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Analysis of Summer Water Temperatures of the Lower
Virgin River Near Mesquite, Nevada, 2019-21

By Katherine J. Earp

Abstract

The lower Virgin River is a sandy, shallow reach of
the Virgin River that flows from northern Arizona to Lake
Mead in Nevada. The Virgin River hosts several native
fish species, including two endangered fish, woundfin
(Plagopterus argentissimu) and Virgin River chub
(Gila seminuda). All native fish species in the lower Virgin
River have experienced reductions in population sizes in the
last several decades. Reduced stream flow (especially during
summer low-flow conditions) often results in increased water
temperatures, which can increase mortality, reduce breeding,
limit population connectivity, and favor non-native fish
species. This study investigated summer water temperatures
and flow in the lower Virgin River near Mesquite, Nev.,
between Littlefield, Ariz., and Bunkerville, Nev., to evaluate
how hydrologic conditions could be affecting native fish
species. The 3-year monitoring project involved collection of
continuous temperature and discrete discharge measurements
at 15 sites from 2019 to 2021 during the summer months
from June to September. Results indicate that the lower Virgin
River is often greater than 5 degrees Celsius ("C) above
the established critical thermal maximum of 31 °C, that the
cooling effect of the Littlefield springs dissipates quickly
downstream, and that water temperature is affected primarily
by atmospheric conditions. Discharge and water temperature
are poorly related at normal stable flow conditions.

Introduction

The lower Virgin River is a sandy, shallow reach of
the Virgin River that flows from northern Arizona to Lake
Mead, Nevada (fig. 1). The Virgin River hosts several native
fish species, including two federally endangered fishes,
woundfin (Plagopterus argentissimus) and Virgin River chub
(Gila seminuda). Native fishes in the Virgin River have seen
substantial reductions in population sizes in the last several

decades (U.S. Fish and Wildlife Service, 2023). Reductions

in native fish populations across the arid southwestern United
States have been attributed to agricultural, municipal, and
industrial water use, which often result in reduced streamflow,
among other issues (Deacon and others, 1987). Aside from
physical loss of habitat, reduced streamflow (especially during
summer low-flow conditions) often results in higher water
temperatures, which can increase mortality, reduce breeding,
limit population connectivity, and favor non-native species
(Rinne and Minckley, 1991; Mantua and others, 2010).

The Virgin River has variable flows and large daily and
seasonal fluctuations in water temperature (Deacon and others,
1987). During the summer, base flow in the lower Virgin River
through the Narrows decreases substantially and occasionally
ceases altogether. The perennial Littlefield springs just above
the U.S. Geological Survey (USGS) streamgage at Littlefield,
Ariz., restore base flow to the lower river (fig. 2). Downstream
from the Littlefield springs, withdrawals at the Mesquite,
Bunkerville, and Riverside irrigation diversions reduce
discharge in the Virgin River and may contribute to increasing
water temperatures.

The lower Virgin River from the confluence of
La Verkin Creek in Utah to Halfway Wash in Nevada is
designated critical habitat for the Virgin River chub and
woundfin (U.S. Fish and Wildlife Service, 2000). In addition
to the woundfin and Virgin River chub, four other native
fishes are present in the Virgin River. The Virgin spinedace
(Lepidomeda mollispinis mollispinis) has been proposed for
listing under the Endangered Species Act multiple times but
was declared not warranted from listing in 2021 (Center for
Biological Diversity, 2012; U.S. Fish and Wildlife Service,
2021). The three remaining native fish species in the Virgin
River are the speckled dace (Rhinichthys osculus), the desert
sucker (Pantosteus clarkii), and the flannelmouth sucker
(Catostomus latipinnis; Deacon and others, 1987). Deacon
and others (1987) observed that when water temperatures are
elevated, native Virgin River fishes change their behavior, seek
cooler thermal refuges, and start to experience mortality.
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Figure 1. Overview of the lower Virgin River in Utah, Arizona, and Nevada.
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Existing native fish populations in the lower Virgin River
are small. Several attempts have been made to stock woundfin
(U.S. Fish and Wildlife Service, 2008), but few survived
the high summer water temperatures and the presence of the
non-native red shiner (Cyprinella lutrensis). Although water
temperature is affected by ambient meteorological conditions
(such as air temperature and solar radiation), stream discharge
is often the only factor that can be practically managed to
alter water temperature (Gu and others, 1998). Stakeholders
consider changing the timing and flow of diversions from the
lower Virgin River to be a promising strategy for controlling
stream temperature and improving habitat for native fishes.
The costs and benefits of diversion changes cannot be
evaluated without a quantitative understanding of the effect of
flow on water temperature in the lower Virgin River.

The USGS, in cooperation with the Bureau of Land
Management and Nevada Department of Wildlife, undertook
a 3-year study to monitor water temperatures along the lower
Virgin River in Arizona and Nevada. The USGS operated
15 continuous temperature monitoring sites and three
continuous streamgages measuring discharge from 2019 to
2021 (fig. 2; table 1).

Purpose and Scope

The purpose of this report is to provide an analysis
and summary of summer water temperatures in the lower
Virgin River between Littlefield, Ariz., and Bunkerville, Nev.
These data characterize the thermal range of the lower Virgin
River and can be used to evaluate if temperatures exceed the
critical thermal maximum (CTM) for endangered fishes of the
Virgin River. Data include continuous water temperature and
streamflow from sites along an approximately 20-mile reach of
the lower Virgin River from the Beaver Dam Wash confluence
in Arizona to 5 miles downstream from the Riverside Road
bridge in Mesquite, Nev. Continuous temperature and discrete
discharge measurements were collected in the summer months
from July to September 2019, June to October 2020, and June
to October 2021. Continuous discharge was collected between
July 2019 and October 2021. Continuous temperature data
were collected from 8 logger sites in 2019, 14 logger sites in
2020, and 8 logger sites in 2021. Discrete discharge data were
collected at all logger sites two to three times each summer.
Continuous discharge data were collected from three USGS
streamgages. These data were analyzed by computing daily
statistics and comparing the results to thermal tolerances for
the endangered fishes of the Virgin River.

