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The Santa Cruz River in Santa Cruz County flows year round from Rio Rico to Amado and supports a culturally and ecologically 
diverse region.  River flows are sustained by effluent discharges from the Nogales International Wastewater Treatment Plant 
(NIWTP) which treats wastewater from Nogales, Arizona and Nogales, Sonora (collectively Ambos Nogales). Keeping this stretch 
of the river flowing is critical to the viability of this ecologically rich and culturally significant area. With Mexico legally controlling 
over 80% of the water released into the river, any effort to permanently dedicate water to the river will require a binational 
solution that benefits both countries. 

Rivers are dynamic with conditions influenced by many factors. How do we know if management actions and other factors are 
influencing the conditions of this living ecosystem? Sonoran Institute’s Living River reports were developed to annually track 
indicators of river conditions and determine what is changing. 

Since reporting started in 2008, changes in wastewater management have occurred. These include significant upgrades to 
the treatment process in 2009, which resulted in reduced levels of nitrogen in the released effluent, and some diversions of 
wastewater in 2013 when Nogales, Sonora completed construction of the Los Alisos treatment plant to treat some of the water 
that would otherwise be sent to NIWTP. Los Alisos releases its effluent into a different river that flows south into Sonora. 

This supplementary report provides more detail 
on recent accomplishments highlighted in the 
2023 report and shares data from the 2008–
2022 water years. This enables an easy viewing 
of trends in the water context and diverse 
indicators of river conditions. All Living River 
reports can be found on the Sonoran Institute 
website at www.sonoraninstitute.org. 
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CATEGORY PURPOSE INDICATORS

Flow  
Extent

Water flowing in and out of the system  
determines available aquatic habitat. 

•	 River flows
•	 Nogales Wash flows 

Water Quality
Specific chemical conditions are necessary 
to sustain the river’s animal and plant 
communities.

•	 Dissolved oxygen 
•	 Total phosphorus
•	 Ammonia 
•	 E. coli 
•	 Metals

Aquatic 
Wildlife

Wildlife in the river integrate and reflect 
conditions of many factors of the surrounding 
environment.

•	 Fish 
•	 Aquatic invertebrates

Groundwater 
Mature riparian trees require certain surface 
and groundwater conditions to survive.

•	 Maximum depth 
•	 January to June decline

Social 
Impacts

Ecosystem recovery provides outdoor spaces 
for people living or recreating along the river.

•	 Bird-watching

This Living River report evaluates conditions of the Santa 
Cruz River from Nogales Wash to Amado using indicators 
organized into categories that represent a breadth of 
biological, chemical, and physical properties of the river. The 
indicators relate to conditions in the river channel and in the 
riparian areas, the areas next to and affected by the river. 

The purpose of the Living River series is to monitor and 
report on river conditions in Nogales Wash and at various 
intervals downstream of the effluent discharge point. As 
effluent flows downstream, it impacts and is impacted by the 
natural conditions of soils, vegetation, and the surrounding 
ecosystem. For the purposes of this study, the 20-mile 
stretch of Santa Cruz River north of the discharge point is 
divided into three sections, or reaches: Rio Rico, Tubac, and 
Amado. These reaches differ in geology and hydrology, with 

portions of the reaches alternating between gaining (where 
groundwater emerges and contributes to streamflow) and 
losing stream conditions (where streamflow raises the water 
table, lessening water flowing at the surface). There is a 
close connection between the surface and groundwater that 
can influence the aquatic and riparian ecosystems in these 
reaches. Most of the data for Nogales Wash come from a 
single survey location near Ruby Road, though occasionally 
data also come from a site closer to the international border.

Data are collected by several organizations. Data are 
summarized by water year (October 1–September 30) and 
compared to the baseline conditions observed in the 2008 
water year. This supplemental report shares data from all the 
water years to enable an easy viewing of trends and long-
term patterns.

Assessing Conditions
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GROWING WATER SMART PROGRAM EXPANDS AND KICKS OFF 
IN AMBOS NOGALES

