WATS 6900 — Ecohydraulics
WEEK 1: Intro & Hydraulics

Juvenile Habitat Quality

! Mon habitat
University ., pow 0 1 2 %
DEPARTMENT OF WATERSHED SCIENCES
S ) JOE WHEATON

WUA: 487 m?
MNormalized WUA: 0.26




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). | think of
PHABSIM/IFIM type analyses when | 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 (?).”
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From Andy Goodwin & Dave Smith (ERDC):


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

ECOHYDRAULICS

* The discipline’s own definition has evolved...

e Made up word.... But real discipline



hydraulics [har droliks]

n
(Physics / General Physics) (functioning as singular) another name for fluid mechanics

Cellins English Dictionary — Complete and Unabridged & HarperCollins Publishers 1991, 1994, 15998, 2000, 2003
I I B I B B I

1. The scientific study of water and other liguids, in particular their behavior under the influence of mechanical forces and their related uses in engineering.
2. A mechanical device or system using hydraulic components.

The American Heritage® Science Dictionary Copyright ® 2005 by Houghton Mifflin Company. Published by Houghton Mifflin Company. All rights reserved.

ad.
1. Of, relating to, or inhabiting a river or stream.
2. Produced by the action of a river or stream.

[Middle English, from Latin £luviflis=, from £luvius, nver, from £luere, fo flow; see bhleu- in Indo-European roots.]

The American Heritage® Dicticnary of the English Language, Fourth Edition copyright @2000 by Houghton Mifflin Company. Updated in 2009. Published by Houghten Mifflin Company. All rights reserved.

1.2 The Role of Fluvial Hydraulics

The term fluvial means “of, pertaining to, or inhabiting a river or stream.” This book ~ * From

is about fluvial hydraulics—the internal physics of streams, In the civil engineering

context, the subject is usually called open-channel flow; the term “fluvial” is used « From Dingman (2009)
here to emphasize our focus on natural streams rather than design of structures.


http://www.thefreedictionary.com/

Hydraulics Is Not... But Depends On

* Hydraulics is f(climate, hydrology, geology, geomorphology) CompUfalion.

Fluid ymamics

» But hydraulics # climate, hydrology, geology, geomorphology
* What does hydraulics =?

* What are the primary hydraulic variables?
 Velocity & Depth
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A Different Class taught in 2011 & 2014

FLUVIAL HYDRAULICS & ECOHYDRAULICS Search s site
WATS 6900

g],lll UtahStateUniversity

Sl el Welcome to the Fluvial Hydraulics &

Home Ecohydraulics course website.

About the Course (Syllabus)

Assignments Enrolled Students:

Class Announcements

This website is the primary distribution
point of information for the course. Unlike
Blackboard, this site will be a resource
Fluvial Hydraulics Library Guide you can return to after you are done with
@ 2011 - Disclaimer & Copyright the course.

Class Calendar
Course Discussion Boards

Utah State University Links

Prospective Students
Department of Watershed Sciences

Banner Access This course is being offered during spring
Current Students semester 2011 as WATS 6900 (special

Prospective Students topics). To learn more about whether this
Open Course Ware course is right for you, see the About the

Course pages.
Other Links

Joe Wheaton's Website
ET-AL (Lab) Recent Announcements Homework Assignments

Links Get a New Quinney Computer Lab Account Reading / Homework for
e P You will need a Quinney computer lab account to 3 o Thursday, January 13th

participate in labs. Please do this before you come to Read:Skim the Preface to Dingman
your first lab! Lab accounts are reset every semester. : = (2009)Read thoroughly Chapter 1:
Torequest ... Introduction to Fluvial Hydraulics (pp
Posted Jan 4, 2011 10:21 PM by Joseph Wheaton 3-19) of Dingman (2009) Read :

Leclerc M. 2005. Ecohydraulics: A New Interdisciplinary

Frontier ...

Posted 23 hours ago by Joseph Wheaton

First Class on January 11th! Ourfirst class will
meet in the Quinney Library 204 on January 11th at 2:00.
If you're considering taking the course for credit and you
cant decide . Showing posts 1 -1 of 1. View more »
Posted Dec 3, 2010 2:42 PM by Joseph Wheaton

