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EXECUTIVE SUMMARY

This report describes the methods and findings of a rapid assessment protocol that was applied to

quantify habitat carrying capacity for spawning and rearing of salmon and steelhead in

Abernathy Creek, Washington. In the first phase of the assessment, the stream was surveyed to

measure the key habitat characteristics directly linked to predicting the amount of stream habitat

suitable for rearing and spawning in 11 stream reaches. In the second phase, the habitat data were

modeled using the Unit Characteristic Method (UCM) to predict the stream’s carrying capacity

for two life stages, spawning and rearing, for Chinook salmon, coho salmon, chum salmon and

steelhead trout. Since the primary rearing and spawning seasons are at different times of year,

and at substantially different flows, relationships of hydraulic geometry were used to predict the

differences in area and depth of each channel unit between the two seasons. The assessment

revealed specific locations and habitat features that currently limit production, and the gains in

potential fish production that have been realized or could be realized from habitat restoration

projects.

At present, rearing habitat is more limiting than spawning habitat. Habitat capacity for spawning

is sufficiently distributed to seed rearing habitats to capacity with juveniles in most reaches. Our

analysis suggests that restoration efforts to increase spawning habitat in the middle and upper-

reaches, in order to reduce the spatial mis-match between spawning and rearing habitat, should

be a medium to long-term priority. Our analyses also indicate that expansion of rearing habitat in

specific reaches should be prioritized to alleviate the rearing capacity bottleneck as spawning

habitat expands.

We found that spawning capacity was limited by the area of suitable gravel patches, and not by

their depth and velocity. High levels of fines substantially limited the area of otherwise suitable

spawning gravel. Flows during spawning season are sufficient to inundate most available

spawning habitat to a depth and velocity suitable for all four salmonid species. Differences in

spawning capacity between species resulted largely from the greater area defended by larger fish

(i.e. Chinook salmon) at spawning.

To estimate rearing habitat capacity, the UCM model uses species-specific rearing densities for

different channel unit types (e.g. – pool, riffles, alcove, etc.) and then adjusts them based on

availability of preferred habitat features within a given channel unit. These habitat features act as

capacity scalars, and include depth, cover, channel size, percent fines and riffle-to-pool ratio.

The distribution of estimated rearing capacity between stream reaches for Abernathy Creek was

similar between anadromous salmonid species, with the exception of coho, which exhibited a

distinct downstream skew when expressed as parr capacity per 100m of stream length (Figure 8).
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The carrying capacity estimates generated with the UCM model can be used to identify strategies

for habitat restoration to achieve the ESA recovery goals set by the LCFRB in their 2010 Lower

Columbia Salmon Recovery Plan are specific. One of the key factors limiting parr rearing

capacity in Abernathy Creek is the paucity of large wood (LWD) in most reaches. While some

LWD has been added, including the placement of root wads and LWD pieces, many of these are

relatively small additions designed primarily for bank stabilization not to provide rearing habitat

and/or cover. We provide example simulations with the UCM, and show the greatest gains in

rearing capacity come from increasing LWD complexity in the downstream reaches, specifically

Reaches 3 and 4.

Another key limiting factor is the low abundance of alcoves and back channels which represent

critical over-winter rearing habitats for juvenile coho salmon. Abernathy Creek Reach 2 contains

a complex of engineered side channels with LWD additions that have been constructed,

presumably to enhance salmonid spawning and rearing habitat. However, UCM modeling

showed that the engineered channels actually reduced coho rearing capacity by ~43% on a per

unit length basis, leading to a ~16% reduction in adult equivalent recruits. This unexpected result

was the consequence of decreasing the riffle-to-pool ratio. The riffle-to-pool ratio is a reliable

proxy for invertebrate production and drift, and therefore, food availability within the reach. This

is an example of the complex inter-play of factors which govern ecological processes within

streams. The application of the UCM model using actual habitat measurements can help to

prevent intuitive, but potentially counter-productive restoration efforts, while also clarifying the

specific types and locations of restoration actions that will lead to achievement of ESA recovery

goals.

Utility and efficiency of the UCM approach can be expanded from that demonstrated in this

report. The predictive accuracy of the UCM could be validated by comparing actual observations

of fish use to the UCM predictions of carrying capacity on a unit-by-unit or reach-by-reach basis.

Additional modeling of restoration alternatives could be completed to predict the return on

investment, in terms of returning adult spawners, for each action. This could lead to selection of

optimal strategies for achieving ESA recovery goals. Finally, the analysis and reporting for UCM

surveys could be standardized and programmed into computer code to enable delivery of high

quality initial reports within days after a stream survey. Each of these steps would empower

effective decision-making by the LCFRB.
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BACKGROUND

This report describes the methods and findings of a rapid assessment protocol that was applied to

quantify the production potential for salmonids from spawning and rearing habitat in Abernathy

Creek, Washington. In the first phase of the assessment, the stream was surveyed to measure the

key habitat characteristics directly linked to predicting the amount of stream habitat suitable for

rearing and spawning in each stream reach. In the second phase, the habitat data were input to

the Unit Characteristic Method (UCM) model (Cramer and Ackerman 2009) to predict the

stream’s carrying capacity to produce Chinook salmon, coho salmon, chum salmon and steelhead

trout. The assessment was also intended to reveal specific locations and habitat features that

currently limit production, and the gains in potential fish production that have been realized from

habitat restoration projects already completed.

The Abernathy Creek Watershed provides an ideal location to demonstrate the utility and

accuracy of habitat-based methods for predicting stream carrying capacity and the effect of

habitat limiting factors on that capacity. The extensive studies of anadromous fish populations in

the Abernathy Creek Watershed provide a wealth of data on actual fish use with which to

compare habitat-based predictions of fish production potential and the factors that limit that

potential. This comparison provides a basis for recommending methods, locations, and priorities

for continuing habitat restoration and enhancement.

Outcomes from this study should supply specific details of the locations and magnitude of

impact from habitat limitations highlighted in the Abernathy and Germany Creeks Intensively

Monitored Treatment Plan (LCFRB 2009) such as:

 Passage obstructions

 Stream flow influence on habitat suitability loss of habitat diversity and quality to support

fish multiple life stages

 High sediment load and loss of large woody debris

The final result will be a detailed assessment of the locations and quantity of both spawning and

rearing habitat, their combined capability to produce each species of anadromous salmonid, and

the key factors limiting that production capability. This will provide a clear picture of where

habitat factors are most limiting, and the extent to which habitat improvement and restoration

can be expected to improve the situation. To put it succinctly, this assessment will enable the

LCFRB to drill down on the highest priority restoration actions and quantitatively determine how

much benefit to potential fish production each action is likely to provide.
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Figure 1: Abernathy Creek (at center) study area. Brackets on the left- hand side of the stream
denote the sections through which continuous access was granted to conduct the field survey.
Brackets on the right denote stream reaches as designated by the LCFRB. Reach 6 is a point
location and is, therefore, omitted. Colors denote priority tiers from 1 – 4 (in descending order
of importance) denoting importance to salmon recovery within the stream (Tier 1 = red, Tier 2 =
orange, Tier 3 = yellow, Tier 4 = green).
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METHODS

Surveys of stream habitat features and modeling of the anadromous salmonid production they

can support were completed according to the general tenants of the Unit Characteristic Method

(UCM) for estimating rearing capacity (Cramer and Ackerman 2009a and 2009b). Since initial

publication of the UCM, Cramer et al. (2012) developed and demonstrated extension of the

UCM to Chinook, coho and chum salmon, and those methods are applied in this study.

Procedures developed for measuring spawning habitat were developed further by Selheim and

Cramer (2013), and were also applied in this study. All stream channel units in stream reaches

specified by the LCRFRB were classified and measured by a team of two fisheries technicians.

Reaches surveyed included all reaches for which landowner permissions had been granted for

access. Access was not granted for approximately a third of Reach 4 and nearly all of Reach 8.

Also, a short section of Reach 3 above Slide Creek Bridge was also excluded. Modeling for these

reaches reflect only the portions of the reached that could be accessed for survey. Measurement

procedures were derived primarily from the Oregon Department of Fish and Wildlife Stream and

Habitat survey protocol (Moore et al. 2002). Here, we give further details of the methods

employed in the habitat survey of Abernathy.

Rearing Habitat

In this section, we describe measurements taken during the stream survey measure, followed by a

summary of procedures used to calculate rearing capacity from these observations. A more

thorough description of the modeling concepts and procedures to estimate carrying capacity is

given in Appendix A.

Delineation into Channel Geomorphic Unit Types

Channel geomorphic units, commonly described by such terms as pool, riffles, or glides, are

lengths of the stream with relatively homogeneous depth and velocity that are bounded by sharp

gradients in depth and velocity. For example, depth and velocity change sharply between a pool

and a riffle. With some exceptions, channel geomorphic units are defined to be at least as long as

the active channel is wide. When a stream diverged into multiple channels, channel units were

classified and measured in each of the channels.

Field Crews first delineated all stream reaches into channel unit types using the criteria in Table

1. The unit types listed below do not necessarily describe all types which were encountered in

the stream, but describe all of the unit types likely to produce juvenile salmonids. Other unit

types such as isolated pools, dry channel units, culverts, or steps are unlikely to produce

salmonids and typically make up only a very small portion of a stream.

After channel unit types were defined, unit-specific measurements were recorded as described in

Table 2. Note that details for wood complexity ratings are provided in Table 3. Other stream



UCM Rapid Assessment of Abernathy Creek

Cramer Fish Sciences  6

survey data was also collected including gradient, potential passage barriers, and other unique

aspects of the unit shape. Photos of each unit were taken in order to assist in data interpretation,

and provide a visual reference back to each unit.
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Table 1. Channel unit type definitions.

Channel Type Definition

Pools A unit with no surface turbulence, except at the inflow, and has depth extending below

the plane of the streambed. Pools are typically created by fluvial processes such as

scour of the stream bottom when flowing water is deflected by an obstruction, such as

a rock outcropping or a stream bank. The scoured depression would continue to hold

water if there was no flow. Some pools are created by impoundments at the tail end,

such as boulders, a debris flow, a log jam, or a beaver dam.

