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The National Park Service, Natural Resource Stewardship and Science office in Fort Collins, 
Colorado, publishes a range of reports that address natural resource topics. These reports 
are of interest and applicability to a broad audience in the National Park Service and oth-
ers in natural resource management, including scientists, conservation and environmental 
constituencies, and the public.

The Natural Resource Data Series is intended for timely release of basic data sets and data 
summaries. Care has been taken to assure accuracy of raw data values, but a thorough analy-
sis and interpretation of the data has not been completed. Consequently, the initial analyses 
of data in this report are provisional and subject to change.

All manuscripts in the series receive the appropriate level of peer review to ensure that the 
information is scientifically credible, technically accurate, appropriately written for the in-
tended audience, and designed and published in a professional manner. This report received 
informal peer review by subject-matter experts who were not directly involved in the collec-
tion, analysis, or reporting of the data.

Views, statements, findings, conclusions, recommendations, and data in this report do not 
necessarily reflect views and policies of the National Park Service, U.S. Department of the 
Interior. Mention of trade names or commercial products does not constitute endorsement 
or recommendation for use by the U.S. Government.

This report is available from the Sonoran Desert Network website,  
http://www.nature.nps.gov/im/units/sodn, as well as at the Natural Resource Publications  
Management web site, http://www.nature.nps.gov/publications/nrpm. To receive this report 
in a format optimized for screen readers, please email irma@nps.gov.
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Executive Summary

The Sonoran Desert Network (SODN) performs long-term streams monitoring at four 
national park units with the goal of detecting broad-scale changes in aquatic and riparian 
ecological condition. This document reports on data related to water quality, water quantity, 
and aquatic macroinvertebrates collected on the Santa Cruz River at Tumacácori National 
Historical Park (NHP) during water year (WY) 2011 (October 1, 2010–September 30, 2011). 
It evaluates water quality data in the context of state standards and provides descriptive sta-
tistics for water quality, water quantity, and aquatic macroinvertebrate data. 

All data were collected following the SODN streams monitoring protocol. The data repre-
sent a snapshot of conditions at the time of data collection. The initial analyses of data in this 
report are provisional and no conclusions should be drawn about trends.

The Santa Cruz River at Tumacácori NHP is an effluent-driven system, with most surface 
water provided by the Nogales International Wastewater Treatment Plant. In WY2011, 235 
discrete water quality measurements were made. Of those 235 individual analyses, 87 were 
associated with Arizona surface water quality criteria. Of those 87 measurements, 85 (97.7%) 
were compliant with state standards, while two exceeded Arizona state surface water qual-
ity standards for E. coli. Results from the logging multi-parameter instrument demonstrated 
seasonal water quality variability.

Water quantity data were taken from the U.S. Geological Survey gage on the Santa Cruz River 
at Tubac, Arizona. The largest flow events occurred during the monsoon season. However, 
the period from November through March (late winter/early spring) had consistently higher 
baseflow discharge than the monsoon. The highest proportion of streamflow occurred dur-
ing spring (December 8–April 30), followed by the monsoon season (July 5–October 10). The 
peak flow in WY2011 was 1,700 cubic feet per second.

Macroinvertebrate samples were collected, and a stream habitat survey completed, in May 
2011. The macroinvertebrates samples were sent to the National Aquatic Monitoring Center; 
however, they never arrived. The stream is dominated by glide/run habitat. The majority of 
stream substrate was sand, followed by gravel. The Bank Erosion Hazard Index indicated 
that the stream banks had a low to moderate risk of erosion.
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1  Introduction

1.1  Background
Perennial streams are among the most criti-
cal and impacted natural resources of the 
Sonoran Desert. The presence and extent of 
surface water has traditionally provided a fo-
cus for human habitation in the region, result-
ing in prehistoric and historic development 
coincident with reliable and abundant riv-
ers, streams, wetlands, and springs. Further, 
more than 90% of all species in the ecoregion 
utilize aquatic ecosystems for some portion 
of their lifecycles (Phillips and Comus 2000), 
yet natural surface waters have decreased by 
an estimated 99% since the mid-19th century 
due to human demands for water (Tellman et 
al. 1997). 

