
WATS 6900 – Ecohydraulics
WEEK 1: Intro & Hydraulics



Thanks for your emails. We Wanted to Know:
• Your math and physics background
• What you think ecohydraulics is…
• How you think this might relate to your 

research
• What you want to learn
• What you think you already know
• Modeling experience
• Field experience
• Fisheries Backgorund



Your Definitions of Ecohydraulics
• “Ecohydraulics is the interdisciplinary study of the interaction between 

aquatic ecosystems and physical processes (streamflow). I think of 
PHABSIM/IFIM type analyses when I think of ecohydraulics”

• “Linking hydraulic action within riverine systems to biological and ecological 
feedbacks”

• “The interaction between the physical stream characteristics of hydraulics 
and geomorphology and ecology.”

• “The study of the how fluvial hydraulics and geomorphology interact with their 
surrounding ecosystems.”

• “Very generally: studying the role of flowing water in ecosystems (?).”

From Andy Goodwin & Dave Smith (ERDC): 
http://el.erdc.usace.army.mil/emrrp/nfs/individualfish.html

http://el.erdc.usace.army.mil/emrrp/nfs/individualfish.html


ECOHYDRAULICS
• The discipline’s own definition has evolved…

• Made up word…. But real discipline



DEFINITIONS ALWAYS HELP TO START

• From 
www.thefreedictionary.com

• From Dingman (2009)

http://www.thefreedictionary.com/


Hydraulics Is Not… But Depends On
• Hydraulics is f(climate, hydrology, geology, geomorphology)
• But hydraulics ≠ climate, hydrology, geology, geomorphology
• What does hydraulics =?
• What are the primary hydraulic variables?

• Velocity & Depth



A Different Class taught in 2011 & 2014

http://fluvial.joewheaton.org

http://gis.joewheaotn.org/


Rough Schedule
• Mondays (n = 13) → 1 hour 

(Mainly Lecture and Intro of 
Topics)

• Wednesdays (n = 14) → 2 
hours (Mix of Student Led 
Discussion & Labs)

• A Few Field Trips (TBD)

3 Credits
• Generally: Reading & 

Discussion from Mon to Wed
• Assignments:

• Lab Write Ups
• Essays
• Final



Lots of Ways we Could 
Tackle Ecohydraulics
We’ll use the Wheaton et al. (2017) 
paper as a roadmap for exploring:
• Salmonids as example
• Traditional Ecohydrualics @ 

“Reach Scale”
• Requires understanding

• Hydraulics, shaped by topography & 
geomorphology

• Abiotic controls on habitat

• More advanced ecohydraulics
• Bioenergetics, Mechanistic, NREI

• But, how do we take details (@ a 
site) and upscale to ecologically 
meaningful (i.e. population scale)?



RIVERSCAPES

The term has become explicitly multi-scalar, and explicitly inter-disciplinary…



Fausch et al. 2002



Lets start with some basics

Is this a riverscape?



Is this a Riverscape ?

We know that our rivers and 
streams are critically important to 
our fresh-water ecosystems



Riverscapes span the 
network across a watershed

Riverscapes are the part of the 
landscape that could plausibly 
flood by their rivers & streams in 
contemporary flow regime.



Reading your riverscape… 

From page 9 of Pocket Guide; Wheaton et al. (2019) 
DOI: 10.13140/RG.2.2.28222.13123/1

Where are their riverscape & riparian 
restoration or conservation opportunities? 

http://dx.doi.org/10.13140/RG.2.2.28222.13123/1


From page 10 of Pocket Guide; Wheaton et al. (2019) 
DOI: 10.13140/RG.2.2.28222.13123/1

Contrasting Valley Settings Lead to Different Hydraulics

http://dx.doi.org/10.13140/RG.2.2.28222.13123/1


‘A continuous view of the river is needed to understand how processes 
interacting among scales set the context for stream fishes and their
habitat’ – Fausch et al. (2002)

Argument For Network Scale



Transcending Scales

The lens we will bring to ecohydraulics this 
semester



The Space-time Assertion & Nested Spatial Scales

What scale are hydraulics at? Ecohydrualics?



