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BACKGROUND

A term that for many years has been used with varying
enthusiasm 1s “Watershed Analysis™

Goal in Watershed Analysis Is to establish causal relationships
between and among physical and biological (and chemical)
processes In order to assess the effects of past and future land
use activity and to guide monitoring and restoration of
watersheds and their ecosystems.

What was? Resource assessment
What 1s?
What could be?

What now? Q_' Adaptive
management
ccurs)
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Prescription
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Watershed Process

Input Variable

Surface~mads

Debris Torrents
Earthflow
Surface-billslopes

— Hydrelogy

Water availability during
peak Oow events

Water availability during
low flow

‘— Riparian Function
LOD recruicment
Shading

ank stabilicy

Public Resource

b Sediment

Coarse
Fine
Washload

Catastrophiic channe!
damage

—Water

Peak flow of lamge events
Frequency of channe!-forming

discharge
Annual yyeld
Low flow

Jr— Wood
In-chamnel
obstructions

——Energy
mecz wen peranre

t—Fish Habltat

L Water Supplie

Municipal
Domestc

‘e Public Capital
lmpmnlmnu
Roads
Bridges
Reservous
kmigation
Otber siguilicant
structures

Divide into “modules” and create a massive report

Criticisms:

1)

2)

3)

Little synthesis- modules create walls between

specialists

Dead end data collection- not spatially registered,
not motivated by and not useful for testing

hypotheses; data

not archived

No prescriptive strength

Physical and

biological processes

not linked
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Desktop Watersheds Integrated Projects
Goal: Develop (process-based) models using digital topographic
and surface attributes (such as geology, vegetation, and
landuse) to predict the linkages between landuse and ecosystem
function in order to guide management decisions.




Link quantitatively topdgraphy, habitat carrying
capacity and population dynamics in a
spatially explicit model for an entire watershed
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] P , etal., 1998,
Analytical reference state Experimental

. o Ecology
ldealized, quantitative statement of an expected condition based on

simple observable properties such as topography and general climate
setting

*Key assumption: relatively immutable properties of a specific
watershed, such as its topography, drainage area to a point, local slope,
aspect, and climatic setting can be quantified and used in simple
mechanistic models to calculate an expected condition in the system

*A theoretical condition that can be calculated for any watershed, but
will differ between watersheds depending on the intrinsic properties of
the watershed

*Becomes a null hypothesis to guide field work: it is a state against
which to detect and measure deviations from predictions caused by
processes not included in the model

Keep it simple as possible and focus on what matters
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Ripple: A Cohea Salmon Population Madel

Ripple 1s a digital terrain-based model for defining the limiting factors in coho salmon populations i upland watersheds. Ripple 1s the
result of a long-term collaboration with Stillwater Sciences (an NCED partner). As a first step in applying our terrain-based
approach to a specific population, Ripple uses topographic data to calculate habitat and a population dynamics model to identify
habitat limitations.

It 1s specifically designed:

1. To be used where data are limited;

2. To serve as a guide to field mnvestigations;

3. To guide management decisions; and

4. To refine hypotheses for further theoretical advances.

Reguirements
Ripple only works under ESRT s ArcGIS Desktop. You must have an operating copy of either ArcGIS 8.3 or 9.2 to run Ripple.
There are separate project files for each version. OS: Windows XP or Vista

Search in Google on: Ripple Salmon

Free ArcMap based Limiting Factors Analysis using DEM's
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rkKS

P —
rS + K

P = population (in next life stage, number of individuals)

S= stock (in current life stage, number of individuals)

Berveton-Holt stock-recruitment model
21



Stock-recruitment models

production/carrying capacity

0 2 4 6
stock/carrying capacity

Spawner > fry -> juvenile > smolt

10
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Habitat Carrying Capacity

Solve per arc the K, per unit length for a given life stage

4
K| =W Z (CtsUtIs Dtls)
b

|= for a specific life stage (spawner, summer 0, winter 0) in a
given arc

t= channel bedform type (pool, riffle, glide, and cascade)

C.= fraction of arc length in channel bed type ,t, for a slope
class,s.

U,= fraction of habitat that is useable for a given channel bed
type t for a given life stage, |, for a slope class, s.

D, = max density of fish in each channel type,t, for each life
stage, |, for slope class, s.

w,= channel width for flow at given life stage N



rKS Ly
P = KI — Z(Ctutl DtIWI)
b

rS+K

GEO (8 parameters)
» Use DEM to compute local slope and drainage area.