Study Area

The Virgin River flows approximately 163 miles from
southwestern Utah, through Arizona, to the confluence of the
Muddy River in the Lake Mead National Recreation Area in
Nevada, where it becomes a tributary to the Colorado River
(fig. 1). The lower Virgin River is generally defined as the

river downstream from the fish barrier in the Narrows in
Arizona, making the lower portion about 64 miles in length.
The study area for this project was chosen based on the
primary habitat of the listed fish species in the lower Virgin
River. The study area extends from the confluence of Beaver
Dam Wash and the Virgin River in an area generally referred
to as “Littlefield” to the area downstream from the Bunkerville
diversion (fig. 2).

The Virgin River has been used for irrigation by the San
Juan Southern Paiute Tribe for centuries. Water management
practices, including diversion canals, were first documented
in 1854 near modern-day St. George, Utah (Stoffle and
others, 2005). Irrigation by settlers in the lower Virgin valley
in present-day Nevada and Arizona began immediately
upon their arrival in the 1870s (Glancy and Van Denburgh,
1969) and continues to the present day for agricultural and
landscaping purposes. The Mesquite diversion dam was
first built in 1880 by local settlers and rebuilt several times
after floods, most recently in 1955 (Kuta, 2021). The current
structure is a low-head dam formed from concrete, I-beams,
and large boulders. The Mesquite Irrigation Company operates
the diversion structure and associated diversion canals and
diverts water for users in and around the city of Mesquite.
The Bunkerville diversion is a low-head dam about 5 miles
downstream from the Mesquite diversion and is operated for
irrigation purposes. The original irrigation diversions were
first installed in the 1870s for the community of Bunkerville
and were destroyed several times by floods in the following
century. The current version of the diversion dam is a concrete
broad-crested weir that was built in 2013 after a major flood
in 2010 destroyed the older dam. The Bunkerville diversion
is operated by the Bunkerville Irrigation Company and
primarily diverts water for agricultural uses around the town
of Bunkerville. Both diversions operate by diverting a portion
of the river water into a gravity-driven diversion canal, and
the remainder flows over the dam into the main channel. The
portion of the diverted water not used for allocated water
rights is returned to the mainstem of the river in downstream
return canals. Additional diversions, such as Littlefield and
Riverside, were not considered for this study because they
divert a smaller proportion of water.

There are three USGS streamgages within the study area
(fig. 2). The streamgaging station 09415000 Virgin River at
Littlefield, AZ (herein also referred to as “Littlefield gage”)
measures the full flow of the river at the upstream edge of the
study reach. The streamgaging station 09415060 Mesquite
canal near Mesquite, NV (herein also referred to as “Mesquite
canal gage”) measures the diversion canal downstream from
the Mesquite diversion. The streamgaging station 09415090
Virgin River at Mesquite, NV (herein also referred to as
“Mesquite gage”) measured the flow of the mainstem of the
river downstream from the Bunkerville diversion. Because of
the many canals diverting and returning flow to the mainstem
of the channel (fig. 3), there are many locations where the flow
of the river is unknown.



Table 1.

[ID, identification; USGS, U.S. Geological Survey; —, no data]

Logger locations on the Virgin River, tributary washes, and diversion canals, Arizona and Nevada, 2019-2021 (U.S. Geological Survey, 2024).

. Continuous Years of
Site USGS . . .
. Site name Nickname data types Coordinates temperature
ID site number
collected records
1 09414975 BEAVER DAM WASH AT MOUTH NEAR  Beaver Dam Temperature 36.895542,-113.922373 2020
BEAVER DAM, AZ
2 09415000 VIRGIN RV AT LITTLEFIELD, AZ Littlefield Temperature, discharge 36.891647,-113.924387 2019, 2020, 2021
3 364904113593701 VIRGIN RV AT SAND HOLLOW WASH Sand Hollow Temperature 36.81787, —113.99359 2019, 2020, 2021
NR LITTLEFIELD, AZ
3a  364904113593701 VIRGIN RV AT SAND HOLLOW WASH Sand Hollow, shaded Temperature 36.81787,—113.99359 2020
NR LITTLEFIELD, AZ
4 09415058 VIRGIN RV ABV MESQUITE DIV NR Above Mesquite diversion Temperature 36.81331, —114.00386 2021
MESQUITE, NV
5 364849114001301 VIRGIN RV BLW MESQUITE DIV NR Below Mesquite diversion Temperature 36.8125,—114.003889 2021
MESQUITE, NV
6  364831114002301 VIRGIN R BLW MESQUITE DIV NR Scenic Bridge Temperature 36.8085, —114.00652 2019, 2020
LITTLEFIELD, AZ
7 364757114024501 VIRGIN R ABV AZ-NV STATE LINE NR NV-AZ state line Temperature 36.79913, —114.04569 2019, 2020, 2021
LITTLEFIELD, AZ
8 09415089 VIRGIN RV ABV BUNKERVILLE DIV NR  Above Bunkerville diversion Temperature 36.79545, —114.07011 2019, 2020, 2021
MESQUITE, NV
9 094150891 VIRGIN RV BLW BUNKERVILLE DIV NR  Below Bunkerville diversion Temperature 36.795309, —114.070436 2020
MESQUITE, NV
10  364737114050101 VIRGIN RV NEAR GRAPEVINE RD NR Grapevine Road Temperature 36.79354, —114.08363 2019, 2020, 2021
MESQUITE, NV
11 364731114045601 BUNKERVILLE DV BLW GRAPEVINE RD Bunkerville diversion canal Temperature 36.79208, —114.08231 2020
NR MESQUITE, NV below Grapevine Road
12 09415090 VIRGIN RV AT MESQUITE, NV Virgin Mesquite at Riverside Temperature, discharge 36.79028, —114.0936 2019, 2020
Road bridge
13 364723114054401 BUNKERVILLE DIV BLW RIVERSIDE Bunkerville diversion canal Temperature 36.789757,—114.095647 2020, 2021
BRDG NR MESQUITE, NV below the bridge
14 364700114080301 VIRGIN RV NR BUNKERVILLE, NV Flattop Temperature 36.78336, —114.13408 2019, 2020, 2021
15 9415060 MESQUITE CANAL NR MESQUITE, NV Mesquite canal Discharge 36.80988, —114.01475 —