ARIZONA TRANSFERS EQUIPMENT 
TO NOGALES, SONORA TO 
MONITOR WATER QUALITY

NOTABLE ACHIEVEMENTS

U.S.–Mexico border cities face rapid population growth and 
increased climate risks that intensify pressure on water 
resources and management. Often, these cities lack the 
financial and institutional capacity to plan and respond to these 
challenges. In view of this, in 2020, Sonoran Institute began 
evaluating the possibility of bringing the Growing Water Smart 
program to communities along the border. To establish a greater 
understanding of their shared water and associated land use 
challenges, Sonoran Institute has conducted research interviews 
and held a convening of U.S.–Mexico experts to evaluate 
the potential value of the program. Supported by the overall 
acceptance and positive feedback for these assessments, 
Sonoran Institute hosted listening sessions for two sister border 
city pairs (Ambos Nogales and Mexicali, BC–Calexico, CA) and 
began developing a training and assistance program to improve 
binational integration and collaboration around water and land 
use planning between sister cities along the border. The first 
Growing Water Smart workshop will take place in Nogales, 
Sonora, in Spring 2024, and follow established methodologies 
to tailor its approach for the unique needs and challenges of 
Ambos Nogales communities. This Border Growing Water Smart 
program shows great potential for supporting the advancement 
of green infrastructure implementation and integration of water 
and land use planning to secure water resiliency.

On May 24, 2023, Sonoran Institute played a crucial 
intermediary role in supporting efforts to improve water quality 
across the U.S.–Mexico border. At a gathering for the binational 
Border 2025 effort between the United States Environmental 
Protection Agency (U.S. EPA) and the Ministry of Environment 
and Natural Resources of Mexico (SEMARNAT), Sonoran Institute 
facilitated the transfer of equipment for measuring heavy 
metals in transborder water flows. Water quality is an important 
parameter that Living River reports have tracked since their 
inception, and improving water quality at the border is one of the 
four main goals of the Border 2025 effort. This effort aims to 
protect the environment and public health of the border region 
for today and into the future.
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https://resilientwest.org/growing-water-smart/
https://drive.google.com/file/d/1LrXLjscILeOhGuk7NKSTxjRzgEsmtXgM/view
https://resilientwest.org/usmxgws/


U.S. DEPARTMENT OF INTERIOR APPROVES MANAGEMENT PLAN FOR 
SANTA CRUZ NATIONAL HERITAGE AREA
The Santa Cruz Valley National Heritage Area was designated 
by Congress in 2019 and encompasses 3,300 square miles 
within Pima and Santa Cruz counties. The Santa Cruz Valley 
contains natural, cultural, historic, and nationally distinctive 
landscapes that have been shaped by geography and cultural 
traditions. The recently approved Management Plan provides 
stewardship approaches through various activities involving 
conservation, historic preservation, interpretation and 
education, celebration of cultural traditions, recreation, and 
more. This approval solidifies federal support through 2034 
and provides an avenue for the Santa Cruz Valley Heritage 
Alliance to achieve their management goals for the Santa Cruz 
Valley.

The Nature Conservancy Arizona and Arizona Game and Fish 
Department will receive funding from the US Fish & Wildlife 
Service’s Endangered Species Recovery Land Acquisition 
Grant Program to permanently protect two major springs in 
the Sonoita Creek watershed that provide critical habitat for 
multiple endangered species. This protection and restoration 
will take place at Cottonwood Spring, through a land purchase 
using grant funds, and at Monkey Spring, which will be placed 
under a conservation easement. By purchasing land and 
creating conservation easements, these habitats can be 
permanently protected, allowing the endangered species 
reliant upon them a chance for recovery, and supporting 
ecosystems that are themselves at risk. Habitats like the 
cottonwood-willow riparian gallery forests and cienega 
wetlands that are found along Sonoita Creek are an important 
but imperiled element of the southwest and its wildlife. 

Sonoita Creek is a critical corridor for connecting separate 
habitat areas of ranging species like the jaguar and ocelot. 
Other listed species expected to benefit from this protection 
are the Gila topminnow, Huachuca water umbel, Chiricahua 
leopard frog, and the Southwest willow flycatcher. 

ARIZONA AWARDED $2.3 MILLION GRANT TO PROTECT AQUATIC 
SPECIES IN SONOITA CREEK
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https://santacruzheritage.org/
https://www.nature.org/en-us/about-us/where-we-work/united-states/arizona/
https://www.azgfd.com/
https://www.azgfd.com/
https://www.fws.gov/service/recovery-land-acquisition-grants
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The amount of water flowing in the river provides important 
context when examining the indicators that track the 
conditions along the Santa Cruz from Nogales Wash 
to Amado. This water comes from two natural sources: 
precipitation and groundwater. A third source, effluent, is 
water that has been used by people, treated in a wastewater 
facility, and returned to a river. The Nogales International 
Wastewater Treatment Plant continuously releases effluent 
into Santa Cruz, just downstream of where the Nogales Wash 
flows into the river. Wastewater coming from Ambos Nogales 
flows in a pipeline, the International Outfall Interceptor (IOI), 
that is buried beneath Nogales Wash. Nogales Wash is also 
the principal waterway transporting stormwater runoff from 
Ambos Nogales to the river. Large, uncontrolled flows of 
stormwater, together with accidental sewage discharges from 
the IOI, have raised flood safety and water quality concerns 
from communities on both sides of the border.

