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

How EFFECTIVE
are tributary
improvement actions
at providing benefits
to listed salmonids?

_ PLANNING,
PRIORITIZATION, &

¢ What tributary ™4
"IMPROVEMENT
ACTIONS would
provide the most
freshwater production/
benefits to listed /4
N\, salmonids? 4

SPATIAL SCALE

Underlying Motivation

AHow to improve habitat to

bring about population
benefits (the KMQs)?

AAnswering KMQs requires:

A Translation of CHaMP data
Into biological currency

A A means to forecast
benefits of restoration

AMore broadly, a need for
tools to estimate capacity
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Estimating Habitat Capacity

AWhat is meant by capacity?

AFor which species/life stage? :

AAt what spatial scale? G t§

AWhy estimate capacity? i stage
AHabitat status & trends 55— :

. N1 8Qown wwQo w

AKey input to LCMs ! !
AOthers = Y‘5gN6< YOUNG

AAIl have pros and cons T i w"ﬂ Town-
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Estimating Habitat Capacity

N stagei + 1

N stagei

Population Models
SpawnefRecruit
(~ParkerLiermanr)

F<

Abundance
o
o
o0
...

Variable X

Statistical Models
Quantile Regression
QR Forests

Areal Methods
DensityArea Product

Mechanistic (or Quas)

Net Rate of Energy Intake

Habitat Suitability Models
(WUA *spacdNB |j QR

Other Approaches

Expertinformed (e.g., EDT)
Indices (e.q., IPMJabRaté
Hybrid approaches

e



Method Advantages Disadvantages

Population - Integrative - Hardto-meet assumptions
models RSt S@l yOS (2 2DatteNds VI Q
- Established framework - Bottleneckstage(s) unknown

Statistical models - Generates FHR knowledge - Design, extrapolation challenges
- Draws on existing data (?) - Narrowdomain of use

- Gets the job done - Seeding level issues (?)
Areal methods - Ties fisiNto channel units - Design, extrapolation challenges
- Gets the joldone - Uncertainty in density use(®)
- Labor intensive
Habitat Suitability - Explicitlink to habitat - Design, extrapolation challenges
Models - Platform for simulation - Limited accessibility

- W[ AYAUSRQ &l Y-NirravwdBmaidflpszinbtiFIR)
- Ignores productivity/food
NREModels - Explicitlink to habitat, FOOL - Design, extrapolation challenges
- Transferable - Limited accessibility

- Platform for simulation
-W[ AYAOGSRQ &l YL Ay3 NXBI dzA NBR
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DEM based protocgl HSIA PotentialSpawnelCapacity

Water Velocity

e
ol

GRTS rollup or
network models
to get basin/pop
level capacity
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Habitat Suitability Modeling

What is a habitat suitability model? / e
A A model ofsuitability of habitat for /
specific species for either specific dife ot ]
stages or functions ¥ T Topimum
A Habitat is characterized by specific AN LL’ ﬂ'i"e'
abiotic variables I
AWwa2RSEtQ OlFy o0S I LWL Bosic indices Ay
over regions (e.g. cells/polygons) that M
have a unigue combination of abiotic
Val’iableS Building a classical fish preferendum model
AtKS WY2RSftQ OFyYy LINRPRdzOS &LJ (GALf.f @&

Suitability Index

dbitat Ty Vi

variable results (e.g. in a GIS)
A¢tKS WY2RStQ OFy LI____

dynamics, if you have time series of =%

FoA20A0 Ay LdziaX

Optimal
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HABITAT SUITABILITY CUR ra

Al F oA GI
Ahy OS L 3204 2ySX Oy

Sensitive
/ phasis

| Abiotic factors |

tory Y . YOptimum
’ i t /L ] ff level
L Y i

Basic indices I

Global index

Building a classical fish preferendum model
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A
PHABSIM
for Windows

User's Manual and
Exercises

Midcontinent Ecological
Science Center
November 2001

Open File Report 01-340

U adzZadl oAf AlGEe

In general, suitability curves have been classified according to the following categories (Bovee et al.. 1998.
pp- 73-78):

Category I Expert opinion or literature curves. These are typically derived from a consensus of experts’
accumulated knowledge of habitat use by a species’ life stage(s) or by evaluating habitat use
information found in the professional literature.