* From slope, estimate the proportion of channel bed type in each reach
and apply slope use thresholds (for Coho, no use above about 3%, for
example)

*From drainage area, calculate for each reach: bankfull width and depth,
summer low flow width and depth, winter base flow width and depth

*From the product of slope and bankfull depth, calculate for each reach
median grain size of bed surface material

HAB (200 parameters)
Solve for K
POP (12 parameters)

24
Solve for P
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| Habitat Usability |

ot all of a stream unit is necessarily usable by fish. The "Habitat usability" parameters specify the expected Fraction of unit length potentially
available For use by that lifestage.

The usability of a unit of stream by a lifestage depends on the lifestage, the habitat bype of that unit, and the slope class of that unit, so the
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| Habitat Usability |

ot all of a stream unit is necessarily usable by fish. The "Habitat usability" parameters specify the expected Fraction of unit length potentially
available For use by that lifestage.

The usability of a unit of stream by a lifestage depends on the lifestage, the habitat bype of that unit, and the slope class of that unit, so the
characterization of habitat usability is given by a set of S0 parameters,
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s Smolt Ready I —I
11_Out.SMOLT | Minimum and Maximum Depth Threshold {meters) |
Shitat
fish/frm : : ' : : :
& depth threshold is assigned tao Filker out those portions of the stream nebwork that have a predicked width lower than the

5 fish,/m threshold, including reaches that Fall within the channel type criteria where fish may be expected buk thak are actually koo small ko
 fish,/m be used by fish.
sh/m With the width threshold, it is used to define the subset of the channel network useable by a particular species,
=h/rm | Spawner | | Surnrmer O | | \Winker O | | Surnmer 1 |
=h,/rmi Minirmurn Mazirnurn Minirmurn Mazirnurn Minirmurn Mazirnurn Minirmurn Mazirnurn
shy/m Slopeclass 1(0.01) | 535 | 1p | oos | 1w | oos | 1o | 0.5
her Slopeclass2(0.02) | o35 | 1p | oos | 1w | oos | 1w | 0.5
nall HAR: gOh

Slope class 3 (0.04) 0.15 10 0.05 10 0.05 10 0.15
nall GEC: go I : I I : I I : I I :
nall: sfeel_benbow Slopeclass4(0.08) | o35 | 1o | oos | 1w | oos | 1w | 0.5

Slopeclass5(0.2) | o35 | 1o | oos | 1w | oos | 1w | 0.5
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Minimum and Maximum Width Threshold {meters)

& width threshold is assigned to filker out those portions of the stream nebwork that have a predicked width lower than the
threshold, including reaches that Fall within the channel type criteria where fish may be expected buk thak are actually koo small ko

be used by fish.
With the depth threshold, it is used to define the subset of the channel network useable by a particular species.

| Spawner | | Surnrmer O | | \Winker O | | Surnmer 1 |

Minirmurn Mazirnurn Minirmurn Mazirnurn Minirmurn Mazirnurn Minirmurn Mazirnurn
Slope class 1 (0,01} I 2 I 16 I 1 I g8 I 1 I ann I 1 I a0 )
Slope class 2 (0.02) I 2 I 16 I 1 I g I 1 I ann I 1 I a0 )
Slope class 3 {0.04) I 2 I a0 I 1 I ano I 1 I 200 I 1 I Q00 )
Slope class 4 {0.08) I 2 I a0 I 1 I ano I 1 I 200 I 1 I Q00 )
Slope dass 5(0.2) | | a0 | 1 B | 1 | so0 | 1 | so0 oo
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ity POP: Coho Salmon Population Model Parameters
13ty POP uses a global growth rate (r) for each age-stage and an arc-specific habitat carrying capacity (k). K was
| out. SUMMERD K determined in the HAB module. You can choose what Functional Form to use For each of the 3 skage transitions.
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Ripple: Coho Salmon Model X

- flod Edy Fun vers

R]pple GEQ & & gl

Coho Salmon Model HAB © © hi7
shallowe spawn POP & © p33

Start | 1. GEO 2. HAB | 3, POP |

Habitat Carrying Capacity Model

— Total Basin Capacikies

--- Redds
Spawnet Capacity (K =, 033 [
5 0 Capacity (K): Ci1,839 .
urnmer 0 Capacity (k) - Juveniles
Winker O Capacity (K 4,599,591
gl 1) S == Smalt Ready Juve,
cean Stage (no eskimate) —-- Smolks ko Spawners

HAB Configuration Table  The carrving capacity of a reach Faor a
hab17_pararm.dbf lifeskage is the maximum number of Fish a
reach can suppork, per unit length of skream.
Capacity depends on species's lifestage,
slope class and the habikat bvpe af that unik,

