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Changes in Sediment Load and Benthic Macroinvertebrate 

Communities of the Tuolomne River 

 

Introduction 

Much of the Tuolumne River has changed significantly since the construction of dams and 

melting of the Lyell Glacier. These events have caused significant changes in abiotic stream 

conditions as well as channel morphology, further exacerbating conservation issues resulting 

from non-native fish species introduction and changes in sediment load. Such physical and 

ecological changes have shifted the dynamics of aquatic communities in the Tuolumne and 

require monitoring to maintain the health and integrity of natural ecosystems and processes. 

Prior to the loss of strong springtime melts from the Lyell glacier and damming of the 

mainstem, the Tuolumne had seasonal flow variability that created unique conditions for local 

flora and fauna. Combined with California’s mediterranean climate, the Tuolumne historically 

experienced high flows in winter and early spring, followed by a late spring snowmelt recession 

and low flows in the summer and fall. Such variation causes seasonal fluctuations in flow 

conditions, chemical composition and water temperature of the Tuolumne as well. 

 

Figure 1 – Rainfall-Snowmelt Regime of the Tuolumne, Epke et. al 2010 
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Endemic species are very well adapted to such changes, and this variability created high 

levels of complexity and diversity in the Tuolumne (Confluence, pg. 41 & Yarnell et. al, 2017). 

The seasonal disturbance of low and high flows fostered niche partitioning so that local species 

could either tolerate or quickly take advantage of variable conditions, resulting in highly 

specialized functional dynamics as well as greater species diversity (Gasith and Resh, 1999). 

However, this variability has been reduced significantly due to earlier and lower magnitude 

spring snowmelt and damming, which limit natural flood pulses and trap sediment. 

Benthic Macroinvertebrates (BMI’s) are an incredibly important part of river and streams and 

are useful indicators of how such changes have impacted the aquatic ecosystem (Allan & Castillo 

2007, pg. 350). They are a food source for fish and other 

aquatic wildlife, their interactions and diversity reflect 

stability and diversity of larger organisms, and they act 

as good indicators of suitable flow conditions (EPA, 

2016). BMI’s can be categorized into functional feeding 

groups as well as tolerance indices to examine the biotic 

impacts of water quality, channel substrate, dissolved 

oxygen and temperature in a stream (Allan & Castillo, 

2007, Chadde 2007). Monitoring these communities determines changes in ecological 

parameters of the stream channel as well as the feasibility of restoration or conservation efforts. 

In managing the Tuolumne river, understanding the effects of an altered flow regime is 

critical to native species conservation. Altering the flow regime changes the sediment load of the 

stream (Wohl et. al 2015) which can drastically affect water quality and channel substrate. As a 

result of their sensitivity to such changes, BMI community composition can be used to examine 

changes in ecological health and sediment supply characteristics of the watershed. 

Objectives 

This paper will examine how damming and climate change have impacted the Tuolumne by 

looking at spatial changes in sediment load and benthic substrate in the watershed. The 

magnitude of such changes will be assessed by analyzing changes in benthic macroinvertebrates 

populations in terms of functional feeding groups and tolerance taxa from upstream to 

Figure 2 – Food Web Diagram of Benthic 

Macroinvertebrates 
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downstream. The implications of these findings will be used to evaluate future management 

strategies for the Tuolumne River in the context of climate change. 

Discussion 

According to several studies conducted on the Tuolumne, the upper reaches of the river had 

the highest level of biodiversity, while the Tuolumne mainstem had the lowest level of 

biodiversity (Jasper et. al 2014, Lambert et. al 2015 & Hall 2006). This difference is likely a 

result of the less regulated nature of the upper reaches, while the mainstem had daily fluctuations 

of flow resulting from controlled flood pulses for whitewater rafting and hydropower. Such 

pulses created unsuitable flow conditions and sediment substrate composition for historic BMI 

communities (Feld & Hering 2007). 

