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Introduction

Bottom-attached (benthic) algae grow on streambeds and
use energy from sunlight to produce their own food through
photosynthesis. Nuisance levels of benthic algae are becoming
increasingly common in surface waters of the western United
States (Oleksy and others, 2021) and can compromise aesthetic
quality, limit recreational activities, block water infrastructure, and
have negative effects on aquatic life (Dodds and others, 2009).
In 2016, Colorado Parks and Wildlife identified Cladophora
glomerata (green algae), a pervasive, nuisance aquatic algae, in
the White River, located in western Colorado. In cooperation with
the White River and Douglas Creek Conservation Districts, the
Colorado River Basin Salinity Control Forum, and the Colorado
River Water Conservation District, the U.S. Geological Survey
(USGS) studied factors potentially controlling the occurrence of
benthic algae (fig. 1) in the upper White River Basin (fig. 2) from
2018 through 2021. This fact sheet summarizes major findings of
the study; detailed information is available in Day (2023) and Day
and Henneberg (2023). Data are available in a USGS data release
(Day and others, 2023).

For the USGS study, data collection and analysis were
designed to test the following hypotheses:

1. Streamflow-induced movement of the streambed during
snowmelt runoff may change conditions that limit algal
biomass, and

2. Physical and chemical characteristics associated with
streambed particle size, water temperature, light availability,
and nutrient availability, will affect algal biomass.

T

Figure 1. Benthic algae at North Fork White River at Buford,
Colorado (water-quality site 8, fig. 2), in summer 2018. [Photograph
by Natalie Day, U.S. Geological Survey.]

Multiple approaches were used to assess nutrients and
physical conditions in the upper White River Basin. Streamflow
and nutrient data were retrieved from the USGS National Water
Information System database (USGS, 2021) to characterize
changes at water-quality sites monitored for more than 20 years.
In addition, new data were collected at 20 water-quality sites
(fig. 2) during the study period (2018-21). A linear mixed-effects
model was used to evaluate the relative effect of different factors
on algal biomass.

Benthic Algae in the Upper White River Basin

Benthic algal samples were collected during the summer from
2018 through 2021, and sampling targeted conditions when benthic
algal biomass was the greatest. Algal biomass (chlorophyll-a) ranged
between 0.7 and 309 milligrams per square meter (mg/mz), and the
greatest median concentrations were measured at North Fork White
River at Buford (site 8; 51 mg/mz) and at White River above Dry
Creek (site 15; 50 mg/mz) (figs. 2 and 3; refer to table 1 from Day
[2023] and Day and Henneberg [2023] for list of USGS site names
and abbreviated site names and numbers). In general, algal biomass
was highest in 2018 (fig. 3D).

The types of algae present in the study area were characterized
in 2020 and 2021. Four genera of filamentous green algae were
identified: Cladophora, Stigeoclonium, Ulothrix, and Spirogyra.
Many genera of cyanobacteria were present, including some
capable of producing toxins and taste and odor compounds.

Streamflow

The seasonal timing, magnitude, and duration of high and low
streamflows can affect the growth and accumulation of benthic algae
(fig. 4). In the upper White River Basin, peak streamflow is driven
by snowmelt runoff in late spring or early summer. High streamflow
during spring runoff can reduce benthic algal abundance by physical
disturbance through scouring or streambed reorganization (Power
and Stewart, 1987). Streamflow also affects water-quality conditions
such as water temperature, light availability, and nutrient loading
and dilution (Rolls and others, 2012; Schneider, 2015). Snowmelt-
derived runoff is cold and has elevated turbidity, which limits light
availability to benthic algae. Low streamflow during the summer
can result in warmer temperatures favorable to algae. During years
with earlier snowmelt runoff, warm water temperatures earlier in the
summer can extend the growing season for algae, leading to higher
accumulation of benthic algae (Schneider, 2015).

Using streamflow data from 1980 through 2020, significant
decreases in August and September streamflow were identified
for White River above Coal Creek (site 18; fig. 2). Decreases in
May and June streamflows and corresponding increases in April
may indicate a shift toward earlier snowmelt runoff (Day, 2023).
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South Fork Subbasin boundary and identifier

12v Long-term water-quality monitoring site
and number—U.S. Geological Survey
site number (from Day, 2023, table 1)

117 Water-quality and nitrate isotope site
and number—U.S. Geological Survey
site number (from Day, 2023, table 1)

1057  Water-quality site and number—
U.S. Geological Survey site number
(from Day, 2023, table 1)

Figure 2. Location of the upper White River Basin, Colorado, with selected U.S. Geological Survey water-quality sites from Day (2023).
Irrigated lands layer modified from Colorado Decision Support Systems (2020).

