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Appendix B 
Strata and Population Issues in Lower Columbia River Domain 

Planning 
 
This paper identifies several issues with strata and population definitions identified during the Oregon and 
Washington recovery plan domain roll-up process.  These issues warrant further consideration and 
discussion at a technical level.  This document is intended to be an informal working paper to facilitate 
further discussion and progress in moving forward with timely completion of a sound and defensible 
domain plan. 

Efforts to develop comprehensive recovery objectives as part of the Oregon and Washington domain 
planning effort led to a fresh examination of the biological basis for definitions of geographical/ecological 
sub-regions (strata) and demographically independent populations.  These delineations are critical to 
definition of recovery objectives, priorities, and strategies consistent with TRT recovery criteria which 
require at least two populations per strata restored to high levels of viability and a strata average for all 
populations of medium plus (score of 2.25). 

The review considered:  

1) Treatment of similar questions in recovery plans for Southern Oregon/Northern California Coast 
(SONCC) coho, Oregon Coastal coho, Puget Sound Chinook and chum, and Upper Columbia 
River salmon. 

2) Documentation and support for the original delineations as reported by Myers et al. (2006) 
(Historical population structure of Pacific Salmonids in the Willamette River and Lower 
Columbia River Basins, NOAA Technical Memorandum NMFS-NWFSC-73),  

3) New information and analysis of accessible habit areas by populations and minimum 
requirements to support demographically independent populations, 

4) Modeling of recovery strategies conducted for Oregon and Washington to estimate viable 
population levels and gaps between current and target status. 

Issues with current delineations identified based on this review include: 

A. Delineations among Lower Columbia River strata (particularly Cascade and Gorge strata) appear 
to be subjective and inconsistent with ecoregion definitions identified as the basis of delineation. 

B. Several populations are identified in the gorge strata in areas where the historically accessible 
habitat does not appear adequate to support demographically independent populations. 

C. Strata and population designations result in gorge strata and delineations of questionable 
historical viability.  Several populations appear to have been too small or fragmented to have 
been demographically independent.  A combination of too few populations of too low inherent 
capacity suggests that high levels of viability cannot be reached without very great and unlikely 
improvements.  The concern is whether implied recovery strategies are an artifact of subjective or 
erroneous assumptions. 
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Domain Treatments 
 
Strata and population identification was compared among recovery domains to examine the consistency 
in treatment of this problem in other areas.  All domains except the relatively small upper Columbia, 
include some type of spatial and life history stratification scheme based on a mixture of geographical and 
ecological considerations. 

Lower Columbia:  A total of 98 populations of Chinook, steelhead, coho, and chum were classified by 
three geographical zones and one (chum, coho), two (steelhead), or three (Chinook) life history types for 
a total of 17 groupings.  Recovery objectives target at least two populations per strata restored to high 
levels of viability with a strata-wide average viability of better than “moderate.” 

Puget Sound Chinook:  This ESU was separated into five bio-geographical regions consisting of 2 to 10 
populations (total of 22).  Recovery objectives target all existing independent populations for 
improvement, at least two to four populations per region to a low risk status, representing at least one 
viable population from each major genetic and life history group per region.  Geographic regions were 
based on similarities in hydrographic, biogeographic, and geographic characteristics as well as groups of 
populations that could be affected similarly by catastrophes. 

Upper Columbia spring Chinook and steelhead:  This domain includes four spring Chinook and four 
steelhead populations.  One spring Chinook population is extinct and not targeted for improvement.   The 
remaining seven populations are all targeted for very high levels of viability. 

Oregon Coast coho:  A total of 57 populations were grouped into five geographical strata consisting of 
three to six populations each. This TRT distinguished between independent (21) and dependent 
populations (36).  Geographical strata were defined based on shared ecological or geographical 
similarities.  Independent populations occur in basins with sufficient historical habitat to have persisted 
through several hundred years of normal fluctuations in marine and freshwater conditions.  Dependent 
populations were thought to be largely sustained by periodic reproductive contribution of strays from 
adjacent larger populations in order to naturally persist for periods longer than 100 years.  Independent 
and dependent populations were distinguished based on the amount of high quality habitat available in a 
basin which is also related to basin size, as well as the distance from a larger population that might be a 
source of strays.  The plan targets all independent populations for high viability and an aggregate of 
dependent populations within each biogeographical zone to provide some level viability. 
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LCR Strata 
 
Myers et al. (2006) divided the lower Columbia 
domain into three geographical/ecological 
subregions (Figure B-1) intended to describe 
major geographical areas with distinct 
ecological characteristics and life history 
differences. Ecological subregions were in part 
adapted from the U.S. EPA’s ecoregions and 
were intended to provide a simplified summary 
of environmental characteristics such as 
elevation, soil type, vegetative land cover, 
rainfall, and climate.  Myers et al. (2006) 
included brief descriptions of environmental 
conditions in each sub-region but decisions on 
boundaries were qualitative and subjective. 

Sub-region boundaries do not explicitly follow 
the EPA ecoregion designations (Figure B-2).  
The Coastal stratum generally coincides with the 
Coast Range Ecoregion.  The Cascade Stratum includes portions of the Puget Lowland, Willamette 
Valley and Cascade Ecoregions.  The Gorge stratum includes portions of the Cascade and Eastern 
Cascade Ecoregions. 
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Figure B-1. Lower Columbia sub-regions. 
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Figure B-2. Overlap of lower Columbia subbasins with EPA eco-regions. 
Genetic and life history evidence for the current delineation of the Cascade and Gorge strata is lacking.  
The available information suggests that the Big White and Hood populations may have been generally 
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distinguishable but provide no guidance on historical gorge subpopulations downstream between the 
Washougal and White Salmon. 

Fall Chinook:  Fall Chinook genetic data is inconclusive, in no small part due to the effects of historical 
hatchery practices.  Spring Creek Hatchery (gorge) fish cluster with Big Creek and Abernathy hatchery 
fish, separate from other hatchery Chinook stocks in the ESU.  Myers et al. (2006) were unsure exactly 
what this represents.  They state that it is possible it represents an historical lineage, possibly reflecting 
the genetic composition of the Big White Salmon fall Chinook founders of the Spring Creek Hatchery 
population, but it is more likely that it is just a genetically distinct amalgam of several populations.  
Spring Creek Hatchery fall Chinook cluster separately from other lower Columbia tule populations but no 
data are available for natural tule spawners originating in streams between the Washougal and Spring 
Creek hatchery.   

Spring Chinook:  Myers et al. (2006) report no genetic data for White Salmon or Hood river Chinook 
populations, both of which were functionally extirpated.  Efforts to restore Hood River spring Chinook 
are currently utilizing Deschutes River stock which originates outside the current ESU.  An independent 
assessment found Deschutes River stock to be a better candidate for reintroduction than other ESU stocks 
due to the ecological similarity and proximity of Hood and Deschutes river production areas. 

Coho:  Coho genetic data is largely restricted to hatchery stocks and has been confounded by historical 
hatchery practices.  Myers et al. (2006) present conflicting conclusions regarding the historical stock type 
of gorge coho populations.   

Steelhead:  According to Myers et al. (2006), steelhead genetic results are not overly informative, 
probably showing two genetically distinctive populations (Cowlitz and Clackamas winter steelhead) and 
some other possible reflections of original relationships.  The results do not show good separation of 
populations that correlates well with geography, and no inferences can be drawn about population 
groupings. 

