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Introduction 

 Chlorophyll-a (Chl-a) concentrations are measured in stream water as a surrogate 

for phytoplankton biomass (Clesceri et al., 1998).  By analyzing trends in Chl-a 

concentration on both the temporal and spatial scales researchers can begin to draw 

conclusions on how primary production is affected by environmental conditions 

(temperature, solar input, flow, etc.).  Furthermore, because Chl-a is a measure of 

phytoplankton biomass and phytoplankton is integral to the foundation of stream food 

webs, analysis of Chl-a patterns becomes necessary for any successful stream ecology 

study.   

 Algal production is a critical process regulating food resource dynamics (Bott 

1996 and Lamberti 1996) in Central Valley aquatic ecosystems.  Both planktonic and 

benthic forms of algae are found in Central Valley Rivers. Our research shows a dramatic 

shift from benthic to planktonic forms as stream water turbidity increases in Central 

Valley rivers.  This shift has several ramifications for downstream aquatic ecosystems in 

terms of food resources, as well as dissolved oxygen levels.  For example, the mainstem 

San Joaquin River and many of its west-side tributaries are dominated by planktonic 

algae because high sediment concentration prevents light from penetrating to the bottom 

of the stream.  Planktonic algal biomass is transported downstream to the Stockton ship 

channel where its decomposition results in oxygen consumption and hypoxia.  In contrast, 

east-side streams originating from the Sierra Nevada (e.g., Stanislaus, Tuolumne, 

Merced) have low turbidity and low levels of planktonic algae in spite of the fact that 

they often contain elevated levels of nutrients.  Benthic algae predominate in these 

streams with large areas of stream bed entirely covered with periphyton.  Unlike 

planktonic algae, benthic algae are relatively immobile at summer baseflow conditions.  

However, the benthic algal biomass (living and dead) is readily mobilized during fall-

winter high flow conditions that dislodge the algal biomass from its substrate.  This can 

result in distinct pulses of algal biomass transported to the Delta as storm events or 

reservoir releases increase flow and shear stress resulting in the mobilization of 

previously immobile material (Lohman et al., 1992; Marcus 1980).  Thus, there are 

unique temporal features associated with benthic algae that influence the entire Central 

Valley-Delta aquatic ecosystem.  A standing crop of benthic algae remains available (i.e., 
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it is not transported) in the upper tributaries during the summer months and the remaining 

standing crop is purged from the system in the fall-winter period.  Equally important is 

the fact that algal biomass from the upper tributary streams is not transported to the lower 

San Joaquin River during summer low flows when planktonic algae biomass is 

contributing to hypoxia.  The important role phytoplankton and periphyton play as either 

a detriment or necessity to local aquatic ecosystems makes the monitoring of Chl-a 

concentrations in the rivers of California imperative.     

 Analysis of 28 subwatersheds in the Cosumnes Basin provided us with the data 

necessary to complete a multiple linear regression analysis of the determining factors 

controlling Chl-a concentrations.  Chl-a was evaluated against all the other chemical 

constituents measured in the study  as well as against land-use and land-cover data 

obtained from the Information Center for the Environment (ICE).  Through the use of this 

statistical technique we are able to determine which factors may control Chl-a 

concentrations in the Cosumnes Watershed.  These data will in turn have implications for 

other watersheds draining into the Sacramento-San Joaquin Delta. 

 

Study Site 

The Cosumnes River Watershed, located southeast of Sacramento, CA 

encompasses 1989 km2 of terrain and 2101 km of waterways (Fig. 1).  The headwaters 

emerge at an elevation of 2200 m in a subalpine ecosystem underlain by granitic bedrock.  