Field measurements were used to assess if the streambed moved
during peak runoff in 2018, 2019, and 2020 using the modified critical
shear method (U.S. Department of Agriculture Forest Service, 2008).
Results indicated movement of the median particle size at zero sites
in 2018, seven sites in 2019, and two sites in 2020. Results from the
linear mixed-effects model show larger median particle sizes were
associated with greater algal biomass. Large particles provide stable
areas for algae to establish and can increase algal settlement rates by
slowing the velocity of oncoming water (Burkholder, 1996).

Nutrients

Nutrients, including nitrogen and phosphorus, are essential
substances promoting the growth and accumulation of algae.
Nutrients can occur in the environment through weathering of rock
or soil, breakdown of organic material, atmospheric deposition,
and human activities (Hem, 1985; Murphy and Sprague, 2019;
Stets and others, 2020).

Data from 2000 through 2020 for North Fork White River
at Buford, South Fork White River at Buford, White River above
Dry Creek, and White River above Coal Creek (sites 8, 12, 15, and
18; fig. 2) were used to assess seasonal patterns and changes in
nutrient concentrations and loads. Phosphorus concentrations and
loads increased through time, while nitrogen concentrations and
loads decreased. A relatively uniform increase in total phosphorus
between the North and South Forks of the White River indicates
the factors contributing to the increases may be regional in scope.
In fact, similar increases in phosphorus were observed nearby in
the Yampa River (Day, 2021). Changes in the relative availability
of nitrogen to phosphorus, represented by the molar ratio of nitrogen
to phosphorus, show conditions in the North and South Forks of

the White River changed from colimited to nitrogen limited starting

around 2012. Results from the linear mixed-effects model show that
more nitrogen-limiting conditions (greater phosphorus availability)
corresponded to greater algal biomass.

A synoptic sampling was completed in October 2020 to identify
the relative magnitude of nutrient inputs from potential source areas.
The results represent nutrient loading conditions at the time of sam-
pling and are not meant to explain the long-term changes in nutrients
throughout the basin. This effort identified the lower North Fork sub-
basin as having a large phosphorus yield (load divided by subbasin
area). Loads of total phosphorus and orthophosphate were elevated
at North Fork White River below Marvine Creek (site 5; fig. 2). An
elevated total nitrogen concentration and load occurred between the
two most downstream sites on the White River (water-quality sites 19
and 20, fig. 2), likely driven by inputs of organic nitrogen.

Water Temperature

Variation in the magnitude and timing of snowmelt runoff led
to interannual variation in water temperature. In general, Cladophora
glomerata growth is promoted at water temperatures above a thresh-
old of 13 degrees Celsius (Graham and others, 1982). The threshold
was exceeded by early to mid-June in 2018, 2020, and 2021. The
threshold was not reached until July in 2019, reflecting high stream-
flow and an extended period of snowmelt runoff. Results from the
linear mixed-effects model indicate higher water temperatures were
associated with greater benthic algal biomass. All water-quality
sites with mean August water temperatures below the Cladophora
glomerata threshold (dashed line, fig. 34) had consistently low algal
biomass (fig. 3D). Water temperatures were warmer at downstream
water-quality sites, corresponding with higher algal biomass.
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Figure 3. A, mean August water temperature in 2019 and 2020 (data from Hodge and Eyre, 2021); B, mean riparian canopy cover;

C, streambed surface particle size; and D, chlorophyll-a (benthic

algal biomass) at 20 water-quality sites in 5 subbasins of the upper

White River Basin, Colorado. Graph from Day and Henneberg, 2023.

Riparian Canopy Cover

Riparian canopy cover affects the amount of sunlight reaching
surface water. Low canopy cover, and therefore high light availabil-
ity, promotes warmer temperatures and increased algal biomass
(Warnaars and others, 2007). Canopy cover at water-quality sites
in the upper White River Basin was low and ranged from 0 to
26 percent (fig. 3B).

Conclusions

The broad spatial extent of algae indicates that the factors
contributing to algal blooms are likely of basin-wide proportion
rather than one sole factor. The frequency and severity of algal

blooms in the upper White River Basin may be affected by
long-term changes in nutrient availability and streamflow,
specifically changes in the timing and magnitude of high and low
streamflow. The effects of large peak streamflow, including movement
of the streambed, may be the dominant control on the occurrence
of algal blooms through years. Large, late, and long-lasting peak
streamflow, such as in 2019, may limit algal blooms during the year
in which they occur and into subsequent years, as evidenced by low
algal biomass in 2019 and 2020, despite warm water temperatures,
low summer streamflow, and lack of streambed movement in 2020.
Without streambed disturbance, other factors such as nutrients and
water temperature may have a larger effect on algal accumulation.
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High nutrient concentrations can stimulate excess algal
growth. Potential sources of nutrients in the upper White
River Basin include but are not limited to natural sources
(weathering of soil and rock and atmospheric deposition)
and human activity sources (fertilizer, septic systems,

fish feeding, and livestock).

Low canopy cover allows for high
light availability, contributing to

warm water temperatures and
increased algal biomass.

Figure 4. Potential factors controlling the growth of benthic algae in the upper White River Basin, Colorado, 2018-21.
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