Effluent accounts for the majority of streamflow in the Santa 
Cruz River from Rio Rico to Amado. Streamflow also includes 
stormwater from the Santa Cruz River watershed—the land 
whose stormwater flows toward the river. We can get a sense 
of stormwater contribution to the Santa Cruz by tracking total 
rainfall and streamflow upstream of the treatment plant in 
Nogales Wash and near the international border. Seasonal 
floods (which can be measured by looking at peak flows) 
are important for scouring the riverbed, recharging aquifers, 
dispersing seeds, inducing seed germination, and clearing 
natural debris.

2008–2022 Summary

The total volume of effluent released annually into the river 
has varied. Between 2013 and 2018, the volume released 
decreased by an average of 2,000 acre-feet (over 650 
million gallons). This represents about a 12% decrease 
compared to 2008. Although diversions of wastewater to 

Streamflow and Rainfall

RIVER CONTEXT 
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the Los Alisos Treatment plant in Nogales, Sonora began in 
2013, this decrease in effluent volume appears to result from 
reduced volume of wastewater attributed to Nogales, Arizona. 
In 2019 and 2020, the total effluent released returned to 
levels comparable to 2008. Exact reasons for this increase 
are unknown, though frequent failure of pumps diverting 
flows to the Los Alisos Treatment Plant is likely one factor. 
The increased volume was temporary, and in 2021 releases 
returned to a lower level similar to what was seen between 
2013 and 2018.

Streamflow is measured daily in Tubac, near the international
border, and along Nogales Wash (2011–2021). Overall, total
volume of streamflow has been variable at all three locations.
The greatest total volume of streamflow was measured in
Tubac in the 2021 water year, with most streamflow occurring 
during the summer monsoons. Although it did not reach 

the same level, streamflow in 2022 remained higher than 
previous years, with a spike in August.

Total rainfall has hovered around an average of 15 inches at
Nogales Airport. Sixteen miles to the northwest, rainfall near
Tumacácori National Historical Park has been similar and 
averaged 16 inches. Rainfall in 2022 was greater than 2021, 
and followed a similar pattern in both years with most of the 
rain falling during the summer monsoon season. 

Peak streamflow has varied with location. Flooding conditions
have often been higher upstream of the treatment plant
than in Tubac with the largest flood recorded at the Nogales
gage near the international border. Flows in Tubac have
been variable, with the highest peak flow occurring in 2014.
Between 2014 and 2018, peak streamflow in Nogales Wash
was fairly stable, although it has been decreasing since.
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INDICATORS
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F L O W  E X T E N T :  River Flows

When the Santa Cruz River crosses back into the U.S., most 
of the river is dry and flows only after rain events. Year-
round flows start in the Rio Rico area where the Nogales 
International Wastewater Treatment Plant (NIWTP) releases 
water daily into the river. Measuring flow extent, or the 
distance the river is flowing downstream of NIWTP, is a quick 
visual technique to track changes in the amount of water in 
the river and to estimate the quantity of aquatic habitat avail-
able. For example, high flow extent suggests a lot of habitat 
for aquatic life. Low flow extent may indicate reduced water 
inputs, which could decrease aquatic habitat. Alternatively, 
low flow extent could indicate greater recharge of water into 
local aquifers.

Friends of the Santa Cruz River track river conditions monthly 
at three sites along the river and streamflow is monitored 
continuously by a U.S. Geological Survey stream gage in 
Tubac. While the exact location of the “end of flow” is vari-
able, measuring monthly flows provides an estimate of 
changes in flow extent. Tracking miles of flow prior to the 
monsoon season estimates the minimum extent of flow 
during the driest time of year. This is typically measured in 
mid-June.

2008–2022 Summary

Prior to 2010, the river flowed 17 miles from the treatment 
plant to the Amado reach, even in June. Since the volume of 
effluent released into the river did not significantly decrease 
after the 2009 upgrade, increased recharge from improved 
water quality is likely a major factor for the decreased flow 
extent in 2010 and 2011. The shortest measures of flow 
extent were observed in 2013 and 2014. This coincides 
with the start of wastewater diversions to the Los Alisos 
wastewater facility in Sonora, Mexico in 2012. However, the 
reductions in total volume of effluent released into the river 
between 2013 and 2018 are largely attributed to decreased 
wastewater coming from Nogales, Arizona (see Streamflow 
and Rainfall). Since 2014, flow extent has increased and 
stabilized, reaching at least 14–17 miles at different times 
through the year. The June flows have consistently reached 
at least 14 miles during this time as well.
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F L O W  E X T E N T :  Nogales Wash Flows

Nogales Wash starts in Mexico near the international border, 
runs through Ambos Nogales, merges with Potrero Creek, and 
ultimately flows into the Santa Cruz River. This confluence is 
just upstream of Nogales International Wastewater Treatment 
Plant (NIWTP), meaning that flows are independent of the 
effluent releases. 