uononposu|

G
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Diversion controls and return flows on the lower Virgin River

EXPLANATION
Mainstem of Virgin River

Diversion canal

Diversion dam
Return flow

River flow direction
A  Streamgage

~O  Spring inflow

AZ, Arizona, NV, Nevada;
NWIS, National Water Information System

Virgin RV AT
Mesquite, NV

Bunkerville diversion canal

NWIS—-09415060,
Mesquite canal NR
Mesquite, NV

Mesquite diversion canal

Bunkerville
diversiondam

NWI1S-09415090,

~0
NWIS—-09415000,
Virgin River AT — 4
Littlefield, AZ

Mesquite
diversion dam

Figure 3. Diversion controls and return flows on the lower Virgin River in Arizona and Nevada.

The upper end of the study reach is defined as the Beaver
Dam Wash/Virgin River confluence and USGS streamgage at
Littlefield, 0.8 miles downstream. Springs averaging 25 °C in
summer months (temperature data from logger 1) and flowing
approximately 65 cubic feet per second (ft3/s; Trudeau and
others, 1983) enter the channel between Beaver Dam Wash
and Littlefield, representing the last substantial input of water
in the lower Virgin River (Holmes and others, 1997; Dixon
and Katzer, 2002). The springs at Littlefield represent the
coldest water temperatures in the river during the summer
months. Beaver Dam Wash/Littlefield also corresponds
to the most favorable habitat of recorded native fishes in
the lower Virgin River (U.S. Fish and Wildlife Service,
2023). Groundwater flow into the lower Virgin River is not
considered to be a major input due to geologic controls (Cole

and Katzer, 2000; Beck and Wilson, 2006). A small amount
of exchange between near-surface groundwater and the river
sustains riparian vegetation but is not evaluated in this study.

The U.S. Fish and Wildlife Service (USFWS) generally
considers the downstream boundary of geographic range for
the Virgin River chub and woundfin to be at Halfway Wash.
Two decades of fish counts have shown diminishing fish
populations downstream from the Narrows to Halfway Wash
(U.S. Fish and Wildlife Service, 2023). The mainstem of the
river can go dry in the summer months downstream from
the Riverside Road bridge at Riverside, Nev., so the end of
the study reach was chosen to be a point that does not go dry
in the summer, which ended up being downstream from the
Bunkerville diversion and upstream from the Riverside Road
bridge at Riverside.



Previous Studies

The USFWS originally listed the woundfin as endangered
in 1970 and the Virgin River chub as endangered in 1989
(Deacon and others, 1987; U.S. Fish and Wildlife Service,
2020). Many studies were completed between the late 1970s
and 2000 to establish critical habitat along the Virgin River
for the endangered fishes and to assess if additional species
warranted listing (U.S. Fish and Wildlife Service, 2020).

Deacon and others (1987) established the thermal
tolerances of the native fishes of the Virgin River. They
allowed the fish to become acclimated to water at three
different acclimation temperatures (10, 15, and 25 °C) and then
heated the water and recorded the temperature at which the
fish changed their behavior (the behavioral thermal maximum,
or BTM) and the temperature at which the fish experienced
physical limitations and eventual death (the critical thermal
maximum, or CTM). For fish acclimated at 25 °C, the CTMs
ranged from 36.4 °C for the Virgin River chub (referred to as
the “roundtail chub” by Deacon and others [1987]) to 39.5 °C
for the woundfin. For fish acclimated at 10 °C, the CTMs
ranged from 27.9 °C for the Virgin River chub to 32.3 °C for
the desert sucker. The USFWS has used a CTM of 31 °C and
a BTM of 28 °C for management decisions in the upper Virgin
River (U.S. Fish and Wildlife Service, 2020). Temperatures
0f 28/31 °C will be presented as BTM/CTM thresholds in
this study.

Glancy and Van Denburgh (1969) completed the first
major hydrologic study of the lower Virgin River in 1969 as
part of a larger reconnaissance series on the hydrographic
basins of Nevada. Holmes and others (1997) performed
a hydrologic study of Beaver Dam Wash in 1997, which
included measurements and estimates of flow at the mouth
where it meets the Virgin River. Beck and Wilson (2006)
presented the results of a synoptic flow study of the Virgin
River between the Narrows and Lake Mead. Similar work was
completed in 2012 evaluating the recharge and flow dynamics
in the lower Virgin River using geochemical data (Asante,
2012). These studies noted that base flow in the study area
originates at the springs near Littlefield and remains constant
until it loses flow to municipal and irrigation withdrawals
beginning at the Mesquite diversion.