Let’s Be Clear About Spatial Scale…

• Defined in terms of extent & resolution
• What scale is ecohydraulics studied at?

From: Wheaton et al. (2015) – Geomorphology; 
DOI: 10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


The Stop-Light Demand Dilemma

How to make network scale maps that make meaningful 
predictions of riverscapes, but still communicate 
message simply?



The Scale Crux…

SITE LEVEL

SITE SUMMARY:
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Some Different Flavors Or

• Photos From Gary Brierley



Nested-Hierarchal Scales
1. ‘Reach Types’ or 

‘River Styles’ are 
flavors of 
riverscapes

2. Flavor based on 
physiography:

1. Climate
2. Geology
3. Ecology

3. River Style 
predicts what you 
will find at finer-
scale (i.e. habitat)

Figure from: Brierley & Fryirs (2005)



Reading The River… vs. The Riverscape? 

• Hydraulics matter!
• Whether you’re a:

• Fly fishermen,
• A whitewater kayaker
• Or a fluvial geomorphologist



Reading Water (i.e. Hydraulics) Helps You Navigate Safely…

• Really all about identifying structural elements and their 
impact on flow (e.g. 2D flow separation or 3D)?



Some Definitions
• A structural element is a 

discrete object that directly 
influences hydraulics

• Structural elements produce:
• Flow separation points
• Flow seams
• Shear zones 
• Reattachment point or zone

• Help predict zones of erosion, 
deposition, margins and ‘forced’ 
geomorphic units

From: Wheaton et al. (2015) – Geomorphology; 
DOI: 10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


Differentiating Structural Elements
• Helps predict its:

• Hydraulic influence
• geomorphic 

influence

From: Wheaton et al. (2015) – Geomorphology; DOI: 
10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


Key Attributes of Structural Elements



Many Flavors… Make Hydraulics More Interesting



As a boater, Identifying Structural Elements Is Critical! 
Rio Ara – Above Broto

https://vimeo.com/68327211

Also, if you are an aquatic organism (i.e. lets say a fish) it kind of matters

https://vimeo.com/68327211
https://vimeo.com/68327211


What are these? – Hypothesized ____ Responses



Prediction of Structurally Forced Responses, 
which shape habitat!

• Hydraulic Responses
• Some are immediate
• Structures ‘settle’
+ Hydraulic roughness

• Geomorphic Responses
• Require high flows
• Scour pools
• Create bars

Pool

Bar

Bank Erosion



Traditional Ecohydraulic Models
• Relate physical habitat preferences 

(empirically through observations) to 
abiotic variables

• Habitat suitability curves are species 
and lifestage specific 
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Back to How We Will 
Tackle Ecohydraulics
We’ll use the Wheaton et al. (2017) 
paper as a roadmap for exploring:
• Salmonids as example
• Traditional Ecohydrualics @ 

“Reach Scale”
• Requires understanding

• Hydraulics, shaped by topography & 
geomorphology

• Abiotic controls on habitat

• More advanced ecohydraulics
• Bioenergetics, Mechanistic, NREI

• But, how do we take details (@ a 
site) and upscale to ecologically 
meaningful (i.e. population scale)?



Example of Ecohydraulic Inquiry 
• What are the impacts of 

tributary habitat conditions 
on populations of listed 
salmonids?



