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The 
Anthropocene
Humans are the drivers of 
global change, in the form of 
climate change, resource use, 
and ecosystem transformation

Ellis and Ramunkutty 2008



Increases in the 
global population
Global population grew from 1.5 
to 6.1 billion people from 1900 t0 
2000

From 1900 to 2020 California’s 
population increased from ~2 
million to almost 40 million

Worldometer



Major Human Impacts

Climate Change

Mass extinctions

Mass relocation of species

Mass alteration of ecosystems 
for human needs

Science Circle

Biotic Perspective

Annual Reviews



Population Shifts 
and Consumption
• 55% of the global population 

now lives in urban areas
• In 2050 this is expected to 

increase to 68%
• Globally material consumption 

has also increased from 8.8 
metric tons per year in 2000 to 
12.2 metric tons per year in 2017

• In the US that number is 

https://unstats.un.org/sdgs/r
eport/2019/goal-12/



Growth of Urban Ecosystems

As the human population continues to grow so does the 
migration to urban centers

(Elmquvist et al 2013)



• Freshwater use has increased 
six-fold since 1900

• ~70% of freshwater use goes 
to agriculture

• In the US 40 out of 50 state 
water managers expect water 
shortages under average 
conditions in some portion of 
their states over the next 
decade

Freshwater 
Consumption

https://ourworldindata.org/water-u
se-stress

https://www.epa.gov/wat
ersense/statistics-and-fa
cts



The loss of 
freshwater 
ecosystems

https://unfccc.int/news/wetlands-disappearing-
three-times-faster-than-forests



Freshwater Biodiversity Crisis

Freshwater ecosystems 
cover only about 0.8% of 
the Earth’s surface 
(Gleick, 1996)

Contain 6% of all 
described species 
(Hawksworth & 
Kalin-Arroyo, 1995)

Freshwater vertebrates 
are in crisis (Reid et al 
2019)

(Reid et al 2019)



Drivers of Freshwater Biodiversity Loss
5 major threats to 
maintaining freshwater 
biodiversity (Dudgeon et al 
2006)

These threats are more 
extreme within urban 
ecosystems

On top of these specific 
threats are the 
omnipresent challenges 
presented by climate 
change 

(Dudgeon et al 2006)



Urban Stream 
Syndrome

A collection of common effects 
of increasing urbanization on 
freshwater ecosystems (Walsh 
et al 2005)

Orange County Archive



(Reid et al 2018)

Channel Morphology

Urban Stream Syndrome
Hydrologic Change Urban streams are 

consistently altered in 
specific ways (Walsh et al. 
2016)

Many of these alterations are 
due to:
• Urban Runoff
• Impervious surface 

percentage
• Legacy pollutamts
(Paul & Meyer 2001)

Water Chemistry

Ecosystem Processes Invasive Species
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- Marc Reisner

“Had humans never settled in Los 
Angeles, evolution, left to its own 
devices, might have created in a 

million more years the ideal creature 
for the habitat: a camel with gills."



California Water
One of the most 
hydrologically altered 
locations on the planet

The states population and 
economy are propped up by 
the use of 64 million acre feet 
of water per year

1
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How do we get the water we use?

Dams, reservoirs, and 
canals 

Challenges:
Evaporative loss

Salinity

Water Rights

Projections

https://www.watereducation.org/photo-ga
llery/california-water-101

8newsnow.com



The Santa Ana 
River

The heart of the largest watershed in 
Southern California the Santa Ana River has 

undergone massive anthropogenic 
changes in the last century following floods 

in 19th and 20th centuries Wikipedia



The city of 
Anaheim 

in 1938

Anaheim Public 
Library



Development and 
Floods

Major floods in 1862 and 1938

Resulted in increasing property damage and 
loss of life

Two dams were built to protect Riverside and 
Orange Counties from 100 year flood 

events

https://www.scientificamerican.com/article/
atmospheric-rivers-california-megaflood-les
sons-from-forgotten-catastrophe/



 Santa Ana River 
Dams

• Army Corp of Engineers proclaimed 
the area safe from a 100 year flood 
event

• The dams have had a major impact 
on the hydrology of the Santa Ana 
River

• Prado was completed in 1941

• Seven Oaks was completed in 2000



Historic Santa Ana River

Pierce Photography 
Collection, USC Libraries.