Eight of the 11 Sonoran Desert Network 
(SODN) parks contain regionally important 
surface waters (Sprouse et al. 2004). Peren-
nial rivers and streams (hereafter, “streams”) 
are an important subset of surface waters 
in SODN parks, with portions of three ma-
jor river systems (or their tributaries) found 

in Gila Cliff Dwellings, Montezuma Castle, 
and Tuzigoot national monuments, and in 
Tumacácori National Historical Park (Figure 
1-1). As human development in the Ameri-
can Southwest accelerates, these critical wa-
ters and the abiotic and biotic resources they 
support will grow in significance, as will the 
threats to their persistence. Therefore, effec-
tive protection of streams and their aquatic 
ecosystems is of paramount importance to 
managers of SODN parks (NPS 2005). 

To support a comprehensive understanding 
of stream condition, the Sonoran Desert Net-
work (SODN) employs a holistic approach 
to monitoring that integrates geomorpholog-
ical, hydrological, and biological indicators 
of six vital signs: surface water quality (core 
water quality parameters, alkalinity, primary 
nutrients, biological condition, pollutant 
metals, carcinogens and toxins), surface wa-
ter quantity, stream channel morphology, 
riparian vegetation, benthic macroinverte-
brates and periphyton, and fish and crayfish. 
When investigated in combination, these vi-
tal signs will provide a useful index of stream 
condition and function.
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Figure 1-1. Map of 
Sonoran Desert Network 
parks. Portions of three 
major river systems (or 
their tributaries) are found 
in the highlighted parks.
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1.2  Goal and objectives
The goal of Sonoran Desert Network 
streams monitoring is to detect broad-scale 
changes in aquatic and riparian ecological 
condition by observing selected ecological 
drivers, stressors, and processes, and to com-
municate this information to park managers. 
This integrated approach explores patterns 
and identifies candidate explanations to sup-
port effective management and protection of 
park natural resources in a cumulative fash-
ion, such that the results of each successive 
round of monitoring build upon the knowl-
edge gained from previous efforts and related 
research and monitoring activities.

Objectives of SODN streams monitoring are:

1. Water quality: Determine status as well 
as seasonal and annual trends in core 
water quality parameters; selected inor-
ganic, nutrient, and metals parameters; 
and microbiological elements, toxins, 
and suspended solids.

2. Water quantity: Determine status and 
measure trend in annual, seasonal, and 
monthly stream discharge means and 
totals; and flood/low flow magnitude 
and frequency.

3. Channel morphology: Determine the 
status of stream-channel habitat and 
measure trends in channel cross-section 
area, channel slope, sinuosity and 
streamflow continuity.

4. Riparian vegetation: Measure trend in 
common riparian vegetation abundance 
(including non-native species), commu-
nity structure, and recruitment.

5. Macroinvertebrates: Determine status 
of biological indices and trends in mac-
roinvertebrate taxa abundance, rich-
ness, and derived metrics.

6. Fish: Determine status and measure 
trends in native and non-native fish 
abundance and frequency.

1.3  Management outcomes
The knowledge gained by achieving the mea-
surable objectives of this monitoring will be 
used to evaluate and report on the condition 
of water bodies in SODN park units. Addi-
tionally, it can be used to inform park manag-
ers about water resources in order to:

a) Maintain waters that vary within their 
natural chemical and biological ranges 
and meet applicable federal and state 
water quality criteria.

 Justification: Waters that vary within 
their natural ranges can typically sup-
port healthy aquatic ecosystems and 
most beneficial uses.

b) Improve water quality of impaired 
waters.

 Justification: The NPS GPRA goal is that 
99.3% of streams and rivers managed 
by the NPS will meet state and federal 
water quality standards. 

c) Demonstrate and maintain high water 
quality where it exists.

 Justification: The antidegradation pro-
vision of the Clean Water Act specifies 
that high-quality waters will be main-
tained (USEPA 2006; Section 303). 

1.4  Scope of this report
This document reports on data related to 
water quality, water quantity, and aquatic 
macroinvertebrates collected on the Santa 
Cruz River at Tumacácori National Histori-
cal Park (NHP) during water year (WY) 2011 
(October 1, 2010–September 30, 2011). The 
focus of this report is on current status of se-
lected parameters. Trend evaluations will be 
conducted in a synthesis report in 2014. With 
this report, we seek to:

•	 Evaluate	the	WY11	water-quality	data	in	
the context of state standards and

•	 Provide	descriptive	statistics	for	water	
quality, water quantity, and aquatic mac-
roinvertebrate data.

