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Disturbance as a result of a flood flow is considered to be one of the driving variables influencing 
aquatic and riparian community structure. However, the demand for water, power and flood 
control in California has resulted in the construction of dams on nearly every major river in the 
state. Dams compromise the natural flow regime by altering the magnitude and timing of flow. 
While the majority of current literature focuses on the effects of flow alteration on consumers 
and higher trophic levels, fewer studies have focused on impacts to basal aquatic resources and 
primary producers, particularly periphytic algae. In an effort to better understand the impacts of 
flow-related disturbance on algal resources, this study examines the relationship between algal ash 
free dry mass (AFDM) and the timing and magnitude of peak flow and water temperature in four 
regulated and unregulated streams of the Sierra Nevada across wet and dry water years.  Results 
support previous findings that flow disturbance can reset algal community succession, and that 
growth patterns are related to water temperature. Following high flow disturbance, AFDM increases 
to a peak when water temperatures are highest, and then decreases as senescence occurs. Given the 
ease in collection and analysis, AFDM can provide a simple quantitative measure for monitoring 
aquatic primary production in regulated and unregulated streams.  
Keywords:  dams, river ecosystems, periphytic algae, stream, regulation, disturbance, natural 
flow regime, primary productivity, hydrology
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Introduction
Periphytic algae are an important component 

of temperate river communities, particularly in 
systems that are sunlit, clear at low flow, and rock-
bedded (Power, 1992).  These organisms colonize 
surfaces of rocks and other substrates in the 
benthic region of the aquatic environment. Serving 
as primary producers, they play a driving role in 
community structure and food web dynamics, and 
exert bottom-up control on the communities in 
which they are a part of (Power, 1992, Alagarte, 
2013). They are also sensitive to changes in 
water quality and aquatic habitat, and therefore 
are important bioindicators of habitat quality 
and ecosystem processes (Taniwaki, 2013, Bilby 
and Likens, 1980). The study of periphytic algae 
as primary producers provides a useful means of 

improving the understanding of biological response 
to habitat change and disturbance events, and can 
help in predicting the responses of higher trophic 
levels to changes in the aquatic environment.

In temperate river environments, the natural 
flow regime plays an important role in maintaining 
diversity (Petts, 2009, Kiernan et al, 2012). This 
idea, developed by Poff et al in 1997, stresses that 
flow should be considered a “master variable” in 
riverine systems, in that it plays a prominent role 
in determining environmental variables such as 
water temperature, channel geomorphology, and 
habitat diversity (Poff et al, 1997).  Specifically, 
the natural flow regime regulates senescence, 
species composition and biomass dynamics of 
many organisms, including stream periphyton, 
and many species have evolved life history 
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strategies in response to this regime (McCluney et 
al, 2014, Petts, 2009).  Annual winter and spring 
flooding and low summer water levels contribute 
significantly to the maintenance of biodiversity 
by favoring different taxa under different water 
temperatures and hydrologic conditions, as warmer 
temperature trigger senescence and high spring 
flows scour substrate upon which algae and other 
benthic organisms live (Petts, 2009, Poff et al, 
1989). Changes in the natural flow regime influence 
algal abundance and regulate species interactions 
(Wellnitz and Rader, 2003, Statzner et al, 1988). 
Therefore, examining the natural flow regime of 
a river is critical for understanding its ecosystem 
and for making effective conservation-oriented 
management decisions.

In many of California’s major rivers 
however, the natural flow regime is altered by 
the presence of dams in place for water supply, 
flood control and hydroelectric power generation 
(Kiernan et al, 2012, Poff et al, 1989, Poff and 
Matthews, 2013).  Managed flow releases below 
dams alter the magnitude, frequency, duration, 
timing, and rate of change of hydrologic conditions, 
and keep flow less variable over time (Resh et al, 
1988, Petts, 2009). These human modifications 
effectively alter the dynamic equilibrium between 
the movement of water and the movement of 
sediment that exists in unregulated rivers by 
trapping water and sediment upstream, and act as a 
barrier to migration for aquatic species. This in turn 
reduces the environmental heterogeneity over time 
and space that is necessary for the maintenance of 
valuable native species assemblages, and favors 
an assemblage often dominated by alien species 
(Resh et al, 1988, Poff, 2010). River management 
techniques have only begun to focus on maintaining 
environmental flows, and there is a need for more 
attention to be placed on maintaining environmental 
flows for native aquatic species (Poff, 2013). 

To further investigate the relationship 
between the natural flow regime, anthropogenic 
modification of the environment, and primary 
productivity, this study focused on examining the 
interactions between the timing and magnitude of 
peak flow, water temperature, and algal abundance 

in regulated and unregulated rivers in northern 
California. Four rivers were monitored over a three-
year period, consisting of both wet and dry water 
years in order to determine the relative importance 
of these physical variables on algal abundance, 
which serves as a proxy for primary productivity. 
To conduct this investigation, we asked several 
questions:

1) Is algal abundance higher in regulated 
rivers than in unregulated rivers?