Methods

Temperature and flow data were collected in multiple
locations along the study reach during summer months
0f 2019, 2020, and 2021. Sites were selected within the
study reach to represent specific flow or temperature
conditions of the river. All continuous temperature data and

Methods

discharge data for these sites are available publicly at the
USGS National Water Information System web interface
(https://waterdata.usgs.gov/nwis; U.S. Geological Survey,
2024). Field work and data collection followed USGS
guidelines for the collection and analysis of continuous water
quality data (Wagner and others, 2006).

Temperature Monitoring

A network of loggers was deployed to collect continuous
water-temperature data at fixed sites in the Virgin River
main channel and in the Mesquite and Bunkerville diversion
canals (table 1). Loggers were operated during the warmest
months, June through October, to capture maximum water
temperatures for comparison to thermal maximums for the
endangered fishes. Loggers recorded water temperature every
15 minutes, and data were downloaded during field visits
approximately every 3 weeks.

Sites were chosen based on several factors, including
distance from diversion points, relationship to ecological
habitats, and suitability for long-term hydrologic
measurement. The monitoring approach was dynamic and
adaptive to the information learned about the river system
in the previous year, so sites varied each year. Along the
same 20-mile reach of river, 8 loggers were deployed in
2019, 14 loggers were deployed in 2020, and 8 loggers were
deployed in 2021. Of these sites, 6 were measured all 3 years
of the study (loggers 2, 3, 7, 8, 10, and 14). One example of
the adaptive approach to monitoring was an effort to monitor
the diversion canals because of a concern that the diversion
canals were habitat to native fishes. To try to capture the
temperature differences between the mainstem and diversion
canals, sites were placed upstream or downstream from the
diversion structures or in the diversion canals themselves.

HOBO TidbiT v2 Temp Loggers (accuracy of +0.21 °C,
resolution from 0° to 50 °C, resolution 0.02 °C at 25 °C) and
HOBO TidbiT Mx Temp 5000 (£0.20 °C from 0° to 70 °C,
resolution 0.01 °C) loggers were deployed to continuously
measure and record water temperatures every 15 minutes
(Onset, 2023a, b). Loggers were installed using carabiners,
U-bolt hardware, and T-posts. T-posts were pounded into the
sandy riverbed in flowing water. T-posts were installed in
locations that would be appropriate for a range of flows; they
were placed near the thalweg of each reach, situated in water
deep enough to maintain depth and flow through low-flow
conditions but closer to the banks to avoid debris that would
travel down the center of the channel during high-flow
conditions. This configuration allowed for low surface area in
the event of a flood and allowed for re-adjustment into higher
or lower water as the sand shifted in the channel.

7
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Quality control of temperature data included
thermistor calibrations, independent field verifications,
and water-temperature cross sections at the beginning
and end of each field season. The loggers and verification
field thermistors underwent a seven-point calibration from
0 to 40 °C against a National Institute of Standards and
Technology-calibrated thermistor before and after deployment
each season. A VWR Traceable digital thermometer,
Model 61220-601 thermistor (Avantor Sciences, Radnor,
Pennsylvania; accuracy of £0.05 °C), was used to verify the
field-measured temperatures. At each site, water-temperature
cross sections were measured before installation and after
removal of the logger to verify that the logger location
accurately represented conditions.

Flow Monitoring

Flow was measured along the study reach either by
continuous streamgages or through discrete discharge
measurements elsewhere. Continuous discharge data were
recorded at three USGS streamgages. Flow at the upstream
end of the study reach was measured at the Littlefield gage.
The Littlefield gage is just below Beaver Dam Wash and the
Littlefield springs. The Mesquite canal streamgage provides
data for the water withdrawn by the Mesquite diversion
structure. The Mesquite gage was installed as part of this study
on the Riverside Road bridge in Mesquite, Nev., downstream
from the Bunkerville diversion. Discrete discharge
measurements were made using a SonTek FlowTracker or
FlowTracker2 handheld-ADV (Xylem, Washington, D.C.).
Discrete discharge measurements were made at temperature
monitoring sites to quantify the flow in subreaches. All flow
measurements followed USGS guidelines for discharge
measurements at streamgages (Turnipseed and Sauer, 2010).

Calculation of Discharge of Diversion Canals
and Return Flows

To better understand the effects of diversions and return
flows on flow in the lower Virgin River, discrete measurements
were made in the mainstem of the channel. Because of the
long study reach, it was not possible to measure discharge
along the entire length in one day with the available personnel.
Discharge measurement data were collected from June 9 to
June 15, 2021, a period of stable stage and no precipitation.
Minor diurnal variations in discharge (on the order of 2 ft3/s
at Littlefield) occurred during the multi-day field collection
and add a small amount of uncertainty to the measured and
calculated discharges. Addition and subtraction of known

and calculated flows were used to calculate the discharges of
diversion canals and return flows. The following list provides
more specific information:

» The discharge in the Mesquite diversion canal above
the return flow was the difference between the
discharge measured upstream from the Mesquite
diversion dam (logger 4) and the discharge measured
below the Mesquite diversion dam (logger 5).

 The discharge of the return flow from the Mesquite
diversion canal was the difference between the
discharge in the diversion canal above the return flow
(calculated as described above) and the discharge in
the diversion canal below the return flow (logger 15).

 The discharge in the Bunkerville diversion canal
above the return flow was the difference between the
discharge measured upstream from the Bunkerville
diversion dam (logger 8) and the discharge measured
below the Bunkerville diversion dam (logger 10).

» The discharge of the return flow from the Bunkerville
diversion canal was the difference between the
discharge in the mainstem below the return flow
(logger 12) and the discharge in the mainstem above
the return flow (logger 10).