Glides An area with generally uniform depth and flow with no surface turbulence. Low

gradient; 0-1 % slope. Glides may have some small scour areas but are distinguished

from pools by their continuous velocity, overall homogeneity and lack of structure.

Generally deeper than riffles with few major flow obstructions and low habitat

complexity.

Riffles Fast, shallow flow with surface turbulence over submerged or partially submerged

substrates. Generally broad, uniform cross section. Usually 0.5-2.0% slope, rarely up to

6%. Some riffles may contain numerous sub-unit sized pools or pocket water created

by scour associated with boulders, wood, or stream bed dunes and ridges. In these

instances, sub-unit sized pools comprise 20% or more of the total unit area. Other

protocols might classify these as pocket water, but in our case, these are boulder riffles

(i.e. riffles with boulders as dominant substrate).

Rapid Swift, turbulent flow including chutes and some hydraulic jumps swirling around

boulders; exposed substrate composed of individual boulders, boulder clusters, and

partial bars. Moderate gradient; usually 2.0-4.0% slope, occasionally 7.0-8.0%. Rapids

over bedrock may appear as swift, turbulent, "sheeting" flow over smooth bedrock.

Sometimes called chutes. Little or no exposed substrate. Moderate to steep gradient;

2.0-30.0% slope.

Cascade Much of the exposed substrate composed of boulders organized into clusters, partial

bars, or step-pool sequences. Fast, turbulent, flow; many hydraulic jumps, strong

chutes, and eddies; 30-80% white water. High gradient; usually 3.5-10.0% slope,

sometimes greater. Cascades over bedrock are similar except that structure is derived

from sequence of bedrock steps. Slope 3.5% or greater.

Backwater Pool found along channel margins; created by eddies around obstructions such as

boulders, root wads, or woody debris. Part of active channel at most flows; scoured at

high flow. Substrate typically sand, gravel, and cobble.

Beaver Pond
Pool formed by a beaver dam.

Alcove
Side channel or pool that maintains a downstream connection, but no upstream

connection, to the main channel at low flow. Exhibit either no or very low downstream

flow.
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Table 2. Measurements recorded for each channel unit classification.

Channel Measurement Definition

Geomorphic Unit

Length

Total length of each unit in meters recorded with a surveyor’s tape.

Geomorphic Unit Width Average width of wetted channel in meters. Average width was estimated

by measuring the wetted width in at least three locations, using a laser range

finder, along the longitudinal axis of the unit and then averaging.

Maximum and

hydraulic control depths

in Pools

Maximum depth, using a stadia rod, was recorded in pools in meters.

Maximum depth was also recorded in backwater units and beaver ponds.

Depth of hydraulic control points were also measured in pools, beaver ponds,

and backwaters.

Average Depth in Riffles Average depth in meters was recorded in riffles using a stadia rod. Average

depth was also recorded in glides, rapids and cascades.

Substrate Classification Percent distribution by streambed area of substrate material in six size

classes: fines (<2mm), gravel (pea to baseball; 2-64mm), cobble (baseball to

bowling ball; 64-256mm), boulders, and bedrock. Distribution was estimated

relative to the total area of the habitat unit (wetted area). Each class was

rounded to the nearest 5 percent.

Wood Complexity A wood complexity rating was assigned to each pool and glide. Wood

complexity is rated on a 1-5 scale, with 5 as most complex as defined in

Table 3 below. Counts of LWD were also taken to estimate LWD density.

Active Channel Height A stadia rod was used to sight the height above the preset water level of the

bank full height.

Active Channel Width Distance across channel at "bank full" flow. Bankfull flow is the level the

stream flow attains every 1.5 years on average. Often visible as a line above

which vegetation begins. The boundary of the active channel can be difficult

to determine; use changes in vegetation, slope breaks, or high water marks as

clues. Sum the width of all active channels in multichannel situations. The

active channel width was measured, using a laser range finder, at the

broadest point of the unit.

Flow Velocity Velocity at 80% and 20% water depth for patches with greater than 0.6 m

inundation and 60% for patches with less than 0.6m was measured using a

Marsh-McBirney Flo-mate.
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Table 3. Wood complexity rating definitions.

Wood Complexity Rating Definition

1 Wood debris absent or very low

2
Wood present, but contributes little to habitat complexity. Small pieces

creating little cover.

3
Wood present as combination of single pieces and small accumulations.

Providing cover and some complex habitat at low to moderate discharge.

4

Wood present with medium and large pieces comprising accumulations and

debris jams that incorporate smaller root wads and branches. Good cover

for fish over most flow levels.

5

Wood present as large single pieces, accumulations, and jams that trap large

amounts of additional material and create a variety of cover and refuge

habitats. Woody debris providing excellent persistent and complex habitat.

Complex flow patterns will exist at all discharge levels.

Calculation of Available Rearing Habitat Area

The UCM assigns a standard density for each fish species to each unit type, and then increments
or decrements of that density according to the amount that substrate, depth, and cover deviate
from average. The magnitude of incremental change in fish density per increment of a habitat
feature was derived from preferences demonstrated by each fish species for each habitat feature
(Cramer and Ackerman 2009a). A stream’s carrying capacity can be calculated by multiplying
fish density by surface area in each unit, and then adjusting between stream reaches for
differences in factors that influence food supply. Further technical details of the modeling and
analysis method are outlined using a generalized example in Appendix A and the method is fully
described in Cramer and Ackerman (2009).

Within each channel unit of Abernathy Creek, general calculation steps included:

1) Surface area was determined for each habitat unit within each reach.

2) Surface area was deducted for calm, mid-sections of pools. No credit was given for
length greater than 4 widths.

3) Surface area was discounted for any mid channel farther than 40 ft. from shore in pools,
riffles, and glides.

4) Raw parr capacity in each unit was calculated by multiplying the area for each unit by the
average maximum parr density for that unit type.

5) Raw capacity was adjusted up or down in each unit according to whether depth was more
or less than the standard from which fish densities were based (see Table 11)

6) Capacity for each unit was further adjusted up or down in each unit according to whether
cover complexity was more or less than average. Cover in pools was derived from wood



UCM Rapid Assessment of Abernathy Creek

Cramer Fish Sciences  10

complexity and boulder abundance. Cover in glides and riffles were derived from boulder
abundance.

At the reach scale, capacity for all channel units was summed and adjusted as follows:

 Capacity for each reach was discounted if the percentage of area composed by riffles was
less than 50%. This accounted for low invertebrate drift, the principle food.

 Capacity for each reach was discounted further if embeddedness of fines in riffles
averaged greater than 10%.

Predicted Width and Depth Change at Higher Flow

Stream dimensions were measured while flows were at their lowest of the year, so we needed to
predict how both the width and depth of each channel unit would increase at the higher flows
during fall for spawning capacity or during spring for rearing capacity. As stream flow changes,
water level, stream width, and velocity must change. As flows increase and more water flows
through the channel water level increases and the stream spreads out to fill the channel with the
amount of spread being dependent on channel shape. These flow, width, and depth relationships
follow laws of fluid dynamics and are predictable using a set of simple models. These
relationships were first described by Leopold and Maddock (1953), who measured flows, widths,
average depths, and average velocities in streams. After plotting their measurements in log-log
graphs they found linear relationships of flow to each of the following metrics; width, depth, and
velocity. This finding led them to develop a hydraulic geometry model to predict stream changes
related to flow consisting of three related equations:

W = aQb

D = cQf

V = kQm

where W is average channel width; D is depth; V is velocity; Q is discharge; b, f and m are
exponents for the increase in width, depth, and velocity, respectively, with increase in discharge;
and a, c and k are coefficients for the respective power functions. The coefficients and exponents
change with channel size and shape. These relationships also have the property that the sum of
the exponents must equal unity (b + f + n = 1), and so must the product of the coefficients ((a∙c∙k 
= 1).

In recent decades, fisheries researchers have begun to explore the use of hydraulic geometry to
predict how fish habitat suitability changes in response to flow changes. Hogan and Church
(1989) showed from studies of two coastal streams in British Columbia that slopes of hydraulic
geometry relationships consistently differed between pools and riffles, and thus reflected
differing responses between types of channel units in the response of habitat characteristics to
changes in flow (Figure 2). Further, they found that PHABSIM and hydraulic geometry
predictions of habitat quality for salmonids across a range of flows were closely correlated.
This hydraulic geometry model has been used to estimate the effects of flow on fish habitat
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values in streams of California by Rosenfeld et al. (2007) and in high gradient streams in New
Zealand by Jowett (1998).

Figure 2: Example of hydraulic geometry relationships fit to field measurements of velocity,
depth, and width of a coastal stream in British Columbia. Symbols m, b, and f are exponents of
hydraulic geometry equations for the fitted line. From Hogan and Church (1989).

To use the hydraulic geometry model, we need to estimate the coefficients appropriate for
Abernathy Creek. We applied an approach described by Jowett (1998) in which ratios of width
and depth at a low and high flows were used to estimate the needed parameters. We used
measurements for width and depth of each channel unit measured at low flow on the day of our
survey, and the bank-full width and depth measured during the same survey. In order to
determine the flow corresponding to the bank-full stage, we used data from the Washington
Department of Ecology gauge on Abernathy Creek (WDOE 2014). Bankfull flow (Q) was
calculated from applying the Manning equation to the cross-sectional area at the gauge location,
and assuming a roughness coefficient of 0.04 (typical assumption for gravel/cobble streambed).
We then solved the Manning equation to estimate velocity at the bankfull flow (width and depth
were already incorporated in calculation of cross-sectional area).
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Using this information, unit-specific coefficients and exponents for the stream change model are
calculated using the following equations from Jowett (first four) and Leopold and Maddock (last
two).
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log �
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where W1 and D1 are wetted width and average depth measured at 13 cfs,

Q1 and W2 and D2 are bank-full width and average depth measured at 226 cfs (Q2)

All of these, except average depth at bank-full flow, were measured. Average depth at bank-full
flow is calculated using height to bank-full level using the following equation from Jowett.