This important tributary has year-round flow, providing habitat 
for wildlife and native fish species like longfin dace, and 
supplying water to the river. There is also concern that flows 
in Nogales Wash are a potential source of contamination 
when carrying accidental sewage discharges (see Streamflow 
and Rainfall).

Friends of the Santa Cruz River monitors conditions in 
Nogales Wash monthly at a site near Ruby Road. Since 
July 2019, monitoring has expanded and the end of the 
flowing reach has been located monthly. These measures 
help estimate availability of aquatic habitat and understand 

the surface connection between the wash and the river. 
Monitoring flow in Nogales Wash aids in monitoring 
stormwater inputs to the Santa Cruz River, and thus in 
tracking potential sources of contamination.

2008–2022 Summary

Between 2008 and 2019, Nogales Wash had water during all 
but three monthly visits to the monitoring site at Ruby Road. 
Dry conditions were observed only during June 2011, July 
2013, and June 2014.

The expanded monitoring since 2019 initially revealed stable 
flows reaching all the way to the Santa Cruz River. These 
flows have been more variable since 2020, and do not always 
reach the river. In May of 2021, the flow retreated as far back 
as 2.5 miles from the confluence, and the Ruby Road site 
was dry two months in a row. In June 2022, the flow ceased 
almost 2 miles from the river, but had met the river again by 
August.
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WAT E R  Q U A L I T Y :  Dissolved Oxygen

Fish and other aquatic animals need oxygen to survive. 
Rivers absorb oxygen from the atmosphere and aquatic 
plants produce oxygen. External causes of variability in 
dissolved oxygen levels include groundwater discharge, 
shading, water temperature, and time of day. 

The Arizona Department of Environmental Quality sets the 
minimum wildlife standard for dissolved oxygen in effluent-
dependent streams at 1 milligram per liter (mg/L) measured 
between sunset and three hours after sunrise, and 3 mg/L 
at other times. Most measures were taken within three hours 
after sunrise, and values of dissolved oxygen greater than 
1 mg/L meet the standard. Levels of dissolved oxygen in 
Nogales Wash are held to the dissolved oxygen standard for 
warm water streams which is 6 mg/L.

2008–2022 Summary

Levels of dissolved oxygen have met the standard in all three 
reaches of the Santa Cruz. Dissolved oxygen increased after 
upgrades to the treatment plant were completed in 2009. 
Although there have been more days with no flow in the 
Amado reach in recent years, when water is present, levels of 
dissolved oxygen have met the standard. 

In Nogales Wash, levels of dissolved oxygen have been 
stable and 118 of 173 samples have met the warm water 
standard (they attained the standard 68% of the time). 
Treatment plant upgrades did not impact conditions in 
Nogales Wash.

In 2022, dissolved oxygen levels increased at all test sites, 
both in the river and Nogales Wash, the reason for which is 
unknown at this point. 
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WAT E R  Q U A L I T Y :  Total Phosphorus

Phosphorus is an essential nutrient for plant and animal 
life. Too much phosphorus, however, can reduce the quality 
of aquatic habitat. Elevated levels of phosphorus can 
accelerate plant growth. Then, when algae and plants decay 
in the river, dissolved oxygen decreases and aquatic animals 
can suffocate.

The median amount of total phosphorus measured in the 
Rio Rico reach from 1992–1999 was approximately 5 mg/L. 
Because Arizona Department of Environmental Quality does 
not have a standard for total phosphorus in this stretch of 
the Santa Cruz River, this assessment uses the 1992–1999 
median of 5 mg/L as the historical standard. Similarly, 
there is no standard for phosphorus in Nogales Wash. This 
assessment uses the 1996–1999 median of <1 mg/L as a 
historical standard.

2008–2022 Summary

Phosphorus levels declined in the Rio Rico and Tubac 
reaches, most notably after the upgrades to the treatment 
plant were complete in 2009. Aside from a couple of samples  
in the Tubac reach, levels have remained low. In the Amado 
reach this data is unavailable after 2011, but measures of 
total phosphorus are below the historical standard.