Showing posts 1 - 2 of 2. View more »

http://fluvial.joewheaton.org


http://gis.joewheaotn.org/

WATS 6900; Spring 2020, Ecohydraulics Syllabus

Date hrs Lead Instru Topic
11612020 M 1 JW Intre to Ecohydraulrics
11812020 W 2 JW geomorphihydraulics
R 0 u g h S c h e d u I e 1/13/2020 M 1 JW geomorphihydraulics
111512020 W 2 Jw TopolGUT
112002020 M no class
® Mondays (n — 13) N 1 hOUI’ 1/22/2020 W 2 JW Geomorphic Units as Building Blocks
. 112712020 M 1 JW Traditional Ecohydraulics: H S |
(Mainly Lecture and Intro of 11292020 W 2 W Hs
To P IC S) 21312020 M 1 W FIS Ecohdyraulics
2/5/2020 W 2 Jw FIS Ecohdyraulics
e \Wednesd ays (n =1 4) N 211012020 M 1 NB Bionergefic Models
. 2N2I2020 W 2 NB Bionergetic Models
h 0 u rS ( IVI IX Of Stu d e nt Le d 21712020 M no class President's Day
Discussion & La bs) 211912020 W 2 NB Bioenergetic Models
. . 212412020 M 1 NB Bioe/lFD
° A FeW F| e | d Tr| p S (T B D ) 2126/2020 W 2 NB Foraging Theory/NRE
22020 M no class
342020 W no class
) 31912020 M 1 NB NREI
3 Credits 311112020 W 2 NB NREI model demo
. 3/16/2020 M 1 Jw River Styles
° Generally: Readlng & 3/18/2020 W 2 JN River Styles
Discussion from Mon to Wed 3232020 M 1 W Networktools
3125/2020 W 2 Jw Network tool demo
e AssSi gnme nts: 313012020 M 1 NB Temp/GPP
. 41172020 W 2 NE Management/restoration strategies
* Lab Write U ps 4/6/2020 M 1 NB Intro LCM
e Ess ays 4/8/2020 W 2 NB LCM Demo
. 41132020 M 1 NB Upscaling
* Final 415/2020 W 2 NB Upscaling

412002020 M 1 NBUJW  Review?



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)?

EARTH SURFACE PROCESSES AND LANDFORMS
Earth Surl. Process. Landiormms 2017)

Caopyright © 201 7 John Wiley & Sons, Lid,
Pubslished anline in Wiley Online Library
{wileymlimed fiara sy com ) D00 101002444137

State of Science

Upscaling site-scale ecohydraulic models to
inform salmonid population-level life cycle
modeling and restoration actions — Lessons from
the Columbia River Basin

Joseph M. Wheatan,'** () Nicolaas Bouwes,*"* (1) Peter Mchugh,'” Carl Saunders,"* (" Sara Bangen, ™ (U Phillip Bailey,*
Matt Nahorniak,* () Eric Wall'~* () and Chris Jordan®

" Utah State University, Department of Watershed Sciences, Logan, Utah LISA

“ Anabranch Solutions LLC, Mewton, Utah LA

* Eco Logical Research, Inc., Providence, Utah LISA

* Morth Amow Research, Inc., Vancouver, British Columbia Canada

* South Fork Research, Inc., Seattle, Washington, LISA

® Norhwest Fisheries Science Center, Mational Marine Fisheries Service, MOAA, 2725 Montake Bhvd. E., Seattle, WA 98112, UISA

Recotved 10 May 201 46; Revised 15 lam, 3 Accepeed 28 Feheuary 2017

*Corespandence in: Joseph M. Wheaton, Lk

Univesity, Department of Watershed Sciences, Logan, Liah, LISAE

ESIPLL

Ear: Surlact Processes and Landiormve

ail: joe wheaton@ius odu

‘With high-resolution topography and imagery in fluvial environments, the patential 1o quantify physical fish habitat at
ale has never been better. Increased availability of hydraulic, emperature and food availability data and models have
to a host of species and life sage specific ecohydraulic fish habitat models mnging from simple, empirical habitat
suitahility curve driven models, 1o fuzzy inference systems to fully mechanistic bioenergetic models. However, few examples exist
where such information has been upscaled appropriately to evaluate entire fish populations. We present a framewaork for applying
such ecohydraulic models from over 905 sites in 12 sub-watersheds of the Columbia River Basin [USAL, to assess status and trends
in anadromous salmon populations. We automated the simulation of computational engines to drive the hydraulics, and subsequent
ecohydraulic models using cloud computing for over 2075 visie from 2011 to 2015 at 905 sites. We also characterize each site's
geomomphic reach type, habitt condition, geomormphic unit assemblage, primary production poential and thermal regime. We then
independently produce drainage network-scale modek to estimate these same parameters from coarser, remotely sensed data
available across entire populations within the Columbia River Basin. These variables give us a basis for imputation of reach-scale
capacity estimates across drainage networks. Combining capacity estimates with survival estimates from mark—recapture monitoring
allows a more robuat quantification of capacity for freshwater life stages (2. adult spawning, juvenile rearing) of the anadromous life
cycle. We use these data to drive life cycle models of populations, which not only include the freshwater life stages but also the
marine and migration lile smges through the hydropower sysiem. More fundamentally, we can begin © look at more realistic,
spatially explicit, tributary hahitat restoration scenarios to examine whether the enommous financial investment on such restoration
actions can help recover these populations or prevent their extinction. Copyright @ 2017 John Wiley & Sons, Ltd.