Category II  Habitat Utilization Curves. These are derived directly from observations of habitat use of the
target life stage and species.

Category III  Habitat Preference Curves. These are derived from observation data on habitat use corrected
for habitat availability.

Transferability of Suitability Curves

Regardless of how the data are collected. suitability curves will demonstrate some specificity to the stream(s) in
which they were developed. With limited resource availability and the high cost associated with development of
stream-specific suitability curves, use of HSC from other streams is common. Thus, checking for the
appropriateness of the transfer is important. Avoiding development of study-specific HSC leads to considerable
cost savings. The investigator must apply professional knowledge and judgment to evaluate if the source curves
are meaningful for the current application and transferable. In the IFIM context. it is essential for all parties to
agree on the HSC to be used for the study and to agree on their transferability. Thomas and Bovee (1993) and
Groshen and Orth (1994) provide methods for quantitatively testing HSC transferability. Manly (1993) provides
general guidance on modeling habitat selection by various animals.

http://www.fort.usgs.gov/Products/Publications/15000/15000.pd
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APhysical Habitat
Simulation Software

ATechnique developed in
mid 1970s

AMost widely used
ecohydraulianodel

ACKAA Aa Iy |
Can be applied in 1D, 2D
or 3D

http://www.fort.usgs.gov/Products/Publications/22457/22457 .pdf

http://www.fort.usgs.gov/products/software/phabsim
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http://www.fort.usgs.gov/Products/Publications/22457/22457.pdf

PHABSIM FAOS>WINDOWSI

ADriven by a 1D Hydraulic
Model

NACALALAAL
NALALAAANAL
NACAAAAL
. : . *
Corresponding habitat . | u: PHABSIM
vaiue represeniing ¥ e | f W d
a composite of depth i e or Windows
velocity and channel LA 17 ¢ User's Manual and
index for each cell - Exercises
Midcontinent Ecological
i Science Center
g E-AR A p November 2001
g e i Open File Report 01-340
s it i
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U.S. Department of the
Interior
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ZUSGS

sclence for a changing world

Cross Section

dy +d,
4= 7 -T2
http://www.fort.usgs.qgov/Products/Publications/15000/15000.pd
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httn://el erdc.usace.armv.mil/emrrn/emric/FMRIS PDF/PinkSalmon.ndf

BIOLOGICAL REPORT B2{10.109}
AUGUST 1985

A CAT | HABITAT SUITABILITY INDEX MODELS

A Lots of existing stuff out there (both HSCs = ™
and HSIs)

List of Habitat Suitability Index (HSl) models

To view the information contained within the Blue Books in Adobe Acrobat Reader (.pdf) format, click on the corresponding .pdf icon.

HS1BLUE BOOK TITLES FWS/OBS Report #

INVERTEBRATES 7 / / / 2/ ,
American Oyster (Gulf of Mexica) el §2/10 57 http://el.erdc.usace.army.mil/emrrp/emns/emrnishelps/list_of_habitat_suitability_index_hsi_models_pac.htm

Brown Shrimp (N Gulf of Mexico) -Pdf| §2/10.54 .
Hard Clam LBl 82/10.77 .
Littleneck Clam LPaF| 82/10 59 Fish and Wildlife Service

Pink Shrimp tedel 82/10.76 U.S. Department of the Interior

Red King Crab Pdfl 32(10.153)
White Shrimp (N Gulf of Mexico) PdE| 82/10.54

FISHES H C
Alewife Herring -PaE] 82/10.58

e
American Shad :Pdf| §2(10.58)
Avrctic Grayling (Riverine Populations) BdEl 32(10.110)
Atlantic Croaker (Juvenile) Revised .EdEl 82(10.98) jariabl Suteability orash
Bigmauth Buffalo teFl 82/10 34 o S A