Nogales Wash has limited data and treatment plant 
upgrades did not impact conditions. All but five samples 
met the historical standard. The only sample since 2013 
was taken in 2017 during a sewage breach, when untreated 
wastewater was flowing out of the International Outfall 
Interceptor and into Nogales Wash.
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WAT E R  Q U A L I T Y :  Ammonia

Nitrogen is also an essential nutrient for plant and animal 
life, but too much can lead to nutrient pollution. Ammonia 
(NH3) is one form of nitrogen that can be toxic to fish. Even 
at concentrations only slightly above natural conditions, 
ammonia can reduce hatching success, among other 
impacts. The toxicity of ammonia varies with several factors 
such as pH, temperature, and dissolved oxygen. The Arizona 
Department of Environmental Quality’s wildlife standard 
for ammonia varies by pH and temperature. As pH and 
temperature increase, the toxicity of ammonia increases, 
thus the acceptable level of ammonia decreases with high 
pH and temperature. 

High nutrient levels can also increase the number of 
microorganisms that break down and use these nutrients. 
Living in the spaces between the sand and gravel of the 
streambed, these organisms can become so numerous that 
they create a clogging layer and prevent water from moving 
through the streambed to recharge the local aquifer.

2008–2022 Summary

Ammonia decreased dramatically and was often not detected 
in the Rio Rico and Tubac reaches after the treatment plant 
upgrade was complete in 2009. This improved water quality 
led to beneficial conditions for fish and other aquatic wildlife. 
Although data are limited for the Amado reach during this 
period, between 2000 and 2007 measures of ammonia 
averaged 10 mg/L and followed a similar pattern to the Rio 
Rico and Tubac reaches. The decreased ammonia likely 
reduced the clogging effect in the river bed and was a factor 
in the reduced flow extent observed since 2009.

Since the treatment plant upgrade, only 5 sampling events 
have detected elevated ammonia levels that averaged 
2.25 mg/L in the Rio Rico reach. Removal of ammonia is 
complex. The NIWTP uses a multi-step process that features 
alternating oxygenated and oxygen-free zones and must 
regularly optimize processes to maintain the delicate balance 
of oxygen needed for maximum ammonia removal. 

Nogales Wash was not impacted by the upgrades to the 
treatment plant. Ammonia levels here were low, averaging 
1.4 mg/L from 2008–2013. Measures of ammonia from 
2017 were taken during a sewage breach when untreated 
wastewater was flowing out of the International Outfall 
Interceptor and into Nogales Wash.
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WAT E R  Q U A L I T Y :  E. coli

Escherichia coli (E. coli) is one of the common species of 
bacteria living in the lower intestines of mammals, and its 
presence in water is an indication of fecal contamination. 
The discovery of E. coli indicates the potential presence 
of other pathogenic microorganisms such as bacteria and 
viruses that might be a health risk to people swimming or 
wading in the river. 

The Arizona Department of Environmental Quality standard 
for a single sample maximum for full body contact 
(swimming) is 235 colony-forming units per 100 milliliters of 
water (CFU/100mL). For partial body contact (wading), the 
single sample maximum is 576 CFU/100mL. The results are 
compared to the stricter standard, thus samples with greater 
than 235 CFU/100mL do not meet the standard.

2008–2022 Summary

E. coli levels varied seasonally and were similar in all three 
reaches of the river and in Nogales Wash. The Nogales 
International Wastewater Treatment Plant has always treated 
for bacteria prior to release of effluent in the Santa Cruz, 
thus levels of E. coli in the effluent did not change after the 
upgrades were complete. Levels of E. coli exceeded the 
standard most often during the rainy seasons. 

High levels at all sites during the rainy season suggest 
that rain is washing fecal contamination into the river from 
multiple sources within the watershed. Research published 
in 2019 reported that microbial markers associated with 
humans and ruminants (sheep, goats, cattle, and deer) were 
the markers most frequently detected and were strongly 
correlated with flooding conditions.1 

One source of E. coli contamination is the aging wastewater 
infrastructure along Nogales Wash. Several of the 
exceedances in Nogales Wash from 2017 were from samples 
taken during a sewage breach when untreated wastewater 
was flowing out of the International Outfall Interceptor and 
into Nogales Wash. Repairs began in 2022 and will be 
ongoing through 2024.