Chum:  Genetic data for chum salmon distinguish two groups corresponding to current production 
centers:  Grays and gorge (Hamilton, Hardy, Ives Island and I-205) spawners.  Fewer than 50 chum have 
been typically counted at Bonneville Dam annually since the 1970s.   

Given the apparent subjectivity of strata definitions, inconsistencies between ecoregion and strata, and the 
lack of supporting biological data on differences, it is appropriate to consider alternative strata boundaries 
that better match the ecological factors which strata are intended to reflect.  Geographical and ecological 
variation within the current Cascade stratum far exceeds differences between the Cascade and gorge strata 
except for the Hood and Big White Salmon systems.  Populations of all species originating in the lower 
and upper gorge downstream from the Hood and Big White Salmon should more appropriately be 
considered to be part of the Cascade Strata, consistent with the ecoregion designations and similarity to 
other cascade systems.  It might also be appropriate to consider an additional stratum consisting of some 
combination of populations in the Puget Lowland and Willamette Valley Ecoregions (Lower Cowlitz, 
Coweeman, Kalama, EF Lewis, Salmon, Washougal, Scappoose, Lower Clackamas)1. 

                                                      
1 Would need to more fully consider the implications of this kind of thing before seriously considering. 
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LCR Populations 
 
Demographically independent populations were identified for the lower Columbia by Myers et al. (2006) 
based on documented historical use, temporal isolation, geographical isolation, and basin-specific 
information such as barriers.  Definitions included considerations of basin size.  Minimum basin size 
estimates were derived from the examination of other ESU’s where native, naturally-produced 
populations still exist (primarily Chinook).  In the coast and cascade strata, small tributaries to the 
Columbia or Lower Willamette were grouped with a larger basin and considered one population.  In the 
gorge stratum, the small tributaries to the Columbia were grouped with other small streams and 
considered a population. 

Specific applications of basin size rules were unclear for gorge populations where basin sizes were not 
reported by Myers et al. (2006).  It is also unclear how basin size vs. accessible area effects were 
distinguished for many gorge populations where natural barriers typically block anadromous passage to 
only a very small portion of the basin.  Figure B-3 shows habitat availability based on recent analyses by 
NOAA.  These results show that the available habitat is very small for gorge populations even in 
relatively large watersheds. 

These analyses suggest that many gorge streams are not sufficiently-sized to provide reproductive 
isolation from other populations and exhibit adequate productivity to support sufficient numbers of fish 
and ensure long term sustainability.  That is why recovery gap analyses are having such a hard time 
identifying scenarios that lead to high viability – there is simply not enough quality habitat available to 
support enough fish to sustain a high level of population viability.  It is also contrary to the concept of 
reproductive isolation of independent populations to consider that an amalgamation of fish from 7 to 10 
small streams along the Columbia and from both Oregon and Washington constitutes an independent 
population.  The small amount of habitat found in any one stream would be unable to produce enough 
adults on its own to perpetuate a sustaining group of native fish on a regular basis.  As a result, it is very 
likely that a high proportion of the spawners that entered each stream in these currently defined 
populations would be strays from other locations.  Combining these strays into a large enough group to be 
considered viable does not fit with the definition of an independent population.  These subpopulations 
should more appropriately be classified as dependent rather than independent populations. 
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Figure B-3. Habitat availability by species and population (IP habitat identified by NMFS). 
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Alternatives 
 
Possible changes include:   

Lower and Upper Gorge Populations 

1. (RECOMMENDED) Consider the lower and upper gorge tributaries to be part of a population that 
includes a larger stream such as the Sandy (for the lower streams) and Hood (for the upper 
streams) 

2. Move lower and upper gorge populations into the Cascade strata  

3. Consider these streams to be dependent populations 

Hood and White Salmon Populations 

1. (RECOMMENDED) Eliminate gorge stratum and consider the Hood and White Salmon as unique 
populations of the cascade stratum, adding a new de-listing criteria that one of these two 
populations is required to meet viability criteria 

2. Define gorge stratum to include only the Hood River and White Salmon populations 

If any of these changes are made, population definitions will need to be refined accordingly. 

Table B-1. Potential changes in strata & population definitions for the LCR domain. 
Old  New 

Run 
Stratum Population  Stratum Population 

Fall Chinook Gorge L gorge (OR/WA)  Cascade Bonneville (OR/WA) 
 Gorge U gorge (OR/WA)  -- “ 
 Gorge White Salmon (WA)  Gorge White Salmon (WA) 
 Gorge Hood (OR)  Gorge Hood (OR) 
      
Spring Chinook Gorge White Salmon (WA)  Gorge White Salmon (WA) 
 Gorge Hood (OR)  Gorge Hood (OR) 
      
Coho Gorge L gorge (both)  Cascade Bonneville (both) 
 Gorge U gorge (WA)  Gorge White Salmon (WA) 
 Gorge U gorge & Hood (OR)  Gorge Hood (OR) 
      
Chum Gorge L. gorge (OR/WA)  Cascade Bonneville (OR/WA) 
 Gorge U gorge (OR/WA)  Gorge Gorge (OR/WA) 
      
Winter steelhead Gorge L. gorge (OR/WA)  Cascade Bonneville (OR/WA) 
 Gorge U. gorge (OR/WA)  Cascade “ 
 Gorge Hood (OR)  Gorge Hood (OR) 
      
Summer steelhead Gorge Wind (WA)  Cascade Wind (WA) 
  Hood (OR)  Gorge Hood (OR) 
      
Note:  We also need to think about whether an additional stratum is appropriate to include lower elevation systems west of the 
Cascades. 

 
 
 

Page 11 – Appendix B 



Lower Columbia River Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead 
FINAL DRAFT – August 6, 2010 

Page 12 – Appendix B 

Effects 
 

1. Still requires substantial improvement in gorge populations to meet strata average goals. 

2. Eliminates unrealistic goals of primary/high viability for marginal gorge populations 

3. Allows recovery efforts to be focused more effectively on opportunities for success rather than 
impossible challenges 
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Appendix C — Section 1. 
CATAS Support Information 

Data sets used to estimate recruitment functions for Lower 
Columbia River salmon and steelhead populations 

 

Background 
 
The purpose of Appendix C.1 is to document the abundance data sets that were used to develop 
recruitment models for lower Columbia River (LCR) salmon and steelhead.  We also provide these data 
here so that those who wish to delve more deeply into our methodology or try alternative methods to 
analyze these data are able to do so.  We note that for Oregon’s portion of the LCR the number of 
populations for which we had spawner abundance data was fewer than the populations for which this 
information is lacking.  For those populations for which we had no data, we estimated the form of each 
population’s recruitment model through a process of inference described in Appendix C.3. 
 
Much of the following narrative describing each population’s data set is taken from an earlier summary of 
this information in McElhany et al. (2007; also see Appendix C.2).  However, the data sets provided here 
differ from those of the earlier description in several respects.  In several cases, additional years of data 
have become available and therefore the data series have been updated to reflect this.  Also, there were a 
variety of corrections to the previous data sets based on new information; especially with respect to what 
fraction of the natural spawning population were hatchery fish. 
 
In providing this information it is important to acknowledge that the collection of data from these 
populations has been neither comprehensive nor consistent.  Data are lacking for a substantial number of 
the populations.  For those populations where data are available, the nature of these data and the methods 
to collect them were often dissimilar.  For example, steelhead abundance for the Hood River population 
was based on counts of fish passing Powerdale Dam.  In other cases , steelhead spawner abundance 
estimates were based on redd density estimates in short stream survey sections, then expanded for all of 
the estimated stream kilometers of spawning habitat in the basin.   
 