Eiven T

KEYWORDS: salmon recoveny; dream and river redtoration; Oncorfynchus ap; fidh habitat; population model ing

Introduction Basin, there are eleven evolutionarily significant units of

salmon or steelhead (Oncorhynchus sp.) listed as threatened
Glohally, native anadromous salmonid populations are in and two as endangered under the US Endangered Species Act
decline and several face the threat of extinction (Gustafson (ESA) (Ruckelshaus et al, 2002; Custafson et al, 2007).

et al, 2007; Rand et al, 2012). Given the cultural, economic,
and ecological imporance of these populations, numerous
effors are underway to mitigate impacts that lead 1o their
decline and facilicte their recovery (e.g. conservation
hatcheries {Maynard and Trial, 2013), hahitat restoration
{Barnas et al, 2015)). For example, in the Columbia River

According to the ESA review on the risks prsed 1o anadromous
salmonids by the Columbia Basin's federally administered
hydropower dam system (NOAA, 2008), three action agencies
are required to make costly dam retrofits and operational
changes fi.e. to improve passage) andlor mitigate dam impacts
via offsite actions (i.e. tributary habitat resoation). The




2. Riverscapes: a framework for understanding rivers
2.1. The riverscape concept

The concept of the “riverscape” dates to at least the 1960s, when
Leopold and Marchand (1968) used the term to describe the large-
scale physical, biological, and aesthetic nature of rivers. The most
common use of the term today, originating in the early 2000s (Fausch
et al., 2002; Poole, 2002; Ward et al., 2002b; Wiens, 2002 ) represents
an ecological perspective that portrays rivers as a combination of
broad scale trends in energy, matter, and habitat structure as well as
local discontinuous zones and patches. The large and local extent

... variations affect the movement and dynamics of biological popula- -

The term has become explicitly multi-scalar, and explicitly inter-disciplinary...
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Landscapes to Riverscapes:
Bridging the Gap between
Research and Conservation
of Stream Fishes

KURT 0. FAU : STIAN E. TORGERSEN, C N V. BAXTER, AND HIRAM W. LI

l\m! and streams, by thel very nature long
tic habitat, are inherently difficult o A CONTINUC VIEW OF THE RIVER 1S

NEEDED TO UNDERSTAND HOW PROCESSES
INTERACTING AMONG S5CALES SET THE
CONTEXT FOR STREAM FISHES AND THEIR

HABITAT

1998) md a large propartion spend at least
part of their ves in

Landscapes to riverscapes: b
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We know that our rrvers and

streams are critically important to / }

our fresh water ecosystems




spanthe
network aeross a watershed
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, Rlverscapes are the part of the
Iandscape that could plausibly

flood by their rivers & streams In




Reading your riverscape...

PLANFORM

l/ <— Tributaries—> ||

GEOMORPHIC UNIT KEY The valley bottom is comprised of areas that could
_ Ch= Channel_s } Valley Bottom | plausibly flood in the contemporary flow regime.
3 Fp = Floodplain — Riverscapes MARGIN TYPES
S | Fa=Fan ++ Valley Marg

- y Margin
| Tr= Tqrrace Former Valley Bottom _ - Valley Bottom Margin
Hs = Hillslope

— Active Confining Margin

Where are their riverscape & riparian
restoration or conservation opportunities?


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

Contrasting Valley Settings Lead to Different Hydraulics

VALLEY CROSS SECTIONS

Vallley Vallley

| I
Valley Bottom Valley
I ' | Bottom

Fp

From page 10 of Pocket Guide; Wheaton et al. (2019)

DOI: 10.13140/RG.2.2.28222.13123/1



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

Argument For Network Scale

‘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)

HABITAT CONDITION
~N~— Good

B Poor
O Moderate
@ Good

~"\~— Poor

Moderate

SPATIALS

REACH

GEOMORPHIC

UNIT




Transcending Scales

The lens we will bring to ecohydraulics this

semester

US Dept of State Geographer
© 2016 Google
© 2009 GeoBasis-DE/BKG

1 u Google
Data SIO, NOAA, U.S. Navy, NGA, GEBCO .

eye alt 7454.04 mi
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012016 Goggle 8
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The Space-time Assertion & Nested Spatial Scales

> 103 km2 [_ong

Basin Scale

"y,

Spatial
scale
Reach Scale
Sub-Reach Scale
*O5 9
Transect Scale g:’
Patch Scale
<1073 km?2 Short
Low Sensitivity High

What scale are hydraulics at? Ecohydrualics?