 1Paretti, N.V., 2019, Escherichia coli in the Santa Cruz 
River in Tumacácori National Historical Park, Arizona: 
U.S. Geological Survey Fact Sheet 2019-3065, 6 p.,             
https://doi.org/10.3133/fs20193065
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Nogales Washf Santa Cruz River ND = Not detected
NT = Not tested

Arsenic

Cadmium

Copper

Lead

Zinc

Nickel

ND 0 209 µg/L11 (0–150) 0

NT NT 89 µg/L14 (0–100) 2

ND 0 1 5.1 µg/L0.7 (0–40)

3.7 (0–18) 1 0 15 µg/L1.9 (0–14)

0.2 (0–3.9)c 1 9 or 3d 0.8 or 3.4 µg/Le0.3 (0–8.3)

2.1 (0–4.9) 0 150 µg/Lb4.6 (0–17) 0

Values for dissolved metals in water samples tested throughout all water yearsa

concentrations in micrograms/liter (µg/L), also known as parts per billion (ppb)
Average Standard
wildlife standards vary
with water hardness

Average
(min–max)

Average 
(min–max)

Samples
Above Standard

Samples
Above Standard

aResults listed as “not detected” were recorded as zero in the average, min, and max analysis. 
bNot an average. Standard for arsenic does not vary with water hardness.
cOnly one sample had a concentration detected in 2008 (which was above the standard). All others had 
 concentrations of cadmium that were below detection level.
dStandard changed in 2009 and 2016. Number of samples with concentrations above the standard varies; 9 with more
 stringent standard or 3 with less stringent standard. No samples were above the standard since 2011.
eAverage standard for 2009 more stringent standard or average standard for 2016 less stringent standard.
fSamples from Nogales Wash only available for 2008–2012 water years.
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WAT E R  Q U A L I T Y :  Metals 

Metals in high concentrations endanger wildlife in aquatic 
ecosystems by lowering reproductive success, interfering 
with growth and development, and, in extreme cases, 
causing death. Most metals build up in aquatic food chains 
and may pose long-term threats to all organisms in the 
aquatic environment. The Santa Cruz River is exposed 
to metals through many sources, including industrial 
wastewater discharge, mine drainage, roadways, and by the 
release of metals naturally occurring in near-surface rocks 
and sediments. Arizona Department of Environmental Quality 
(ADEQ) set standards to protect aquatic wildlife. Results 
for the following metals are compared to their appropriate 
standard: arsenic, cadmium, copper, lead, nickel, and zinc. 

2008–2022 Summary

Most of the water samples tested for dissolved metals in 
the Santa Cruz met the appropriate standards. Samples 
with concentrations above the standard included a single 
sample for lead, two samples for nickel, and several 
samples for cadmium. Cadmium is lethal to aquatic wildlife 

at low concentrations and comes from numerous human-
produced sources such as coal combustion, electroplating 
processes, fertilizers, pesticides, and mine wastes. In 2009, 
the cadmium standard became more stringent, but in 2016 
reverted back to a less stringent standard. Between 2008 
and 2011, 11 (2009 standard) or 3 (2016 standard) samples 
tested for cadmium exceeded the standard. The NIWTP 
cannot remove metals, so ADEQ and the U.S. International 
Boundary and Water Commission worked with the cities of 
Nogales, Arizona and Nogales, Sonora to mitigate metals in 
the binational wastewater. These actions were successful as 
subsequent river monitoring has not detected cadmium. 

Data are limited for Nogales Wash.  Only two samples from 
2008–2012 had metals detected above the standard. 

Though concentrations are low in the river, the NIWTP 
continues to detect metals. Metals interfere with the 
efficiency of treatment processes and contaminate removed 
biosolids. When contaminated, removed biosolids must be 
landfilled instead of being used as fertilizer for agriculture.
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A Q U AT I C  W I L D L I F E :  Fish

Fish can serve as effective longer-term indicators of river 
health because they live for several years and different 
species vary in their tolerance to pollution. Historically, the 
Santa Cruz River from Rio Rico to Amado supported several 
native fish species: Gila topminnow, desert sucker, Sonora 
sucker, and longfin dace. Long-term monitoring prior to 
2008 has shown a decline in the number of native fish 
species present. Three nonnative fish species—the Western 
mosquitofish, green sunfish, and largemouth bass—were 
found in Tumacácori National Historical Park between 2001 
and 2002. There is no standard for diversity of fish. The 
results from the 2008 water year will serve as a baseline for 
monitoring change. 

