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A few thoughts about a good staff:

Offering comprehensive,
hydrogeologic services
in five integrated areas:
Groundwater Development —
extensive knowledge of and
experience with well drilling
technology, borehole evaluation
and well design, plus an Arizona
well driller's license
Groundwater Modeling —
technical abilities combined with
interpretive skill acquired through
five decades of collective team
experience in creating and
interpreting models

The value of our service equals the sum of our staff.
We are scientists, problem solvers, implementers. People who love what
we do. Clear Creek Associates are a group of people whose collective
expertise in groundwater-related projects in Arizona is unmatched. We’re
dedicated to offering quality-focused, very responsive hydrologic services to
clients throughout the Southwest.
We’ve built our reputation on a foundation of strong professional
capabilities, finely honed project coordination and communication skills,
and extensive statewide experience.
With each addition to our staff over the past six years, the value of our
service has grown. You can find out more about our newest staff members,
and other matters of interest, at our Web site, www.clearcreekassociates.com.

in Phoenix:
6155 E. Indian School Rd., Suite 100, Scottsdale, Arizona 85251
(480) 659-7131, (480) 659-7134 fax
in Tucson:
221 N. Court Ave., Suite 101, Tucson, Arizona 85701
(520) 622-3222, (520) 622-4040 fax
www.clearcreekassociates.com

Hydrogeologic investigations —
focused application of
hydrogeological analyses to
resolve groundwater issues,
address regulatory concerns and
water rights issues, or support
water resources planning
Environmental Services —
resolving problems in a cost
effective and timely manner by
integrating scientific, technical,
analytical and legal capabilities,
with proven relationships with
regulators
Mining Support —
clarifying communications,
streamlining permitting, and
helping companies develop
positive relationships with
environmental agencies

Levelogger Proven to be
Worth its Weight in Gold

Dependable Water Level Datalogger

Mandate To Deliver Quality
Since the Levelogger Gold was launched at the
beginning of 2006, Solinst has shipped thousands
and thousands of units to satisfied customers all
over the world.

Maintenance Free Design/Lifetime Calibration
Backwards Compatible
3 Year Warranty
Real-Time View

“Our mandate of designing and delivering high quality

User-selectable Sampling Schedule

products, and backing it up with our 3 Year Warranty,
demonstrates the Solinst commitment to our customers.”
— Sarah Belshaw, President

The Levelogger Gold is a self contained water level datalogger,
which is completely designed, developed and manufactured
in-house, in the tradition of all Solinst high quality products.
The Levelogger Gold uses infra-red data transfer, providing the
flexibilty of installing by use of a simple wireline or by using a
Direct Read Cable to surface.
The Levelogger Gold includes a pressure transducer,
temperature thermistor, 10 year lithium battery (based on
1 reading per minute), and internal data logger with a
capacity of 40,000 temperature and water level data points.

10 Year Battery (1 reading/minute)
SCADA Ready (SDI-12)

Leveloader Gold
Rugged Data Transfer Device
Dedicated to Levelogger Series
Stores 1.39 Million Data Points
Real Time View
Re-program in the Field

www.solinst.com

High Quality Groundwater & Surface Water Monitoring Instrumentation
Solinst Canada Ltd., 35 Todd Road, Georgetown, ON L7G 4R8
Tel: +1 (905) 873-2255; (800) 661-2023 Fax: +1 (905) 873-1992; (800) 516-9081
Visit our website: www.solinst.com E-mail: instruments@solinst.com
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From the
Publisher
South Americans, Europeans, Southeast Asians, Eurasians, and Ukranians. Immigration is an
issue for more than just the human population. Non-native species—plants and invertebrates—
are changing many ecosystems in the Southwest. Some were intentionally imported, initially
welcomed for providing benefits such as soil stabilization or control of another invader, while
others hitched a ride on the bottom of a ship. In their new environments, away from natural
predators, many non-native species have proliferated, becoming invasive and crowding out
native populations or otherwise upsetting the ecological balance of their adoptive homes.
Invasive species also impact water resources and water quality, and that is the focus of this
issue’s feature articles.
We received many comments both praising and criticizing our last issue, on the water-energy
nexus. That was a tough issue to produce due to the myriad of perspectives, obscure and
incompatible units, and the mind-boggling intersection of gallons/KWh and KWh/gallon
required just to get a drink of water or turn on a light. One reader was critical of including
lakes Powell and Mead evaporation in hydroelectric costs, while another thanked us for
pointing out what a huge number it is. True enough, the lakes have many uses, and also true
is that some costs are often overlooked in our interdependent infrastructure. Many would
consider it disingenuous to imply hydroelectricity comes without water costs, but how to
calculate those costs?—there’s the rub. For these reasons we require authors to be specific
about how their determinations are made and the assumptions that go into them. We welcome
the discussion and diverse viewpoints; please send us yours.
Thanks to the contributors to this issue, and as always, to our advertisers who continue to
make this publication possible.