� � =
� � × ( � � + Δ � ) +

Δ � × ( � � − � � )
2

� �

where ΔL is height to bank-full level and all other variables are the same as above. The values
for k and m are calculated in this way to ensure that the output of the equations follow laws of
fluid dynamics.

By this approach, the stream change models are channel unit-specific with each channel unit
having its own set of coefficient and exponents that allow average width and depth at different
flows to be calculated. These are used in the calculation of potential spawning production and
rearing capacity in the UCM. Average annual flows (2004-2014) were nearly identical during
the fall spawning (coho, fall chinook and Chum) and spring spawning (steelhead) (Figure 3) so a
single average value (145cfs) was used to model channel dimensions at spawning flows for all
species. For chum, fall chinook and steelhead, summer low flows represent the critical limiting
season for rearing capacity. As such, average annual summer low flow (15cfs) for the period of
record (15cfs) was used to scale depths for rearing habitat. For coho, over-winter flows are most
critical so average annual over-winter flow (158cfs) for the period of record was used (Table 4).
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Figure 3: Representative 2014 Hydrograph for Abernathy Creek (Courtesy: WDOE)

Table 4: Spawning, rearing, bankfull and sampling flows used for modeling on Abernathy Creek

Flow Type Flows (cfs)
Spawning 145

Rearing 15 (158 for overwinter Coho)
Calculated Bankfull (Q = A * V) 226
Sampling 9.9

Spawning Habitat

Spawning habitat was assessed by measuring any suitable spawning gravel patches with a

surface area greater than 3m2 observed within the study reach. Also, any dry gravel patches

matching the same area requirements but less than 2m above the water surface elevation were

surveyed. For inundated patches of gravel, multiple measurements of depth, width, and flow

velocity were recorded along with substrate composition estimates. Measurements of width,

depth, flow, and substrate were taken as specified above for rearing habitat. Dry patches included

the previous listed measurements, in addition to vertical and horizontal distances from current

water surface. Gravel patches or portions of patches with noticeable lateral slopes were not

regarded as suitable, as salmonids do not typically spawn in areas with lateral gradients (Geist et
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al. 2000). Gravel patches that were highly embedded with fines (>40%) were also excluded as

unsuitable for spawning. Photos were taken of any encountered spawning habitat.

Calculation of Available Spawning Habitat Area

We used the following steps to calculate spawning capacity:

1) Spawning patches in pool tailouts, riffle, and glide habitat units were identified.

2) Spawning patches where the gravels contained greater than 40% fines were excluded.

3) Spawning patches with less than 15 cm depth for steelhead, coho and chum, and with less

than 30 cm depth for Chinook were excluded.

4) For each spawning patch, spawnable area was calculated as the area of the spawning

patch determined from field measurements as length * average width.

5) The spawnable area in each patch was multiplied by the scalar for fines exceeding 25%.

6) For each species, the area a spawning pair would defend (i.e. –defended space) was

calculated as four times the average area of a redd (Table 5) (Burner 1951; Keeley and

Slaney 1996).

7) The number of redds each patch could support was calculated as the spawnable area (#4

above), scaled for percent fines (#5 above), and divided by the area a spawning pair

would defend (#6 above). Remaining area insufficient to support a spawning pair was

excluded.

Table 5: Average redd area for coho, fall chinook and chum salmon and steelhead trout used by
the UCM model to determine redd capacity.

Species Average Redd Area (m)
Coho 2.9
Fall Chinook 5.0
Chum 2.3
Steelhead 1.0
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FINDINGS & DISCUSSION

Either spawning or rearing habitat can be the limiting factor that sets carrying capacity in a

stream, so we first describe the habitat capacity for each of those two life stages separately, and

then compare the two capacities to determine which is more limiting. The factors constraining

the most limiting life stage are the factors that must be improved in order to expand production

capacity for a given species.

Stream Habitat

The general habitat dimensions of surveyed reaches in Abernathy Creek are provided in Table 6.

Reaches varied widely in length and area with active channel width fairly consistent with an

abrupt narrowing in the upper reaches. Habitat composition (Table 7) and average depth (Table

8) by reach and habitat type are also provided. A diversity of habitat types were prevalent in the

lower reaches including alcoves, backwaters and tidewater areas. As the survey progressed

upstream, habitat became dominated by a primarily pool-riffle complex. Average depth of

habitats also decreased, as expected, with distance upstream.

The habitat trends discussed above are reflected in the scalars used to adjust fish spawning and

rearing densities within the UCM model (Table 9). Depth scalars generally decline in the

upstream direction with slightly greater depths through the mid-reaches reflecting the higher

abundance of deeper pools in mid-reaches. Overall, depths during winter are higher than those

during summer as expected. The cover scalar is moderate, reflecting low LWD complexity but

relatively high boulder counts. Temperatures in Abernathy Creek are near or within the optimal

ranges (10-16°C) during spawning and rearing seasons, which is reflected in the high scalar

value. Finally, the fines scalar, reflecting fines in spawning habitat alone, is consistent across

reaches and reflects low percent fines in spawning habitat.

Table 6: Dimensions of surveyed reaches in Abernathy Creek

Stream Stream
Avg. Active

Channel Width (m)Reach
Location
(Rkm) Date

Flow
(CFS)

Length
(km)

Area
(m2)

1 0 - 0.27 08/26/2014 9.6 0.27 4716 15
2 0.27 – 0.91 08/26/2014 9.6 0.64 6861 12
3 0.91 – 2.57 08/26/2014 9.6 1.66 16791 12
4 2.57 – 4.97 08/27/2014 9.5 2.40 14853 13
5 4.97 – 5.69 08/27/2014 9.5 0.72 5849 13
7 5.69 – 5.77 08/27/2014 9.5 0.08 1137 21
8 5.77 – 9.29 08/28/2014 9.6 3.52 5553 12
9 9.29 – 13.86 08/29/2014 9.8 4.57 32592 10
10 13.86 – 15.15 09/01/2014 10.2 1.29 6581 7
11 15.15 – 16.52 09/02/2014 10.0 1.37 4805 4



UCM Rapid Assessment of Abernathy Creek

Cramer Fish Sciences  16

Table 7: Habitat composition, by count, for surveyed reaches in Abernathy Creek.

% of Channel Unit Counts
Reach Alcove Beaver Pond Backwater Glide Pool Rapid Riffle Tidewater

1 - - 33% 17% 17% - 17% 17%
2 - - 32% 23% 32% - 14% -
3 2% - 5% 14% 33% 5% 40% -
4 - - - 29% 29% 4% 38% -
5 - - - 36% 18% - 45% -
7 - - - - 50% - 50% -
8 - - - 8% 38% 15% 38% -
9 - - 4% 17% 27% 6% 46% -
10 - 3% - 9% 41% - 47% -
11 - - - 10% 37% - 53% -

Table 8: Average depths by channel unit for each surveyed reach of Abernathy Creek.

Average Depth (m)
Reach Alcove Beaver Pond Backwater Glide Pool Rapid Riffle Tidewater

1 - - 0.09 0.38 2.10 - 0.31 1.45
2 - - 0.22 0.39 1.05 - 0.30 -
3 0.99 - 0.33 0.36 1.04 0.39 0.23 -
4 - - - 0.33 0.80 0.40 0.27 -
5 - - - 0.28 0.59 - 0.19 -
7 - - - - 0.60 - 0.29 -
8 - - - 0.16 1.03 0.32 0.20 -
9 - - 0.20 0.28 0.63 0.24 0.16 -
10 - 0.41 - 0.17 0.63 - 0.12 -
11 - - - 0.16 0.46 - 0.10 -

Table 9: Spawning and rearing habitat scalars applied to spawning area and rearing capacity.
Depth scalars are provided for the winter for coho and the summer for all other salmonids.

Reach
Depth

(Summer)
Depth

(Winter) Cover Temperature Fines
1 1.38 1.99 0.86 0.94 1.00
2 1.30 1.70 0.85 0.94 0.97
3 1.40 2.51 0.83 0.94 1.00
4 1.46 2.36 0.76 0.94 1.00
5 1.17 2.29 0.99 0.94 1.00
7 1.56 2.65 0.79 0.94 1.00
8 1.13 2.09 0.88 0.94 1.00
9 1.02 1.94 0.89 0.94 1.00
10 0.68 1.66 0.83 0.94 1.00
11 0.45 1.43 0.93 0.94 1.00
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Spawning Habitat

Our data on the dimensions of spawnable gravel patches indicate the area of appropriately sized
gravel with low percent fines (embededness) was the primary factor limiting habitat capacity.
Water velocity and depth of otherwise suitable gravel patches also influence spawner use, but we
found that flows during spawning season (average of 145 cfs) are sufficient to inundate most (not
all) available spawning habitat to a depth and velocity suitable for all four salmonid species.
Thus, the availability of suitable spawning substrate largely determined the carrying capacity for
spawning of each species. Suitable spawning substrate was found in all reaches surveyed, but the
majority of spawnable habitat was concentrated into Reach 2 (Figure 4), due to a single long
riffle with appropriately sized spawning gravel, low percent fines and adequate depth.

Figure 4: Predicted anadromous salmonid spawning habitat available by reach at spring/fall
spawning flows.

High levels of fines substantially limited the area of otherwise suitable spawning substrate. A
comparison of the reach averages for percentage of fines in the substrate of pool tail outs and
riffles to that in substrate patches of suitable spawning gravel showed that fines averaged 0-12%
in each reach, in contrast to reach averages of 12-75% in gravels not classified as spawnable
(Figure 5). Survival of eggs in the gravel begins to rapidly decline when fines exceed 25% of
substrate. High levels of fines are especially prevalent in the lower reaches (Reaches 1 and 2),
which are known depositional zones, and where high percent fines are likely to impact chum
salmon spawning, in particular. There are also higher percent fines in upper reaches (Reach 9
and 10 but particularly Reach 11) where lower stream flow leading to lower stream power may
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be insufficient to flush fines downstream. Also, extensive logging in this upper watershed may
cause additional input of fines into streams from logging roads and soil disturbance.