 However, the mainstem of the Tuolumne had a higher coarse-grain percentage than other 

reaches of the Tuolumne (Lambert et. al 2015, EcoGeo, 2016). Coarser substrate is typically 

considered preferable habitat for invertebrates (Harrison et al. 2007). Low diversity and stream 

health values likely persisted in the mainstem below Hetch-Hetchy due to the daily flow 

variation. Lower biodiversity was also observed in upper reaches of the Tuolumne closest to the 

reservoir (Jasper et. al 2014). Cooler year-round water temperatures and finer substrate above the 

Hetch-Hetchy dam likely contributed to this lessened diversity values.  

BMI diversity approaching the reservoir is likely very low due to significant changes in 

channel morphology and water depth. As previously stated, macroinvertebrates in the Tuolumne 

are more accustomed to varying temperature conditions. The deepness of the reservoir coupled 

with its fine sediment layer prevents plant life from establishing and lowers oxygen levels in the 

water, inhibiting BMI diversity (Allan & Castillo 2007, Extence et. al 2013). 
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Habitat quality and many abiotic conditions were ranked much lower in reaches downstream 

of Hetch-Hetchy and the powerhouses compared to upstream conditions (Hall, 2006). Water 

temperature and conductivity were lower in reaches above the damming structures and DO was 

higher in upper reaches. This indicates that the unregulated 

reaches above Hetch-Hetchy reservoir provide much 

better habitat for BMI diversity than downstream areas. 

Additionally, most tolerant taxa were found below 

Hetch-Hetchy, and higher sensitive taxa percentages 

(measured as EPT, or Ephemeroptera, Plecoptera, 

Trichoptera percent over all taxa) were found upstream 

of the mainstem and below New Don Pedro Dam 

(Lambert et. al 2015).  

These results do not comply with the River 

Continuum Concept (Vannote et. al 1980), which 

describes the changes in biodiversity seen along a river 

going from upstream to downstream. Differences in 

abiotic factors of the stream as well as nutrient inputs 

throughout the river change the composition of 

invertebrate communities, shown here in Figure 3. More plant matter is added into streams in 

upper reaches than grow there, and shredders and collectors typically prevail because of a higher 

fraction coarse organic particulate matter (CPOM) than dissolved organic particulate matter 

(DOM – see Figure 2). As the channel increases in width and depth downstream, less CPOM can 

enter the river from riparian vegetation and DOM becomes prevalent, leading to dominance of 

BMI communities by collectors and predators. According to this concept, the middle reaches of 

the river (those with intermediate amounts of CPOM and DOM) should yield the highest amount 

of diversity. 

If this was the case, the mainstem of the Tuolumne should have had more BMI diversity, but 

the historic gradient of widening channel morphology, particulate matter and flow rates has been 

disrupted by damming. Because of this, BMI community composition changes much more 

rapidly going downstream of the Hetch Hetchy, and this gradient would likely only be observed 

Figure 3 – Illustrated depiction of theRiver 

Continuum Concept, Vannote et al. 1980 
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between tributary inputs and dams. This also explains why there was a higher amount of BMI 

diversity below the La Grange dam, where flow variation isn’t as severe from recreational pulses 

and the Tuolumne is able to reestablish this continuum to some degree. Shortening of suitable 

habitat for diverse BMI composition and disrupting the river continuum has serious 

considerations for wildlife in higher trophic levels. 

Conclusions 

The changes in benthic macroinvertebrate diversity along the Tuolumne likely occurred from 

daily changes in discharge volume near damming sites in the mainstem of the Tuolumne. 

Furthermore, damming of the Tuolumne disrupts sediment deposition, channel width and general 

bed morphology of the river, impacting BMI diversity beyond unsuitable flow conditions. 

The impacts of climate change on snowmelt timing from the Lyell snow field could 

significantly change the natural flood pulses observed in the upper reaches of the Tuolumne, 

which could exacerbate conditions for macroinvertebrates and those that feed on them 

throughout the river. Reducing the amount of flood pulses generated for recreational purposes 

and hydropower must be considered to increase BMI diversity along the mainstem. 

Compromises between recreational-use stakeholders and power suppliers could be made to time 

some recreational pulses with hydropower releases to reduce disturbance stress.  