Black Bullnead HaFl §2/10.14 " Voo 1 S .
Black Crappie [Berl 82/10.6 and sites as by, Zon | [ Habitat variables and Model
Blacknose Dace (Eaf| §2/10.41 5., suitability graphs Component
Blueback Herring LBdEl 82/10.58 R
Bluegill PeEl §2/10.8 % o .
Brook Trout Earl §2/10.24 3 Annual max-min pH ¥ AeduTt —
Brown Trout LEdf| §2(10.124) FRE F Ave. maxemin
. temp.
Channel Catfish .EdE| §2/10.2 0.0 — (migrat./spawn) Va
Chinook Salmon LPdE| 82(10.122) o 4 8 122 15
Chum Salmon PgE| §2(10.108) %
Coho Salmon LBdf] §2/10.49 Ave, substrate size ———— Wy, —
Common Carp [Bdf| §2/10.12 Vs C“:::géf::l:g;ﬂ:rgwnaleu— . 1.0
Common Shiner .BdE| 82/10.40 embryo incubation. Measure = o8 3 Percent fines ———————0— V¥, —
Creek Chub tPgEl 82/10.4 at the same time and tites B
Cutthroat Trout :PeFl §2/10.5 = 206 4 F Ave. water velocity Vs Embrya HSI
English Sole (Juvenile) BdEl §2(10.133) Z o0 .
Fallfish (el 52/10.45 2 Min. disselved 0, ————— V¢ —
Flathead Catfish :EaE| 82(10.152) 502 A min &
Gizzard Shad tBafl §2(10.112) 00 . "?‘mg“ min temp. v
Green Sunfish :£2E] 82/10.15 v o @ 6 e 1 enbryo) ]
Gulf Flounder LBdF| 82{10.92) en/sec Max. salinity Ve —
Gulf Menhaden (BdE] §2/10.23
Inland Silverside 1aFl B2(10.120) v Minimal dissolved O; level 1.0 et Avg. base flow
Lake Trout (Great Lakes Region) (afl 82/10.84 Guring the 255 incubation N (spawn/incubation) Vs —|
Largemouth Bass -Pdfl 82/10.16 and presmergent, yolk sac =084 R 3 !
Lonanose Dace LEdt| §2/10.33 e e e tres 3 0.6 [ Peak flow (incubation) Vie—
during the incubation period *

i 0.3 L Max. temp. (migration) Wy ——————— Fry —

3

= 0.2 r

BRI SRR AA Figure L. Diagram illustrating the relationship among mode)

variables, components, and HSI.




Habitat Suitability Modeling Terminology

Als it a habitat suitability curve, habitat preference curv
nabitat utilization curve, habitat availability curve or
nabitat suitability index?

HUC HAC HPC i
phasis
. ) Frequency of fish Normalized
Frequency of fish presences presences sences reference
1 4 curve

i dab pref
] ml= " / | Abiotic factors |
H - = AN et
| [\ I\™ nsc
—‘ HH . —IH H v
123456 T 253456 T 23456 Basic indices

Classes of a given abiotic variable \JA/
Global index HSI

Figure 3 : The general methodology for establishing fish preference curves

W A HPC can be used for a HSC Building a classical fish preferendim model
w A HUC can be used for a HSC
w HSCs of different abiotic variables are

\ﬁty = combined to form a HSI




How to make a Habitat Preference Curve

AMake measurements of the abiotic
variable of interest where you see the
fish.

AMake histogram. Fit curve.

A Do inventory of all available habitat
(turn into frequency of fish presence)

Velocity (m/s)

ADivide to get normalized preference

Frequency of fish Normalized
Frequency of fish presences ) ‘ ‘ o
presences and absences preference
_ A _ 4 curve
— 1.0 /
1 2 34 56 1 234 56 1 234 56

Classes of a given abiotic variable

Figure 3 : The general methodology for establishing fish preference curves
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C

sing a Habitat Suitability Model

5039100 - 5039100 -
5039070 - “ : " ™ 5039070 - Vel (‘Té,g) A
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Apply curves to input

Input 1: Water Depth (m) Input 2: Velocity (m/s)

1.00-

A Preference curve (i.e.,
functions) from empirical
study
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o
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/
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0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 Depth HSI Velocity HSI
5039100 - \ ' HSI Value