2) Is this difference in abundance a result of 
the timing and magnitude of peak flow? 

3) Is this difference in abundance the 
result of a less variable flow regime, higher water 
temperatures, or a combination of several abiotic 
variables?

Methods

Study Sites
A subset of study sites were selected for the 
purposes of this experiment from a flow study 
recently completed in the northern Sierra Nevada 
mountains of California (Yarnell et al, 2013). A total 
of four sites were chosen, located in the American 
River and Yuba River watersheds (Figure 1). Sites 
were representative of characteristic hydrologic 
and geographic conditions of the northern Sierras. 
Each watershed contained one unregulated and 
one regulated site where algal biomass, water 
temperature, and river discharge were examined 
(Table 1). Overall, the total drainage area of 
the Yuba watershed was less than the American 
watershed. Elevations of study sites ranged from 
885 m to 196 m, though mean elevation of the Yuba 
watershed was higher than the American. However, 
the elevation gradient of sites within each watershed 
was similar. Additionally, all reaches generally 
consisted of riffle-pool morphology, and Strahler 
stream order across sites varied between 5 and 6, 
which allowed for comparison between rivers of 
similar size. 
Hydrology and Temperature Data
Daily discharge data for the Yuba River Watershed 
were obtained from USGS. Daily data for the 
American River Watershed were obtained from 



UC Davis | EXPLORATIONS: THE UNDERGRADUATE RESEARCH JOURNAL
Vol. 17 (2015) A. Obester p.3    

3

rivers presented more gradual cycles of senescence 
likely related to gradually decreasing flows during 
the spring and early summer (Figure 2a, Figure 3a, 
Table 3). Conversely, regulated rivers presented a 
more erratic cycle of algal bloom and senescence 
likely due to more abrupt flow change from high to 
low (Figure 2b, Figure 3b). However, no statistical 
relationship was present between the timing of 
peak flow and maximum biomass within sites in 
the same watershed, nor between regulated and 
unregulated rivers. Additionally, no evidence of an 
average response time between maximum AFDM 
and number of days since peak flow was present 
across sites. 

Water temperatures were highest in the mid 
to late summer, and coldest in the winter (Figure 2, 
Figure 3). AFDM peaked prior to maximum summer 
temperatures on the North Fork American, while 
AFDM peaked during the warmest temperatures 
on the North Fork Yuba (Figure 2, Figure 3, Table 
3). These relationships were absent in the South 
Fork Yuba and Middle Fork American. Generally, 
however, AFDM decreased as temperatures became 
more extreme, likely contributing to the senescence 
of algae.

Discussion
 The results of this study confirm previous 
findings about the dynamic relationship among 
flow, temperature, and algal abundance. High 
flows in the winter and spring scour substrate and 
initiate algal recruitment and blooms. Low flows 
in combination with higher water temperatures 
in the late summer trigger algal senescence and 
thus decreased biomass. This cycle of growth and 
senescence appears to be fairly regular over time, 
occurring in an annual cycle in California in sync 
with annual wet-dry seasonality. These results are 
consistent with the findings of previous work, as 
less distinct cycles of growth and detachment are 
present in regulated rivers (Power, 1992, Statzner, 
1988). This lack of a distinct pattern is likely a 
result of abrupt variations in flow in regulated 
rivers, which lead to more dramatic changes in 
algal biomass (Power, 1992).  Observed differences 
in the rate of algal growth and senescence likely 

CDEC and USGS (Table 2). Daily mean, high, and 
low water temperature data were calculated from 
15-minute HOBO temperature loggers and Solinst 
pressure transducers located at each study site and 
were installed each spring when feasible.   

Benthic Algae Sampling Procedure
Algal samples were collected approximately every 
month from 2011 to 2013 during the late spring and 
the summer to characterize potential differences 
in biomass over time across the regulated and 
unregulated study sites. Algae were not collected on 
the Middle Fork American River in 2013. At each 
study site during each visit, 3-4 cross-sections were 
chosen for sampling, selected as a subset of the 20+ 
sites for each river from the larger study on flow 
(Yarnell et al, 2013). At each cross-section, 5 rocks 
were haphazardly selected and the surface material 
from a 3×3 cm square from each rock was scrubbed 
off, and rinsed with a small volume of water (50-100 
mL) into a single collective container. The samples 
from each cross-section were then placed on ice in 
a dark cooler until analysis in the lab several days 
later. Number of algal samples varied across years, 
however the most complete set of AFDM data with 
the greatest temporal resolution was from 2012. 

Biomass Measurement
In the lab, samples were filtered using Whatman™ 
47 mm glass microfiber filters and dried for 24-48 
hours. Samples were weighed and then burned in 
a furnace at high temperatures. They were then 
re-weighed and ash free dry mass (AFDM) (mg/
cm2) was calculated by determining the difference 
in weight pre and post-burning. AFDM was used 
as a means of measuring total algal biomass within 
each sample. 