The human population is sparse in the uplands and some logging of the coniferous forest 

is the only significant land use.  The middle reaches of the Cosumnes River wind their 

way through oak woodland habitat developed on metamorphic bedrock dominated by 

schists and shales.  These intermediate elevations are less rural with the dominant land 

uses being cattle grazing and viticulture.  Valley sediments and annual grasslands 

dominate the lower Cosumnes Watershed as the river descends to its confluence with the 

Mokelumne River and the important aquatic habitat of the Bay-Delta ecosystem.   Land 

use in the lower reaches is dominated by production agriculture (e.g., row crops and 

viticulture) with some suburbanization (Fig 2a, b).  
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Figure 1.  Cosumnes River Watershed with the 28 sampling sites utilized during this 
study. 
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a 

 
             b 

 
Figure 2.  Geology (a) and land use / land cover (b) in the Cosumnes Watershed. 
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Methods 

Grab samples were collected from 28 sites every 2 weeks from July 2000 to 

September 2002, additional storm samples were collected whenever flows exceeded 1000 

cfs at the Michigan Bar Gauging station (Fig. 1).  The sampling design resulted in 

approximately 37 samples/site/year.  Year-round data collection was not possible at the 

lowest sites (Twin Cities, Wilton Rd.) because the river ceased to flow in the summer; 

likewise the highest sites (all sites on E6) were snowed-in during the winter and not 

accessible 

 Electrical conductivity (EC), pH, and turbidity were measured on unfiltered 

subsamples.  Total suspended solids (TSS) was measured from a 500 ml sample collected 

from the thalweg of the river and at approximately the mid-depth of the water column.  

The 500 ml subsample was filtered through a pre-weighed glass fiber filter, the filter was 

dried at 60 oC for 24 hours and weighed again, the difference being the mass of sediment 

in the water sample.  A separate 125 ml sample was filtered through a 0.2 µm 

polycarbonate membrane (Nuclepore) and stored at 4 0C through completion of analysis.  

Major cations (Ca, Mg, K, Na, NH4) and anions (Cl, NO3, PO4, SO4) were measured 

using ion chromatography (Dionex 500x; CS12 cations; AS4A anions). A Dohrmann UV 

enhanced-persulfate TOC analyzer (Phoenix 8000) was used in the analysis of dissolved 

organic carbon (DOC).  Total phosphorous (TP) was analyzed from a persulfate-digested 

split of unfiltered sample (Yu et al., 1994), the digested sample was measured with the 

ammonium molybdate method using a Hitachi U-2000 spectrophotometer (Clesceri et al., 

1998).  Total nitrogen (TN) was measured on a persulfate-digested split of unfiltered 

sample on a Carlson autoanalyzer (Carlson, 1978; Carlson, 1986).  Finally, Chl-a was 

measured from a separate 2000 ml sample using standard fluorometry techniques 

(Clesceri et al., 1998).  

 

Results 

 Over the two years of this study chlorophyll-a concentration ranged from a 

median value of 0.26 ppb at our highest elevation site (N.F. @ E6)  to a median value of 

8.6 ppb at one of the lowest elevation sites (Deer Cr @ Wilton).  The spatial distribution 

of median concentrations can be seen in figure 3.  The prominent spatial pattern which 
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emerges when studying Chl-a across the basin is that Deer Creek, Carson Creek, and 

Clear Creek have elevated levels relative to nearby sub-basins (Figs. 1 and 3).  Each of 

these sub-basins is located next to suburban developments and in the case of Deer and 

Carson Creeks receive substantial amounts of effluent from wastewater treatment plants 

(WWTP).   
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Figure 3.  Median Chl-a concentrations as measured during  28 sampling trips from 2000-
2002. 
 
