in
groundwater that will decrease the survivorship and vigor of
seedlings, saplings, and mature riparian trees (Mahoney and
Rood 1998). A decrease in the number of cottonwood recruit-
ment events, together with impacts to survivorship and vigor,
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Fig. 3. The position of the main Gila River channel in 2011
is shown in green. The location of this photo is just downstream
of the Gila National Forest Box Canyon recreation area. Blue
lines indicate some of the secondary channels present on the

floodplain. Arrows mark points where flow diverges from the
main channel into secondary channels when flows in the river
rise. The majority of riparian vegetation (80%) is located along
secondary channels away from the main channel.
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will lead to an overall reduction in the areal extent, structural
diversity, and canopy cover of the riparian forest.

Floodplain wetlands are depressions that hold water for
all or part of the year. Mid-size river flows inundate and
rehydrate wetlands, transport nutrients that maintain their
productivity, and maintain groundwater and surface water
conditions that wetland herbaceous plants need for growth
and survival (Ward and Stanford 1995; Naiman and Decamps
1997; Tockner et al. 2000; van der Nat et al. 2003). Reduced
floodplain inundation and nutrient transport would reduce
the size and productivity of wetlands.

Climate change will also lead to reduced floodplain inun-
dation and alluvial aquifer recharge, increased evapotranspira-
tion, and more rapid declines in groundwater. Like diversion,
this will likely reduce the extent, structural diversity, and vigor
of the riparian forest. Wetlands are also likely to decrease
as the floodplain dries, while the abundance of plants that
thrive in drier habitats is expected to increase. Groundwa-
ter decline, drought, and higher

Fig. 4. The snowmelt runoff period is the seasonal block
most affected by diversion. Reduced flows would lead to
increased silt deposition on gravel and cobble substrates,
elevated water temperatures, and habitat loss for aquatic species
(Yarnell et al. 2010).

mals (Cummins et al. 2008). Aquatic invertebrates live in the
interstitial spaces among gravel and cobbles. Receding flows
in the spring after peak snowmelt remove silt and fine sedi-
ments and help maintain this habitat (Yarnell et al. 2010).
Abrupt flow changes during snowmelt runoff from CUFA
diversion could reduce cleansing of gravel and cobbles and
blanket these substrates in silt, reducing the abundance
of aquatic invertebrates (Dewson et al. 2007). A truncated
snowmelt recession limb could also contribute to a more
rapid increase in water temperatures, leading to reduced
and earlier emergence of aquatic invertebrates (Durance
and Ormerod 2007). In addition, reduced floodplain inunda-
tion and connectivity diminishes exchange of organic and
inorganic material between the river and floodplain (Hughes
1980; Tockner et al. 2000; Ficklin et al. 2013). Altering nutri-
ent cycles reduces productivity, leading to a decrease in abun-
dance and size of aquatic invertebrates (Ward and Stanford
1995). Wildlife that depends on aquatic invertebrates for food
would be negatively impacted.

Native Wildlife

Mid-size flows sustain a multi-aged mosaic of riparian forest
patches that provides habitat for hundreds of birds, including
Southwestern Willow Flycatcher and Western Yellow-billed
Cuckoo (Shook 2013). The Southwestern Willow Flycatcher

temperatures create conditions
favorable for the establishment
and spread of nonnative salt
cedar (Tamarix) (Leenhouts et al.
2006), which is currently largely
absent in the Cliff-Gila Valley.

Aquatic Invertebrates

The upper Gila River supports
diverse aquatic invertebrate com-
munities. Aquatic invertebrates
are the base of the aquatic and
riparian food chain, supporting
amphibians, fish, birds, and mam-

Fig. 5. Multi-aged riparian forests
of cottonwood, willow, and other
native trees and shrubs provide
habitat for numerous wildlife
species in the Cliff-Gila Valley. This
photo was taken in 2013 downstream
of the Hwy. 180 bridge on the Iron
Bridge Conservation Area.
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nests in stands of mature riparian forest and needs moist or
saturated soils during the summer months to sustain condi-
tions necessary for successful reproduction—specifically,
thermoregulation of eggs and nestlings (USFWS 2002). Mid-
size and larger flows also stimulate germination and growth of
herbaceous plants in wetlands that provide habitat and food
for reptiles, amphibians, and mammals (Bunn and Arthington
2002; Poff et al. 1997). CUFA diversion and climate change
would negatively impact numerous species dependent on
riparian forests and wetlands.

Changes in the structure and vigor of the riparian forest,
coupled with increased air temperature and evapotranspi-
ration from diversion and climate change, would increase
stress on many riparian-obligate birds while they are breed-
ing and raising young (McKechnie and Wolf 2010). Higher
temperatures can stress nesting birds and lower humidity can
reduce the abundance of insects that birds eat (Durance and
Ormerod 2007). Earlier emergence of aquatic insects due to
increased water temperatures may cause a temporal asyn-
chrony between peak invertebrate abundances and the time
when riparian birds are feeding their young (Anders and Post
2006). These factors would likely result in increased mortality
and reduced reproductive success for riparian-obligate birds,
particularly Western Yellow-billed Cuckoo and Southwestern
Willow Flycatcher (Stoleson and Finch 2000; Shook 2013).