Let's Be Clear About Spatial Scale...

Scale Name

Extent

Resolution

Basin-Scale

Fegion-5cale

Basmn (10° to 10° km™)

Watershed (107 to 10° km)

Watershed-Scale

Sub-Basin-Scale

Watershed (100 t0 10°
k)

Watershed (10! to 10° km?)

Network-Scale

Watershed (10° to 107
km?®)

Reach (107 to 10° m)

Reach-Scale

Reach (107 to 10° m)

Geomorphic Unit (107 to 10°

i11)

Sites-on-Network-

Scale

Watershed (107 to 10°
km?)

Site Locations (points)

Site-Summary-Scale

Reach (107 to 10° m)

Reach (107 to 10° m)

Site-Scale  (CHaMP
Reach)

Reach (20 x Bankfull
width: 160 m to 600 m)

Cell (107 to 10" m)

Geomorphic-Umnit-

Scale

Geomorphic Unit (10° to
10° 1)

Hydraulic Unit (10° to 107 m)

or Cell

Hydraulic-Unit-

Scale

Hydraulic Unit (10° to 10"

m)

Gram (107 to 107 m)

Cell-Scale

Cell (107 to 10° m)

Cell (107 to 10% m)

* Defined in terms of extent & resolution

» What scale is ecohydraulics studied at?
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http://dx.doi.org/10.1016/j.geomorph.2015.07.010

The Stop-Light Demand Dilemma

W Poor
O Moderate
@ Good

predictions of ri
message simply?

OR COMCEPTUAL PURPOSES ONLY
NOT FOR DISTRIBUTION
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~N_~— Good ~N\~~— Poor
CONDITION Moderate

MAPS




The Scale Crux...
., (&) NETWORK

SUMMARY

SITE LEVEL

|

a
Good Moderate Poor

REACH

y-
/ Habitat Condition
) ~N—— Good ~N~ Poor
Moderate
—r 1T T T 1

SITE SUMMARY: ‘

SITES ON NETWORK

BASIN

WATERSHED /
POPULATION

e MPG/BASIN

% Indistinguishable from
Target

Below Target

NETWORK

HABITAT CONDITION
® Good ® Poor

o Moderate

¢

pmmms GOAL

FISH RESPONSE

FOR CONCEPTUAL PURPOSES ONLY

NOT FOR DISTRIBUTION

e
b
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Some Different Flavors Or




REGIONAL-SCALE

SIGNIFICANCE

Nested-Hierarchal Scales
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Reading The River... vs. The Riverscape?

* Hydraulics matter!

* Whether you're a:
* Fly fishermen,
* A whitewater kayaker
* Or a fluvial geomorphologist

Finding Seams

Slow Water
Seam in Eddy

Where two current

speeds meet
Fast Water in
Main Current

Seam \

Where two current Faster Water
speeds meet

Seam
Slow Water Where current joins
Behind Rock behind rock




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

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




}'_‘::- Flow Separation Point {AKA detachment point)

@ Reattachment Point Shear Zone

Some Definitions

* A structural elementis a
discrete object that directly e
influences hydraulics S W P

Submerged Boulder
o 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
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http://dx.doi.org/10.1016/j.geomorph.2015.07.010

Differentiating Structural Elements

Identify a SE

(structural element)

 Helps predict its:
* Hydraulic influence

1

h ; TIER 1 Is SE of
[ ey Natural or
g eomo rp IC ﬂrlgln ANTHROPOGENIC Anthropogenic NATURAL
influence oren’
TIER 2 -
Type BANK REVETMENT
yp BEAVER DAM ANALOGUE
BRI [;K;ED!;E;UPWI';ENT ACQUATIC VEGETATION
BEAVER DA
CULVERT Is SE of . D\LERRIS M
DIVERSION Organic or Natural Organic WD
ELWD Inorganic
W Origin? RIPARIAN VEGETATION
o ROOTS
FORD
UNDERCUT
RESTORATION STRUCTURE Natural
VEIN Inorgani
WEIR
BEDROCK
BOULDERS
TIER 3 3 Identify Key
Specific Structural Attributes to
Element Name Differentiate Specific NOT ALL KEY ATTRIBUTES

ARE NECESSARY TO IDENTIFY
EVERY STRUCTUAL ELEMENT

Structural Elements

¥

¥

SE
Obstruction
Type

SE

) B} Stages
Orientation &

Influenced

sTRANSVERSE *BANK-ATTACHED sCOMPLETE BARRIER sBASEFLOW
*5STREAMWISE «CHANNEL SPANNING *POROUS BARRIER «BANKFULL FLOW
*DIAGONAL *MID-CHANNEL *TYPICAL FLOOD