{2 Run HAB ‘ < Back ‘ Mext ‘

(7) Help ‘ Hide Cantrol Panel
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Ripple: Coho Salmon Model £|_

ijple o Ry Run Wers
GED © © g
Coho Salmon Model H4E © o h
Finaldeath POP o o p2
Start | 1. GEO | 2. HAB 3. POP |
Population Model
— Tokal Basin Populations
Redds: 6, 792
Fry: 3,372,801 1 CPavner ik 5,083
Juveniles: 348,376 i x:t:?;ié? 4:2;132?
Smolt Ready Juveniles: 337, 7E0 L Out mi ral:h:u;'u . Dce;n :
Smalts: 271,690 Gceang
Spawners: 13,554

POP Configuration Table  population model is based on spawner abundance
pop2_param.dof & Fecundity values used by a Stock-Production
riodel, overwinkering & migration mortality rakes,
% a dimensionless ocean survival rake,

{2 RunPOP ‘ < Back

(7) Help ‘ Hide Cantral Panel
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Summer habitat
that is upstream of
spawning reaches
IS shown in blue
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= sfeslforRRMW 10mall POP: gOhOp
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hiab_gOh0_out. SUMMER D,
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— 0.0001000 - 0.000000000
— 0,0001000 - 002500
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— 0.5001 - 1.000
= 1,001 - 2,000
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ER= Layers -
Ripple: Coho Salmon Model X| = M sfeelforRRNW10mall POP: gohdy
= Cohio Redd
Ri IE hlod Fdy Fun Vers pop_gohOpl_out REDD
pp GED @ @ gl not coho habitat
Coho Salmon Model H&E © © ha — Up 10 0.05 fishym
POP © 0 p2 0,05 - 0,125 fish/m
hollowtree3a e e 0.125 - 0.5 fish/m
Start | 1. GEO | 2. HAE 3. POP | — 0.5- 1.0 fish/m
1.0 - 2.0 fish/m
Population Model — 2.0- 4.0 fish/m
— Total Basin Populations - ;'E ) Ec'j':'hﬁs:f m
— 8.0 and higher
Redds: 1,011
EF SI 454 ’325 +-- Spawner (K 632 O Coho Fry
. i J F-- Surnrner O (k) 72,460 O Coha Juveniles
Juveniles: 44,200 .
_ - Winker O (K 440,467 O Coho Juveniles Smolt Ready
Smalt Ready Juveniles: 44,193 L-- Qut migration to ocean = M sfeelforRRMW10mall HAB: gOho
Smalts: 40,433 Lo Ocean [0 Spawner Capacity
Spawners: 2,023 = W Summerd Capacity
hiab_gOh0_out. SUMMER D,
POP Configuration Table  population model is based on spawner abundance -1.700000e+308 - 0.0000¢
pop2_param.dbf & Fecundity values used by a Stock-Production — 0.0001000 - 0,000000000
T WiewMadify | rmodel, overwinkering & migration rmortality rakes, 0,0001000 - 0.02500
— & a dimensionless ocean survival rate, — 0.02501 - 0.1000 _—
- — 0.1001 - 0.5000
{4 RunPOP I < Back | 0.5001 - 1.000
— 1,001 - 2,000
Hel | . — 2,001 - 3.000
(2) Help Hide Control Panel 001 - 100.0 |;|
al | .

Outmigrant trapping by MRC biologists in 2001 produced annual estimates
of 25,000 steelhead and 35,000 coho; the watershed also produces
Chinook salmon. These data support the idea that Hollow Tree Creek may
be the largest producer of coho salmon in the entire Eel River watershed.
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Ripple: Coho Salmon Model x|

ijple o Ry Run Wers
GED @ © g0
Coho Salmon Model HAE © o hzz
shallow spawn POP @ & p33
Start | 1. GEO | 2. Hag 3. POP |
Population Model
— Tokal Basin Populations
Redds: 43,223
Fry: 18,236,171 I Spawner (K 24,304
Juveniles; 1,790,820 b= Surnmer 0 (K); 1,944,279
L - Winter O (K): 4,599,591
Smolt Ready Juveniles: 1,790,644 r " E'j {.:' L
smalks: | 778 030 +-- 2k migrakion ko ocean
! 1 1 L |:I
Spawners: a6, 447 - Ocean

POP Caonfiguration Table
pop33_param.dof

] WiewModify |

{2 RunPOP I

Populakion model is based on spawner abundance
& Fecundity values used by a Stock-Production
model, overwinkering 8 migration mortality rakes,
& a dimensionless ocean survival rate.
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East side of SF Eel- coho
absent— temperature effect?