Evaluation of Potential Microhabitats

The microhabitat of an individual fish is its location at
any point in time, and fish choose their microhabitats based on
multiple parameters, including temperature (Baltz and others,
1987). Some potential locations that could hypothetically
provide fish with a lower temperature microhabitat are shaded
areas, the pools below diversion dams, diversion canals, and
the bottom of the water column close to the riverbed.

Shade is known to create microhabitats for fish in a
variety of settings (Jones and others, 1999; Naiman and
Latterell, 2005; Broadmeadow and others, 2011). To evaluate
the effect of shade, one logger (logger 3) was placed along the
riverbank in an unshaded area. The second logger (logger 3a)
was 200-ft downstream in a permanently shaded area beneath
a north-facing cliff.

Pools below diversion dams have been hypothesized to
have lower temperatures than the river above the dams, due
both to their depth and the slow infiltration of water through
the sediment trapped behind the dams. The potential for
pools below diversion dams to be used as lower-temperature
microhabitats was evaluated by placing loggers both
immediately above and in the pools below the Mesquite
diversion and the Bunkerville diversion.



The diversion canals have been observed to provide
habitat for fish. Desert suckers, a USFWS species of concern
(Rinne and Magafia, 2001), have been located in pools
in the diversion canals during fish counts. The use of the
diversion canals by fish may indicate that they are a favorable
microhabitat. Therefore, we tested the possibility that the
water temperatures in the diversion canals are cooler than
the mainstem. For this study, two sets of paired mainstem/
diversion canal sites were monitored in 2020. The first set
included the mainstem Virgin River near Grapevine Road
(logger 10) and the Bunkerville diversion canal below
Grapevine Road (logger 11). The second set included the
mainstem Virgin River at the Riverside Road bridge at
Mesquite (logger 12) and the Bunkerville diversion canal
below the bridge (logger 13).

Results and Discussion

Collected data include water temperatures, continuous
discharge, and discrete discharges measured at the sites listed
in table 1. The thermal regime was characterized by evaluating
the magnitude (daily minimum and maximum temperature),
variability (difference between upstream and downstream
sites), frequency and duration (how often and for how long
temperatures exceed established thresholds), and timing of
thermal events. The thresholds used in this study are the BTM
0f 28 °C and the CTM of 31 °C established by the USFWS for
Virgin River fishes.

Results and Discussion 9

The data from the study period were also used to
characterize potential microhabitats along the lower Virgin
River. Because there are many microhabitats within the
lower Virgin River, comparisons were made between sites
to better understand the spatial distribution and effects on
water temperature.

Temperature

Continuous water temperature was collected in
15-minute increments from 15 sites along the lower
Virgin River (table 1). From the 15-minute continuous
data, daily minimum, mean, and maximum temperatures
were computed for each site and are available on the
USGS National Water Information System web interface
(https://waterdata.usgs.gov/nwis; U.S. Geological Survey,
2024). All 15-minute continuous water-temperature datasets
measured on the lower Virgin River for this study show a
strong diel variation, which is common for desert rivers
in the summer months (fig. 4). Minimum temperatures
generally occurred between 4:00 and 6:00 a.m., and maximum
temperatures between 1:00 and 3:00 p.m. Figure 4 shows a
sample period of 15-minute data from July 19 to August 22,
2019, from three sites: Sand Hollow Wash, Scenic Bridge,
and above Bunkerville diversion. Although there are minor
differences in the magnitude and timing of peak temperatures,
the daily temperature patterns between sites over 5 miles apart
were comparable.
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Figure 4. 15-minute water temperature collected from three sites on the lower Virgin River in Arizona and Nevada, July—

August 2019 (U.S. Geological Survey, 2024).
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Average daily minimum, mean, and maximum
temperatures for July 2020 were computed for six sites from
the most upstream site (Littlefield, logger 2) to the most
downstream site (Flattop, logger 14; table 2). Of the six sites
included in table 2, the water temperature at logger 2 had the
least variability in daily temperature (7.4 °C), likely because of
the springs that discharge directly into the channel near the site
at a near-constant temperature. The 5 sites downstream from
logger 2 (loggers 3, 7, 8, 10, and 14) all had very similar mean
daily minimum temperatures, mean temperatures, and mean
daily maximum temperatures. For all five sites, the mean daily
maximum temperature was greater than the CTM.

Summer maximum water temperatures were an
important metric for this study because they can be compared
to the critical thermal maximums of the fishes. Maximum
temperatures were primarily affected by (1) distance
downstream from cold spring inflow and (2) low flow. The
cold springs (about 25 °C in summer months) around Beaver
Dam Wash and Littlefield buffer the maximum temperatures
in the summer, but the cooling effects of those springs do
not persist as far downstream as Sand Hollow (logger 3).
Periods of low flow result in shallow water depths and greater
maximum water temperatures. The highest water temperature
recorded in this study was 39.3 °C at logger 10 on July 10,
2021 (U.S. Geological Survey, 2024).

A typical longitudinal thermal gradient is presented on
figure 5, showing maximum daily temperatures on August 15,
2020, the day in which peak temperatures occurred in
the 2020 season. Beaver Dam Wash (a spring-fed creek)
reached a maximum temperature of 24 °C. The Virgin River
at Littlefield, 0.8 miles downstream from the Beaver Dam
confluence, reached a maximum temperature of 30 °C, which
is greater than the BTM but less than the CTM. All sites
downstream from Beaver Dam Wash and Littlefield were
several degrees above the CTM. Beaver Dam Wash and
Littlefield are the only sites affected by spring flow.