The discrete data in this report should be 
viewed as a snapshot of water quality condi-
tions existing at the time when the data were 
collected. 

Although care has been taken to ensure accu-
racy of raw data values, a thorough analysis 
and interpretation of the data has not been 
completed. Consequently, the initial analy-
ses of data in this report are provisional and 
subject to change, and no conclusions should 
be drawn about trends. The information dis-
cussed relates only to WY11. 

After channel morphology and riparian 
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vegetation protocols are completed at the 
park, SODN staff will produce a report that 
includes status and trend analysis of water 
quality data.

1.5  Streams monitoring at 
Tumacácori National Historical 
Park

Historically, the Santa Cruz River has been 
an intermittent stream (Norman et al. 2013). 
Today, however, the Santa Cruz River at Tu-
macácori NHP is an effluent-driven system, 
with most surface water provided by the 
Nogales International Wastewater Treat-
ment Plant (NIWTP). The NIWTP has been 
discharging treated effluent into the Santa 
Cruz River since 1951. In 2011, the NIWTP 
discharged ~13–15 million gallons per day 
(mgd) of water into the Santa Cruz River. 
Approximately 9–12 mgd of this water origi-
nated in Mexico. This artificial flow alters 
natural conditions but provides an otherwise 
unavailable quasi-perennial supply, allow-
ing for the persistence of a diverse riparian 
habitat for wildlife within Tumacácori NHP 
(Norman et al. 2013). 

There are several con-
cerns regarding the 
current status of the 
Santa Cruz River, in-
cluding water quality 
and drought. The Ari-
zona Department of 
Water Quality has des-
ignated  the 4.8-mile 
section of the Santa 
Cruz River from Jose-
phine Canyon to Tu-
bac Bridge, which runs 
through the park, as 
impaired for aquatic 
life and wildlife (due to 
ammonia), and for par-
tial body contact (due 
to E. coli levels that ex-
ceed Arizona water 
quality criteria) (ADEQ 
2012). In the past, nu-
trient and bacterial 
contamination some-
times resulted from ag-
ricultural land use and 
upstream sewage-treat-

ment facilities. In 2009, however, the NIWTP 
upgraded wastewater treatment methods, 
greatly reducing the nitrogen content of the 
effluent (Norman et al. 2013).

The U.S. Southwest has been in a drought 
since approximately 2001 (Blunden and 
Arndt 2013). Reduced precipitation lev-
els have in turn reduced the amount of 
surface flow in regional rivers, as well as 
groundwater levels. Effluent from the  
NIWTP has reduced the drought’s effects 
on the portion of the river that runs through 
the park, but the stream channel often runs 
dry near the park’s northern boundary dur-
ing the springtime. In the future, the amount 
of discharge from the NIWTP is expected to 
decrease due to the construction of the Los 
Alisos wastewater treatment plant in Mexi-
co, which will likely further reduce the flow 
of the Santa Cruz through Tumacácori NHP. 
(Norman et al. 2013).

In WY11, SODN staff made a total of four 
sampling visits to the Santa Cruz River at Tu-
macácori NHP. Water quality monitoring oc-
curred ~150 m downstream from the south-
ern boundary of the park (Figure 1-2). 

Legend

Sampling index point

Sampling reach boundary

River

Park boundary

0   55 110      220      330      440

Figure 1-2. Map of the Santa Cruz River, Tumacácori NHP, with the SODN water quality sampling locations.
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2  Methods

A brief description of the data collection 
and processing methodologies followed 
by SODN staff at Tumacácori NHP during 
WY11 is presented below. Detailed descrip-
tions of these procedures will be available in 
SODN’s water quality monitoring protocol 
(Gwilliam et al. in prep [a]).

2.1  Water quality core parameters
Core water quality parameters are a group of 
ecologically important metrics that provide 
the most basic level of information about wa-
ter quality (Irwin 2008). Parameters sampled 
by SODN included water temperature, pH, 
specific conductivity, dissolved oxygen, tur-
bidity, and discharge. During each visit, we 
noted the hydrologic conditions and sam-
pled the core parameters using the following 
methods:

•	 On	arrival	at	the	site,	a	multi-parameter	
meter (YSI Professional Plus) was 
calibrated and deployed in a well-mixed 
part of the stream channel, logging tem-
perature, pH, specific conductivity, and 
dissolved-oxygen data at one-minute in-
tervals. The meter was left in the stream 
for the entire visit.