*5|DE-CHANNEL
*FLOODPLAIN

*5IEVE *RARE FLOOD

&
v
"
1
"
1
1
1
'
1
P

E *DEFORMABLE BARRIER
i

e ———

~

3
s, -

v

10.101 6/].qeomorph.201 5.07.010 3 Use Appropriate Key Attributes to

Identify Specific Structual Element



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

Key Attributes of Structural Elements

Table 1
Key attributes that help differentiate tier 3 structural elements; abbreviations: SE ( structural element).
Key Tier 3 Types Description
attributes:
SE orientation The orientation refers to the relative alignment of the structural element's long axis with respect to the dominant
streamwise flow direction
L Transverse Transverse SEs are oriented perpendicular to the flow (e.g. beaver dam)
LStreamwise Streamwise SEs are oriented parallel to the flow (e.g. a piece of LWD aligned with the flow)
LDiagonal Diagonal SEs intersect the flow at an angle
SE Position The position of the SE with respect to the channel(s); Note use consistency whether the ‘channel’ refers to the low flow
channel or bankfull channel.
LBank Attached Attached or connected to one side of the channel margin
LChannel Spanning Spanning across the entire channel from channel margin to channel margin
LMid Channel Not attached or connected to either side of the channel margin
L Side-Channel Located in a side or secondary channel
LFloodplain Located on the floodplain

SE obstruction type

Stages influenced

Shear zone type

LComplete Barrier
LPorous Barrier

L Deformable Barrier
LSieve

L Funnel
LRoughness

L Baseflow
LBankfull Flow
L Typical Flood
LRare Flood
LWake

LEddy

LHydraulic Jump

Refers to the type and nature of flow obstruction the SE object creates

When all flow is forced around or over top of the SE

When most flow is forced around or over top of the SE, but some flow can flow through the SE itself (e.g. a debris jam)
When SE is non-rigid such that when subjected to flows it deforms in a streamwise fashion (e.g. grasses)

When most flow is forced through various pathways through SE, but some can flow over or around

When flow is funneled through the SE (e.g. a culvert)

When flow is not obstructed by SE, but instead SE simply exerts more drag on the flow at the boundary then the typical
boundary

Refers to the flow/flood stage at which the SE exerts an influence on the flow

The mean low flow stage (note, this may be zero for intermittent and ephemeral channels)

The discharge just before flow spreads out on to a floodplain (not present in all channels)

The discharge associated with floods that occur regularly (e.g. 1 to 5 year recurrence intervals)

The maximum probable or historically recorded flood

Refers to the type of hydraulic impact induced by the downstream typically just downstream or on the lee side of the SE; the
shear zone type is very stage dependent, but closely related to the obstruction type

Awake is a zone of slower moving water in the lee of an obstruction to the flow but that is still generally flowing in a
streamwise direction

An eddy is a flow recirculation cell downstream of a flow separation (often, but not always induced by SE) in which the flow
direction varies (including flowing upstream) but generally makes a circular vortice

Represents a transition from subcritical to supercritical (typically over the SE) and back to subcritical flow; such hydraulic
features can take various forms (e.g. wave trains, standing wave, submerged jump (i.e. drop))




Table 2

Many Flavors... Make Hydraulics More Interesting

Structural elements (SE) at tier 3 and their key attributes: note, any key attribute listed as varies” or ‘MA” (not applicable) is notuseful in differentiating that SE from other SEs; this list is
complete at tiers 1 and potentally ter 2, but other spedfic SEs exist at ter 3.