The thermal maxima established by the USFWS were
exceeded on many days during the study period. Table 3
shows the number of days the CTM was exceeded in

August 2019, July and August 2020, and July and August 2021
for mainstem loggers that were deployed for all three years.
The temperature at Littlefield exceeded the CTM on 10 days
in July 2021 and did not exceed the CTM in any of the other
months. Temperatures at the five sites downstream from
Littlefield exceeded the CTM from 11 to 28 days in the
months shown in table 3.

In addition to maximum daily temperatures exceeding the
CTM, the daily duration of temperatures exceeding the BTM
and CTM frequently exceeded 9—12 hours. Figure 6 shows
the temperature recorded above the Bunkerville diversion,
in which water temperatures were hotter than the BTM for
more than 12 hours a day, and hotter than the CTM for almost
9 hours a day. The long duration of high temperatures over the
course of the day was observed each year of the study period.

The total number of hours above the BTM and CTM in
August of 2019, 2020, and 2021 were calculated for three
sites, Littlefield (logger 2), Nevada/Arizona state line (logger
7), and Flattop (logger 14). These three sites were chosen
because they had complete datasets for the month of August
for each year of the study period, and they cover the length
of the study area. Total hours above the BTM for the month
of August ranged between 100 and 386 hours. Total hours
above the CTM for the month of August ranged between 0 and
177 hours (fig. 7). Importantly, Littlefield exceeded the BTM
about half as often as the downstream sites, did not exceed
the CTM in August of 2020 and 2021, and only exceeded the
CTM for 42 hours in 2019.

The upper Virgin River in Utah was monitored
continuously for water temperature by the USFWS between
2005 and 2015 (Virgin River upstream from La Verkin
Creek; U.S. Fish and Wildlife Service, 2020, p. 69). During
this period, the Virgin River upstream from La Verkin Creek
averaged less than 50 hours per year exceeding the CTM
(greater than [>] 31 °C), with the exception of 2007, in which
the CTM was exceeded for 150 hours. In comparison, the two
sites on figure 7 downstream from Littlefield exceeded the
CTM between 91 and 386 hours in the month of August alone.
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Table 2. Average daily water temperature along the lower Virgin River in Arizona and Nevada in

July 2020 (U.S. Geological Survey, 2024).

[°C, degrees Celsius]

Daily water temperature in July 2020 (°C)

Logger L - . .
number Site nickname Mean daily Mean Mean daily Mean daily
minimum maximum range
2 Littlefield 21.9 25.2 29.3 7.4
3 Sand Hollow 214 26.4 31.7 10.3
7 Nevada—Arizona state line 21.8 26.6 31.8 10.0
8 Above Bunkerville diversion 21.8 26.8 322 10.4
10 Grapevine Road 21.3 26.0 32.0 10.7
14 Flattop 21.8 26.7 32.1 10.3
B | | | | |
Above Bunkerville
diversion Riverside Road Flattop
36 |— Nevada-Arizona u bridge streamgage Drive_|
stateline L] ]
]
Sand Hollow 1 Bunkerville diversion. . /
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%) Bunkerville diversion canal
5 atRiverside bridge
©
o P2 = _ _|
§ Critical thermal maximum
> Littlefield
3 30— n _
£
o)
=
s 28 - -
5 Behavioral thermal maximum
o
e
2 2% |- _
e
© Beaver Dam Wash
[ ]
= /g —
22 — —
Upstream Downstream
20 | | | | | | | | | |
1 2 3 6 7 8 1 12 13 14

Logger number

Figure 5. Daily maximum water temperature on August 15, 2020, at different locations along the lower

Virgin River, Arizona and Nevada (U.S. Geological Survey, 2024).
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Table 3. Number of days for which the maximum daily temperature recorded at six data loggers in
the lower Virgin River in Arizona and Nevada exceeded the critical thermal maximum in August 2019,
July and August 2020, and July and August 2021.

[—, count not reported because more than 5 days of data are unavailable; NV, Nevada; AZ, Arizona; *, 5 days of data
were unavailable in July 2021]

Logger . 2019 2020 2021
Site nickname
number August | July  August July August
2 Littlefield 0 0 0 10 0
3 Sand Hollow 23 24 17 — —
7 NV-AZ State Line 26 26 19 26 11
8 above Bunkerville diversion 28 27 22 26 14
10 Grapevine Road — 22 — 25 —
14 Flattop 16 27 22 25% —

&
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Temperatures remain elevated above
thresholds for 12-plus hours a day
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Figure 6. 15-minute water temperatures on August 2, 2019, at 09415089 Virgin River above the Bunkerville diversion, Nevada
(U.S. Geological Survey, 2024).
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Figure 7. Total number of hours in August that instream temperatures exceeded behavioral thermal maximum (greater than
[>]28 degrees Celsius [°C]) and critical thermal maximum (>31 °C) in the lower Virgin River, Arizona and Nevada, 2019-21
(U.S. Geological Survey, 2024).
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Evaluations of Potential Microhabhitats

Over the three summers of the study period, an effort
was made to evaluate potential microhabitats that fish
biologists at USFWS and the Nevada Department of Wildlife
suggested might be cooler than the mainstem of the river. At
each potential microhabitat site, two loggers were deployed
close together to determine if these microhabitats were cooler
than the surrounding river reach. These paired comparison
experiments are shown in table 4.

Sun/Shade

In 2020, two loggers were co-located on the mainstem
of the Virgin River at Sand Hollow Wash to determine the

effects of shaded microenvironments on the water temperature.