Figure 5: Percent fines identified in spawning habitat compared to overall percent fines by reach.

Abernathy Creek is primarily a rainwater input driven system (WDOE 2014) subject to large,
rapid fluctuations in water levels according to large storm events. As a result, water levels can
fluctuate rapidly on a day-to-day basis even during spawning seasons. Flashy flows can mobilize
substantial quantities of fines, and then deposit them as flows rapidly recede.

The calculated production of recruits that would result from the spawning capacity for each
species was distributed proportionally between reaches in much the same pattern as area of
suitable spawning substrate (compare Figure 4 and Figure 6). When this area of habitat was
converted to the number of parr-equivalent recruits expected from full use of the spawning
capacity for each species, the distribution of production capacity between reaches remained
similar, but the number of parr produced per species differed substantially.
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Figure 6: Parr production for coho, fall chinook and chum salmon and steelhead supported by
reach at late-fall/early-spring spawning flows as determined by suitable depths and substrate
composition in patches large enough to support spawning pairs. Note that Chum salmon are
represented as Adult Equivalents (AEQs) due to their unique life history with fry passively out-
migrating immediately after hatching to estuarine systems.
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Multiple anadromous salmonids, including fall (tule) chinook, chum and coho salmon and
steelhead trout, spawn in Abernathy Creek and are ESA-listed as well as being identified as key
restoration targets (LCFRB 2010). Fall (tule) chinook, chum and steelhead are all designated as
primary populations and coho are identified as contributing populations to major population
group recovery goals. Although all four species show overlap in the sizes of substrate, velocity,
and depths at which they will spawn, they have different minimum depths suitable for spawning,
areas defended per pair of spawners, eggs spawned per spawner, and survival rates between life
stages (i.e. – egg-to-fry, fry-to-parr, etc.) (Table 10)

Body depth determines the minimum depth that fish will spawn in, and this averages 12 inches
for chinook salmon, but only 6 inches of coho and steelhead. Because depth and velocity over
spawning gravels were suitable for all four species, the main difference in spawning capacity
resulted from the large difference in area required per spawning pair. Chinook defend large
areas during spawning (20.7 m2) compared to 12 m2 for Coho and only 4 m2 for Steelhead
(Keeley and Slaney 1996). Body depth did not significantly impact spawning production since
flows during spawning season are sufficient to inundate most available spawning habitat to a
depth accessible to all four salmonid species. Chinook were less able to utilize habitat in Reach 4
and Reach 9, but this had little effect on total production, because the area of suitable spawning
gravels was low in these reaches. Also, as a result of their unique tendency to always fill suitable
spawning habitat starting from the lowermost reaches and proceeding upstream, chum were not
predicted to spawn above Reach 4. This is consistent with WDFW spawning surveys (1944 –
2011), which have never found chum spawning above Reach 4 (Figure 7; WDFW 2014). For all
species, downstream reaches seemed to contain a much higher proportion of suitable spawning
habitat (Figure 4), and therefore accounted for a substantially higher proportion of spawning
production.

These spawning capacity estimates make a number of assumptions that merit discussion. First,
they assume no competition between species for suitable spawning habitat. Production potential
for all species is estimated assuming that all suitable habitat is available to be occupied. At high
spawner densities, redd superimposition could result from late spawning fish constructing redds
on top of those from earlier spawners. Chum, Coho and Chinook salmon are all fall spawners, so
superimposition among these species could be a factor. However, while superimposition can
result in loss of previously spawned eggs, the new eggs are expected, in effect, to be a trade for
the lost eggs, such that capacity remains the same. That is, when spawning exceeds capacity, the
excess production above capacity will be lost, but total production will remain close to capacity.
Moreover, differences in seasonal timing of spawning (i.e. – Chinook spawn first, followed by
coho, and steelhead follow one to several months later) or spatial preferences (e.g. – chum
preferences for to fill lower reaches first versus steelhead tendency to proceed as far upstream as
possible) likely limit the impact of inter-specific competition. Second, capacity levels of
production will only be achieved when enough spawners return to fully-utilize available
spawning habitat. This is only likely to occur occasionally. Actual production will vary from
year-to-year depending on spawner abundance and environmental variation that affects survival.
Thus, our estimate represents an average of the potential production of juveniles when spawner
abundance fills habitat capacity. Finally, the UCM model presently assumes all species utilize
approximately similar sizes of spawning gravel. While Chinook are known to utilize substrate
that is, on average larger than that used by other salmonids, due to their greater body size and
ability to move such gravel, and Steelhead are known to utilize smaller substrate for similar



UCM Rapid Assessment of Abernathy Creek

Cramer Fish Sciences  21

reasons, the distribution of substrate sizes they will use overlap sufficiently to be regarded as
equal for modeling purposes.

Table 10: Fecundity and survival parameters used to convert potential production of juveniles to
adult equivalents

Life History Parameter Value Source

Chinook
Fecundity 5,000 Life history of tule fall Chinook salmon (Rawding et al 2010)

Egg to Fry Survival 17.5% Life history of tule fall Chinook salmon (Rawding et al 2010)
Fry to Parr Survival 25% Life history of tule fall Chinook salmon (Rawding et al 2010)

Parr to Smolt Survival 76% Life history of tule fall Chinook salmon (Rawding et al 2010)
Smolt to Adult Survival 1.5% Lewis River Fall Chinook Report (Cramer 1997)

Chum

Fecundity 3,000
Salo 1991. Calculated from length vs fecundity relationship applied to female Chum
lengths in Washington streams

Egg to Fry Survival 7%
Salo 1991. Chum in Minter Creek, WA with range of 2.8 – 16.9% survival
Bradford 1995 reported 8% geometric mean across salmon species.

Fry to Adult Survival 1.5% Salo 1991. Chum in Minter Creek, WA

Coho
Fecundity 2,500 Nickelson and Lawson 1998. Oregon coastal coho.

Egg to Fry Survival 7.5%
Johnson and Cooper 1995. Derived from estimates fry-to-smolts survival across 9
broods and egg-to-smolt survival across 15 broods, Snow Creek, WA

Fry to Parr Survival 64% Derived from Nickelson 1998. Oregon coastal coho.
Parr to Pre-smolt Survival 80% Derived from Nickelson 1998. Oregon coastal coho.
Smolt to Adult Survival 6% Suring et al. 2009. Average for 9 broods of wild coho in NF Scappoose Creek

Overwinter Survival 20% Ebersole et al. 2009; Figure 3 survival value

Steelhead
Fecundity 3,674 Straw 2009. Clackamas wild steelhead average for 2006-2008 returns.

Egg to Fry Survival 15% Lister and Walker 1966
Fry to Parr Survival 39% Johnson and Cooper 1995. Average across 10 broods of steelhead in Snow Creek, WA

Parr to Smolt Survival 28% Johnson and Cooper 1995. Average across 11 broods of steelhead in Snow Creek, WA

Smolt to Adult Survival 1.5%
Lower Columbia Steelhead Report (Cramer et al. 2003). 1.5% is the approximate
average value across 11 and 18 broods of data for smolt-to-adult survival of winter
steelhead at Eagle Creek National Fish Hatchery and Kalama River Hatchery.
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Figure 7: Observed redds for Chum salmon in Abernathy Creek as observed by WDFW
Spawning Ground Surveys (1944 – 2011).

Rearing Habitat

Anadromous salmonids exhibit slightly different habitat preferences, and therefore rearing
densities, by species. Steelhead and chinook tend to be found in highest densities in pool habitat,
while coho strongly prefer alcove, backwater and beaver pond habitat. Juvenile fall Chinook
outmigrate as subyearling smolts in late spring, so flows in late May and early June are most
critical for their rearing. Steelhead rear through one or two full summers before out-migrating as
smolts at age 1+ or 2+. As a result, summer low flows and high temperatures tend to be the key
limiting factors to rearing habitat for each of these species.

Pools provide depth as a form of cover for juveniles, while also providing ample opportunities to
feed on aquatic macroinvertebrates, which are produced in highest abundance in riffles that
deliver drifting insects to the pools. Therefore, the ratio of riffle habitat to total habitat is an
important determinant for reach rearing capacity. For Coho, over-winter, off-channel rearing
habitat has been found to be the limiting factor. Therefore, beaver ponds and alcoves, areas of
quiet water which will not freeze or dry out over-winter, support the highest densities of juvenile
coho through the winter. Chum salmon have a unique life history whereby they passively
migrate downstream immediately after hatching and then actively move to estuarine habitats to
rear. As a result, they do not utilize instream rearing habitat, so rearing capacity is not a concern.

The UCM model uses species-specific rearing densities (Table 11) for each channel unit type
(e.g. – pool, riffle, alcove, etc.) and then adjusts them based on habitat scalars with established,
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mechanistic relationships to spawning density. These scaling factors include depth, cover,
channel size, percent fines and riffle-to-pool ratio. Further details on these scaling functions for
each habitat feature are described in Appendix A.

Table 11: Rearing Densities by habitat type for coho, chinook and steelhead. Chum do not rear
in-stream and are therefore not included.

Density (# fish per m2)
Habitat Type Coho Chinook Steelhead

Alcove 1.8 0.13 0.05
Backwater 0.6 0.13 0.05
Beaver Pond 1.8 0.19 0.07
Cascade 0.0 0.024 0.03
Glide 0.1 0.07 0.08
Pool 0.38 0.24 0.17
Rapid 0.01 0.024 0.07
Riffle 0.01 0.024 0.03
Tidewater 0.00 0.00 0.00

As was found for spawning habitat, the distribution of estimated rearing habitat between stream
reaches, was similar between anadromous salmonid species (Figure 8). The exception was
habitat capacity for coho, which exhibited a distinct, downstream skew when expressed as parr
capacity per 100m of stream length. This view is more reflective of habitat quality for rearing
than the quantity of habitat in a reach. Coho are limited by habitat conditions in winter, and the
downstream reaches had a higher proportion of alcove and backwater habitat that coho strongly
prefer in winter.