Restoring channel substrate to include a wide range of grain sizes with more medium-sized 

grains would generate more diverse habitat for invertebrates. Management of sediment loads in 

the Tuolumne will also be a very important consideration in the context of climate change. 

Increased drought periods and drought severity lead to more fires and greater fire severity, which 

can drastically change the sediment load within individual reaches of the watershed for years. 

(Sankey et. al 2017) 

 

 

 

 



  Neil Singh 

  6/8/18 

  GEL 136 Research Paper 

 

 

Sources 

• Jasper, Chris R., et al. “Addressing Tuolumne River Pulse Flow Impacts on Macroinvertebrate Community Composition.” Center For 

Watershed Science, UC Davis. https://watershed.ucdavis.edu/education/classes/files/content/page/Team%20X-

Stream_Tuolumne%20River%20flow%20impacts%20on%20macroinvertebrate%20community%20compositions.pdf 

• Brown, Larry R., and Jason T. May, 2000. “Benthic Macroinvertebrate Assemblages and Their Relations with Environmental 

Variables in the Sacramento and San Joaquin River Drainages, California, 1993-1997.” National Water Quality Assessment Program, 

USGS. https://pubs.usgs.gov/wri/2000/4125/report.pdf 

• Hall, Lenwood W, et al. 8 Apr. 2006. “Characterization of Benthic Communities and Physical Habitat in the Stanislaus, Tuolumne, 

and Merced Rivers, California.” SpringerLink, University of Maryland & Springer, Dordrecht. 

https://link.springer.com/article/10.1007%2Fs10661-006-6553-5 

• Lambert, D., et al. 2014. “Assessing Indicators of Stream Health in the Tuolumne Watershed.” Center for Watershed Sciences - 

Education, UC Davis. 

https://watershed.ucdavis.edu/education/classes/files/content/page/Hot%20Dam%20_Assessing%20Stream%20Health%20Indicators.

pdf 

• Epke, G., Finger, M., Lusardi, R., Marks, N., Mount, J., Nichols, A., Null, S., O’Rear, T., Purdy, S., Senter, A., Viers, J., 2010. The 

Tuolumne River and Its Watershed. Confluence: A Natural and Human History of the Tuolumne River Watershed. 

• Burt, Kory et al.  “Management of the Tuolumne Watershed in Extreme Drought Conditions.” Center for Watershed Sciences - 

Education, UC Davis, 2016. 

https://watershed.ucdavis.edu/education/classes/files/content/page/Management%20of%20the%20Tuolumne%20Watershed%20In%2

0Extreme%20Drought%20Conditions.pdf 

• “Indicators: Benthic Macroinvertebrates.” EPA, Environmental Protection Agency, 16 Aug. 2016, www.epa.gov/national-aquatic-

resource-surveys/indicators-benthic-macroinvertebrates. 

• Jun, Yung-Chul et al. 17th September, 2012. “A Multimetric Benthic Macroinvertebrate Index for the Assessment of Stream Biotic 

Integrity in Korea”. International Journal of Environmental Research and Public Health. 

• Allan, J. David & Castillo, Maria M., 2007. Stream Ecology; Structure and Function of Running Water. Second Edition. Springer. 

• Yarnell, S. et al. 2015. “Functional Flows in Modified Riverscapes: Hydrographs, Habitats and Opportunities”. UC Davis, BioScience 

Oxford Journal. 

Yarnell SM, Viers JH, Mount JF 2010. “Ecology and management of the spring snowmelt recession”. BioScience Oxford Journal, 60: 

114–127. 

• Harrison, Evan & H. Norris, Richard & Wilkinson, Scott. (2007). “The Impact of Fine Sediment Accumulation on Benthic 

Macroinvertebrates: Implications for River Management”. Proceedings of the 5th Australian Stream Management Conference, Charles 

Sturt University. 