Even for populations for which data existed, it was common that the information was incomplete.  
Sometimes a year or more of survey data was missing.  In other instances, impact rate estimates for a 
particular fishery were not available.  To assemble a full data set required the development a variety of 
methods to “fill in” these data gaps.  It is recognized there is no single correct method for accomplishing 
this.  A range of alternative estimation methods could be used to generate numbers needed to approximate 
the missing data.  Here we document the steps used to fill these data gaps, with a narrative for each 
population outlining specific details of how we built each data set and dealt with ‘data gaps’. 
 
The reader will note that for all populations we represent the proportion of different aged fish at spawning 
as a fixed distribution, without annual variations.  This was a pragmatic decision in that annual estimates 
of spawner age composition are generally lacking, with the exception of steelhead returning to the Hood 
River basin.  There is risk that the use of a fixed age composition may introduce another source of error in 
our run reconstructions and estimation of recruitment equation parameters.  However, for most 
populations we were faced with either fitting our recruitment models from data built using a fixed age 
composition or not doing the recruitment analysis at all.   
 
The practical realities are that for coho this concern does not apply, since the adults are all the same age.  
For Chinook, only in the recent years has there been the ability to distinguish wild from hatchery fish.  
Invariably most of the age determinations for Chinook are based on hatchery fish (with late Sandy fall 
Chinook being the exception).  The age composition of hatchery Chinook is known to differ from wild 
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Chinook.  Therefore, prior to early 2000s the likelihood of annual age data representing the wild fish in a 
LCR Chinook population is low.   
 
For steelhead, because their age complexity exceeds that of the other species, a large sample is required 
each year to fully capture the range of expression for this population attribute.  With the exception of 
special study populations (e.g. steelhead returning to the Hood River) the likelihood of obtaining a 
sufficient number of samples to accurately estimate annual age compositions is low.  Especially, for the 
majority of steelhead populations where the primary observation method is spawning surveys conducted 
in late winter and spring.  Redds are the primary observation in such surveys, live fish are infrequently 
observed, and spawned out carcasses, which could be sampled for age determinations, are almost never 
observed.   
   
Finally, for chum salmon there were no observations in any Oregon population from which to develop 
data sets for Oregon populations.  Indeed, it is not clear if chum salmon are extant in Oregon’s portion of 
the lower Columbia River.  Therefore, we were unable to perform a quantitative evaluation of this 
species, other than by making inferences using data sets from the Washington side of the Columbia River 
where two populations are still known to exist.   
 

Population Data Descriptions 
 
1. Fall Chinook (Late) - Sandy  
Abundance data for this population is based upon spawning survey observations conducted from 1984 to 
present.  Both peak redd and fish counts are obtained in these surveys, however in the opinion of Oregon 
Department of Fish and Wildlife (ODFW) biologists the redd count data were more reliable.  Following 
methodology developed by ODFW, the peak redd count was multiplied by an expansion factor of 2.5 to 
estimate total season spawners for the survey section.  A fish per kilometer density estimate was then 
determined by dividing the number of spawners by the length of the survey section (approximately 16 
km).  This spawner density was then expanded for the total 67 linear kilometers of spawning habitat for 
fall Chinook in the Sandy basin to yield annual estimates of total spawner abundance for the population 
(Table C.1-1).  The number of stream kilometers used by fall Chinook within this basin was based on 
information provided by Maher et al. (2005).  
 
Spawner survey data were missing for the 1981 to 1984 period and 1990.  To fill in the data for these 
missing years, we used the observed linear relationship between the sport fishery catch estimates and 
spawner abundance estimates in years when data were available for both.   It was found that for the 15-
year period after 1984, 75% of the variation in spawner abundance estimates could be associated with 
variations in the sport fishery catch estimates.  This relationship was then used, along with catch estimates 
for years without spawner data, to interpolate what the spawner abundance might have been for the 1981 
to 1984 period and for 1990.   
 
There are no hatchery programs in the lower Columbia that use the late run fall Chinook for broodstock.  
However, there is an extensive hatchery program based on an earlier spawning stock of fall Chinook 
commonly referred to as “tule” fall Chinook.  Our determination of this fact was based on fish recovered 
with coded wire tags (CWT) in the Sandy basin during spawning surveys.  The details of this information 
are as follows. 
 
Of the 5951 fall Chinook carcasses recovered from 1984 to 2007, 80 individuals were found to be marked 
with an adipose fin clip, signifying that they were of hatchery origin.  Of these 80 known hatchery fish, 
coded wire tags (CWT) were recovered from 39.  By reading the codes of these tags it was determined 
that the primary source of these hatchery fish (31 out of the 39 CWT recoveries) was WDFW’s 
Washougal River hatchery.  This seems like a logical source since the Washougal River enters the 
Columbia on the Washington shore almost opposite where the Sandy River enters the Columbia on the 
Oregon shore.   
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Upon inspection of hatchery release records, it was determined that for this same time period an average 
of 3% of the fall Chinook released from Washougal hatchery were fin clipped and tagged with CWT, the 
remaining 97% were released unmarked. Given this mark rate and assuming that unmarked hatchery fish 
strayed at the same rate as CWT marked fish, we concluded that for each known hatchery fish observed 
there were about 32 unmarked hatchery fish that also had strayed into the Sandy. 
 
Table C.1-1.  Basic data set developed for Sandy Fall Chinook. 

Proportion by Age at Spawning Spawn 
Year 

Total 
Spawners 

Proportion of 
Wild 

Spawners 

Brood Year 
Average Total 

Fishery 
Exploitation 

Rates 

Age3 Age4 Age5 Age6 

1981 3156 0.237 0.55 0.143 0.694 0.157 0.006 
1982 3655 0.237 0.59 0.143 0.694 0.157 0.006 
1983 2575 0.237 0.68 0.143 0.694 0.157 0.006 
1984 3323 0.237 0.46 0.143 0.694 0.157 0.006 
1985 2087 0.237 0.45 0.143 0.694 0.157 0.006 
1986 2845 0.237 0.42 0.143 0.694 0.157 0.006 
1987 9160 0.237 0.38 0.143 0.694 0.157 0.006 
1988 6958 0.237 0.47 0.143 0.694 0.157 0.006 
1989 8557 0.237 0.44 0.143 0.694 0.157 0.006 
1990 3516 0.237 0.43 0.143 0.694 0.157 0.006 
1991 2939 0.237 0.31 0.143 0.694 0.157 0.006 
1992 4185 0.237 0.26 0.143 0.694 0.157 0.006 
1993 5733 0.237 0.29 0.143 0.694 0.157 0.006 
1994 2420 0.237 0.21 0.143 0.694 0.157 0.006 
1995 4382 0.237 0.19 0.143 0.694 0.157 0.006 
1996 2119 0.237 0.16 0.143 0.694 0.157 0.006 
1997 8443 0.237 0.38 0.143 0.694 0.157 0.006 
1998 3251 0.237 0.41 0.143 0.694 0.157 0.006 
1999 1890 0.237 0.25 0.143 0.694 0.157 0.006 
2000 363 0.237 0.30 0.143 0.694 0.157 0.006 
2001 3510 0.237 0.52 0.143 0.694 0.157 0.006 
2002 5463 0.237 0.66 0.143 0.694 0.157 0.006 
2003 3993 0.237 na 0.143 0.694 0.157 0.006 
2004 2524 0.237 na 0.143 0.694 0.157 0.006 
2005 3998 0.237 na 0.143 0.694 0.157 0.006 
2006 5359 0.237 na 0.143 0.694 0.157 0.006 

 
We applied this marked to unmarked ratio to the total number of carcasses mark sampled each year 
during the period when the late fall Chinook were spawning and estimated the number of unmarked 
hatchery fish in the sample.  For each year of information we then combined the numbers of known 
marked and estimated unmarked fish, divided this result by the total of all carcasses mark sampled during 
the late fall Chinook spawning period to estimate the proportion of hatchery fish in the spawning 
population.  For all the years with data, the average proportion hatchery fish was 0.24.  For the purposes 
of our analyses, we have assumed the proportion of hatchery fish in all years was 0.24. 
 