Because the lengths of each stream reach differed, we plotted habitat capacity both as parr
capacity per 100m of stream and as total parr capacity per reach (Figure 8). Total parr capacity
per reach (Figure 8; right-hand column for plots) was driven most by the large differences in
length of the reaches. The greatest quantity of total parr capacity was found in in Reaches 3 and
9. Reach 9 is the longest reach, by far, of those sampled. Conversely, Reach 7 had very low raw
capacity owing to its extremely short length, though it had high quality habitat per 100m. This
illustrates why it is prudent to examine both standardized, per unit length and raw capacity data
when modeling or analyzing habitat or the effects of actual or proposed restoration projects.

Rearing capacity estimates, also, make a number of assumptions similar to those made when
estimating spawning production. First, like spawning capacity, these estimates assume no inter-
specific competition for optimal habitats. Inter-specific competition is unlikely to be an issue
between coho and either chinook or steelhead since the critical period for coho is generally over-
winter when chinook smolts have already out-migrated and steelhead parr exhibit preferences
for different rearing/refuge habitat types. In the spring and summer, size differences between
species often amplify the difference in depth and velocity they prefer, and thereby create a
degree of spatial segregation between the species, even within channel units. Second, these
numbers reflect capacity estimates at “full-seeding” (i.e. – habitat is fully occupied by parr).
Therefore, they represent maximum capacity estimates given that all habitat is occupied.
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Insufficient returning spawners may result in fewer juveniles than needed to fill capacity in some
years. This could also occur due to an imbalance in between spawning and rearing habitat in
specific portions of the stream, such that spawning habitat is insufficient to support the number
of spawners need to fully seed rearing habitat with juveniles. Further discussion of this issue will
follow.

Figure 8: Juvenile capacity for coho and fall chinook salmon and steelhead by reach at winter
flows for coho and spring/summer flows for chinook and steelhead. Rearing capacity in parr per
100m is provided in the left hand figures and raw capacity (# fish) is provided in the right-hand
figures. Figure rows are as labelled with coho and chinook followed by steelhead.
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Rearing Habitat Limiting Factors

Data and analyses supplied by the UCM provide the ability to examine specific limiting factors
and predict the increase in carrying capacity that could be achieved from restoration actions to
address those factors. As an example, we discuss large wood (LWD) complexity, which is low
and limits suitable rearing habitat in Abernathy Creek. Nearly every reach exhibits extremely
low wood complexity (on a 1 – 5 scale as specified in the Methods section above) and the whole
stream is wood starved (Figure 9). The only exception is Reach 11 which has large, substantial
and persistent LWD jams (Figure 10) present, particularly in its upper sections. The average
LWD complexity of approximately 2 given in Figure 9 is likely a mis-representation for this
reach, but the highly wood-starved downstream sections swamp out substantially higher LWD
complexity in the upper sections of Reach 11.

Low LWD complexity across Abernathy Creek is consistent with previous findings that certain
riparian owners may actually be actively managing for removal of LWD from the streams
(LCFRB 2009). While some LWD addition has occurred, including the placement of root wads
and LWD pieces, many of these are relatively small additions designed primarily for bank
stabilization not to provide rearing habitat and/or cover. The field survey team did not identify a
single engineered bank stabilization jam as having a large or persistent, channel spanning jam
associated with it. Moreover, many of these engineered log jams did not extend an appreciable
distance from the bank and most were perched a substantial distance above the water (Figure 11),
providing little or no functional cover and no complex habitat for juvenile salmonid rearing.

Figure 9: Large Wood (LWD) complexity by reach for Abernathy Creek.
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Figure 10: Representative example of a large, substantial and persistent log jam from the upper
portions of Reach 11.
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Figure 11: Representative examples of bank stabilization root wads from Reaches 1 and 2 and
Reach 9
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Balance Between Spawning and Rearing Habitat

At present, habitat capacity for spawning is sufficiently distributed to support production of
enough juveniles to seed rearing habitats to capacity. However, there is potential for spawning
and rearing capacities to become imbalanced as restoration and recovery efforts progress. The
bulk of spawning habitat for all species is downstream in Reach 2 (Figure 4). For coho, the
rearing habitat is greatest in Reaches 2 and 3. Rearing capacity for both Chinook and steelhead is
greatest in Reach 9, which could result in insufficient seeding by spawners, particularly in years
of low flow in the fall (which could limit spawning habitat). Fry tend to distribute downstream,
rather than upstream from spawning areas, so full seeding with new juveniles each year is best
achieved when the highest rearing capacity is located in same reach or downstream of the
greatest spawning capacity.

As the recovery progresses and downstream rearing habitat becomes fully occupied, the spatial
imbalance between downstream spawning habitat and upstream rearing habitat may become
more critical. Our analysis suggests that restoration efforts targeted to increasing spawning
habitat in the middle and upper-reaches, in order to reduce the spatial mis-match between
spawning and rearing habitat, should be a medium to long-term priority. In addition to
restoration efforts to expand spawning habitat upstream, our analyses also indicate that
expansion of rearing habitat would be beneficial. At present, the spawning capacity in each
reach supports more production of juveniles than the available rearing capacity can support in
the same reaches.

The limitation of rearing space becomes clearly evident when the combined capacity is
calculated for each reach, based on which capacity (spawning or rearing) is most limiting. In
order to make this comparison between capacities at different life stages (spawners and
juveniles), we have used average survival rates at each life stage to convert all capacities to the
number of adult equivalents that capacity could produce for the next generation. To simplify the
calculation of combined capacity, we assumed there was no migration between reaches, and
treated the life stage with least AEQ capacity in each reach as the bottleneck that set total
capacity for that reach. In the case of coho, the spawning and rearing capacities were closely
matched in most reaches, with the exception of substantial excess spawning capacity in reach 2
(Figure 12). As we have noted, it is advantageous to have a modest excess of spawning capacity,
so the number of spawners in years of low adult return still is sufficient to seed most of the
rearing habitat. In the case of Chinook, rearing capacity limits production in the lower two
reaches, but spawning capacity limits production in reaches 3-8 (Figure 13). Finally for
steelhead, lack of rearing capacity limits production in reaches 1, 2, 7, 10, and 11. The strongest
of these limitations for steelhead is the lack of rearing capacity in reaches 1 and 2, adjacent to the
large spawning capacity in reach 2 (Figure 14). Although there is capacity for some parr rearing
in reaches 1 and 2 (Figure 8), survival rates to spawning are sufficiently low that less than one
adult (reported as 0) is expected to survive. These comparisons suggest that restoration activities
targeted towards increasing the availability of rearing habitat in specific reaches should be
prioritized to prevent rearing habitat from becoming a recruitment bottleneck.
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Figure 12: Comparison of carrying capacity for coho from spawning habitat, rearing habitat and
the combination of both. Capacities are expressed as the number of adult equivalents that can be
produced in the next generation. No migration between reaches is assumed.
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Figure 13: Comparison of carrying capacity for Chinook from spawning habitat, rearing habitat
and the combination of both. Capacities are expressed as the number of adult equivalents that
can be produced in the next generation. No migration between reaches is assumed.
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Figure 14: Comparison of carrying capacity for Steelhead from spawning habitat, rearing
habitat, and the combination of both. Capacities are expressed as the number of adult
equivalents that can be produced in the next generation. No migration between reaches is
assumed.
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UCM identification of potential restoration opportunities

The population abundance and recovery targets set by the LCFRB in their 2010 Lower Columbia
Salmon Recovery Plan (LCFRB 2010) are specific and quantitative in nature. The UCM model
similarly produces specific, quantitative estimates for comparison with recovery and abundance
targets for key primary and contributing populations such as those identified in this report.
Figures such as these could be used in the future to estimate return on investment for proposed
habitat restoration projects based on the increase in parr and/or adult equivalent (AEQ)
production they can be expected to provide, rather than just on the increase in suitable habitat
they will produce.

One of the key limiting factors to parr rearing capacity in Abernathy Creek currently is the
paucity of large wood (LWD) in most reaches (Figure 9). This limitation was discussed in detail
in the Rearing Habitat section. Abernathy Creek as a whole, and most reaches individually,
currently have higher spawning production capacity than available rearing habitat. However, the
question remains of where to place LWD to maximize return in terms of salmonid production.
The UCM can be used to quantitatively answer this question by modeling the effects of
increasing average LWD complexity to either a 3 or 4 and plotting the results against current
conditions. In this case, we plotted only raw rearing capacity since we are primarily interested in
increasing the total rearing habitat capacity not the per unit length (parr per 100m) capacity
(Figure 15). As expected, the magnitude of benefit varies somewhat by species, but the trend is
consistent throughout. The greatest gains in rearing capacity come from increasing LWD
complexity in the downstream reaches, specifically Reaches 3 and 4. Increasing the average
LWD complexity to a 3 will produce rearing capacity increases of 80 – 200% and 20 - 133% in
Reaches 3 and 4, respectively and increasing average LWD complexity to a 4 will produce
capacity increases of 100 – 267% and 60 – 104% in Reaches 3 and 4, respectively (Table 12).
These rearing capacity increases could be expected to produce from 4 - 19 or 1 – 10 additional
AEQ for increasing LWD complexity to 3 in Reaches 3 and 4, respectively, and from 8 - 35 or 3
- 14 additional AEQ for increasing LWD complexity to 4 in Reaches 3 and 4, respectively. This
prescription would also be consistent with addressing the spatial mis-match between spawning
habitat production and rearing habitat capacity identified and discussed previously.

Table 12: Potential increased production of salmonid Adult Equivalents (AEQs) resulting from
restoration of LWD complexity in Reaches 3 and 4.

Capacity for Reach 3 (# fish) Capacity for Reach 4 (# fish)
Species LWD Complexity 3 LWD Complexity 4 LWD Complexity 3 LWD Complexity 4

Coho 42 (80%) 52 (126%) 20 (100%) 24 (104%)
Chinook 11 (57%) 14 (100%) 6 (20%) 8 (60%)
Steelhead 9 (200%) 11 (267%) 7 (133%) 8 (167%)

Analyzing LWD complexity at the reach scale was used for this example, since a reach was the
unit of analysis for this demonstration project. Increasing LWD complexity so substantially at an
entire reach scale would not be reasonable or feasible in the short to medium-term. However,
since the UCM functions at the level of individual channel units, similar predictive analyses
could be conducted at scales from individual channel units (i.e. – a single pool, riffle or glide) up



UCM Rapid Assessment of Abernathy Creek

Cramer Fish Sciences  33

to the entire creek, if desired. Analyses can be aggregated at any scale not less than the
individual channel unit, easily allowing even ad hoc analyses at non-standard scales which could
be project, funding, or access dependent.