• Yarnell, S., Jeffres, C., Peek, R. & Viers, J., 2013. “Ecological Response to the Unregulated Spring Flow Regime in California’s 

Sierra Nevada”. Proceedings of Delta Council Flow Symposium, Center for Aquatic Biology & Aquaculture. Center for Watershed 

Sciences, UC Davis. http://deltacouncil.ca.gov/sites/default/files/documents/files/CABA_Yarnell.pdf 

• Feld, C. K. & Hering, D. (2007) Community structure or function: Effects of environmental stress on benthic macroinvertebrates at 

different spatial scales. Freshwater Biology 52(7): 1380-1399. 

• Vannote, R. L., G. W. Minshall, K. W. Cummins, J. R. Sedell, and C. E. Cushing. 1980. The River Continuum Concept. Canadian 

Journal of Fisheries and Aquatic Sciences 37:130–137. 

• Sankey, J. B., J. Kreitler, T. J. Hawbaker, J. L. Mcvay, M. E. Miller, E. R. Mueller, N. M. Vaillant, S. E. Lowe, and T. T. Sankey. 

2017. “Climate, Wildfire, and Erosion Ensemble Foretells More Sediment in Western USA Watersheds.” Geophysical Research 

Letters 44:8884–8892. 

https://watershed.ucdavis.edu/education/classes/files/content/page/Team%20X-Stream_Tuolumne%20River%20flow%20impacts%20on%20macroinvertebrate%20community%20compositions.pdf
https://watershed.ucdavis.edu/education/classes/files/content/page/Team%20X-Stream_Tuolumne%20River%20flow%20impacts%20on%20macroinvertebrate%20community%20compositions.pdf
https://pubs.usgs.gov/wri/2000/4125/report.pdf
https://link.springer.com/article/10.1007%2Fs10661-006-6553-5
https://watershed.ucdavis.edu/education/classes/files/content/page/Hot%20Dam%20_Assessing%20Stream%20Health%20Indicators.pdf
https://watershed.ucdavis.edu/education/classes/files/content/page/Hot%20Dam%20_Assessing%20Stream%20Health%20Indicators.pdf
https://watershed.ucdavis.edu/education/classes/files/content/page/Management%20of%20the%20Tuolumne%20Watershed%20In%20Extreme%20Drought%20Conditions.pdf
https://watershed.ucdavis.edu/education/classes/files/content/page/Management%20of%20the%20Tuolumne%20Watershed%20In%20Extreme%20Drought%20Conditions.pdf
http://www.epa.gov/national-aquatic-resource-surveys/indicators-benthic-macroinvertebrates
http://www.epa.gov/national-aquatic-resource-surveys/indicators-benthic-macroinvertebrates
http://deltacouncil.ca.gov/sites/default/files/documents/files/CABA_Yarnell.pdf


  Neil Singh 

  6/8/18 

  GEL 136 Research Paper 

 
• Yarnel, S. & Jeffres, C. 2016. “Pebble Counts of the Tuolumne”. EcoGeomorphology Tuolumne Expedition, UC Davis Center for 

Watershed Science 

• Chadde, J.S. 2007. “Macroinvertebrates as Bioindicators of Stream Health”. Western U.P. Center for Science, Mathematics and 

Environmental Education, Michigan Technological University. 

• Ellen Wohl, Brian P. Bledsoe, Robert B. Jacobson, N. LeRoy Poff, Sara L. Rathburn, David M. Walters, Andrew C. Wilcox; The 

Natural Sediment Regime in Rivers: Broadening the Foundation for Ecosystem Management, BioScience, Volume 65, Issue 4, 1 April 

2015, Pages 358–371 

• C. A. Extence, R. P. Chadd,  J. England, M. J. Dunbar  P. J. Wood,  E. D. Taylor, 2013. “The Assessment of Fine Sediment 

Accumulation in Rivers using Macroinvertebrate Community Response”. River Restoration Applications., 29: 17-55. 

doi:10.1002/rra.1569 

• A. Gasith & V.H. Resh, 1999. “Streams in Mediterranean Climate Regions: Abiotic Influences and Biotic Responses to Predictable 

Seasonal Events”Annual Review of Ecology and Systematics. 30:1, 51-81 

 