Sandy late fall Chinook are caught primarily in ocean and Columbia River mainstem fisheries.  The 
impact of ocean fisheries varies depending on how many years a Chinook stays at sea before returning  In 
our analysis we used the brood year average total exploitation rates for Lewis River wild fall Chinook 
published by CTC (2008) to estimate fishery impacts.   Sandy late fall Chinook have similar timing and 
age composition as Lewis River wild fall Chinook and it was assumed that the ocean distribution and 
fishery impacts on these two populations would be similar.   
 
Age composition of spawning adults was based on scales collected and read from Sandy River fall 
Chinook by ODFW from 1998 to 2004.  For the purposes of these analyses, fish observed as Age 2 were 
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not included in the summary and the proportions for the remaining ages were adjusted so they would 
equal 1.00.  Age 2 fish are largely jacks and comprise a small portion of the return.   
 
2. Fall Chinook (Tule) - Clatskanie  
Peak counts of spawning fall Chinook in a 3.2 km survey section of the Clatskanie River were the source 
of raw data for building the data set for this population.  Annual peak spawner counts were converted into 
an estimated season count by multiplying by a correction factor of 1.7.  Using these converted numbers, a 
spawner density (spawners per stream km) was estimated for each year.  An estimate for spawner 
abundance for the entire population was obtained by multiplying these annual spawner densities times the 
total kilometers of fall Chinook spawning habitat (Table C.1-2).  We used the Maher et al (2005) estimate 
of 16 km spawning habitat for these expansions. 
 
Knowing the proportion of hatchery fish in natural spawning populations is a critical element to both the 
risk analysis and devising recovery strategies.  For fall Chinook, unlike other species, this is a particularly 
challenging problem.  Only a small fraction of fall Chinook released from hatcheries are fin clipped 
(generally less than 4%).  Therefore, the presence of an adipose fin on a returning adult is of very little 
help in classifying its origin as to being either hatchery or wild.  Further, scale pattern differences 
between hatchery reared and wild reared fish that are readily evident in coho and steelhead are much 
more difficult to discern in fall Chinook.  As a result, the fraction of wild fall Chinook estimated in 
natural spawning areas will remain highly uncertain until all the hatchery fish are fin clipped prior to 
release from hatcheries.  Although, plans are in place to achieve this in the future, it will be several years 
before the benefits from this action will be realized.   
 
Given these facts, we have attempted to estimate the proportion of hatchery fish in natural populations 
based on the rate at which fish with coded wire tags (CWT) are recovered.  A portion of the production at 
each fall Chinook hatchery are fin clipped and injected with CWT.  Given that the current CWT rate at 
hatcheries is generally in the range of 2% to 4% and knowing the frequency of CWT fish recovered on 
the spawning grounds, it is possible to estimate a proportion of hatchery fish in the natural population.  
For example, if the CWT rate in the hatchery population is 4% and during spawning surveys 2% of the 
recovered spawners in a nearby stream were found to be CWT fish, then a crude estimate of hatchery fish 
in the natural population would be 50%.  Although this method will generate highly uncertain results 
because of the low CWT mark rate and the generally low number of adult carcasses recovered during 
spawning surveys, there appears to be no alternative at this point in time.  A more detailed statistical 
discussion of the uncertainty associated from this methodology is provided by McElhany et al. (2006; 
pages 166-167). 
 
In the specific case of the Clatskanie basin (including Plympton Creek) of the 36,309 fall Chinook 
carcasses examined during spawning surveys conducted by ODFW between 1980 and 2007, 714 were 
found to be adipose fin clipped (indicating the fish contained a CWT).  CWTs were recovered from 580 
of these fin clipped fish and their tagging location (hatchery of origin) determined.  Nearly all of these 
CWT fish (547 out of 580) came from Big Creek Hatchery.  From inspection of hatchery records during 
this time period the average proportion of the fish released from Big Creek with adipose/CWT marks was 
4%.  Therefore for each CWT hatchery stray the likely number of unmarked fish in the carcass sample 
was 24.  When this expansion was applied to the number of known hatchery fish (adipose fin clipped, 
most with CWTs) the total hatchery proportion (marked plus unmarked) in the carcass sample was very 
high, ranging from 90% to 100% hatchery fish.  Using this result we estimated that the average proportion 
of hatchery fish from 1980 to 2007 was 0.95.  Even given the uncertainty in making expansion from such 
low mark rates, we still believe the proportion of hatchery fish in the Clatskanie basin during this period 
was at a minimum 0.90.  We also believe, from the analysis here and similar analyses for the Sandy basin, 
that a hatchery stray proportion of 0.90 is probably characteristic of most tule fall Chinook populations in 
Oregon’s portion of the lower Columbia.  However, we have not yet obtained enough data from other fall 
Chinook populations to empirically verify this supposition.   
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Table C.1-2. Basic data set developed for Clatskanie Tule Fall Chinook. 
Proportion by Age at Spawning Spawn 

Year 
Total 

Spawners 
Proportion of 

Wild 
Spawners 

Brood Year 
Average Total 

Fishery 
Exploitation 

Rates 

Age3 Age4 Age5 Age6 

1974 155 0.10 0.780 0.211 0.540 0.250 0.000 
1975 408 0.10 0.780 0.211 0.540 0.250 0.000 
1976 355 0.10 0.840 0.211 0.540 0.250 0.000 
1977 355 0.10 0.730 0.211 0.540 0.250 0.000 
1978 355 0.10 0.720 0.211 0.540 0.250 0.000 
1979 330 0.10 0.830 0.211 0.540 0.250 0.000 
1980 525 0.10 0.750 0.211 0.540 0.250 0.000 
1981 330 0.10 0.760 0.211 0.540 0.250 0.000 
1982 1050 0.10 0.670 0.211 0.540 0.250 0.000 
1983 330 0.10 0.730 0.211 0.540 0.250 0.000 
1984 253 0.10 0.790 0.211 0.540 0.250 0.000 
1985 175 0.10 0.740 0.211 0.540 0.250 0.000 
1986 330 0.10 0.620 0.211 0.540 0.250 0.000 
1987 777 0.10 0.550 0.211 0.540 0.250 0.000 
1988 447 0.10 0.540 0.211 0.540 0.250 0.000 
1989 641 0.10 0.610 0.211 0.540 0.250 0.000 
1990 175 0.10 0.640 0.211 0.540 0.250 0.000 
1991 287 0.10 0.480 0.211 0.540 0.250 0.000 
1992 287 0.10 0.380 0.211 0.540 0.250 0.000 
1993 287 0.10 0.170 0.211 0.540 0.250 0.000 
1994 136 0.10 0.490 0.211 0.540 0.250 0.000 
1995 194 0.10 0.240 0.211 0.540 0.250 0.000 
1996 1069 0.10 0.400 0.211 0.540 0.250 0.000 
1997 155 0.10 0.320 0.211 0.540 0.250 0.000 
1998 214 0.10 0.440 0.211 0.540 0.250 0.000 
1999 233 0.10 0.560 0.211 0.540 0.250 0.000 
2000 607 0.10 0.660 0.211 0.540 0.250 0.000 
2001 607 0.10 0.670 0.211 0.540 0.250 0.000 
2002 894 0.10 0.640 0.211 0.540 0.250 0.000 
2003 1088 0.10 na 0.211 0.540 0.250 0.000 
2004 401 0.10 na 0.211 0.540 0.250 0.000 
2005 370 0.10 na 0.211 0.540 0.250 0.000 
2006 212 0.10 na 0.211 0.540 0.250 0.000 