Tier 1 Tier2 Tier 3 Key attributes to differentate specfic structural elements
Origin -~ Type Spedfic structural Geometry Mature of flow impact
element name
SE orientation SE position SE obstrudtion Stages Shear zone type
type influenced
Anthropogenic
L Bank revetment Bioengineered, Gabions,  Streamwise Bank-attached Roughness Varies DS eddy
detroit rip rap, boulder
rip rap, erosion contimol
blanket
Beaver dam analogue  Primary dam, secondary dam, reinforced existing Channel-spanning Porous bamier All US backwater
dam
L Bridge abutments NA Bank-Attached Complete barder  Varies DS eddy
L Bridge pier NA Mid-channel Complete barder Al DS eddy
L Culvert Box, arch, pipe Streamwise Channel-spanning Furnnel All US backwater
L Diversion Irrigation, canal, pump  Transverse Bank-attached or Complete barder  Varies US backwater
point of diversion channel spanning
L ELWD Debris jam, bank Varies Varies Porous barrier Varies Varies
deflectors
L HolWD Post-assisted log Varies Varies Porous barrier Varies US & DS eddies
structure, constriction
structure, mid-channel
structure
L Ford Concrete, native bed Transverse Channel-spanning Complete barrier Al LS backwater
material
L Restoration structure  Many types Varies Varies Varies Varies Varies
L Rock vein MNA Diagonal Bank-attached Porous barrier All DS & US eddy
L Vortex weir NA Transverse Channel-spanning Porous barrier All Varies
Mot inorganic
L Bedrodk
L Bedrock ledge Varies Varies Complete barrier  Varies DS eddy
L Bedrock outcrop Varies Varies Complete barrier  Varies DS eddy
L Boulder
L Boulder cluster Varies Mid-channel Complete barrier Al DS eddy
L Boulder dam Transverse or diagonal  Channel-spanning Porous barrier All US backwater
L Boulder ribs Transverse or diagonal Mid-channel Porous barrier Varies DS eddy
Naral organic
L Agquatic vegetation Many types Varies Varies Porous barrier All DSWake [oce DS eddy)
Beaver dam
L Intact Dam Transverse Channel-Spanning Porous Barrier All US Backwater & DS
Wake
L Breached dam Transverse Channel-spanning Porous barrier All US backwater and D8
eddies
L Blown-out dam Transverse Channel-spanning or Porous barner All DS & US eddy
bank-attached
WD
L Individual mot wad Varies Varies Porous barrier Varies DS Eddy or wake
L Debris jam Transverse Channel-spanning Porous barrier All US backwater & DS
wake
L Channel spanning log Transverse or diagonal Channel-spanning Varies Varies Varies
Raft jams
L Log Varies Varies Varies Varies Varies
Riparian vegetation Many types Varies Varies Porous barter = Hood stage Varies




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

Responses

What are these? — Hypothesized




Prediction of Structurally Forced Responses,
which shape habitat! | J, l l l

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

1.0

09 +

v * Relate physical habitat preferences
; (empirically through observations) to

| abiotic variables

 Habitat suitability curves are species
ﬁ and lifestage specific

0.2

0.4

06 08 10 12 14 1.6
Velocity (m/s)

What scale is this?

Water Depth Velocity Magnitude
ters ot o se W
457 15.00 > 100

183
3.66 12,00
12
4 2.00
1.83 6.00
0.61
0,91 3.0

Global Habitat
Suitability Index

Habitat Type: Value:
Non Habitat “l_\(-;(";
Optinal

0.70
High

0.40
Mod
.
Non Habitat <0.00



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)?

EARTH SURFACE PROCESSES AND LANDFORMS
Earth Surl. Process. Landiormms 2017)

Caopyright © 201 7 John Wiley & Sons, Lid,
Pubslished anline in Wiley Online Library
{wileymlimed fiara sy com ) D00 101002444137
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Upscaling site-scale ecohydraulic models to
inform salmonid population-level life cycle
modeling and restoration actions — Lessons from
the Columbia River Basin
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‘With high-resolution topography and imagery in fluvial environments, the patential 1o quantify physical fish habitat at
ale has never been better. Increased availability of hydraulic, emperature and food availability data and models have
to a host of species and life sage specific ecohydraulic fish habitat models mnging from simple, empirical habitat
suitahility curve driven models, 1o fuzzy inference systems to fully mechanistic bioenergetic models. However, few examples exist
where such information has been upscaled appropriately to evaluate entire fish populations. We present a framewaork for applying
such ecohydraulic models from over 905 sites in 12 sub-watersheds of the Columbia River Basin [USAL, to assess status and trends
in anadromous salmon populations. We automated the simulation of computational engines to drive the hydraulics, and subsequent
ecohydraulic models using cloud computing for over 2075 visie from 2011 to 2015 at 905 sites. We also characterize each site's
geomomphic reach type, habitt condition, geomormphic unit assemblage, primary production poential and thermal regime. We then
independently produce drainage network-scale modek to estimate these same parameters from coarser, remotely sensed data
available across entire populations within the Columbia River Basin. These variables give us a basis for imputation of reach-scale
capacity estimates across drainage networks. Combining capacity estimates with survival estimates from mark—recapture monitoring
allows a more robuat quantification of capacity for freshwater life stages (2. adult spawning, juvenile rearing) of the anadromous life
cycle. We use these data to drive life cycle models of populations, which not only include the freshwater life stages but also the
marine and migration lile smges through the hydropower sysiem. More fundamentally, we can begin © look at more realistic,
spatially explicit, tributary hahitat restoration scenarios to examine whether the enommous financial investment on such restoration
actions can help recover these populations or prevent their extinction. Copyright @ 2017 John Wiley & Sons, Ltd.