 It can be seen in figure 3 how the highest elevation subwatersheds have the lowest 

median Chl-a concentrations.  The upper watershed has minimal human impact and is 

dominated by dense coniferous forests, theoretically both these factors could play a role 

in lower Chl-a concentrations as without humans present nutrient enrichment is not an 

issue, and with dense forests the streams are exposed to the sun for a limited time each 

day.  Additionally, because the tributaries in the upper watershed are headwater streams 

there will not be any phytoplankton drift from upstream reaches affecting Chl-a levels.   
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 In order to quantify the Chl-a patterns across the basin, multiple linear regression 

analysis was used (Table 1).   Median Chl-a concentrations had the closest relation (r2 = 

0.65) with the percentage of urban land coverage.  The next strongest relation (r2 = 0.55) 

was between Chl-a and percentage of sedimentary bedrock.  Because there is no clear 

scientific explanation for this link between phytoplankton and bedrock type we believe 

that this relation is a artitact of colinearity between % sedimentary and % urban.  The 

strongest negative relation (r2 = - 0.54) is between Chl-a and percentage of forest cover.  

And finally, percentage of agricultural lands in each sub-basin agrees fairly well with 

median Chl-a concentrations (r2 = 0.53).   

 
Table 1.  Median chlorophyll-a concentrations for the 28 sample sites regressed against sub-basin 
characteristics.  
  CHL-a 
CHL-a 1 
Sub-basin area (ha) -0.2783 
Sub-basin road length (m) -0.3004 
sub-basin road density (m/ha) -0.1294 
sub-basin river length (m) -0.2336 
sub-basin river density (m/ha) 0.2662 
elevation (m) -0.4137 
Grassland % 0.0809 
Forest % -0.5431 
Agriculture % 0.5348 
Urban % 0.6515 
Sedimentary % 0.5519 
Metamorphic % -0.0362 
Igneous % -0.474 

 
 
 When constructing a statistical model to predict Chl-a from geographical data, % 

urban, % forest, and % grassland become the three dominate factors in the model.  The 

resultant model can predict 58% of the variance in Chl-a concentrations in a given basin 

within the Cosumnes (Fig. 4, Table 2).   
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Figure 4.  Actual by predicted plot for Chl-a statistical model derived from empirical data 
collected during 2000-2002. 
 
  
Table 2. Parameter estimates for Chl-a geographically based predictive model. 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept  2.2528549 0.615104 3.66 0.0021 
Grassland %  -0.015877 0.012131 -1.31 0.2091 
Forest %  -0.018399 0.007588 -2.42 0.0275 
Urban %   0.7439271 0.233712 3.18 0.0058 

 
 
 Chlorophyll-a concentrations are not only dependant upon geography but on 

water quality as well.  When conducting multiple linear regression on Chl-a and the other 

water quality constituents we measure, a number of colinearities arise.  Dissolved organic 

carbon (DOC) has the strongest relation (r2 = .64) with Chl-a followed by Pheophytin (r2 

= .58) and potassium (r2 = .53).  It is not clear if any of these relationships are causal, so 

the use of these factors in a predictive model is not advised.  Regression models 

combining TN and TP were also tested but proved unable to predict Chl-a concentrations.   
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Table 3.  Multiple linear regression results between Chl-a and all the water quality parameters measured in 
this study. 
 CHL-a Pheo 
Temp 0.2914 0.1644 
pH 0.3255 0.1599 
EC 0.3579 0.422 
Turb 0.3225 0.3522 
DO% 0.4947 0.0463 
TSS 0.3881 0.4309 
VSS 0.5154 0.5223 
Na 0.3034 0.3973 
K 0.5259 0.5166 
Mg 0.4473 0.4335 
Ca 0.4362 0.4207 
Cl 0.3561 0.4293 
NO3 0.1032 0.2064 
PO4 0.1225 0.1533 
SO4 0.2415 0.3601 
HCO3 0.4439 0.4368 
Si 0.2776 0.3852 
TN 0.2532 0.1766 
TP 0.4466 0.4331 
CHL 1 0.5805 
Pheo 0.5805 1 
DOC 0.6387 0.552 

 
 

Discussion 

 It is generally thought that the primary factors controlling Chl-a concentration in 

riverine systems are temperature, stream velocity, nutrient level, and solar input (Allan, 