I 1.00
0.75

o
o
o

5039070 - &

ing

5039040 -

UTM North

5039010 -

SRR h dZ[_,j LJdZL’j l~|J C_) I
v B @




Convet to global habitat suitability index (HSI)

Combining basic indices into global, or composite, I
A Methods: product, minimum, maximum , geometric mea
A Geometric mean is most common:

8¢ anéI0TONROQRN O YA ¢ &'RO OO

Sensitive
phasis

T V\%’W

Depth HSI Velocity HSI Composite HSI
» g £ 5 Y
\ 4
f Ni FNs ! Building a classical fish preferendium model
) ik )
5039070 - & "‘~\ (@ . Ty ™ \ HSI Value
—~ g - N 1.
2 T . e, Ve |
= — 3 0.75
= - S & ) .
(=)
pd § 0.50
5039040 - 3 )
= -
i
o ‘ 0.25
\ | 0.00
5039010 - ; 3
|/
o
I 1 I I 1 1 1 1 1 1
Q S Q N D S Q O . S O O
& & & & & & & & & & & &
e P e oe W ¥ W 1S e he P e
UTM Easting
7500
Habitat quality Area (sq.m)
§ 5000 Poor 774
© Low 248.0
2500 .
; ; Medium 339.1
BON RN hELE ]
) o/ 0- High 165.9
1 1 1 1 1
w 0.00 0.25 0.50 0.75 1.00
HSI Value




Sensitive
phasis

HSI Modeling

What metrics can we derive from composite HSI
A Weighted Usable Area (WUA) AL

W YO OYOi Qb
A Weighted Usable Area : Wetted Area
A Normalized, easier to compare among sites, basins
A Capacity Estimates
A Juveniles:
A WUA / Juvenile territory size
A Reddcapacity:
A WUA /Reddarea

BN HENIGLE
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scHQI Capacity

HSI Modeling: Capacity & Density Estimates

How do estimates compare with other approaches?

Juvenile Steelhead Capacity Esimates Juvenile Steelhead Density Esimates
scHQI vs NREI scHQI vs NREI
20m 2011
3_
N r=0.76
2000 2
L]
2500 - * 1 — <.
. - * & ) S:l.= s
.t £ LI
of o £ ;- |
o 2
&
Q 3
5 r=0.34
5000 27
. A . 3
2500 1 e " . 3 "
& ' ] . . o 0 ° z:t’ .
L .., . *
c'_ T T T T 0
a 2500 5000 Ta00 6 '% é

MRE| Capacity NREI Density (fish/m2)



WEAKNESSES OF HSI BASED MODELS

A Habitat requirements described by precise
functions (even though observations are
rather imprecise)
A Independence of habitat parameters is
assumed
A New parameters difficult to incorporate (i.e.
other then velocity, depth substrate)
A Lots of field data needed (i.e. HSC from HUC
& HAC)
Al {/ FTNB &aArudas LISOAFAOXOD




HSI Model Structure:

Sensitive
phasis

Abiotic factors

Basic indexes

| Global index I ------------------------ .

‘3 B R b

CHaMP Implementation Example:

Spawning

Water Depth (D)

Water Velocity (V)

Substrate (S)

Suitability Curves

Intermediate Index
Scores for Each Input

HSI Value

Hydraulic Model Output
Hydraulic Model Output

Crew Estimates

From Literature

HSI; = Iof * Iv *Isf witha+b+c=1.0

where: (D, IV, IS = basic index scores for water depth (D),
water velocity (V), and substrate (S)

a, b, ¢ = weights powering the basic indices and
influencing the relative ecoloical importance given

to each basic index in the model




Entiat River, Entiat Basin, WA
ENTO0001-2A9, Visit 1054, 2012
HSI Model Outputs

Steelhead Juvenile
Habitat Suitability

HSI Model Inputs

Habitat Suitability

- Non habitat
|:| Poor
I:J Low
- Medium

Water Velocity
Velocity (m/s)