Logger 3 was placed in the mainstem along the riverbank in
open sun. Logger 3a was 200-ft downstream and was installed
by drilling into a north-facing cliff, which put the logger

in permanently shaded water. The continuous record for a
representative 4-day period between August 27 and August 30,
2020, shows that the shaded and unshaded locations had
nearly identical temperatures (fig. 8). The average difference
in daily mean temperature between the sunny and shaded sites
was 0.2 “C, which is within the accuracy of the instrument.
The daily maximum temperatures for the shaded site are about
0.3-0.4 °C hotter than the unshaded site. It is not clear why it
is slightly hotter in the shade than in the unshaded area.

Table 4. Loggers deployed to evaluate potential microhabitats,
lower Virgin River, Arizona and Nevada, 2019-21.

I:':g}%: Paired conditions
Logger 3 Sun
Logger 3a Shade
Logger 4 Above Mesquite diversion dam
Logger 5 Below Mesquite diversion dam
Logger 8 Above Bunkerville diversion dam
Logger 9 Below Bunkerville diversion dam
Logger 10 Mainstem
Logger 11 Diversion canal
Logger 12 Mainstem

Logger 13 Diversion canal

Above and Below Diversion Dam

In the summer of 2021, two loggers were placed
upstream and downstream from the Mesquite diversion to
determine the effects of the dam on the water temperature.
Logger 4 was placed in the main channel upstream from the
dam, and logger 5 was placed just downstream from the dam.
Figure 9 shows the data from the two loggers between July 5
and July 13, 2021, a period of time when continuous data
were available for both loggers. Differences in daily mean
temperatures above and below the dam were less than 0.1 °C,
within the accuracy of the instrument. However, the site below
the dam (logger 5) had maximum temperatures as much as
0.9 °C lower than the upstream site (logger 4). This finding
indicates that the impounded sediment may have a slight
cooling effect on the water temperature during the hottest part
of the day. However, this cooling effect was not sufficient to
reduce water temperatures below the CTM.

In the summer of 2020, two loggers were co-located
around the Bunkerville diversion to determine the effects of
the dam on water temperature. One logger (logger 8) was
placed in the main channel upstream from the dam, and one
logger (logger 9) was placed downstream from the dam in a
deep scour pool identified by the biologists as habitat that the
native fishes favor. Figure 10 shows an eight-day temperature
record from June 19 to June 27, 2020, for logger 8 and logger
9. The two records are nearly identical in temperature, with the
average temperature above the dam only 0.2 °C higher than the
average temperature below the dam. The data do not show a
difference in the minimum temperatures during the June 19 to
June 27, 2020, period.
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Figure 8. Water-temperature comparison between unshaded and shaded loggers at the Virgin River at Sand Hollow Wash near
Littlefield, Arizona (364904113593701), August 27-30, 2020 (U.S. Geological Survey, 2024).
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Figure 9. Water-temperature comparison between upstream (09415058) and downstream (364849114001301) from the Virgin River at
the Mesquite diversion dam, Mesquite, Nevada, July 5-13, 2021 (U.S. Geological Survey, 2024).
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Figure 10. \Water-temperature comparison between upstream (09415089) and downstream (094150891) from the Virgin River at the
Bunkerville diversion dam, Mesquite, Nevada, June 19-27, 2020 (U.S. Geological Survey, 2024).

Mainstem and Diversion Canals

At the Grapevine Road site, one logger (logger 10)
was placed in the mainstem channel, and a second logger
(logger 11) was placed in the diversion canal. Periods of
data when both sites had flow show that the main channel
and the diversion canal were very similar in temperature.
Figure 114 shows a 4-day temperature record from July 25
to July 29, 2020, for the Grapevine Road mainstem and
diversion canal. The diversion canal measured slightly
warmer average temperatures (+0.7 “C) than the mainstem
during low stable flow conditions during this 4-day period.
Discharge measurements taken at both sites on July 30 show
similar discharges, with 8.7 ft3/s measured in the mainstem
(logger 10) and 12.2 ft?/s measured in the diversion canal
(logger 11). Despite the diversion canal having more flow
than the mainstem on this day, the two temperature records
are comparable.

A similar experiment was done at the downstream
mainstem and diversion canal sites at the Riverside Road
bridge in Mesquite. The mainstem logger (logger 12) was
under the bridge, and the diversion canal logger (logger 13)
was above the mouth of the diversion canal where flow returns
to the river. Figure 11B shows a 4-day temperature record from
July 15, 2020, to July 19, 2020, for the Riverside Road bridge
in Mesquite mainstem and diversion canal. The diversion
canal had slightly warmer average temperatures (+0.8 °C) than
the mainstem during the low stable flow conditions during this
4-day period. Low stable flow conditions on these days ranged
from 15 to 35 ft¥/s, as measured by the Mesquite gage.

These two mainstem/diversion pairs show that the
diversion canals are slightly warmer than the mainstem. This
finding does not support the hypothesis that the diversion
canals are a cooler microhabitat.

Discharge

Streamgage height and discharge were measured
year-round at the Littlefield gage, the Mesquite gage, and
the Mesquite canal gage. For the remaining temperature
sites, discrete discharge measurements were taken during
the summer monitoring period. Discrete measurements were
made during two common hydrologic conditions: base flow
and monsoon floods. Base flow represents normal conditions,
or the flow in the river that occurs without the effect of
runoff. Monsoon flows are floods that occur in response to
precipitation events that occur during the summer monsoon
season. Monsoon flows can be the result of local intense
rainfall in the study area, or they can be the result of storms
that occur in the upper headwaters of the Virgin River in
Utah and travel downstream. Figure 12 shows daily mean
discharge measured at Littlefield during the study period.

In 2019, discharges were elevated in early June due to the
above average water year (130-percent above average, USGS
09415000, water years 1930-2021) but were low throughout
the summer with zero monsoon flow events. In 2020, one
monsoon flow event with a maximum flow of 1,740 ft3/s
occurred in August. In 2021, at least eight monsoon flow
events occurred, three of which had maximum flows that
exceeded 1,000 ft3/s.