 
Finally, it should be noted that while the proportion of stray hatchery fall Chinook may be high, the rate at 
which returning hatchery fish stray from their point of origin is relatively low.  However, because they 
enter natural spawning areas where there are very few (if any) wild fish, their proportion in the total 
spawning population is high.  The problem therefore is two-fold, straying hatchery fish and extremely 
depressed numbers of wild Chinook.    
 
The primary fishery impacts on the Clatskanie population have been the ocean fishery and the Columbia 
River mainstem fisheries In our analysis we used the brood year average total exploitation rates for lower 
Columbia River Hatchery fall Chinook published by CTC (2008) to estimate fishery impacts.  We 
assumed that the impact rates for wild Clatskanie fall Chinook are similar to those of lower Columbia 
hatchery stocks because of their shared ocean distribution and life history characteristics.   
 
Age composition of Clatskanie Tule fall Chinook was determined from ODFW CWT data from fall 
Chinook returning to nearby Big Creek hatchery.  Annual estimates of age composition using these CWT 
data (excluding Age 2 jacks) was averaged for the time period (1986 to 2002) to yield the average age 
composition recorded in Table C.1-2. 
 
In some years no fish were observed during the spawning surveys.  In others, only a few fish (less than 4) 
were observed.  For such years when these numbers were expanded to a full population estimate and 
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recruits per spawner calculated, the preliminary result seemed outside the range of what was biological 
likely.  Either the number was too high (greater than 45 recruits per spawner) or too low (essentially 
zero).  We believe these apparent outlier data points were the product of poor water visibility conditions 
resulting in the inability of surveyors to obtain an accurate count of fish.  Rather than remove these data 
from our analysis, we substituted a value for each of these outlier observations which was an average of 
the most proximate two years of “non-outlier” data.  We made such a substitution for data associated with 
the following years: 1976 to 1978, 1984, 1991 to 1994, 2000 to 2001, and 2004.  In all this amounted to 
10 of the 32 years of spawning survey data.   
 
3. Spring Chinook - Sandy 
The basic information used to estimate the abundance of spring Chinook in the Sandy basin were the 
counts of upstream migrating adults as they passed Marmot Dam on the Sandy River.  These counts 
represented at least 90% of the entire run, as very little spawning and rearing habitat for spring Chinook 
occurs downstream of Marmot Dam.  Although spring Chinook have been counted at Marmot Dam since 
1951, the data collected through 1960 is thought to be unreliable for a variety of reasons, primarily the 
number of fish counted is much lower than the number caught within the basin.  In some cases, the 
unadjusted data suggest an 80% tributary fishery impact rate.  It is highly unlikely a fishery could 
generate these levels of impact.  However, this may also be an artifact of extremely high in-river 
mortalities associated with unfavorable water conditions for summer holding prior to migration past 
Marmot Dam.  To avoid these complications and reduce uncertainty we chose to only use data collected 
from 1981 to present (Table C.1-3).  
 
Only a partial count of spring Chinook was made in 1983.  To expand this to a full years count we 
estimated the value on the basis of sport catch in the Sandy basin for spring Chinook in 1983.  We had 
found in our preliminary assessment of these data that in years where a full count of fish at Marmot dam 
existed the number was tightly related to the number of fish estimated to have been caught in the Sandy 
the same year (R2 = 0.82).  We used this regression to estimate the Marmot dam count for 1983.     
 
A substantial number of hatchery fish are known to return to the Sandy basin.  The first hatchery spring 
Chinook returned in 1970.  The program size was gradually increased from 50,000 fish in the mid-1970’s, 
to nearly 500,000 fish by the end of the 1990s.  However, only in recent years were direct measurements 
of the hatchery fraction possible via inspection of returning adults for fin clips.  Prior to 2001 only a small 
portion or none of released hatchery fish was fin clipped before they were released as smolts.  Therefore, 
prior to 2003 hatchery fish could not be visually counted separately from wild fish.   
 
To estimate the proportion of hatchery fish for the earlier period a simple relationship was developed 
between the number of hatchery smolts released during the recent years when all fish were fin clipped 
(and could be identified as hatchery fish when they returned) and the proportion of hatchery fish observed 
at Marmot Dam.  Based on this relationship, the average number of wild smolts produced in those years 
was estimated.  Using this average number of wild smolts, and assuming that this was a rough estimate of 
wild smolt production in previous years, the ratio between wild smolts and number of hatchery smolts 
released for each year prior to 2002 was determined.  A record of the number of hatchery smolts released 
is available for all years. The estimated annual ratio of hatchery to wild smolts was assumed to represent 
the ratio of hatchery and wild adults in the corresponding return years.   
 
It is also notable that beginning in 2002, all hatchery fish arriving at the Marmot Dam counting facility 
were removed from the trap and not passed upstream.  Therefore, although at least 50% of the fish 
trapped at Marmot Dam were hatchery fish, wild fish comprised essentially 100% of the natural spawning 
population upstream of Marmot Dam (Table C.1-3).  However, after 2007 with the removal of Marmot 
Dam and its associated sorting facility this procedure was no longer possible.  Estimates of hatchery and 
wild spring Chinook spawning in the Sandy basin now rely on spawning surveys conducted by ODFW. 
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Sandy spring Chinook are caught in ocean fisheries, Columbia River mainstem fisheries, and in-river 
sport fisheries.  Estimates of annual ocean fishery exploitation rates on this population were assumed to 
be similar to those for Willamette spring Chinook.  Therefore, we used the brood year average ocean 
exploitation rates published by CTC (2008) as our estimate of ocean fishery impacts on Sandy spring 
Chinook.   The mainstem Columbia fishery impacts reported by ODFW in their Fisheries Management 
and Evaluation Plan for spring Chinook were used to represent the mortality caused by this fishery.  
Finally, annual sport catch estimates (from catch cards) for the Sandy were used to estimate impacts of 
the tributary fishery.  However, the ODFW reported sport catch estimates were adjusted downward 32% 
to ensure they were not overestimates of the impact.  From various locations in the Willamette basin both 
statistical creel programs and catch card estimates of sport catch have been made in at least four different 
years (ODFW, unpublished data).  It is assumed that the creel estimates of catch are more accurate than 
the catch card estimates.  Across all of the locations and years compared, the creel estimate of catch 
averaged 68% of the catch card estimate.  This result was the basis of adjustments made to the catch card 
data estimates for the Sandy spring Chinook fishery.    
 