Urban Santa Ana River

wikipedia



Study site Seven Oaks Dam

Prado Dam



Wastewater

The Santa Ana is now maintained 
by various wastewater plants

These wastewater facilities 
contribute to key symptoms of 
Urban Stream Syndrome
• Water Chemistry
• Channel Morphology
• Hydrology



The Santa Ana Sucker 
and Arroyo Chub



Native Species Declines

In 2018 groundwater wells went online 
in the urban Santa Ana River to 
prevent river dry downs

Native species populations declined 
and largemouth bass populations 
boomed

Populations shifted downstream away 
from wastewater channels

Brown et al 2019 & Palenscar et al Unpublished Data



What is a healthy 
river?
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The confluence of the RIX and Rialto 
wastewater treatment channel 



Questions

1. How do we define a 
healthy river?

2. What is the correct 
balance between 
human needs and 
ecosystem needs?



Dominguez 
Channel

Sometimes these questions 
have an obvious answer

Dean Musgrove/Orange County Register



LA River

Other times they do not

ArchDaily



What value do rivers and species have?

Ecosystem Services

Intrinsic Value

Biological Value

Beauty



Answering these 
questions will determine 
the future of rivers in 
California



Conclusions
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Sample Collection and Isotopic 
Niche Models



2How and why will we 
change our use of water

Historically we have shaped 
freshwater ecosystems to serve us

Do we want to and can we 
continue to to treat water the same 
as we have?

What changes make sense in the 
Anthropocene?

Can we restore rivers to something 
close to their historic state?

CONCLUSIONS

1



CREDITS: This presentation template was 
created by Slidesgo, including icons by 

Flaticon, infographics & images by Freepik 
and illustrations by Storyset

THANKS
Does anyone have 

any questions? 
wota001@ucr.edu 

Please keep this slide for attribution  

http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
https://storyset.com/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_contents_of_this_template&utm_term=storyset&utm_content=storyset
mailto:wota001@ucr.edu