•	 Turbidity	samples	were	collected	and	
analyzed within one hour using a por-
table turbidimeter (HACH 2100P).

•	 Discharge	was	measured	using	a	
FlowTracker Acoustic Doppler 
Velocimeter. 

In addition to regular sampling, we collected 
data on temperature, pH, specific conduc-
tivity, and dissolved oxygen at 15-minute 
intervals for a minimum of two weeks every 
quarter, using a logging multi-parameter in-
strument (YSI XLM600-V2).

2.2  Water quality samples
During each site visit, water samples were 
collected in a 3L Nalgene sample collection 
bottle, following USGS non-isokinetic sam-
pling methods as described in the National 
Field Manual for the Collection of Water-
Quality Data (USGS 2006). We transferred 
the sample water to bottles for analysis of 
bacteria, turbidity, metals, and other constit-

uents. The sample water was filtered and/or 
treated as required, kept on ice, and dropped 
off at the contract laboratory. For WY11, that 
lab was Test America in Phoenix, Arizona.

2.3  Water quantity data
Streamflow data for this report were record-
ed at the U.S. Geological Survey (USGS) gage 
09481740 on the Santa Cruz River at Tubac, 
Arizona. This gage is located 5 km down-
stream from our index sampling site in Tu-
macácori NHP. Data on daily mean discharge 
and annual peak discharge are downloaded 
from the USGS website to the SODN server 
and processed. 

2.4  Aquatic macroinvertebrates and 
habitat

Macroinvertebrate sample collection by 
SODN coincides with the index period used 
by the Arizona Department of Environmen-
tal Quality to ensure compatibility of moni-
toring samples. The index period for warm-
water streams is from April to May (Lawson 
2005).

The index reach at Tumacácori NHP is 460 
meters long, starting at the park’s southern 
boundary. The reach contains 11 equally 
spaced transects. At each transect, we mea-
sured wetted width, water depth, velocity, 
and canopy cover, and estimated substrate 
size, bank erosion (using the Rosgen Bank 
Erosion Hazard Index), and diversity of 
aquatic habitat. Two types of samples were 
collected in the reach:

•	 A	quantitative	sample	was	collected	
from five targeted riffle habitats to 
provide data on organism abundance. 
A total of 12 replicate samples were 
collected from a 0.09-m2 area, using a 
kicknet with a 0.3-m opening for one 
minute. At each of the five habitats, we 
also measured depth, velocity, particle 
size, and particle embeddedness.

•	 A	qualitative	sample	was	collected	to	
develop a comprehensive list of spe-
cies present in the reach. Using nets, 
samples were actively collected from all 
habitat types within the reach during a 
one hour collection period and com-
piled into one composite sample.
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Aquatic macroinvertebrate samples were 
sent to the National Aquatic Monitoring 
Center’s Bug Lab, a Bureau of Land Manage-
ment laboratory at Utah State University in 
Logan, Utah, with the goal of having a tax-
onomist, certified by the North American 
Benthological Society, identify all aquatic 
macroinvertebrates to the lowest taxonomic 
level possible. 

2.5  Data handling and analysis
All water quality and quantity data are stored 
on the SODN server. This report includes all 
discrete water quality data collected except 
for turbidity, coliform, and E. coli samples, 
for which the mean of the triplicate samples 
are presented. For total coliforms and E. coli 
samples, most probable numbers (MPN/100 
mL) are reported; these were determined us-
ing IDEXX MPN Generator software pro-
vided by the manufacturer (IDEXX Inc.). 
The continuous multi-parameter sonde mea-
surements are presented with the minimum, 
first quartile, median, third quartile, and 
maximum to demonstrate variability. 

When applicable, this report compares 
SODN water quality data against the State 
of Arizona’s water quality standards (ADEQ 
2009) and notes any exceedances.

2.6  Understanding water quality 
data and standards

The State of Arizona has developed state-
wide water quality standards and criteria 
for surface waters to meet requirements of 
the Federal Clean Water Act (ADEQ 2009).* 
A water quality standard refers to a specific 
parameter and its associated beneficial-use 

designation, in conjunction with a criterion, 
which is the numeric component against 
which a result is compared. 

The State of Arizona has identified three 
beneficial uses for the Santa Cruz River at 
Tumacácori NHP: aquatic and wildlife efflu-
ent-dependent water, partial-body contact 
recreational use, and agricultural livestock 
watering (ADEQ 2009). Each beneficial use 
may have different criteria for one parameter. 