2008–2022 Summary

Annual fish surveys in the fall determine fish presence 
and species in Nogales Wash and at several locations 
downstream of the treatment plant. In 2008, only longfin 
dace were found, and in very low numbers (2 individual fish 
caught). After the treatment plant upgrade, the number of 
fish species increased to as many as 6 in 2021 (two native 
and four non-native). The endangered Gila topminnow 

returned to the river in 2015 and the relative ease of 
capturing them during surveys suggests they are thriving. 
In 2021, two new non-native species were identified in the 
Tubac reach: the channel catfish (Ictalurus punctatus) and 
bluegill sunfish (Lepomis macrochirus). In addition, a hybrid 
of the native Gila topminnow (Poeciliopsis occidentalis) 
and the non-native headwater livebearer (Poeciliopsis 
monacha) of Mexico was identified in 2022, although further 
research is needed to determine its potential impact on the 
endangered native. Surveys in 2022 found only longfin dace, 
Gila topminnow, and the everpresent non-native Western 
mosquitofish. Conditions in the Amado reach have been 
occasionally dry at the time of survey and thus may no longer 
represent perennial habitat.

Though not affected by the treatment plant upgrade, Nogales 
Wash has also seen an increase in fish species, most 
notably with the return of the Gila topminnow in 2018. The 
Poeciliopsis occidentalis-monacha hybrid has been found 
here too. Though not included in this summary, longfin dace 
were found in Nogales Wash in 2007. The reason why no fish 
were found in this area during the baseline year is unknown.

15



Cummulative number of unique species

Treatment plant upgrades complete

Water Year

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

N
um

be
ro

f
ta

xa

0

15

30

45

Pe
rc

en
t

Ep
he

m
er

op
te

ra

0

15

30

45

60

Pe
rc

en
t

D
om

in
an

t

0

25

50

75

100

A LIVING RIVER - SANTA CRUZ RIVER 
NOGALES WASH TO AMADO 

Supplementary Report—2023

A Q U AT I C  W I L D L I F E :  Aquatic Invertebrates

Aquatic invertebrates break down organic materials and 
are important prey for fish and other river-dependent 
species. They also differ in their tolerances to pollution. 
Chironomidae (midges) are pollution-tolerant and are found 
in high numbers even with low oxygen levels and high organic 
matter. Ephemeroptera (mayflies) have exposed gills on the 
outside of their body, making them very pollution-sensitive. 
The percent of the invertebrate community comprised of 
Ephemeroptera is commonly used to help track changes 
in water quality. Regardless of sensitivity to pollution, if 
a single species or group accounts for more than 50% of 
the community, this lack of diversity suggests a stream is 
impaired. Another way to look at diversity is simply by looking 
at the total number of different invertebrate species found in 
the samples collected. 

2008–2022 Summary

Information about the aquatic invertebrate community 
in the river is very limited. Nogales Wash has no aquatic 
invertebrate data. For the Santa Cruz, our best data set is 
from Tumacácori National Historical Park in the Tubac reach. 
Aquatic invertebrates were sampled using a protocol that 
involved kick-net samples in riffles. Targeted riffle data of 

this kind are not available from 2009 and 2010. Other data 
collected with different methodology are included here to 
provide the most complete dataset. Data from 2011 are 
unavailable. 

The percent of the community dominated by a single group 
has decreased, but still hovers around the 50% threshold. 
This suggests that the river may be under environmental 
stress. The percent of the aquatic community comprised 
of pollution-sensitive Ephemeroptera increased after the 
treatment plant upgrade, suggesting improvements in 
aquatic conditions, but dropped again in 2020 and have 
remained low since then. Furthermore, only 6 unique species 
were found in 2008. Since the upgrade, the number of 
unique species found increased to an annual average of 15 
species. The cumulative number of unique species has also 
increased, reaching 49 by 2019. As only 2 new species have 
been found since 2016, the rate of increasing diversity may 
be slowing or reaching equilibrium. 

Drier conditions and more variable flow in 2013 and 2014 
may help explain some of the variability seen between 2013 
and 2015. Further monitoring will be needed to determine if 
the aquatic invertebrate community will continue to improve.  
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G R O U N D WAT E R :  Maximum Depth

The interactions between riparian vegetation, surface water, 
and groundwater are important factors in overall riparian 
health. As with other southwestern rivers, cottonwoods and 
willows dominate the native riparian forests along the Santa 
Cruz River in this reach and depend on surface water and 
groundwater to meet their annual water requirements.

Several scientific studies have investigated the maximum 
depth to groundwater required to sustain mature cottonwood 
trees. Scientists estimate that the maximum depth to ground-
water required to sustain mature Fremont cottonwoods 
ranges from 2.5 to 5.1 meters (approximately 8 to 16 feet).

We compare maximum depths to groundwater to the upper 
end of the cottonwood range, thus locations with maximum 
depths less than 5.1 meters meet the scientific standard. It 
is important to note that areas with greater maximum depths 
to groundwater support other types of riparian vegetation.