Fish
The Gila River in New Mexico supports one of the two most
intact native fish communities in the lower Colorado River
Basin (Fig. 6), including important populations of spikedace
(Fig. 7) and loach minnow (Fig. 8) (Propst et al. 2008; Whit-
ney et al. 2014).

Flow variability over the course of the year supports the
persistence of native fishes (Propst et al. 2008). Mid-size

. G . =

Fig. 6. Annual fish surveys have occurred for 24 years at
permanent monitoring sites in the Cliff-Gila Valley. This data
set is particularly useful for understanding how seasonal flows
affect the reproduction success and population sizes of loach
minnow and spikedace (Propst et al. 2008).
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Fig. 7. Spikedace. (W.H. Brandenburg for New Mexico
Department of Game and Fish)

flows in the winter and snowmelt runoff period sort gravel
and cobble, restructuring aquatic habitat in the main channel
that native fish use for spawning and as larvae, juveniles, and
adults (Poff et al. 1997; Yarnell 2010). When daily discharge
is greater in the spring, reproductive success for spikedace,
loach minnow, and desert sucker (Catostomos clarki) is greater
(Stefferud et al. 2011). The lowest flows occur in June and
July. During this time, loach minnow and spikedace are
especially threatened by nonnative fish, which compete for
food and prey on natives as both become concentrated in the
dwindling river. Monsoon rains restore flows to the river and
fish benefit from increased habitat and food sources.

A change in the magnitude and frequency of seasonal
flows from CUFA diversion will degrade fish habitat and
reduce reproductive success. Reduced flows and abrupt
changes in flow (by up to 350 cfs) as snowmelt recedes will
diminish the cleaning of silt and fine sediments from gravel
and cobbles, and limit the re-sorting of these substrates to
provide suitable spawning habitat for native fish (Yarnell et al.
2010).

Reduced flows in spring due to diversion would also con-
vert exceptionally good years for spikedace and loach minnow
recruitment into bad years. These fish live 2—3 years, and
2 years without good reproductive success could decimate
the population. A diversion structure will prevent or inhibit
movement of native fish upstream and reduce population
connectivity. Dispersal and gene flow from core populations
in the Cliff-Gila Valley are necessary to sustain the genetic
diversity of spikedace and loach minnow populations in the
Gila Forks Area and to augment the population following
disturbances such as wildfires and debris flows. A diversion
structure would impede movement and increase the likeli-

Fig. 8. Loach minnow. (W.H. Brandenburg for New Mexico
Department of Game and Fish)
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hood of extinction of these upstream populations, in addition
to compromising Cliff-Gila Valley populations of these two
species.

Smaller peak flows and a greater rate of flow decline
during spring runoff due to climate change will likely result
in increased stranding of aquatic invertebrates, larval native
fish, and amphibians as main-channel and floodplain aquatic
habitats dry up. Truncation of the snowmelt recession period
and lower flows overall will extend and exacerbate the sum-
mer low-flow period, leading to increased water temperatures,
reduction in the extent of some aquatic habitats, and reduced
water depth and velocity in remaining wet areas (Yarnell
et al. 2010). Aquatic habitats would likely shrink down to
pools interspersed and connected by shallow-water habi-
tats. Nonnative species would be concentrated in the pools
with native fish and narrow-headed gartersnakes, increasing
competition and predation on native species (Pool and Olden
2014). Altered flows and thermal regimes will favor nonnative
species like northern crayfish (Orconectes virilis) (Whitney et
al. 2014).

Conclusion
The high biodiversity of the Gila River in the Cliff-Gila

Valley is a function of the natural flow regime in the upper
watershed. This Assessment concludes that CUFA diver-
sion and climate change create risk of significant ecological
impact. The snowmelt runoff period is predicted to be the
most strongly affected, a critical period of time in the life
cycle of multiple species and communities in the Cliff-Gila
Valley. Mid-size flows that would be diverted most frequently
are critical for recharging groundwater, supporting riparian
plants, and maintaining the quality and diversity of aquatic
habitats. Reducing these frequent elevated flows could
have a cascading negative effect on the aquatic and riparian
ecosystem.

Riparian and aquatic species in the Cliff-Gila Valley face
numerous challenges, including nonnative aquatic species,
drought, and the downstream effects from large, high-severity
wildfires in the upper watershed. Climate change will impose
additional severe stresses. Diversion will significantly ex-
acerbate these challenges. Numerous species, particularly
fishes, will be at increased risk of extirpation and ultimately
extinction.

For More Information:

The 500-page Gila River Flow Needs Assessment is available
at http://nmconservation.org/Gila/GilaFlowNeedsAssessment.

pdf.
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