CHaMP

• A tributary, 
anadromous 
salmonid habitat 
monitoring 
program

• 14 Watersheds 
throughout the 
Columbia Basin

• ~5000 visits in 6 
years to 962 sites

• Roughly 45-55 sites 
in each basin (10-
15 annually)

From: Wheaton et al. (2017) ESPL – Ecohydraulics 
Special Issue; DOI: 10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


LIFE-CYCLE MODEL BASICS

Relate this to freshwater habitat

N stage i

productivity
(survival)

carrying capacity
(abundance)

Beverton-Holt

𝑁𝑁𝑖𝑖+1 =
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From: Pete McHugh’s WATS Seminar



What We Need From CHAMP Visits To Inform 
Life Cycle Modelling

• A habitat-informed estimate of 
capacity!

• Insights into why (i.e. limiting 
factors)



HSI

NREI

Temperature

Field Survey Data

Fish-Habitat Models

Velocity 
&

Depth

Hydraulic Models
Reach 

Capacity

Life Cycle Model

Abundance, 
Viability, …

Basin- or Population-total 
Estimation Tools

Design-based Approaches (GRTS)

Model-based
Approaches (LM,…)
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Digital 
Elevation 

Model
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Roughness Discharge

Population Monitoring Data

Mark-Resight 
Survival Studies

Vital Rates

Cohort 
Reconstructions

Abundance 
Observations 
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From: McHugh et al. (2017) – Ecological 
Modelling



Example Of Fish Habitat (ecohydraulic) Models
• Models can be mechanistic (e.g. 

NREI) or empirical (e.g. HSI)
• Output is reach-scale extent, cell-

resolution

From: Wall et al. (2016) CJFAS 
DOI: 10.1139/cjfas-2015-0290

http://dx.doi.org/10.1139/cjfas-2015-0290.


Example Of Outputs @ Site Summary Scale
• Impressive, but…

From: Wheaton et al. (2017) ESPL – Ecohydraulics 
Special Issue; DOI: 10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


All FHM 

• The FHM are a vehicle 
for producing site-
specific, species and 
life-stage specific 
capacity estimates.

• Capacity is our fish-
habitat relationship 
currency

From: Wheaton et al. (2017) ESPL – Ecohydraulics 
Special Issue; DOI: 10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


IN THE END… ALL THAT GIVES ME IS DOTS
@ Every Site (800+)
• HSI for spawning (Adult) capacity 
• NREI estimates for Juvenile Capacity

SITE LEVEL

SITE SUMMARY:

SITES ON NETWORK

1

2

3



Magic 
Step

• Imputation
• This step is one 

of our biggest 
development 
hurdles…

• Can we predict 
site level 
summary from 
network level 
output?

From: Wheaton et al. (2017) ESPL –
Ecohydraulics Special Issue; DOI: 

10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


From: Wheaton et al. (2017) ESPL – Ecohydraulics 
Special Issue; DOI: 10.1016/j.geomorph.2015.07.010

http://dx.doi.org/10.1016/j.geomorph.2015.07.010


A Simplistic Vision:

CURRENT POST?

TRIBUTARY
IMPROVEMENT

ACTIONS



ESA viability threshold

Benefits Of Thermal Restoration?

How to close the gap?

From: McHugh et al. (In Review) – Ecological 
Modelling



Will Restoration Just be Lost in Noise?

Using LCM in a sampling design to aggregate actions spatially 
and predict outcomes.



Or Will It Emerge as Significant?



An Example Where It Mattered…

• Restoration using beaver as 
restoration agent actually 
produced a population level 
increase in density, survival 
and production of ESA listed 
salmon



Main Focus of Ecohydraulic Models
• Most ecohydrualic models focus on fish
• Some attempt to look at macroinvertebrates

(e.g. Jorde et al.)

• Some look at frog habitat (e.g. Yarnell et al. 2010: DOI 
10.1002/rra.1447)

• Others:
• Capacity models
• Population dynamics
• Stock recruitment
• Nutrient dynamics
• Individual-based ecological modeling



Homework Reading 
& Roadmap

We’ll use the Wheaton et al. 
(2017) paper as a roadmap for 
exploring:
• Lets 



Review
• Ecohydraulics started
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