From 2002 to present, only fin clipped Chinook could be kept by sport anglers within the Sandy basin.  
Therefore, the only impact of the sport fishery on wild spring Chinook was catch and release mortality.  It 
was assumed that 15% of all sport caught and released wild spring Chinook died later from stress.  This 
rate was applied to the average sport catch impact rate in years before the catch and release regulations 
went into effect to estimate an average mortality impact of the sport fishery during the recent years.   
 
The overall impact of the ocean, Columbia, and tributary fishery impacts fisheries was expressed as an 
overall brood year exploitation rate as shown in Table C-3.  We converted the estimates of mainstem 
Columbia and tributary impacts into brood year average impacts in order to make them combinable with 
the ocean impact rates.   
   
Age composition of Sandy spring Chinook was determined from scale samples obtained from fishery and 
carcass recovery sampling.  Age 2 fish were excluded from data sets. 
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Table C.1-3. Basic data set developed for Sandy Spring Chinook. 
Proportion by Age at Spawning  

Spawn 
Year 

Hatchery 
Fish at 
Marmot 

Dam 

Hatchery 
Fish  

Passed 
above 

Marmot 
Dam 

 
Total 

Spawners 

 
Proportion 

of Wild 
Spawners 

Brood Year 
Average 
Ocean 
Fishery 

Exploitation 
Rates 

Total 
(Ocean plus 

Terminal) 
Brood Year 

Average 
Exploitation 

Rates 

 
Age3 

 
Age4 

 
Age5 

 
Age6 

1981 716 716 1089 0.342 0.230 0.625 0.00 0.60 0.39 0.01 
1982 185 185 522 0.645 0.210 0.522 0.00 0.60 0.39 0.01 
1983 965 965 1837 0.475 0.290 0.548 0.00 0.60 0.39 0.01 
1984 636 636 1211 0.475 0.220 0.484 0.00 0.60 0.39 0.01 
1985 294 294 561 0.475 0.100 0.491 0.00 0.60 0.39 0.01 
1986 447 447 702 0.363 0.200 0.601 0.00 0.60 0.39 0.01 
1987 735 735 1401 0.475 0.110 0.460 0.00 0.60 0.39 0.01 
1988 1019 1019 1940 0.475 0.120 0.430 0.00 0.60 0.39 0.01 
1989 961 961 1376 0.302 0.210 0.495 0.00 0.60 0.39 0.01 
1990 975 975 1557 0.374 0.070 0.352 0.00 0.60 0.39 0.01 
1991 1355 1355 1888 0.283 0.090 0.392 0.00 0.60 0.39 0.01 
1992 3197 3197 4451 0.282 0.050 0.303 0.00 0.60 0.39 0.01 
1993 2461 2461 3429 0.282 0.060 0.272 0.00 0.60 0.39 0.01 
1994 1656 1656 2309 0.283 0.060 0.326 0.00 0.60 0.39 0.01 
1995 1086 1086 1503 0.278 0.060 0.387 0.00 0.60 0.39 0.01 
1996 1864 1864 2561 0.272 0.050 0.351 0.00 0.60 0.39 0.01 
1997 2371 2371 3304 0.283 0.040 0.265 0.00 0.60 0.39 0.01 
1998 1911 1911 2612 0.268 0.070 0.148 0.00 0.60 0.39 0.01 
1999 1475 1451 2032 0.286 0.100 0.175 0.00 0.60 0.39 0.01 
2000 1435 1421 1986 0.284 0.110 0.185 0.00 0.60 0.39 0.01 
2001 2508 1458 2445 0.404 0.110 0.185 0.00 0.60 0.39 0.01 
2002 3266 227 1262 0.820 0.098 0.173 0.00 0.60 0.39 0.01 
2003 2827 144 1197 0.880 0.098 0.173 0.00 0.60 0.39 0.01 
2004 2992 405 2698 0.850 na na 0.00 0.60 0.39 0.01 
2005 2379 248 1653 0.850 na na 0.00 0.60 0.39 0.01 
2006 na 140 1349 0.896 na na 0.00 0.60 0.39 0.01 
2007 na 106 1410 0.925 na na 0.00 0.60 0.39 0.01 
2008 na 145 1698 0.915 na na 0.00 0.60 0.39 0.01 

 
 
4. Winter Steelhead – Clackamas  
Winter steelhead were counted as they pass North Fork Dam on the Clackamas River.  While the majority 
of the winter steelhead production is believed to be upstream from this counting location, Murtagh et al. 
(1992) report that approximately 40% of the wild steelhead production comes from the basin downstream 
of North Fork dam.  Therefore, the lower/upper steelhead production split for the Clackamas basin was 
40/60.  We estimated the annual numbers of spawners downstream of the North Fork dam, for which we 
had no empirical data, by multiplying this ratio (40:60) by each year’s count into the upper basin.  We 
then combined the lower basin and upper basin counts to yield a basin-wide estimate of wild steelhead for 
the Clackamas (Table C.1-4).  We used the same procedure for hatchery steelhead; however we had to 
make several adjustments to account for the hatchery fish that were removed from the counting facility at 
North Fork Dam and prevented from continuing upstream, plus those hatchery fish that returned to Eagle 
Creek Hatchery (lower basin).  Since both groups of hatchery fish were removed and prevented from 
spawning in the wild they were not included in our estimate of naturally spawning hatchery fish presented 
in Table C.1-4.     
 
The identification of hatchery and wild fish in recent years was reasonably straightforward as all returning 
hatchery fish were identifiable by fin clip marks that had been previously applied to juvenile hatchery 
steelhead during the hatchery rearing phase of their life history.   
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Estimation of hatchery and wild fish proportions prior to 1995 was more difficult because returning 
hatchery fish were not fin clipped.  An alternate approach based on run-timing differences between wild 
and hatchery fish was used to estimate hatchery:wild proportions for the earlier time period.   
 
It was found from the timing of counts of returning winter steelhead at North Fork Dam that prior to the 
first return of hatchery steelhead in 1968, less than 1% of the run passed North Fork Dam before March 
31.  However, the predominate hatchery stock used until 1999 had a run and spawn timing that was 
characteristically one to three months earlier than the wild fish.  It was also found that from 1995 to 1999, 
when all returning hatchery fish were fin clipped, that the proportion of hatchery fish as estimated by the 
ratio of fin clips and the proportion of hatchery fish estimated by the ratio of the North Fork Dam winter 
steelhead count before March 31 was nearly the same.  In particular, the average proportion hatchery fish 
estimated for these years using fin clipped hatchery fish was 0.344, the average proportion hatchery fish 
estimated using the run timing method was 0.326.   
 
Based on this temporal relationship, annual winter steelhead counts at North Fork Dam from 1968 to 
1994 were divided into an early and late portion, based on the March 31 sorting date.  The early 
proportion was then assumed to represent the proportion of hatchery fish in that year’s particular return.  
After 1994, when all returning hatchery steelhead were marked prior to release, the method to identify 
hatchery fish was the presence or absence of an adipose fin clip. 
 
Fishery impacts on this winter steelhead population occur primarily within the Clackamas basin.  Catch 
card estimates for the Clackamas winter steelhead sport fishery, adjusted to reduce likely bias, were used 
to estimate the total catch.  The bias adjustment consisted of multiplying all catch card estimates by 0.63.   
 
Table C.1-4. Basic data set developed for Clackamas Winter Steelhead. 