Betsy Woodhouse, Publisher

The quaggas are coming...and Arundo
and more! Can they be stopped? Check
out this issue’s feature articles. Cover
illustration by Mike Buffington.
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Irrigation Canals

WE

MEASURE

FLOW

Natural Streams

(in places you never thought possible)

Real-Time Discharge
A remarkably simple concept that you can afford.
We understand what it’s like out in the ﬁeld, because that’s where we got our start.
We have made using precision-based acoustic Doppler technology easy to use in even
the most rugged, and challenging conditions.
More options, better customer support and more value for less money.

Sound Principles. Good Advice.
[+1.858.546.8327]
9940 Summers Ridge Road
San Diego, California, USA

For FREE technical notes, access to web-based training
and product information, visit www.sontek.com.
Questions? E-mail: inquiry@sontek.com.
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Invasive Species
Invasive species invade: therein lies the problem. Floating and submerged plants such as
hydrilla, water lettuce, water hyacinth, and giant salvinia form dense mats that literally
cover waterways, shutting out light and restricting flow. Giant reed obstructs flood flows,
crowds channels, consumes three times the water of native vegetation, and spreads fire.
Saltcedar thrives at the expense of native cottonwood and willow in the Southwest,
particularly in the many riparian environments that have been affected by human activity.
The newest arrival to the area, the quagga mussel, hasn’t taken over yet, but wildlife
managers and water providers need only look at the problems this mollusk has caused
in the Great Lakes region to know what may await them. With all of these invaders,
we’re not likely to be able to get rid of them. The best we can hope for is to manage
our ecosystems to keep the populations of newcomers in line with other species.

18 The Quaqqas Have Arrived
Lawrence M. Riley and Rory K. Aikens
Given that the quaggas are now
among us, what are the little beasts
all about? Can western water
managers and biologists exploit
their distinctive characteristics
to avoid a scenario like the Great
Lakes invasion of zebra mussels?

26 Saltcedar Control and Riparian
Restoration—Be Careful
With Generalizations
Ondrea C. Hummel and Todd Caplan
Saltcedars have invaded extensive
areas of riparian habitat in the West.
They have been targeted for control or
removal based on arguments that they
increase groundwater consumption,
increase soil salinity, decrease wildlife
habitat quality, and proliferate after
fires. But is an all-out battle to eradicate
them warranted? Perhaps not.

20 Southern Nevada Braces for Quaggas
Peggy A. Roefer, David L. Johnson,
James F. LaBounty, and
Ronald E. Zegers
The recent discovery of quagga mussels
in Lake Mead set off a flurry of activity
to assess their range and formulate
responses. The prolific quaggas
could significantly impact Southern
Nevada Water Authority’s water
distribution system if left unchecked.

28 Native vs. Invasive Plant Water Use in
the Middle Rio Grande Basin
Nabil Shafike, Salim Bawazir, and
James Cleverly
Results of a comparison of
evapotranspiration rates of saltcedardominated vegetation communities
to those of native cottonwood
communities in the Middle Rio
Grande Basin have implications for
salt cedar eradication programs.

22 Impacts of Invasive Aquatic Plants
Michael P. Masser
Invasive aquatic plants pose a
threat to surface waters and riparian
habitats. Hydrilla, water hyacinth,
water lettuce, and giant salvinia are
prodigious growers that outcompete
other species, impact water quality,
and reduce native habitat.

30 Hydrologic Changes and Riparian
Forests: The Saltcedar Story

24 Chipping Away at Arundo
Richard Zembal
An invasion of giant reed in Southern
California has obstructed flood flows,
impacted water quality, and endangered
native species; it consumes three times
the water of native vegetation. But the
concerted efforts of many are raising
hopes that eradication is possible.

Juliet C. Stromberg
Human alteration of streamflow in the
American Southwest seems to give
a competitive edge to the non-native
newcomer saltcedar. But where rivers
remain free-flowing and perennial,
native species such as cottonwoods
and willows are holding their own.

Publishing Southwest Hydrology furthers SAHRA’s
mission of promoting sustainable management
of water resources in semi-arid regions.
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