2001 Survey of Coho
Presence, CDFG

2001 Survey Results
- Surveyed, Present
Surveyed, Not Found

=== Not Surveyed, Assumed Present

Not Surveyed

Juvenile carrying
capacity
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Figure 2
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South Fork Eel River Hypotheses

1) There are a limited number of critical
reaches that control the Coho population

2) Upstream migration of juveniles occurs and
is important to use of summer habitat

3) Summer Coho are limited to smaller
drainage area reaches due to deep pool
(predator) avoidance

4) Increased stream temperature in critical
reaches may be responsible for Coho
population decline
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Ripple application elsewhere
(by Stillwater Sciences)

* Rock Creek, Oregon (most advanced use,
Including investigations of stream
temperature and large woody debris
effects)

» Lagunitas Creek, California (Ripple
applied and used to guide field
Investigations)

* Tonsina River, Alaska (Ripple framework
guided initial field studies)
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Representing Environmental
Change in Ripple

Drought— reduced width of winter and
summer base flows, r effects

_oss of LWD- less percentage of pools,
ower density of fish/m2, r effects

ncreased temperature- lower density of fish,
I effects

Increased fine sediment- less percentage of
pools, r effects, lower density of fish
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Ripple future development

Short term (underway):
« Capabillity to add and remove barriers

* Replace calculated attributes for a given reach
with field observations

 Add off-river habitat based on field observations
Longer term development

« Connect to GIS-based model for spatially explicit
river temperature (BasinTemp)

« Develop “ripple approach” for other species
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Conclusion

River networks produce a highly structured
pattern of process and morphology downstream.

This structure can be exploited to predict habitat
and carrying capacity of salmon throughout a
watershed.

Ripple enables a rapid, spatially explicit
assessment of possible limiting factors on
salmon populations from a minimum amount of
data. It guides the generation of null hypotheses
for field studies.

The model is freely available, including the
source code.
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NATIONAL CENTER FOR EARTH-SURFACE DYNAMICS

A NATIONAL SCIENCE FOUNDATION SCIENCE & TECHNOLOGY CENTER

National Center for Earth-surface Dynamics

Our purpose is to catalyze development of an integrated, predictive science of the processes
shaping the surface of the Earth, in order to transform management of ecosystems,
resources, and land use.

Three Integrative Projects:
1) Desktop Watersheds

2) Stream Restoration

3) Subsurface Architecture
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Ripple: Coho Salmon Model X

RiDDIE o Fdy Fun Wers
GEC & & gl
Coho Salmon Model HEB © © hi7
shallow spawn POP © © p33
Start | 1. GEO | 2. HAB 3. FOP |
Population Model
— Taotal Basin Populations
Redds: 8,292
Fry: 4,906,891 r-- Spawner (K] 5,083
Juveniles: 245,376 }}: i‘-.:::tn;?'l;l?[}g;ﬂ ) :g;*:g?
amolt Ready Juveniles: 348,252 L Out mi rati::u;w . Dce-;n !
Smalts: 331,690 Gceang
Spawners: 16,585

POP Configuration Table  population model is based on spawner abundance
pop33_param.dof & Fecundity values used by a Stock-Production
=1 Yiew/Madify ‘ n‘u:u:lellJ n:we_rwmterlng B I'|'|II;|I’E|!ZII:II'| morkality rakes,
% a dimensionless ocean survival rake,

(. Run POP < Back
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Coho Salmon Model

hollowtree3a

start | 1. GEO | 2. HAB 3. POP |

— Taotal Basin Populations
Redds:
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Juveniles:
amolt Ready Juveniles:
Smolks:
Spawners:

Ripple: Coho Salmon Model

Population Model

X|

hiod Bdy Eun Wers
GEQ @ @ gl
H&E @ @ h0
FOF @ @ pl

970
570,072

42,440
42,432
38,797

1,940

- Summer 0 (k)

- 2k migration to acean

b e e e e
1 1 1

604
63,159
426,168

POP Configuration Table

popl_pararn.dbf
] WiewModify |

Population model is based on spawner abundance
& Fecundity walues used by a Stock-Production
model, overwintering & migrakion mortalicy rates,
& a dimensionless ocean survival rake,
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Outmigrant trapping by MRC biologists in 2001 produced annual estimates
of 25,000 steelhead and 35,000 coho; the watershed also produces
Chinook salmon. These data support the idea that Hollow Tree Creek may

2 ¢ be the largest producer of coho salmon in the entire Eel River watershed.
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