Numeric criteria for aquatic and wildlife wa-
ter quality standards address potential effects 
of both chronic exposure to a parameter 
over an extended period of time (months) 
and acute exposure over a short period of 
time (hours or days). Acute criteria are based 
on a single sample. Criteria are usually much 
lower for chronic exposure than for acute 
exposure and are not necessarily comparable 
to the results obtained from a one-time grab 
sample (chronic standards are based on the 
geometric mean of samples collected over a 
period of several days) (ADEQ 2009). 

When determining attainment of both acute 
and chronic standards, the representative 
nature of the data must be considered. From 
a compliance standpoint, the acute instan-
taneous criteria afford the only direct com-
parison for such data because they apply to 
a single sample. However, from a resource-
conservation standpoint, instantaneous 
grab-sample data, when compared against 
more stringent chronic criteria, can provide a 
means of early warning and an indication of 
a problem that may require more attention. 
Therefore, we have identified when results 
are outside the chronic criterion. 

*The National Park Service (NPS) does not have regulatory authority over waters in the United States, or 
even the authority to make assessments for designated use. The NPS cooperates with states in collecting 
data used in the protection of water bodies under state jurisdiction.
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3  Results

3.1  Water quality sampling
Of 235 individual analyses of sample water 
collected from the Santa Cruz River at Tu-
macácori NHP during WY11, 87 were asso-
ciated with Arizona surface water quality cri-
teria. Of those 87 measurements, 85 (97.7%) 
were compliant with state standards, while 
two exceeded Arizona state surface water 
quality standards for E. coli.

3.1.1  Core parameters

3.1.1.1  Grab samples
The discrete measurements shown in Table 
3-1, made in the field, represent conditions 
at the Tumacácori NHP index site during site 
visits in WY11.

3.1.1.2  Continuous sampling
A logging multi-parameter sonde was de-
ployed for two weeks during each quarter to 
collect temperature, pH, specific conductiv-
ity, and dissolved oxygen data at 15-minute 
intervals. Figure 3-1 (page 8) summarizes the 
seasonal variability in water temperature, pH, 
specific conductivity, and dissolved oxygen. 

During the summer and fall sampling peri-
ods, the results indicated that pH and dis-
solved oxygen, respectively, did not meet 
the Arizona water quality criteria. However, 
observations indicated that the low read-
ings were a factor of debris accumulation on 
some of the sonde probes, resulting in inac-
curate data. In Figure 3-1(b), a subset of data 
is provided for the summer pH results. In 
Figure 3-1(d), the fall data for dissolved oxy-
gen are excluded and a subset is provided for 
the summer results.

The continuous sampling period is summa-
rized in Table 3-2. Change in water depth 
was taken from logging multi-parameter 
sonde results. Baseflow and peak discharge 
information were recorded at the USGS 
gage on the Santa Cruz River at Tubac, Ari-
zona, downstream from the sampling site in 
the park. Flow at the sampling site may have 
been higher than at the gage. During the fall 
sampling period, flow events occurred on 
October 15 and 16. The winter and spring 
sampling periods had stable stream discharg-
es, while several flow events occurred during 
the summer sampling period. 

3.1.2  Total coliforms and E. coli

E. coli results exceeded the state partial body 
contact standard during fall and summer 
sampling, and exceeded the upper detection 
limit of the IDEXX Colilert® test, at 2,420 
MPN/100 mL (Table 3-3). SODN’s data for 
total coliforms and E. coli are expressed as a 
most probable number (MPN) per 100 mL 
of stream water, a statistical estimate of the 
number of bacteria. Although water qual-
ity criteria are expressed as colony-forming 
units (cfu) per 100 mL (which, unlike MPN, 
does not assume estimation), the two units 
are comparable. The criterion for a single 
sample of E. coli is 575 cfu/100 mL. 

3.1.3  Water quality laboratory data

Four water samples collected at Tumacácori 
NHP during WY11 were sent to Test America 
Phoenix to be analyzed for a suite of analytes. 
All parameters met state standards. Complete 
laboratory results are provided in Tables 3-4 
through 3-6. Some water quality criteria are 
based on hardness, which varied between 
samples; therefore, the numeric criteria are 
expressed as a range where applicable.
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Table 3-1. Sampling results for core water quality parameters, Tumacácori National Historical 
Park, WY2011.