Alcoves and back channels represent critical over-winter rearing habitats for juvenile coho
salmon. Their densities in such habitats can be triple those in the next most desirable habitat
types (Table 11). Abernathy Creek Reach 2 contains a large floodplain area on river left at the
outside of a bend near the head of tidewater where engineered side channels with LWD additions
have been constructed, presumably to enhance salmonid spawning and rearing habitat (Figure
16). These locations should be particularly beneficial for over-wintering coho salmon, as they
provide exactly the types of habitat usually desired by those species. The UCM model can be
used to analyze the effects on coho rearing capacity of this restoration project.

Adding engineered channels actually produces an ~43% decrease in coho rearing capacity per
stream unit length and produces an ~14% decrease in capacity for total adult equivalents (Table
13). This is an unexpected result as we would assume that increasing alcove and back channel
habitat would produce an increase in rearing capacity. However, a closer look shows that the
addition of the engineered channels substantially increased the available habitat area while
substantially decreasing the riffle-to-pool ratio. The riffle-to-pool ratio is a reliable proxy for
invertebrate production and drift, and therefore, food availability within the reach. As a result,
adding substantial side channel habitat actually decreased the food availability per unit stream
length, thereby reducing predictions of both the per unit length and overall rearing capacity. This
counter-intuitive result is an example of the complex inter-play of factors which govern
ecological processes within streams. Using a quantitative, data-driven approach such as the UCM
to model, analyze and prioritize restoration initiatives can prevent intuitive, but ultimately
counter-productive restoration efforts, while explicitly linking projects and priorities to specific,
quantitative recovery targets.

Table 13: Juvenile capacity for coho salmon at winter flows with and without an engineered back
channel.

Rearing Capacity Without Engineered
Channel

With Engineered
Channel

Difference % Change

AEQ per 100m 100 57 -43 -43%
AEQ 765 658 -107 -14%
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Figure 15: Juvenile raw capacity (# fish) for coho and fall chinook salmon and steelhead by
reach at winter flows for coho and spring/summer flows for chinook and steelhead.
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Figure 16: Representative example of an engineered back channel from Reach 2.

Future Expansions to the UCM Approach

Future expansion of the UCM approach beyond simply a demonstration rapid assessment would
allow a number of value-added expansions to increase the model’s predictive power while
yielding valuable additional insights and efficiencies.

 Biological data, whether collected in real-time or gleaned from previous surveys and/or
projects, could be collected to refine, validate and calibrate the fish life-cycle parameters
(e.g. – density, survival, body depth, etc.) and the model scalars to yield more precise and
site-specific results. This would enhance the site-specificity and predictive capabilities of
the UCM model. Stream or drainage-specific fish densities and survival for different
habitat unit types would allow the model to be better customized for a given stream or
region.

 Real-time or recently collected biological data could also be used to calibrate model
scalars. Again, stream- or watershed-specific estimates of fish response to depth, cover,
temperature and/or substrate would yield more precise estimates of spawning and rearing
capacity. This would enhance the models ability to accurately identify potential
restoration opportunities or accurately quantify the return on investment, in terms of
predicted returning spawners (AEQs), for previous, on-going or proposed restoration
initiatives.



UCM Rapid Assessment of Abernathy Creek

Cramer Fish Sciences  36

 The LCFRB has invested substantial time and effort in producing the Lower Columbia
Salmon Recovery Plan (LCFRB 2010) which establishes stream- or watershed-specific
abundance targets for key species. The flexibility of the UCM approach gives us the
potential to “back-cast” from abundance goals or targets, to identify specific locations
and prescriptions that would achieve those targets. Any stream or watershed for which
habitat surveys are completed could be modeled to quantify current habitat and, therefore,
production capacity. Then the Model could be “back-cast” from abundance targets for
that same watershed to identify which reaches would yield the greatest return, in terms of
adult equivalents, for the least restoration cost. This would permit cost-effective
allocation of resources towards the “low-hanging fruit.”

 There are opportunities to streamline reporting functions as well to ensure useful and
informative reporting. Development of standardized and repeatable formats can lead to
easy interpretation and implementation of assessment findings. The LCFRB could help us
define this process. These tables, figures and analyses could then be used to create a
customized reporting format that would standardize the reporting for all streams of
interest to the LCFRB. Not only would this allow easy comparison of results across
streams and aid in the rapid and accurate dissemination of survey results but it would
create added efficiencies in analysis and reporting time and costs. Additionally, standard
reports could be easily and immediately output in any or multiple desired formats for
distribution in hard-copy (PDF), easy integration with web-content (.html) or for editing
and inclusion in other reports (Word).
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APPENDIX A: MODELING PRODUCTIVE CAPACITY FOR SALMONIDS

The following appendix describes the Unit Characteristic Method (UCM) approach to modeling
capacity for salmonids, with examples of application for Chinook, steelhead, resident rainbow
trout, and coho.

Model Overview

Carrying capacity (the maximum number of fish that can be supported at a specified life stage
under average conditions) is a function of the types of habitat features which fish prefer, and how
well those preferences can be satisfied by the types of habitat that are available in a given stream.
Here we describe the functional relationships that characterize how fish use of a stream at each life
stage is affected by specific habitat features. Separate models of rearing capacity and spawning
capacity can be constructed that link habitat preferences of rainbow trout, steelhead, Chinook
salmon, and other salmonids to the habitat features found in a study stream. Habitat needs for the
rearing and spawning life stages differ. Data inputs to the model are the measurements of habitat
features that are key determinants of the maximum density of fish supportable. Habitat features
used to estimate rearing capacity are channel unit composition, surface area, depth, substrate,
cover, and temperature. Habitat features used to estimate spawning capacity are gravel
availability, area defended per spawning pair, and minimum depth for spawning.

Conceptual Model of Fish Use

In order to estimate carrying capacity of a watershed to support a fish species, we first have to
describe the seasons and life stages that the species would be expected to use the habitat.
Production of anadromous salmonids, with the exception of coho, is most often limited by the
capacity for juvenile rearing (Cramer and Ackerman 2009a; Quinn 2005), but factors constraining
production can vary between stream reaches, and migration can enable fish to overcome some of
these limitations by moving to another stream reach. The life stages we will refer to are defined as
follows:

Fry Juveniles in their first 30 days of life prior to establishing territories. Fork lengths are
assumed to be ≤ 45 mm for Chinook, ≤ 35mm for steelhead, and ≤30mm for resident 
rainbow.

Parr Juveniles rearing and defending territories. Fork lengths assumed to be 45 to 80 mm for
Chinook, and 35 to 150 mm for steelhead and resident rainbow.

Smolts Juveniles that have undergone the physiological transformation to live in saltwater and
are actively migrating to sea. Fork lengths assumed to be 80 to 140 mm for Chinook,
and 150 to 250 mm for steelhead.

Adults Fish that have reached maturity and are capable of spawning

Spawners Adults that participate in spawning

Steelhead spawn in the late winter into spring, emerge as fry in late spring to early summer, and
typically rear through one or two summers in freshwater before smolting in the spring at age 1+ or
2+ (Hallock et al. 1961). Hallock et al. (1961) found from analyzing scales of wild adult
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steelhead in the Sacramento River that 70% had reared 2 years in freshwater before entering the
ocean. Resident rainbow also spawn in the spring, rear to maturity generally by age 3, and often
survive to repeat spawn in subsequent years.

Juvenile spring-run Chinook generally rear in freshwater through summer and emigrate to sea in
either the fall or spring (CDFG 1998). Upstream migration in the spring time is an adaptation that
enables mature adults to gain access to areas high in the watershed where temperatures tend to be
favorable for juvenile rearing throughout the year, so most of these juveniles complete their
rearing within their natal reach. Upon emergence in early spring, it is typical that a minor portion
of Chinook fry move downstream and take up residence lower in the stream network until
reaching smolt size (≥80 mm).  Success of this fry migrant life history is dependent on availability 
of unused rearing capacity downstream.

Relationship of Fish Use to Habitat Features

Rearing capacity for parr in the summer is typically the limiting factor for both spring-run
Chinook and rainbow/steelhead (Cramer and Ackerman 2009a), but spawning habitat can easily
be limiting in higher gradient streams that tend to transport rather than retain suitable spawning
gravels. The functional relationships that describe how fish use of a stream at each life stage is
affected by specific habitat features are outlined below.

Spawning Habitat Preferences

There is such commonality of preferred spawning habitat features across anadromous salmonid
species that we use the same generalized model to predict spawner carrying capacity for all
species. However, the distribution of spawning in a basin is influenced by where the juvenile life
histories of a species can be supported.

Anadromous salmonids show broad overlap in the range of depths, velocities, and substrate
composition they choose to spawn in (Burner 1951; Kondolf and Wolman 1993; Keeley and
Slaney 1996) and studies have generally revealed that predictable differences in preferred
spawning habitat are related to the size of the spawning fish rather than its species (Figure A-1).
Fish of different species but similar size would tend to spawn in the same type of habitat. Larger
fish tend to spawn in deeper, faster water with larger diameter substrate than their smaller cohorts
choose (Keeley and Slaney 1996) (Figure A-1 and Figure A-2). The data presented by Kondolf
(2000) show that salmonids can spawn in gravels with median diameters up to 10% of their body
length (Figure A-2), although movement of such large particles would also likely correspond to
spawning in water velocities at the maximum of the observed range.