Along the river, rapid infiltration attributed in part to the local 
geology minimizes evaporative loss, resulting in efficient 
recharge by flood and effluent flows. Thus, the provision of 
effluent to the river helps maintain equilibrium in the Santa 
Cruz aquifer for supporting these riparian habitats. 

2008–2022 Summary

The number of depth measurements over the years has 
varied by well. Some wells were measured only once a year, 
while others were measured daily. The Tubac reach appears 
to have the most stable depth to groundwater measures. Rio 
Rico and Amado recorded shallower depths in recent years, 
suggesting increased recharge. 

In Rio Rico, the wells with measurements below the 
standard are further south, near the beginning of the reach, 
representing wells closest to the release of effluent. In 
contrast, several wells in the Amado reach that were below 
the standard are located at the far northern end of the reach 
and represent wells that are furthest away from the release 
of effluent. The best conditions for supporting cottonwoods 
may be along the Tubac reach in between, where geologic 
and hydrologic conditions are optimal and the recharge of 
effluent is possibly highest.

Depths in Nogales Wash are a recent addition to this 
summary and tend to meet the standard. Farther north along 
the wash, depths increase toward the maximum depth that 
can still provide support for cottonwoods. 
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G R O U N D WAT E R :  January to June Decline

Variability in groundwater levels affects the growth and 
survival of riparian plants. There are several natural 
and human causes of groundwater variability. Naturally, 
groundwater levels decline after the winter rainy season 
ends and increase once the summer monsoons begin. 
Studies on the nearby San Pedro River in Arizona indicate 
that cottonwood trees can withstand declines in groundwater 
levels up to 0.8 meters (2.6 feet) from January to June. Wells 
with groundwater levels that declined no more than 0.8 
meters between a January and a June measurement met this 
scientific standard.

2008–2022 Summary

The number of wells with enough data to calculate the 
change in depth to groundwater from January to June varied 
over the years. Some wells with less frequent monitoring did 
not have enough data, or data were collected at the incorrect 
time to determine the decline. Wells with continuous 
monitoring are shown below. As with maximum depth to 

groundwater, variability in depth to groundwater in the Tubac 
reach appears low and the January to June standard was 
met at several well locations, providing good conditions for 
cottonwood trees. Groundwater variability was higher in the 
Rio Rico and Amado reaches, though data are limited.

Rio Rico had enough data only in one well, which is located 
at the southern end of the flowing reach, near the location 
where effluent is released from the treatment plant. Though 
the January to June standard was met a couple times, overall, 
the depths to groundwater appear to be deeper in this area.

Sonoran Institute launched a groundwater monitoring 
program in the Amado reach in 2018 that is providing 
additional data on groundwater levels in this reach. Wells 
closer to Tubac were more often meeting the standard 
than those at the northern end. This area may support 
cottonwoods but historically has been an area that 
transitions to the larger and deeper Tucson groundwater 
basin and tends to have fewer cottonwood and willow trees. 
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S O C I A L  I M PA C T S :  Bird-watching

The flowing water and rich riparian vegetation of the Santa 
Cruz River support a diverse array of bird and wildlife 
species.  Bird-watching is a good low-impact method of 
appreciating this diversity. With eBird, a citizen-science bird-
watching program run by Cornell Lab of Ornithology (www.
ebird.org), we can gain an understanding of the importance 
of wildlife viewing as a type of recreational use of the river 
and adjacent parks. We can also track the number of 
different bird species observed and documented along the 
river. The eBird program offers interested passersby an 
opportunity to take part in data collection by recording bird 
species they see along the river, thus contributing to this 
understanding and providing river managers with an ongoing 
source of information.

For this analysis, we include only observations collected 
during traveling or stationary counts of species making use 
of the river corridor and adjacent parks. Birds simply flying 
over, and those that are exotic or domestic, are excluded to 
focus on the effectiveness of the area as wildlife habitat. 

2008–2022 Summary

Numbers of observations submitted to eBird from along the 
Santa Cruz and Nogales Wash have been steadily climbing, 
with a noticeable increase starting in 2018 in both the 
number of observers and the number of observation events 
along the Santa Cruz. A similar jump in numbers along the 
Nogales Wash occurred in 2020. The highest number of 
species observed in one year across both areas was in 2021, 
when 254 total unique species were logged. 

Citizen-science efforts are increasingly popular and is 
likely the reason we see increased participation in the 
eBird program along the Santa Cruz River. However, it is 
encouraging to see the number of observers increase, 
demonstrating the importance of this area for wildlife viewing 
and recreation along the river.
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LEARN MORE 
Find all the Living River reports for Santa Cruz River at www.tiny.cc/livingriver.
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