BIBLIOGRAPHIC REFERENCES
https://www.annualreviews.org/doi/10.1146/annurev-environ-102016-060854 
HAWKSWORTH,D.J.&KALIN-ARROYO, M. T. (1995). Magnitude
and distribution of biodiversity. In Global biodiversity Assessment
(ed. V. H. Heywood), pp. 107–191. Cambridge University Press,
Cambridge, U.K
GLEICK, P. H. (1996). Water resources. In Encyclopedia of Climate and
Weather (ed. S. H. Schneider), pp. 817–823. Oxford University
Press, New York, USA.
Brown, Larry. n.d. “Unpublished Data.”
Brown, Larry R., American Fisheries Society. Water Quality Section., and Québec) Effects of Urbanization on Aquatic Ecosytems (2003 : Québec. 2005. “Effects of Urbanization on Stream Ecosystems,” 
423.
Dudgeon, David, Angela H. Arthington, Mark O. Gessner, Zen Ichiro Kawabata, Duncan J. Knowler, Christian Lévêque, Robert J. Naiman, et al. 2006. “Freshwater Biodiversity: Importance, Threats, 
Status and Conservation Challenges.” Biological Reviews of the Cambridge Philosophical Society 81 (2): 163–82. https://doi.org/10.1017/S1464793105006950.
Ellis, Erle C., and Navin Ramankutty. 2008. “Putting People in the Map: Anthropogenic Biomes of the World.” Frontiers in Ecology and the Environment 6 (8): 439–47. https://doi.org/10.1890/070062.
Elmqvist, Thomas, Susan Parnell, Michael Fragkias, Maria Schewenius, Julie Goodness, Marte Sendstad, Burak Guneralp, et al. 2013. Urbanization, Biodiversity, and Ecosystem Services: Challenges 
and Opportunities. Urbanization, Biodiversity and Ecosystem Services: Challenges and Opportunities: A Global Assessment. https://doi.org/10.1007/978-94-007-7088-1_33.
Layman, Craig A., Marcio S. Araujo, Ross Boucek, Caroline M. Hammerschlag-Peyer, Elizabeth Harrison, Zachary R. Jud, Philip Matich, et al. 2012. “Applying Stable Isotopes to Examine Food-Web 
Structure: An Overview of Analytical Tools.” Biological Reviews 87 (3): 545–62. https://doi.org/10.1111/j.1469-185X.2011.00208.x.
Northington, Robert M., and Anne E. Hershey. 2006. “Effects of Stream Restoration and Wastewater Treatment Plant Effluent on Fish Communities in Urban Streams.” Freshwater Biology 51 (10): 
1959–73. https://doi.org/10.1111/j.1365-2427.2006.01626.x.
Palenscar, Kai. 2019. “Personal Correspondence.”
Paul, Michael J, and Judy L Meyer. 2001. “Streams in the Urban Landscape.” Annual Review of Ecology and Systematics 32 (2001): 333–65. https://doi.org/10.1146/annurev.ecolsys.32.081501.114040.
Poff, N. LeRoy, J. David Allan, Mark B Bain, James R Karr, Karen L Prestegaard, Brian D Richter, Richard E Sparks, and Julie C Stromberg. 1997. “The Natural Flow Regime.” BioScience 47 (11): 
769–84. https://doi.org/10.2307/1313099.
Reid, Andrea J., Andrew K. Carlson, Irena F. Creed, Erika J. Eliason, Peter A. Gell, Pieter T.J. Johnson, Karen A. Kidd, et al. 2019. “Emerging Threats and Persistent Conservation Challenges for 
Freshwater Biodiversity.” Biological Reviews 94 (3): 849–73. https://doi.org/10.1111/BRV.12480.
Roy, Allison H., and C.J. Walsh. 2016. “Urbanization and Stream Ecology: Diverse Mechanisms of Change.” Freshwater Science 36 (August 2015): 1–7. https://doi.org/10.1086/685097.
Stein, Eric D., Julie Zimmerman, Sarah M. Yarnell, Bronwen Stanford, Belize Lane, Kristine T. Taniguchi-Quan, Alyssa Obester, Theodore E. Grantham, Robert A. Lusardi, and Samuel Sandoval-Solis. 
2021. “The California Environmental Flows Framework: Meeting the Challenges of Developing a Large-Scale Environmental Flows Program.” Frontiers in Environmental Science 0 (October): 481. 
https://doi.org/10.3389/FENVS.2021.769943.
Walsh, Christopher J., Tim D. Fletcher, and Anthony R. Ladson. 2005. “Stream Restoration in Urban Catchments through Redesigning Stormwater Systems: Looking to the Catchment to Save the 
Stream.” In Journal of the North American Benthological Society, 24:690–705. North American Benthological Society. https://doi.org/10.1899/04-020.1.
Walsh, Christopher J, Allison H Roy, Jack W Feminella, Peter D Cottingham, Peter M Groffman, Raymond P Morgan Ii, and R Aymond P M Organ Ii. 2016. “The Urban Stream Syndrome : Current 
Knowledge and the Search for a Cure.” The North American Benthological Society 24 (3): 706–23.
Yeakel, Justin D., Uttam Bhat, Emma A. Elliott Smith, and Seth D. Newsome. 2016. “Exploring the Isotopic Niche: Isotopic Variance, Physiological Incorporation, and the Temporal Dynamics of 
Foraging.” Frontiers in Ecology and Evolution 4 (JAN): 1–16. https://doi.org/10.3389/fevo.2016.00001.

https://www.annualreviews.org/doi/10.1146/annurev-environ-102016-060854