Proportion by Age at Spawning  
Spawn 
Year 

 
Total 

Spawners 

 
Proportion 

of Wild 
Spawners 

 
Overall 
Fishery 
Mortality 

 
Total 
Wild 

Catch 

 
Age3 

 
Age4 

 
Age5 

 
Age6 

 
Age7 

1974 1069 0.955 0.62 1701 0.005 0.510 0.398 0.083 0.004 
1975 2432 0.938 0.67 4647 0.005 0.510 0.398 0.083 0.004 
1976 1883 0.867 0.53 1862 0.005 0.510 0.398 0.083 0.004 
1977 2433 0.757 0.49 1778 0.005 0.510 0.398 0.083 0.004 
1978 3166 0.537 0.58 2368 0.005 0.510 0.398 0.083 0.004 
1979 2408 0.629 0.58 2132 0.005 0.510 0.398 0.083 0.004 
1980 3290 0.820 0.67 5425 0.005 0.510 0.398 0.083 0.004 
1981 4297 0.667 0.60 4294 0.005 0.510 0.398 0.083 0.004 
1982 2304 0.797 0.69 4009 0.005 0.510 0.398 0.083 0.004 
1983 1751 0.938 0.64 2974 0.005 0.510 0.398 0.083 0.004 
1984 1973 0.797 0.64 2741 0.005 0.510 0.398 0.083 0.004 
1985 1952 0.838 0.70 3863 0.005 0.510 0.398 0.083 0.004 
1986 2282 0.834 0.66 3763 0.005 0.510 0.398 0.083 0.004 
1987 2100 0.864 0.64 3254 0.005 0.510 0.398 0.083 0.004 
1988 3378 0.836 0.61 4381 0.005 0.510 0.398 0.083 0.004 
1989 1993 0.770 0.67 3165 0.005 0.510 0.398 0.083 0.004 
1990 2369 0.641 0.67 3126 0.005 0.510 0.398 0.083 0.004 
1991 1334 0.576 0.68 1620 0.005 0.510 0.398 0.083 0.004 
1992 3452 0.687 0.06 139 0.005 0.510 0.398 0.083 0.004 
1993 2230 0.859 0.07 139 0.005 0.510 0.398 0.083 0.004 
1994 2064 0.940 0.08 165 0.005 0.510 0.398 0.083 0.004 
1995 1886 0.803 0.05 82 0.005 0.510 0.398 0.083 0.004 
1996 376 0.711 0.06 18 0.005 0.510 0.398 0.083 0.004 
1997 896 0.539 0.05 25 0.005 0.510 0.398 0.083 0.004 
1998 859 0.551 0.06 28 0.005 0.510 0.398 0.083 0.004 
1999 388 0.760 0.04 11 0.005 0.510 0.398 0.083 0.004 
2000 879 0.848 0.06 48 0.005 0.510 0.398 0.083 0.004 
2001 2048 0.727 0.05 86 0.005 0.510 0.398 0.083 0.004 
2002 3330 0.698 0.05 111 0.005 0.510 0.398 0.083 0.004 
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2003 2574 0.796 0.05 117 0.005 0.510 0.398 0.083 0.004 
2004 6509 0.796 0.05 295 0.005 0.510 0.398 0.083 0.004 
2005 1959 0.796 0.05 89 0.005 0.510 0.398 0.083 0.004 
2006 1001 0.714 0.05 41 0.005 0.510 0.398 0.083 0.004 
2007 1043 0.602 0.05 36 0.005 0.510 0.398 0.083 0.004 
2008 1239 0.644 0.05 45 0.005 0.510 0.398 0.083 0.004 

 
 
This reduction adjustment was based on data from other steelhead fisheries where catch estimates from 
both statistical creel surveys and catch cards were available.  In these comparisons, the creel survey 
estimate, considered to be the more accurate of the two methods, was consistently smaller.  The 0.63 
adjustment factor used here was based on 10 years of creel survey and catch card data collected for the 
winter steelhead fishery in the Alsea River.  A regression of these data resulted in a significant 
relationship between the two (R2= 0.87), with a slope of 0.63.  In other words, a catch card estimate of 
100 corresponded with a creel survey catch estimate of 63.   
 
From these adjusted estimates of catch and estimates of spawner escapement, fishery impact rates were 
calculated.  For hatchery and wild fish these rates were equal until 1992 when catch and release 
regulations were imposed on wild fish.  This regulation, in effect to the present, reduced the mortality rate 
on wild fish to the incidental mortality associated with the handling and stress of being caught and 
released.  In preparing the mortality data shown in Table C-4 for wild fish, we assumed that 10% of those 
fish caught subsequently died post-release.  We estimated the proportion of the wild run that was initially 
caught from our estimates of harvest rate on hatchery fish (for which catch and release regulations were 
not in effect).   
 
Age composition data was based on the analysis of scales sampled from sport steelhead fishery in 
Clackamas River from 1984 to 1991. 
 
5. Winter Steelhead – Sandy 
Total spawner abundance estimates for Sandy winter steelhead were derived from counts of steelhead 
passing Marmot Dam.  Although there is some steelhead habitat in the basin downstream from Marmot 
Dam approximately 85% of the steelhead production area is upstream.  For the purposes of this summary, 
population data is only meant to represent that portion of the basin upstream of Marmot Dam.  No 
adjustment was made to add the 15% additional production believed to originate in the downstream 
portion of the watershed.   
 
Complete counts of winter steelhead for the spawning years 1974 through 1977 and in 1983 were not 
available.  To replace these missing data, values were generated from catch card estimates of sport catch 
in the same years in the following manner.  A regression of sport catch and Marmot Dam counts of 
steelhead was made for those years (25 total) when both data sets were available.  From this relationship, 
which was found to have an R2 value of 0.63, approximate numbers of winter steelhead for those years 
when no data were collected were estimated (Table C.1-5).  
 
From 1999 to present, returning hatchery fish were indefinable because they all had been fin clipped prior 
to their release as smolts. Therefore, calculating the wild proportion of the spawning population was 
relatively straightforward.  However, prior to 1999, estimating the proportion of wild fish in the natural 
spawning population (the other portion being hatchery fish) was more difficult.  To estimate the 
proportion of hatchery fish for this earlier period, we developed a method using the annual number of 
smolts released into the basin and the location of these releases.   
 
Prior to 1989, the majority of hatchery smolts were released upstream of Marmot Dam.  However, 
starting in 1989 the release sites were all moved downstream to reduce the number of hatchery fish 
returning to the upper portion of the basin.  From 2000 to 2003, the hatchery origin proportion of the run 
reaching Marmot Dam averaged 0.12.  It should also be noted that during this time the fishing regulations 
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permitted the keeping of only hatchery fish and any wild fish that were caught had to be released.  During 
this period of downstream smolt releases, hatchery and wild determinations for adults were only made 
after 1999.  Therefore, to estimate the fraction of hatchery fish between 1999 and 1991 (1991 being the 
primary adult return year for the 1989 smolt release), the average hatchery fish proportion of the 2000 – 
03 period was used.  It should also be noted that in Table C-5, the fraction of wild fish is reported as 
being 1.000 for all years after 1998.  This reflects the fact that those hatchery fish that arrived at Marmot 
Dam were removed during the counting procedures and prevented from continuing upstream.  With the 
removal of Marmot Dam in 2007 this sorting procedure is no longer possible and we expect that in 
subsequent years the proportion of hatchery fish passing the Marmot dam site will be about 0.10.  This is 
somewhat lower than when measured in the early 2000s, but it reflects the anticipated effect of 30% 
reduction in the number of hatchery smolts released in the Sandy basin, which began in 2004.  
 