Core parameter
Fall

10/14/2010
Winter

2/15/2011
Spring

5/18/2011
Summer

8/11/2011
AZ criterion 

(effluent-dependent)
Temperature (°C) 24.2 15.2 23.5 29.6 No discrete criterion1

pH 7.99 8.80 8.60 8.01 6.5–9.0

Specific Conductivity (µS/cm) 571 605 649 655 No criterion

Dissolved Oxygen (mg/L) 6.54 10.8 10.4 5.04 >32

Turbidity (NTU) 11.1 2.18 2.04 169 No criterion

Discharge (cfs) 24.7 11.7 4.39 5.61 No criterion

1 Maximum allowable increase in ambient water due to a thermal discharge is 3.0°C
2 Dissolved oxygen concentration of 3.0 mg/L applies from three hours after sunrise to sunset, 1.0 mg/L applies from sunset 
to three hours after sunrise.

Table 3-3. Sampling results for total coliform and E. coli, Santa Cruz River at Tumacácori National 
Historical Park, WY2011.

Bacteria
Fall

10/14/2010
Winter

2/15/2011
Spring

5/18/2011
Summer

8/11/2011
AZ criterion

(partial body contact)
Total Coliforms (MPN/100 mL) >2,420 1,270 1,990 >2,420 No standard

E. coli (MPN/100 mL) >2,420 10.4 36.0 >2,420 575 cfu/100 mL1

1 Standard for a single sample. The geometric mean standard is 126 cfu/100mL. Red, bolded values exceeded the standard.

Table 3-2. Summary of multi-parameter sonde sampling period on the Santa Cruz River, 
Tumacácori National Historical Park, WY2011.

Season Sampling period # readings
Change in 
depth (in)

Baseflow 
discharge (cfs)

Peak discharge 
(cfs)

Fall 10/14/2010–11/02/2010 1,815 13.7 4.5–29 107

Winter 02/01/2011–02/15/2011 1,343 7.52 6.3–20 20

Spring 05/04/2011–05/18/2011 1,345 8.03 0.52–7.5 7.5

Summer 07/22/2011–08/11/2011 1,922 55.8 0–5.6 1,120
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Figure 3-1. Seasonal variability data from the Santa Cruz River, Tumacácori National Historical Park, WY2011. Dotted lines represent 
median values. Bars show range of values.
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Table 3-4. Sampling results (mg/L) for inorganics, Santa Cruz River at Tumacácori National Historical Park, 
WY2011.

Analyte
Fall

10/14/2010
Winter

2/15/2011
Spring

5/18/2011
Summer

8/11/2011
AZ criterion Beneficial use

Alkalinity as CaCO3 170 190 190 220 No criterion

Bicarbonate Alkalinity as CaCO3 170 190 180 220 No criterion

Carbonate Alkalinity as CaCO3 <2.0 <2.0 8.0 <2.0 No criterion

Hydroxide Alkalinity as CaCO3 <2.0 <2.0 <2.0 <2.0 No criterion

Chloride 43 41 42 38 No criterion

Fluoride 0.78 0.56 0.72 0.58 140 Partial body contact

Sulfate 79 83 98 85 No criterion

Total Cyanide NC NC NC <0.0050 No criterion

Total Dissolved Solids 470 530 460 440 No criterion

Total Suspended Solids <10 <10 <10 140 No criterion

Total Hardness 220 200 240 220 No criterion

NC = not collected

Table 3-5. Sampling results (mg/L) for nutrient dynamics, Santa Cruz River at Tumacácori National Historical 
Park, WY2011.

Nutrients
Fall

10/14/2010
Winter

2/15/2011
Spring

5/18/2011
Summer

8/11/2011
AZ criterion Beneficial use

Total Nitrogen 7.8 9.9 2.8 3.6 No criterion

Nitrate-N 7.8 9.9 2.8 2.2 3,733.333 Partial body contact

Nitrite-N <0.20 <0.20 <0.20 <0.20 233.333 Partial body contact

Ammonia-N <0.50 <0.50 <0.50 <0.50 0.51–1.28 (chronic) Aquatic and wildlife

Total Kjeldahl Nitrogen <1.3 <1.0 <1.0 1.4 No criterion

Total Phosphorus 2.5 2.6 <0.04 1.7 No criterion

Dissolved Phosphorus 2.1 2.4 2.1 1.6 No criterion

Biological Oxygen Demand NC <5.0 <5.0 <5.0 No criterion

Total Organic Carbon NC NC NC 11 No criterion
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Table 3-6. Sampling results (mg/L) for metals and metalloids, Santa Cruz River at Tumacácori National 
Historical Park, WY2011.