High : 2.4
-

Low: 0

Water Depth
Depth (m)
High : 0.49

Steelhead Spawner
Habitat Suitability

Low :0.01

Habitat Suitability

- Non habitat
:] Poor
|:| Low

- Medium
- High

Substrate

Dso

- Fines, Sand
- Fine Gravel
|:] Coarse Gravel
- Cobbles
- Boulders

i - Bedrock

F/O
wp,
eCtion T T 1
0 20 40 60 80

100 Meters

ISEMP
. CHaMP
-

-

1.00 9 pe——
=
=
)
0.75 - -
g =
Sosl B
> 0504
& =
E
0.25 -
0.00 | T—
T

| § T X
500 1000 1500 2000
Area (m2)

o -

WUA: 3,585 m?
Normalized WUA: 0.64

RUN———
]
]
[
0.75 | E—
—]
g =
= =
Sos0q
@ B
T
0.25
e
0.00
T T K T
0 500 1000 1500

Area (m2)

WUA: 3,020 m?
Normalized WUA: 0.55




Entiat River Basin, WA

Steelhead Juvenile
Normalized Weighted Usable Area
Champ Primary Visits, 2012

1.00
Normalized WUA

® Not modeled S 075
e 10-0.7 S
® 07-04 2 050
04-0.1 =
- £
0.1-0.0 £ 0.25 -
0.0 2

~~~— 2+ order streams

0.00

zoiz
Visit Year

4 6 8 10 Kilometers




Entiat River Basin, WA

Steelhead Spawner
Normalized Weighted Usable Area
Champ Primary Visits, 2012

Normalized WUA
® Not modeled

<
e 10-07 g
® 07-04 -3
0.4-0.1 -%
0.1-0.0 E
) 0.0 2 0.25 N
~"~~— 2+ order streams
0.00

2012
Visit Year

4 6 8 10 Kilometers ™




Big Springs, Lemhi Basin, ID
LEMOOOO1-Big0OSpringsé6, Visit 551, 2012
HSI Model Inputs HSI Model Outputs

Chinook Juvenile
Habitat Suitability

1.00 o §
Water Velocity =
Velocity (m/s) 675 !
High : 0.64 © — .
32 ==
- . T .50 | E——
Low : 0.01 > | E———— |
) S |
Habitat Suitability == ]
e 0.25 1 —
B vohabitat =
=
[ ] poor 0.00 - E—————
Low 0 50 100 150 200 250
2
- Medium Ared (me)
B i WUA: 487 m?

Normalized WUA: 0.26

Water Depth

Depth (}::;h'049 Chinook Spawner
. Habitat Suitability
Low :0.01 100
007y
0.75 7 L
) —
o =
> —
& 050 | m—
=2 "
Habitat Suitability oo |
B o habitat 3
SDUbs"ate [ poor li—
50 0.00
B Fines, sand | tow 0 100 200 300 400 500
[ Fine Gravel 7 Medium Ared (me)
|:| Coarse Gravel - High WUA: 747 m?

-Cobbles
I soutders X T T T T

e
of
- Bedrock ?\oql 0 10 20 30 40 50 Meters

Normalized WUA: 0.40

N




Lemhi River Basin, ID

Chinook Juvenile
Normalized Weighted Usable Area
Champ Primary Visits, 2012

Normalized WUA

°

Not modeled g 558
® 10-07 S
® 07-04 b |

@ 0.50 4

0.4-0.1 = | o
® 01-00 E .
® 00 3

~~~ 2+ order streams
and major springs

0.00

2012
Visit Year




Lembhi River Basin, ID

Chinook Spawner
Normalized Weighted Usable Area
Champ Primary Visits, 2012

Normalized WUA
® Not modeled

<

S 075
® 10-07 s
= e

® 07-04 2 050
0.4-0.1 =
] £

e 01-00 —
e 00 2

~\~~— 2+ order streams 0.00 |
and major springs '

2012
Visit Year

15 20 25 Kilometers




Champ HSI and Fuzzy Habitat Model Runs
Upper Grande Ronde Asotin

0 2 4 6 8 10Kilometers

15 20 25 Kilometers

John Day

e HSI + Fuzzy Habitat
. Other Champ Sites

~~~—~— 2+ Order Streams

rrrrri
0 2 4 6 8 10 Kilometers 0 10 20 30 40 50 Kilometers
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