As an apparent consequence of these habitat preferences, few anadromous salmonids spawn in
third order streams and most spawn in fourth and fifth order streams (Platts 1979; House and
Boehne 1985). Data compiled by Platts 1979 in Idaho streams, and House and Boehne (1985) in
Oregon streams showed that as stream order increased, gradient decreased while width and depth
decreased. These factors, combined with spawner preferences for depth, velocity, and substrate
result in most anadromous salmonids spawning in higher order stream reaches of low gradient
with pool-riffle combinations composing most of the channel length (Isaak and Thurow 2006;
Montgomery et al. 1999). Buffington et al. (2004) found from extensive surveys in three river
basins of Washington that suitable gravel size for salmon spawning was seldom produced in
channel reaches with gradients >3%. Gradient and flow are key factors that drive where spawnable
size substrate will settle out. Researchers consistently report that salmon and steelhead most
frequently spawn in pool tailouts and heads of riffles below a pool (Bjornn and Reiser 1991; Mull
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and Wilzbach 2007; Keeley and Slaney 1996), because these are the zones where depth, velocity
and substrate most frequently are met in combination.

Figure A-1. Spawning microhabitats selected by salmonid fishes in relation to body size. From Keeley and
Slaney (1996).
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Figure A-2. Median diameter (D50) of gravel used by salmonids for spawning plotted against spawner
body length. Solid squares are samples from redds, and open triangles are potential spawning gravel
nearby. From Kondolf (2000).

Measurements of depth, velocity, and substrate size at salmon redds lead to the conclusion that
minimum depth and velocity are the factors that limit use of appropriate sized gravels. Keeley and
Slaney (1996) concluded that across a range of salmon species, water flows greater than 10 cm/sec
velocity and 10 cm deep were the minimum amounts of water fish would spawn in. Swift (1979)
summarized relationships between spawnable area for salmon and flow in 84 reaches of 28 steams
in Washington, and deduced that minimum depths in which salmon would spawn were 30.5 cm for
Chinook salmon, and 15.24 cm for coho, pink, and chum salmon. Further, he concluded that
Chinook needed a minimum velocity of 0.31 m/sec while coho needed only 0.08 m/sec and chum
needed 0.23 m/sec.

Where minimum depth, velocity and appropriate substrate sizes occur, salmonids also need a
minimum amount of territory in which to construct and defend their redd. The most widely cited
study for determining spawning territory size is that of Burner (1951) who measured
characteristics for a large number of redds for several salmon species in the Lower Columbia
basin. Burner found that inter-redd spacing was proportional to redd size, which in turn was
proportion to spawner size. Burner concluded that the total average area necessary for a pair of
spawning fish was about four times the area of the average redd. Burner obtained his
measurements of redd sizes in the lower Columbia Basin, and he reported minimum area required
per spawning pair was as follows:

fall Chinook - 24 square yards

spring Chinook - 16 square yards

coho - 14 square yards

chum - 11 square yards

sockeye - 8 square yards

Forty-five years after the work of Burner (1951), Keeley and Slaney (1996) reviewed 33 studies of
microhabitat selected at spawning by 13 species of salmonids, and concluded that available data
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continued to support Burner’s conclusion; territory size for spawning salmonids is roughly four
times that of the redd area. Accordingly, we use Burner’s estimates for area needed per spawning
pair in our model.

The amount of fine sediment mixed with the gravels can have a strong effect on egg survival. Even
when depth, velocity and substrate criteria preferences are satisfied, egg survival is reduced when
fines compose more than 25% of the substrate. Bjornn and Reiser (1991) summarized research
showing that egg survival begins to decline at 25% fines in otherwise suitably-sized gravel, and
approaches zero when fines exceed 55%. Thus, we scale egg capacity to decline directly
proportional to this survival effect wherever a suitable gravel patch had fines greater than 25%.

Spawner Carrying Capacity

We use the functional relationships of fish use to habitat features to develop a protocol for
calculating spawner carrying capacity, because spawning habitat could potentially be a limiting
factor for all anadromous salmonids.

A list of calculation steps to estimate spawning capacity follows:

1. Identify the pools, riffles and glides that contain potentially suitable gravels for spawning

2. Exclude units where suitable gravel has noticeable lateral slope

3. Exclude units where the gravels contain greater than 40% fines

4. Exclude units with less than 15 cm depth for steelhead and with less than 30 cm depth for
Chinook. Assume depth of pool tailout is 1/3 of pool max depth

5. Pool spawnable area is the tail out, and is assigned length equal to one channel width (area
upstream of tail out is assumed unsuitable)

6. Glide spawnable area is assumed to be half of the glide area with suitable substrate

7. Riffle spawnable area is the full area of the riffle with suitable substrate.

8. Multiply spawnable area in each unit by the scalar for fines exceeding 25%

9. Sum qualifying suitable area across all units

10. Redd capacity = qualifying suitable area/(4 * avg. redd area)

Rearing Habitat Preferences

Stream carrying capacity for anadromous salmonids that rear to the smolting stage in freshwater
can be predicted from a sequence of cause-response functions that describe fish preferences for
macro-habitat features. The channel unit (e.g., pool, glide, and riffle) is a useful stratum for
quantifying rearing capacity for salmonids, and is a hydrologically meaningful unit for predicting
the response of stream morphology to watershed processes. Thus, channel units are the natural link
between habitat-forming processes and habitat requirements of salmonids. Maximum densities of
juvenile salmonids that can be supported in a channel unit are related to availability of preferred
habitat features including velocity, depth, cover, and substrate. Within channel unit types,
maximum densities of salmonid parr will shift predictably as availability of cover from wood and
boulders increases.

Cramer and Ackerman (2009a) summarized a number of studies demonstrating that rearing
densities (fish/m2) of juvenile salmonids consistently differ between channel unit types (pool,
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riffle, glide, etc.), and that stratification of parr densities by channel unit type was a useful starting
point for estimating habitat capacity to rear parr. We use the fish rearing densities reported by
Cramer and Ackerman (2009a) in our models of rearing capacity. For all species of anadromous
salmonids, pools supported the highest fish densities and riffles supported the lowest. Standard
parr densities for Steelhead and Chinook, for example, are shown in Table A-1. Cramer (2001)
also found evidence that use by steelhead and spring Chinook drops to near zero in the calm mid-
section of pools longer than 4 channel widths. Therefore, we assign a density of 0 to the
midsection of such large pools.

Channel Unit Definitions:

pool: a unit with no surface turbulence, except at the inflow, and has depth extending
below the plane of the streambed

riffle: a unit with discernible gradient and surface turbulence

glide: a unit that has relatively uniform velocity down the channel, little surface
turbulence, and no depth below the plane of the streambed

Table A-1. Standard parr densities (fish/100m2) used in the UCM for each channel unit type. Derivation of
these values has been described for steelhead by Cramer and Ackerman 2009b, for Chinook by Underwood
et al. 2003.

Unit Type Steelhead Chinook

Backwater 5.0 13.0

Beaver Pond 7.0 19.0

Cascade 3.0 2.4

Glide 8.0 7.0

Pool 17.0 24.0

Rapid 7.0 2.4

Riffle 3.0 2.4

As salmonids grow, their habitat preferences change and the preferred habitat associated with
their increasing size becomes less and less available. Further, territory size of salmonids increases
exponentially with fish length, such that the demand for territory to support surviving members of
a cohort increases at least through their first year of life. Changing habitat preferences and space
demands, juxtaposed against shrinking habitat availability with the onset of summer low flows
often results in a bottleneck to rearing capacity in wadeable streams for salmonids greater than
age 1. Additional habitat factors accounted for within each habitat unit are described below.

Influence of Depth – Densities within each unit type are strongly influenced by depth and cover.
Combined observations from several experiments indicate that steelhead exercise habitat
preferences in the priority order of depth first, velocity second, and cover third. Parr of all
salmonid species strongly avoid areas with depths <0.2 m, and a variety of studies show that parr
densities increase as unit depths increase up to at least 1 m. Everest and Chapman (1972) found a
highly significant correlation between fish size and the depth or velocity at which juvenile
Chinook and steelhead choose to position.
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Influence of Cover – A study by Johnson et al. (1993) was able to quantify the benefit of cover
by assigning a cover complexity score to the pools in which fish were sampled. Parr density in
pools for both steelhead and cutthroat increased about three fold as woody debris complexity
increased from none to high complexity. Similar effects have been demonstrated for Chinook.
Boulders provide a form of cover in streams, particularly in riffles. Steelhead and spring Chinook
show strong preference to hold adjacent to much faster velocities, and their densities in boulder
dominated riffles—where they hold behind boulders—are several times greater than in riffles
dominated by other substrate types.

Influence of Substrate – Substrate embeddedness with fines is a key factor that influences both
the production of invertebrate drift and the cover for juvenile salmonids. Hawkins et al. (1983)
found that increasing percentages of fines in riffles across reaches in 13 coastal streams of Oregon
was correlated to reduced production of both invertebrates and juvenile salmonids. Bjornn and
Reiser (1991) summarize data from several studies on the effects of fines, and show that rearing
densities decline as fines rise above 10% of the substrate in riffles. The measurement of fines in
riffles is used an index for the effect on fish in the entire reach rather than just in riffles.

Overwinter Habitat – Coho have a strong tendency to seek off-channel and protected habitats
during winter; their area required for winter habitat is often the factor limiting their carrying
capacity (Nickelson 1998). In contrast to coho, Chinook and steelhead do not seek off-channel
habitat for winter, and have a strong tendency to enter interstices of cobble and boulder substrates
within the same channel types they occupy during summer (Hartman 1965; Bustard and Narver
1975; Hillman et al. 1987; Bjornn and Reiser 1991). Therefore, summer rearing habitat usually
determines the carrying capacity for yearling Chinook and steelhead, in contrast to the usual winter
habitat limitation for coho.

Stream Temperature – In order to scale down the rearing capacity as temperatures reaches
stressful levels (> 16°C) we estimate the proportionate effect based on densities of coho parr in 44
Oregon coastal survey sites where temperatures were also measured. Sites were selected based on
the criteria that the coho sampling location and the temperature monitoring location were within 2
km of each other on a single stream segment. Further, the two sampling activities needed to be
conducted in the same year. For each site, we calculated the MWAT from the continuous
temperature monitoring data and examined the relationship between the MWAT temperature and
juvenile coho rearing densities.