Eiven T

KEYWORDS: salmon recoveny; dream and river redtoration; Oncorfynchus ap; fidh habitat; population model ing

Introduction Basin, there are eleven evolutionarily significant units of

salmon or steelhead (Oncorhynchus sp.) listed as threatened
Glohally, native anadromous salmonid populations are in and two as endangered under the US Endangered Species Act
decline and several face the threat of extinction (Gustafson (ESA) (Ruckelshaus et al, 2002; Custafson et al, 2007).

et al, 2007; Rand et al, 2012). Given the cultural, economic,
and ecological imporance of these populations, numerous
effors are underway to mitigate impacts that lead 1o their
decline and facilicte their recovery (e.g. conservation
hatcheries {Maynard and Trial, 2013), hahitat restoration
{Barnas et al, 2015)). For example, in the Columbia River

According to the ESA review on the risks prsed 1o anadromous
salmonids by the Columbia Basin's federally administered
hydropower dam system (NOAA, 2008), three action agencies
are required to make costly dam retrofits and operational
changes fi.e. to improve passage) andlor mitigate dam impacts
via offsite actions (i.e. tributary habitat resoation). The




Example of Ecohydraulic Inquiry

* What are the impacts of
tributary habitat conditions et G Dl S
on populations of listed EEFSH Nework | - HABITAT
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)

CHaMP

INGTON

=~ Perennial stream network |5 =S
Chinook extent >

~~— Steelhead extent

___ Combined chinook and
steelhead extent

X Fish barriers (man-made) i %
@ Major dams
. CHaMP watersheds

Columbia Habitat
Monitoring Program

Stealhead extent . 36,348 km, 13%

Chinook extent 19,182 km, 7%
L"‘ Perennial stream

0 50,000 100,000 150,000 200,000 2

280,011 km
000 km

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

Beverton-Holt

productivity
(survival)
® carrying capacity

- / (abundance)
o
e]4)
i ®
P

N stage i

N N
i+1 — 1 1
prod. + N;

|

Relate this to freshwater habitat = juveniles / spawner



What We Need From CHAMP Visits To Inform
Life Cycle Modelling

productivity
(survival)
carrying capacity
* A habitat-informed estimate of

capacity!

N stagei+1

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

N stage |

What are the
tributary habitat
limiting factors
impacting the
“HEALTH” of listed
salmonids?



Field Survey Data

ST Disch Temperature AL
Roughness Ischarge P Availability
/ Fish-Habitat Models

Hydraulic Models

Digital
Elevation
Model

-

Velocity
&
Depth

KBasin- or Population-total \

Estimation Tools

Design-based Approaches (GRTS)
Abundance

Model-based _ Observations
Approaches (LM,...) 1 #% by Life Stage

Life Cycle Model

Abundance,
Viability, ...




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

N R E I ) 0 r e m p | I’I C a | ( e . g . H S I ) Net rate of energy intake predicts reach-level steelhead

(Oncorhynchus mykiss) densities in diverse basins from a large
monitoring program

 Qutput is reach-scale extent, cell-
resolution O

growth habitat. with a subset of studies focusing on foraging position selection and the energetic trade-offs of differential habitat
use. To date, however. cost-benefit analyses for most foraging model studies have focused on small sampling areas such as
individual habimi units. To address this knowledge gap. we applicd a mechanistic foraging model o 22 siream reaches
(1040-400 m) from two watersheds within the Columbia River Basin. We found a strong, positive correlation (£ = 0.61, p <0.001)
between predicted carmying capacities and observed fish densities. Predicted proportion of suitable habitat was weakly corre-
lated with observed fish density (R2 = 0.18, p= 0.051), but the mean net rate of energy intake prediction in sampling reaches was
noLa my:ufunl predicior of observed fish nass. Cur resuls !IIH;I.$L spuu 1 configuration of habitat, in addition w0 quantity

“ric Wall, Nicolaas Bouwes, Joseph M. Wheaton, W. Carl Saunders, and Stephen N. Bennett

this data-intensive modeling approach in a large-scale monitoring
mm}! Though the approach can be computationally expensive. we feel the model's

: important biological considerations like food availability
1 this modeling approach has great potential as a ol o

Fig. 2. River 21 depth and velocity predictions (A}, predicted spatial variation in NRE] (B}, and predicied spatial variation in NREI showing
predicted fish locations (C) for the NFACI reach. |Colour online. |