Figure 13 shows a typical response following a monsoon
event on June 30, 2021. Discharge rose from 51 ft¥/s to
351 ft¥/s in 5 hours and stayed elevated for about 4 days. In
response, water temperature decreased below the CTM for
3 days. When 15-minute water temperatures are plotted with
15-minute discharge, the effects of the storms are evident:
the added water lowers the temperatures by several degrees
(fig. 13). However, as soon as the river returns to its previous
state—usually a few days later—the water temperature
rises again.
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From June 9 to 15, 2021, discharge was measured at five
points along the Virgin River (table 5). Flows ranged from
61.1 ft3/s above the Mesquite diversion (logger 4), which was
the full unregulated flow of the river, to 1.4 ft3/s immediately
below the Bunkerville diversion (logger 10). This extreme low
flow occurs for a minimum length of 0.85 miles downstream
from the Bunkerville diversion before return flows increase
mainstem flows. Figure 14 shows a schematic of the mainstem
and diversion discharges during the June 9-15, 2021, period.
The good agreement between discharge at logger 4 (61.1 ft3/s)
and the sum of the discharges at logger 15 and logger 8
(61.6 ft’/s) indicates that there is little or no flow gained or lost

to groundwater in this reach. Below the Bunkerville diversion,
approximately 29 times as much water is flowing in the
diversion canal as in the mainstem of the river.

Figure 15 depicts the extreme low-flow conditions at
the mainstem Virgin River at Grapevine Road on June 15,
2021. On this day, the channel had a maximum water depth
of 0.3 feet (ft), discharge was measured at 1.4 ft3/s, and the
maximum water temperature was recorded as 38 °C. For
comparison, at the closest site upstream above the Bunkerville
diversion, maximum water depth was 0.85 ft, discharge was
measured at 41.6 ft3/s, and the maximum water temperature
was recorded as 34.6 °C.
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Table 5. Measured discharges on the lower Virgin River, Nevada, June 9-15, 2021 (U.S. Geological Survey, 2024).

[All measurements made between June 9 and 15, 2021. Abbreviation: ft3/s, cubic feet per second]

Logger Discharge

Mainstem site number in s Comment
Virgin River above Mesquite diversion 4 61.1 Natural flow of river.
Virgin River below Mesquite diversion 5 13.3 Below Mesquite diversion, above Mesquite canal return flow.
Virgin River above Bunkerville 8 41.6 Below Mesquite canal return flow, above Bunkerville diversion.
Virgin River at Grapevine Road 10 1.4 Below Bunker diversion, above Bunkerville canal return flow.
Virgin River at Mesquite gage 12 12.0 Below Bunkerville diversion return flow.

Mainstem and diversion discharge in the lower Virgin River, June 9-15, 2021
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Figure 14. Mainstem and diversion discharge in the lower Virgin River, Nevada, June 9-15, 2021.
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Figure 15. Extreme low-flow conditions observed on June 15, 2021, at site 36473711405101 Virgin

River near Grapevine Road, Mesquite, Nevada.

Flow balances were used to understand the patterns of
water into and out of the main stem of the lower Virgin River
from irrigation diversions. This approach was applied to the
study reach between the Littlefield and Bunkerville diversions
to help determine the discharge in ungaged sections of the
river. Field observations of diversion and return flow canals
indicated that there are periods when the main channel reduces
to a trickle of water downstream from the diversion dams.
Below the Bunkerville diversion dam, a 2.7-mile reach was
observed to have extreme low flow before substantial water
was returned to the main stem channel via a return-flow canal
downstream from the Riverside Road bridge in Mesquite.
During one low-flow period from June 9 to 15, 2021,
discharge in the Bunkerville diversion canal was calculated as
40.2 ft¥/s, and discharge in the mainstem of the Virgin River at
Grapevine Road was 1.4 {t3/s (table 5). During this period, the
water depth at the Virgin River mainstem at Grapevine Road
was less than 0.2 feet deep and water temperature was more
than 38 °C. This finding indicates that most of the available
water in this reach was in the diversion canals and not the
river’s mainstem (fig. 14). During periods of more stable base
flow, temperature records in paired comparison studies did not
show a major difference between the mainstem and diversion
canals (fig. 11), but the discharge record can provide insight as
to why the diversion canals provide refuge for native fishes on
the lower Virgin River.

Conclusions

Water temperatures in the lower Virgin River regularly
exceeded thermal thresholds (the behavioral thermal
maximum and the critical thermal maximum) used by the
U.S. Fish and Wildlife Service during the study period. The
water temperature was coolest in the upstream end of the
study reach due to the effects of colder springs at Beaver
Dam Wash and Littlefield, but that effect did not extend as far
downstream as Sand Hollow. Downstream from the springs,
the water temperature exceeded the critical thermal maximum
1627 days per month in July and August. The highest
recorded water temperature was 39.3 degrees Celsius.

An investigation of potential cooler microhabitats in
different locations in the river and the diversion canals resulted
in the detection of an area below the Mesquite diversion dam
with slightly lower daily variations in water temperature than
were observed immediately upstream, but temperatures in
this microhabitat still exceeded the critical thermal maximum.
Water temperature was independent of discharge at base flow
conditions but was affected by discharge during extreme low
and high flow events. Extreme low-flow events caused by
irrigation diversions during low summer base flow resulted
in little to no water flowing in reaches of the mainstem river
downstream from diversion dams, which drastically increased
the temperatures observed in the shallow flow. Elevated
monsoon flows temporarily reduced water temperatures, but
the effect only persisted for a few days.
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