Total metals
Fall

10/14/2010
Winter

2/15/2011
Spring

5/18/2011
Summer

8/11/2011
AZ criterion Beneficial use

Aluminum 0.81 0.074 0.051 5.2 No criterion

Dissolved Aluminum <0.050 <0.050 <0.050 <0.010 No criterion

Antimony NC NC NC <0.0040 0.747 Partial body contact

Dissolved Antimony NC NC NC <0.0020 0.60 Aquatic and wildlife (chronic)

Arsenic <0.010 <0.010 0.011 0.010 0.20 Livestock

Dissolved Arsenic 0.011 <0.010 <0.010 0.0078 0.15 Aquatic and wildlife (chronic)

Barium NC NC NC 0.14 98 Partial body contact

Dissolved Barium NC NC NC 0.073 No criterion

Beryllium NC NC NC <0.0010 1.867 Partial body contact

Dissolved Beryllium NC NC NC <0.00050 No criterion

Boron 0.18 0.16 0.19 0.14 186.667 Partial body contact

Dissolved Boron 0.15 0.15 0.17 0.15 No criterion

Cadmium NC NC NC <0.0020 0.050 Livestock

Dissolved Cadmium NC NC NC <0.0010 0.00091–0.0010 Aquatic and wildlife (chronic)

Calcium 67 64 74 68 No criterion

Dissolved Calcium 61 61 71 66 No criterion

Chromium NC NC NC <0.0040 1.0 Livestock

Dissolved Chromium NC NC NC <0.0020 No criterion

Copper <0.010 <0.010 <0.010 0.012 0.50 Livestock

Dissolved Copper <0.010 <0.010 <0.010 0.0041 0.016–0.019 Aquatic and wildlife (chronic)

Iron 0.74 0.075 0.047 2.6 No criterion

Dissolved Iron <0.040 <0.040 <0.040 <0.040 1.0 Aquatic and wildlife (chronic)

Lead <0.0050 <0.0050 <0.0050 0.010 0.015 Partial body contact

Dissolved Lead <0.0050 <0.0050 <0.0050 <0.0010 0.0053–0.0064 Aquatic and wildlife (chronic)

Magnesium 12 11 13 12 No criterion

Dissolved Magnesium 11 11 11 11 No criterion

Manganese 0.081 0.043 <0.020 0.37 130.667 Partial body contact

Dissolved Manganese <0.020 0.034 <0.020 0.053 No criterion

Mercury NC NC NC <0.00020 0.010 Livestock

Dissolved Mercury NC NC NC <0.00020 0.000010 Aquatic and wildlife (chronic)

Molybdenum <0.020 <0.020 <0.020 0.0058 No criterion

Dissolved Molybdenum <0.020 <0.020 <0.020 0.0069 No criterion

Nickel NC NC NC 0.013 28 Partial body contact

Dissolved Nickel NC NC NC 0.0089 0.093–0.011 Aquatic and wildlife (chronic)

Potassium 9.5 9.3 8.4 13 No criterion

Dissolved Potassium 8.6 8.9 8.2 12 No criterion

Selenium NC NC NC <0.0040 0.002 Aquatic and wildlife (chronic)

Dissolved Selenium NC NC NC <0.0020 No criterion

Silica 41 38 38 68 No criterion

Dissolved Silica 37 39 36 37 No criterion

Silver NC NC NC <0.0020 0.004667 Partial body contact

Dissolved Silver NC NC NC <0.0010 0.011–0.015 Aquatic and wildlife

Sodium 73 73 71 61 No criterion

Dissolved Sodium 64 70 64 63 No criterion

Thallium NC NC NC <0.0020 0.075 Partial body contact
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3.2  Water quantity

3.2.1  Mean daily discharge

A hydrograph, or a graphical representation 
of streamflow over time, displays the occur-
rence, length, and intensity of streamflow 
over a water year. Figure 3-2 displays the hy-
drograph on the Santa Cruz River at Tubac 
for WY11. The largest individual flow events 
occurred during the monsoon season, but   
daily discharge was consistently higher in the 
period from November through March.