1995).  In this study stream velocity was not measured so this factor could not be 

included in our analysis.  Stream temperature proved unrelated to Chl-a levels because 

high Chl-a concentrations occurred during various seasons.  During the winter Chl-a 

concentrations were at an annual maximum due to the mobilization of periphyton from 

the streambed, while during the summer elevated Chl-a concentrations occurred in the 

slow moving tributaries where phytoplankton thrived.  Having multiple sources 

(periphyton and phytoplankton) of Chl-a compounded the problem of creating an 

accurate model.  Nutrient levels also proved uncorrelated to Chl-a concentrations (except 

for TP but it is assumed that the digested phyto-organisms in the sample contributed a 

large portion of the phosphorous to the sample), but this does not mean that nutrients do 

not play a role in Chl-a production in the Cosumnes Watershed.   
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 Deer Creek serves as a good example of how nutrient production and subsequent 

uptake by algae in headwaters can affect downstream Chl-a levels.  A waste water 

treatment plant (WWTP) above Latrobe Rd releases high concentrations of nitrate (max = 

1220 µM) into Deer Creek.  These nutrients are quickly taken up by instream organisms 

(periphyton, macrophytes, phytoplankton) so that 15 km downstream at Scott Rd there is 

little nitrate left (Fig. 5).  The phytoplankton which forms in the upper reaches of Deer 

Creek is not in a very hospitable environment because velocities are high.  These 

organisms are transported downstream to where velocities decrease and act to seed 

downstream pools and stagnant areas.  The result is that at Wilton Rd, though nutrient 

levels are not particularly high, Chl-a levels are (Fig 5).  This phenomenon contributed to 

the fact that we did not see good correlations between Chl-a and nutrients. 
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Figure 5.  Nitrate enriched waters released from a WWTP on Deer Creek is quickly taken 
up between Latrobe Rd. and Scott Rd. 
 
 Solar input was the one expected variable that was related to Chl-a concentration 

in our statistical analysis.  Chl-a was inversely related to forest cover (r2 = - 0.54) most 

likely because the shading from trees in the upper watershed created conditions 

unfavorable for autotrophic production in local streams.  This shading effect was evident 

at Cosumnes at Twin Cities as well, except at this low elevation site there was sediment 

in the stream that was doing the shading.  Though the flow at Twin Cities is strongly 

influenced by Deer Creek, Twin Cities had a much lower median Chl-a concentration 
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Figure 6.  Deer at Wilton has the highest Chl-a concentrations in the basin, while the 
WWTP at Latrobe Rd provides the nutrients which drive the algal production 
 
 

(Deer Cr @ Wilton = 8.2 ppb, Twin Cities = 0.98 ppb) while at the same time having the 

highest median suspended sediment concentrations in the basin (28 mg/l).  The Twin 

Cities sub-basin is one of the most heavily cultivated in the watershed, thus it would seem 

that sediment production from fields outweighs any phytoplankton production which 

would occur from nutrients derived from fertilizer application    This phenomenon of 

internal suspended sediment shading in the river has been seen from the Orinoco River in 

S. America (Lewis, 1988)  to the Lot River in south-central France (Decamps et al., 

1967).   

Conclusion 

 Chlorophyll-a concentration is the Cosumnes Basin seems most strongly related 

to % urban cover.  A relationship between % agriculture and Chl-a was expected as 

agricultural areas tend to have slow moving sloughs and nutrient enriched waters, yet it 

seems as though the sediment produced from agricultural activities acts to suppress 

phytoplankton growth.  Percent forest cover also fit into our statistical model for Chl-a as 
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shading from trees acts to inhibit primary production.   Nutrient concentrations did not 

vary with Chl-a in our analysis of two years of data but we still believe that nutrients play 

an important role in primary production.  Data from Deer Creek illustrate how upstream 

nutrient production can influence downstream Chl-a concentrations, as drifting organisms 

can seed hospitable downstream environments.    
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