E1€ vouds A la compréhension de Mutilisation d’habitats estivaux d"alevinage et
A, dont un sous-e ble d'études s"éant axé sur la sélection de la position
gétiques associés i l'utilisation différentielle d'habitats. Les analyses couts
Etudes de modéles d'approvi SC SN ToUteois anardees 4 de petites
habitat individuelles. Pour combler ce manque de CONNAISSANCES, NOUS avons
ganiste 4 22 trongons de cours d'cau longs de 100 3 400 m dans deux bassins
ons constate une forte corrélation positive (R* = 0,61, p< 0,001) entre les capacités
La proportion prédite d'habitats convenables érait faiblement corrélée
mais le taux nct moyen d'apport éncrgétique prédit dans les trongons
ificative de la bmm.:ssc de pmsnons ol:m:rw?c Nos résultats donnent 3

=

-
—
—

e en données dans
d sant d examiner la qua].uc etla qu.muu: s habitats. Bien que cette
PUETIONNEL NOLS ESTIMONS qUe 13 CAPACITE U MO 3 INTEErer des parametres
cit) et des considérations biologiques importantes comme Ta disponibilité de
3 qui compense amplement les CoATS AsS0Cies. NOUS CToyons que cette
comme outil pour aider & comprendre 1'utilisation de I'habitat chez les
par la Rédaction|

NREI (1/s) A
- Il 0250030
B .20 0 025 N
B .15 00020 A
B .10 10 0.15 |
P 0.05 10 0,10
[ Jooowoos \
I [ l-005wo00 '

.

whether habitat actions are retultlng in habitat lmpmvcmcnts
and to increase our of fish-habitat
{Bouwes et al. 2011; CHaMP 2014; Bennett et al. 2016). While this
story is comman to many imperiled specics, the development of
[ fish-habitat ips remains elusive, and our
record for improving habitat quality via restoration or manage-
ment is unclear (Rose 2000; Fausch et al. 2002; Roni et al. 2008).
A majority of the monitoring data collected o describe fish
nate habitat has been linked to fish through empirical models je.g.,

Energetically profitable

Velocity (mfs)

048 0 E
ne : % I:l 0,10 1o -0.05 nl-:: Utah State University, 5210 Obd Main Hill, Logzan, UT 84322, USA;
. Dis (m) pd - 0.5 to -0.10 ity. 5210 Old Main Hill. Logan, UT 84322, USA.
| EIRE T A T ';l LA " plished at www_nreresearchpress comfcjfas on 10 December 2015,
o190 0 10 20 30 40 = B 0200015 & Pubines s com o 0 Decmbe
=
446 5 B 0250020

4 L From: Wall et al. (2016) CJFAS

DOI: 10.1139/cjfas-2015-0290



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

Example Of Qutputs @ Site Summary Scale

Chinook Juvenile, 2012 Primary Visits * Impressive, but...
SITE-SCALE [Big Springs, Lemhi Watershed, ID] SITES-ON-NETWORK-SCALE [Lemhi Watershed, ID]

A

G

SITES-ON-NETWORK-
SCALE RESULTS

1.00

Water Vielocity
Veloalty (m/s)
High : 0,64

Juvenile Habitat Quality
Mean Normalized WUA

o *  Notmodeled <.
@ 0.7-1.0-High s
@ 0.4-0.7 - Medium T oo
8o
Juvenile Habitat Quality o g; - g: —Fl|_nw E
[ ] o 0.0-01-Poor
Non habitat = J
B o ® 00-Nontabiat  £°7 $
~Mo— 2+ order streams
|:I Low and major springs 0.00 :
- Medium 2012
[ I R N i Visit Year
Degth (m) B i

High : 0,49 0 10 20 30 40 50 Meters

Low - 0.01 E SITE-SUMMARY-SCALE

1.0
075 l
[ ]
c @ I
= —
Toso | B,
il ]
o
Substrate pui
Do 025 | . —— - ——
B Fines, Sand
- Fina Gravel T e ——
[ Caerse Grae 0 s 100 150 200 250
B coties Area (m2)
B eoulder: 2
— e WUA: 487 m -
Normalized WUA: 0.26 -

[i] 5 10 15 20 25 Eilometers Py
From: Wheaton et al. (2017) ESPL — Ecohydraulics
Special Issue; DOI: 10.1016/j.geomorph.2015.07.010
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A SITE-SCALE CAPACITY ESTIMATION NREI
From NREI, HSI or FIS

All FHM . s

- & I e = Poor
AN LN Dt s, WP « Predicted Fish Location

e The FHM are a vehicle \ ——— /

AN 0 10 20 30 Meters /

for producing site- N ’
Specific, species and A i ——
life-stage specific B %5 e

capacity estimates. g J

 Capacity is our fish- e _
habitat relationship R A S e |
currency ek gy AL A / Juvenile Steelhead
A0 7 .77 7T Capacity (fish/m)

T = © 10.4-19.6
F3P N M~ © 4.0-10.4
& ; 0 24- 4.0
2 -