3.2.2  Proportion of seasonal flow

At Tumacácori NHP, the seasons for wa-
ter quantity are defined as winter (October 
11–December 7), spring (December 8–April 
30), summer (May 1–July 4), and monsoon 
(July 5–October 10) (NPS 2003). In WY11, 
the winter and spring seasons contributed 
a greater proportion of annual streamflow 
than the annual mean (20% and 43%, re-
spectively, Figure 3-3). The summer and 
monsoon seasons contributed lesser propor-
tions of annual streamflow in WY11 than in 
the annual mean (2% and 34%, respectively).

3.2.3  Mean monthly discharge

The WY11 data from the USGS gage on the 
Santa Cruz River at Tubac showed that flow 
was stable from October through March 
(Figure 3-4), likely due to consistent effluent 
discharge and low evapotranspiration. Au-
gust and September were strongly influenced 
by the monsoon season.

3.2.4  Peak flow

The peak flow in WY2011 (Figure 3-5) was 
1,700 cfs, occurring on August 13, 2011.

3.3  Aquatic macroinvertebrates and 
habitat

Macroinvertebrate samples were collected in 
WY11. The samples were sent to the National 
Aquatic Monitoring Center; however, the sam-
ples did not arrive at their destination. The hab-
itat data collected concurrently with the macro-
invertebrate samples are described below. 

The stream habitat was relatively homog-
enous, dominated by glide and run habitats 
(Figure 3-6). There were no pools and al-
though we tried to collect samples in loca-
tions with characteristics similar to riffles 
(because the Arizona Department of Envi-
ronmental Quality collects their macroinver-
tebrate samples in riffles), the riffle designa-
tion was generous. Riffles areas are usually 
composed of cobble and boulder substrate 
(particles greater than 64 mm), but the riffles 
in the Santa Cruz River had a median size 
of 11 mm and an 84th-percentile size of 32 
mm. The whole index reach was dominated 
by sand, followed by gravel (Figure 3-7). Silt 
tended to be on the edges of the wetted chan-
nel and cobble was only observed in one lo-
cation. Canopy cover of the wetted channel 
was high, at 47.8%. Results from the Bank 
Erosion Hazard Index indicated that the 
banks of the Santa Cruz River have a low to 
moderate risk of erosion. While the sandy 
substrate is prone to erosion, the banks have 
low angles and are heavily vegetated.

3.4  Quality assurance/quality 
control

To ensure data quality, network staff fol-
lowed the quality assurance/quality control 
procedures described in Gwilliam and oth-
ers (in prep. [a]).  Results of these procedures 
for WY11 can be found in Gwilliam and oth-
ers (in prep. [b]).

Total metals
Fall

10/14/2010
Winter

2/15/2011
Spring

5/18/2011
Summer

8/11/2011
AZ criterion Beneficial use

Dissolved Thallium NC NC NC <0.0010 0.15 Aquatic and wildlife (chronic)

Uranium NC NC NC 0.0042 2.8 Partial body contact

Dissolved Uranium NC NC NC 0.0034 No criterion

Zinc 0.025 0.034 0.34 <0.040 25 Livestock

Dissolved Zinc 0.020 <0.020 <0.020 <0.020 0.21 –0. 25 Aquatic and wildlife

Table 3-6. Sampling results (mg/L) for metals and metalloids, Santa Cruz River at Tumacácori National Historical Park, 
WY2011, cont.
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Figure 3-2. Hydrograph of mean daily discharge (cfs) and acre feet per day, Santa Cruz River at Tubac, Arizona, WY2011. 
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Figure 3-3. Proportion of seasonal streamflow, Santa Cruz River at Tubac, 
Arizona, WY2011, and annual mean since 1996. Error bars indicate standard 
deviation.
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Figure 3-4. Mean monthly flow, Santa 
Cruz River at Tubac, Arizona, WY2011, 
and annual mean since 1996. Error 
bars indicate standard deviation.

Figure 3-5. Annual 
peak flow, Santa 
Cruz River at Tubac, 
Arizona, 1996–2011.
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Figure 3-6. Aquatic habitat in the index reach of the Santa Cruz River, 
Tumacácori National Historical Park, WY2011.
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Figure 3-7. Substrate size in the index reach of the Santa Cruz River at Tumacácori National 
Historical Park, WY2011.
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