The analysis suggests that juvenile coho rearing densities are highest at MWAT temperatures
between 14-16°C (Figure A-3). The highest MWAT at which coho were observed was 23°C. Low
sample size and variability in the data make the form of the decreasing slope in densities between
the lower and upper thresholds difficult to ascertain, but the data suggest that mean densities at an
MWAT of 20°C are approximately 30% of those at optimal temperatures.
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Figure A-3. Mean coho salmon density grouped by 2 °C increments of maximum weekly average
temperature (MWAT) in 44 Oregon coastal survey sites during the summer, 2003-2006. Error bars
represent 2 standard errors.

We found several studies of fish assemblages in streams spread over a broad geographic area that
showed salmon and trout were consistently found at highest densities where stream temperatures in
summer were near their physiological optimum of 12 to 16°C (Huff et al. 2005; Ott and Marret
2003; Waite and Carpenter 2000). These studies showed that salmonids still persisted, but at lower
densities, in stream reaches with temperatures above this range. Although densities declined with
increasing temperature, we did not find consistent evidence that mortality rate of rearing fish
increased until temperatures reached incipient lethal levels.

Field studies of the foods and feeding strategies of salmon and trout in streams indicate that the
amount of preferred habitat decreases as stream temperature increases. Because salmonids are
poikilotherms, their metabolic demands increase as temperature increases, so their feeding rates
also increase (Brett 1971). Salmonids feed on drifting macro-invertebrates in streams (Rader
1997), and the volume of drift at any point in a stream is generally greater where velocity is greater
(Smith and Li 1983). Therefore, salmonids tend to seek positions of increasing velocity in a stream
as temperature increases (Smith and Li 1983). However, the strategy of moving to higher
velocities is only effective as long as the net energetic gain to the fish stays positive. Swimming
performance declines above optimum temperature (Brett 1971), while performance of warmer-
adapted competitors, such as redside shiners, improves. Reeves et al. (1987) found in a laboratory
stream that water temperature affected the outcomes of competition between age 1+ juvenile
steelhead and redside shiners. In experiments with cool water (12-15°C) trout abundance and
distribution was unaffected by the presence of shiners. However, in warmer waters (19-22°C),
juvenile steelhead abundance decreased by 54%, and their distribution was altered when shiners
were present. Conversely, at cooler temperatures shiners were negatively affected by trout, but not
at warmer temperatures. Thus, temperature forces fish to compete for a decreasing number of
stream positions that will satisfy their bioenergetic needs. Increased competition results in
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migration of those that do not win satisfactory stream positions. The overall effect of temperature
above the optimum range for salmonids is thus that it decreases carrying capacity of habitat that is
otherwise suitable.

Rearing Carrying Capacity

We assume that carrying capacity at the emergent fry life stage is not a bottleneck to production,
and we do not calculate its carrying capacity. Subyearling Chinook smolts that emigrate to sea in
late spring are the first juvenile stage for which capacity is estimated. Steelhead have a life history
that includes rearing of parr through the summer, so we calculate summer parr capacity for
steelhead. Chinook juveniles are not assumed to remain through the summer. Coho production is
most often limited by overwintering habitat capacity (Nickelson 1998), but steelhead is generally
not (Cramer and Ackerman 2009b), so we calculate a winter capacity only for coho.

The UCM predicts a stream’s carrying capacity under average conditions by multiplying fish
density by surface area in each unit, and then adjusts for differences between stream reaches in
factors that influence food supply, as described in the section below. The general form of the
predictor for a given species in a specific stream reach is:

Capacityi = (Σ areak · denj · chnljk · depjk · cvrjk)

Where;
i = stream reach. “Reach” is a sequence of channel units that compose a geomorphically
homogenous segment of the stream network,
j = channel unit type,
k = individual channel unit,
area = area (m2) of channel unit k,
den = standard fish density (fish/m2) for a given species in unit type j,
dep = depth scalar with expected value of 1.0,
cvr = cover scalar with expected value of 1.0,
chnl = discount scalar for unproductive portions of large channels with expected value of 1.0

We use scalars to represent the proportionate change in standard fish densities that would occur if
habitats differed from the standard in their depth, cover, substrate, or nutrients. For steelhead, we
use the functions described by Cramer and Ackerman (2009b), and for Chinook we use the factors
as described in the following paragraphs. For coho, we only apply the densities by channel unit
type as described by Nickelson (1998). For all three species, we also scale capacity down when the
maximum of weekly average stream temperatures (MWAT) during the period of rearing exceeds
16°C. We first describe the temperature scalar that we apply to all three species.

Temperature Scalar – The highest MWAT at which coho are generally observed is 23°C. Low
sample size and variability in the data make the form of the decreasing slope in densities between
the lower and upper thresholds difficult to ascertain, but the data suggest that mean densities at an
MWAT of 20°C are approximately 30% of those at optimal temperatures. We use a logistic
function to fit the decrease in maximum observed densities by fitting it through values of 0.95 at
WAT = 16°C and 0.05 at WAT = 23°C (temperature tolerances for all three species are quite
similar, so it is reasonable to use the same scalar for all three species). This function is:
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where

Tsi = Temperature scalar for capacity for reach i in a given week.

a = intercept of logit(Tsi) = 19.63;

b = slope of logit(Tsi) = -0.98;

T = WAT for reach i in a given week.

This scalar (Figure A-4) is then multiplied by the habitat capacity for rearing in the reach.

Figure A-4. Effect of temperature on parr rearing capacity for coho. Temperature is expressed as the
summer maximum of the 7-day running average. Dashed line applies to pools >1m deep, which we assume
thermally stratify and provide a thermal refuge at depth that is 2°C cooler than surface flow.

Chinook – The scaling factors for Chinook rearing are derived from data from the Coldwater
River, B.C. Relationships were developed by comparing the geometric mean of Chinook densities
in strata of each variable. The number of strata were maximized while maximizing sample size and
testing for significant differences between mean densities in those strata (p<0.05). We pooled
strata that were not significantly different until all strata had significantly different geometric
means. Scaling factors are determined using the following equation:

Scaling Factor = Geo MeanS/Geo. MeanT

where: Geo. MeanS = Geometric mean of units within the strata

Geo. MeanT = Geometric mean of all units within that unit type

and: Geo. MeanT Pools = 24 Chinook/100m2

Geo. MeanT Glides = 7 Chinook/100m2

Geo. MeanT Riffles = 2 Chinook/100m2

Scaling factors are multiplied by the capacity to obtain the adjusted capacity. The adjustment
proportions and the level at which each adjustment applies for all the habitat variables analyzed
can be seen in Table A-2.
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Table A-2. Scaling factors and levels at which the factors apply in Chinook parr.

% Boulder Cover Adjustments

Pools Glides Riffles

<2% > 2% 0% 1-6% > 6% <11% <11%

Geo. Mean Density 11 29.5 4 6 11 2 4

Adjustment factor 0.46 1.23 0.57 0.86 1.57 1.00 2.00

% Non-Boulder Cover

Pools

<2% > 2%

Geo. Mean Density 11 27

Adjustment Factor 0.46 1.13

Avg. Depth (cm)

Glides Riffles

<30 >30 <10 10-15 15-24 24-35 <35

Geo. Mean Density 4 14 0 1 2 7 15

Adjustment Factor 0.57 2.00 0.00 0.50 1.00 3.50 7.50

A list of calculation steps for estimating Chinook parr capacity are as follows:

Channel Units

 Surface area is determined for each pool, glide, riffle, rapid, cascade, beaver pond, and
backwater unit within each reach.

 Surface area is deducted for calm, mid-sections of pools. No credit for length greater than 4
widths.

 Raw parr capacity in each unit is calculated by multiplying the area for each unit by the
average maximum parr density for that unit type.

 Raw capacity is adjusted up or down in each unit according to whether depth is more or
less than average.

 Capacity for each unit is further adjusted up or down in each unit according to whether
cover complexity is more or less than average. Cover in pools is derived from wood
complexity and boulder abundance. Cover in glides and riffles are derived from boulder
abundance.

Reaches
 Reaches of homogenous flow, gradient, and turbidity are separated.
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 Raw capacity for each reach is calculated by summing the adjusted capacities for all of its
component units.

 Capacity for each reach is discounted further, if embeddedness in riffles averages greater
than 10%.

 Capacity is reduced in accord with the temperature scalar in reaches where MWAT
temperature exceeded 16°C.

Stream

 Raw capacity for the stream is calculated by summing the adjusted capacities for all
reaches.

Steelhead – The steelhead UCM calculates the capacity of a stream, or reaches in a basin, to
produce age 1+ parr. The UCM for steelhead operates in the same manner as the UCM for
Chinook, except that densities assigned to each habitat unit type are different, and the response to
deviations in habitat features from average is specific to steelhead. Raw parr capacity is derived
from the surface area of different unit types, and it is subsequently adjusted up or down based on
cover and depth (Figure A-6 and Figure A-7). The utility of UCM for predicting steelhead carrying
capacity has previously been corroborated against actual smolt production in several river basins
spread throughout Oregon (Cramer and Ackerman 2009b). The functional relationships between
habitat features and parr densities, as used in the UCM, are presented in Figure A-5 below. The
calculation steps for estimating steelhead parr capacity follow the same sequence as described for
Chinook, but the densities for each unit type differ, as do some of the coefficients for functions the
scale the effects of depth, cover and substrate.

Diagrams illustrating the input and calculation steps used in the UCM to estimate stream carrying
capacity for both Chinook and steelhead parr are shown below (Figure A-6 and Figure A-7).
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Figure A-5. The functional relationships between habitat features and parr densities, as used in the UCM to
predict rearing capacity for steelhead. From Cramer and Ackerman (2009b).
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Figure A-6. Diagram of data input and calculation steps used in the UCM to estimate stream carrying
capacity for Chinook parr.
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Figure A-7. Diagram of data input and calculation steps used in the UCM to estimate stream carrying
capacity for steelhead parr.
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