Results
Pronounced cycles of blooms and senescence 

were observed in all four rivers (Figure 2, Figure 
3, Table 3). Algal blooms occurred during the late 
spring following high flow events, and on average 
reached their peak during early summer before 
senescing as a result of high water temperatures and 
low flow (Table 3). General trends on unregulated 
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flow regime of regulated rivers are important for 
sustaining native species assemblages (Resh et 
al, 1988). Therefore, studying and attempting to 
implement water management strategies that mimic 
the natural flow regime of California’s regulated 
rivers is important for maintaining the natural 
integrity of many of the state’s rivers (Stanford et 
al, 1996).
 As climate continues to warm, reduced 
snowpack, earlier snowmelt, and reduced summer 
and peak flows will change timing of algal growth 
and senescence (Yarnell et al, 2013) This has 
significant implications for aquatic and riparian 
community structure, including a change in food 
availability for consumers like aquatic invertebrates 
and fish during the late summer. Further studies 
should seek to model future temperature scenarios 
and flow conditions in order to predict potential 
algal responses and bottom-up effects in a changing 
environment. While by no means comprehensive, 
the results of this study provide a useful starting 
point in examining the relationships between 
aquatic primary productivity and flow regime 
in regulated and unregulated rivers of the Sierra 
Nevada, California.

have significant impacts for aquatic communities, 
particularly that the temporal availability of algae as 
a  food source for consumers differs between rivers 
(Poff, 2010). This change in availability of basal 
resources potentially impacts community structure 
and function by exerting bottom-up control on the 
rest of the aquatic and riparian system (Resh et al, 
1988).  

Monthly algae sampling as well as the 
preliminary results from this study provide insight 
into cycles of algal growth and senescence. Water 
year 2011 was a wet year, while water years 2012 
and 2013 were comparatively dry (CDEC, 2014). 
Because precipitation and amount of available water 
influences aquatic and riparian ecosystems, it is 
important to take climatic factors into account when 
assessing these results. Additionally, comparing 
minimum flows across regulated and unregulated 
rivers over a longer time scale is necessary. Due 
to the differences in annual precipitation, minimum 
flows, and relatively short time scale of this study, 
there is a need for further, long-term studies 
with more frequent and consistent algal biomass 
sampling to more accurately assess changes in algal 
abundance over both wet and dry water years.  

More detailed studies are also needed to 
examine specific algal assemblages over time. 
Specifically, though not explicitly examined in 
this study is the impact of the invasive diatom, 
Didymosphenia geminata on algal abundance. This 
diatom is present in both regulated study sites, and 
is potentially destructive to native assemblages 
through widespread algal blooms (Yarnell et al, 
2013). Examining the assemblage of algal samples 
collected rather than simply total biomass will help 
to inform what impact D. geminata has on algal 
abundance and organisms of higher trophic levels 
that are dependent on algae. 

Conclusion
Dams have fundamentally altered the flow 

regimes of California’s rivers and consequentially 
the biota of these streams, many of which have 
evolved their life histories to adapt to the higher 
natural variability in flow (Petts, 2009). Because of 
this, management strategies that mimic the natural 
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Figures

Figure 1: American River and Yuba Watersheds and study sites
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Figure 2: Yuba River watershed discharge, water temperature, and AFDM over time. Note different 
AFDM scales.

2a) North Fork Yuba; unregulated
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2b) South Fork Yuba; regulated
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Figure 3: American River watershed discharge, water temperature, and 
AFDM over time. Note different AFDM scales.

3a) North Fork American; unregulated
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3b) Middle Fork American; regulated. 
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Tables

Table 1: Study sites and regulation status
River Regulated?

 (Y/N)
North Fork Yuba N

South Fork Yuba Y

North Fork American N

Middle Fork American Y

Table 2: Historical and current gage data available for each study site
Study Site Gage Number Years of Record Distance from 

Study Site
North Fork 
Yuba

11413000 1931-present 5.2km upstream

South Fork 
Yuba

11414250 1965-present 10.3km upstream

North Fork 
American

11427000 1942-present 28.5km 
downstream

Middle Fork 
American

OXB (CDEC 
gage)

1997-present 31.5km upstream

Table 3: AFDM Values for each study site over time
Date NFY SFY NFA MFA

Jun 2011 N/A N/A 0.123 N/A
Jul 2011 0.133 0.570 0.075 1.461
Aug 2011 0.135 0.474 0.042 2.570
Apr 2012 0.169 2.916 0.118 0.235
May 2012 0.133 0.303 0.175 0.425
Jun 2012 0.138 0.357 0.125 1.661
Jul 2012 0.182 1.549 0.104 0.313
Aug 2012 0.322 0.522 0.082 0.515
Apr 2013 0.220 0.956 0.288 N/A
May 2013 0.324 0.946 0.206 N/A
Aug 2013 0.644 2.625 0.177 N/A
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