Prior to 1989, hatchery smolts were released upstream of Marmot Dam and there were no differential 
harvest regulations on wild and hatchery fish.  Scale samples obtained from Sandy steelhead caught in the 
sport fishery from 1984 to 1989 were analyzed and classified as either hatchery or wild fish.  From these 
data hatchery proportions were determined.  The average release of hatchery steelhead smolts for this 
period was related to the average proportion of hatchery fish observed during this same time frame.  From 
these data a rough approximation of the number of wild smolts was calculated.  Using this average 
estimate of wild smolts as a fixed number and comparing this to the number of hatchery smolts released 
in each year prior to 1984, annual ratios of wild to hatchery smolts were generated.  The proportion of 
adult hatchery fish was assumed to be the same as the proportion of hatchery smolts estimated two years 
previously (the most common ocean residence period for adults was 2 years).  In this manner the 
proportion of hatchery fish in the spawning population (and fraction of wild fish) was estimated for the 
period from 1974 to 1983.    
 
Fishery impacts on this winter steelhead population occur primarily within the Sandy basin.  Catch card 
estimates for the Sandy winter steelhead sport fishery, adjusted to reduce likely bias, were used to 
estimate the total catch.  The bias adjustment consisted of multiplying all catch card estimates by 0.63.  
This reduction adjustment was based on data from other steelhead fisheries where catch estimates from 
both statistical creel surveys and catch cards were available (see discussion on this topic in the previous 
Clackamas winter steelhead section).   
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Table C.1-5. Basic data set developed for Sandy Winter Steelhead. 
Proportion by Age at Spawning  

Spawn 
Year 

 
Total 

Spawners 

 
Proportion 

of Wild 
Spawners 

 
Overall 
Fishery 
Mortality 

 
Total 
Wild 

Catch 

 
Age3 

 
Age4 

 
Age5 

 
Age6 

 
Age7 

1974 2311 0.260 0.618 973 0.002 0.495 0.406 0.091 0.005 
1975 2951 0.261 0.651 1439 0.002 0.495 0.406 0.091 0.005 
1976 2683 0.238 0.640 1136 0.002 0.495 0.406 0.091 0.005 
1977 1705 0.260 0.548 537 0.002 0.495 0.406 0.091 0.005 
1978 4071 0.228 0.638 1636 0.002 0.495 0.406 0.091 0.005 
1979 2000 0.242 0.684 1047 0.002 0.495 0.406 0.091 0.005 
1980 3015 0.207 0.730 1682 0.002 0.495 0.406 0.091 0.005 
1981 4078 0.314 0.536 1477 0.002 0.495 0.406 0.091 0.005 
1982 2600 0.235 0.714 1525 0.002 0.495 0.406 0.091 0.005 
1983 2449 0.221 0.600 811 0.002 0.495 0.406 0.091 0.005 
1984 2232 0.320 0.677 1496 0.002 0.495 0.406 0.091 0.005 
1985 2787 0.211 0.699 1365 0.002 0.495 0.406 0.091 0.005 
1986 2752 0.227 0.557 783 0.002 0.495 0.406 0.091 0.005 
1987 3675 0.225 0.485 780 0.002 0.495 0.406 0.091 0.005 
1988 3440 0.206 0.638 1250 0.002 0.495 0.406 0.091 0.005 
1989 2993 0.208 0.617 1001 0.002 0.495 0.406 0.091 0.005 
1990 3065 0.205 0.063 42 0.002 0.495 0.406 0.091 0.005 
1991 1995 0.879 0.063 117 0.002 0.495 0.406 0.091 0.005 
1992 2916 0.879 0.053 144 0.002 0.495 0.406 0.091 0.005 
1993 1636 0.879 0.065 100 0.002 0.495 0.406 0.091 0.005 
1994 1567 0.879 0.041 59 0.002 0.495 0.406 0.091 0.005 
1995 1680 0.879 0.042 65 0.002 0.495 0.406 0.091 0.005 
1996 1287 0.879 0.042 49 0.002 0.495 0.406 0.091 0.005 
1997 1426 0.879 0.036 47 0.002 0.495 0.406 0.091 0.005 
1998 883 0.879 0.029 23 0.002 0.495 0.406 0.091 0.005 
1999 816 1.000 0.046 39 0.002 0.495 0.406 0.091 0.005 
2000 741 1.000 0.043 33 0.002 0.495 0.406 0.091 0.005 
2001 902 1.000 0.053 50 0.002 0.495 0.406 0.091 0.005 
2002 1031 1.000 0.069 76 0.002 0.495 0.406 0.091 0.005 
2003 671 1.000 0.067 48 0.002 0.495 0.406 0.091 0.005 
2004 871 1.000 0.055 51 0.002 0.495 0.406 0.091 0.005 
2005 626 1.000 0.055 37 0.002 0.495 0.406 0.091 0.005 
2006 645 1.000 0.055 38 0.002 0.495 0.406 0.091 0.005 

 
From these adjusted estimates of catch and estimates of spawner escapement, fishery impact rates were 
calculated.  For hatchery and wild fish these rates were equal until 1990 when catch and release 
regulations were imposed on wild fish.  This regulation reduced the mortality rate on wild fish to the 
incidental mortality associated with the handling and stress of being caught and released.  In preparing the 
mortality data shown in Table C.1-5 for wild fish, we assumed that 10% of those fish caught and released 
subsequently died post-release.  We estimated the proportion of the wild run that was initially caught 
from our estimates of harvest rate on hatchery fish (for which catch and release regulations were not in 
effect).   
 
Age composition data based was on the analysis of scales sampled from sport steelhead fishery in the 
Sandy River from 1984 to 1991. 
 
 
6. Winter Steelhead – Hood River 
The primary source of data for Hood River steelhead was obtained from the fish handling facility at 
Powerdale Dam, near the mouth of the basin.  At this facility all steelhead are counted, hatchery and wild 
determinations made, and scales taken from each fish for subsequent age determination.  The results of 
this data collection effort are summarized in Table C.1-6.   
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Table C.1-6.  Basic data set for Hood River Winter Steelhead. 
Proportion by Age at Spawningb   

Wild 
Fish at 

Powerdale 
Dam 

Wild 
Fish  

Passed 
above 

Powerdale 
Dama 

    
Spawn Total Proportion 

of Wild 
Spawners 

Overall Total      
Year Spawners Fishery Wild Age3 Age4 Age5 Age6 Age7 

Mortality Catch 

1992 697 618 902 0.685 0.082 142 0.068 0.652 0.255 0.025 0.000 
1993 415 345 355 0.972 0.096 114 0.068 0.652 0.255 0.025 0.000 
1994 404 300 305 0.984 0.096 147 0.068 0.652 0.255 0.025 0.000 
1995 206 161 166 0.970 0.102 68 0.068 0.652 0.255 0.025 0.000 
1996 279 210 371 0.566 0.094 98 0.068 0.652 0.255 0.025 0.000 
1997 290 238 490 0.486 0.064 72 0.068 0.652 0.255 0.025 0.000 
1998 227 182 344 0.529 0.075 63 0.068 0.652 0.255 0.025 0.000 
1999 298 255 442 0.577 0.065 64 0.068 0.652 0.255 0.025 0.000 
2000 921 865 1089 0.794 0.087 144 0.068 0.652 0.255 0.025 0.000 
2001 1015 877 1533 0.572 0.073 217 0.068 0.652 0.255 0.025 0.000 
2002 1059 950 1633 0.582 0.085 208 0.068 0.652 0.255 0.025 0.000 
2003 745 654 1066 0.614 0.080 156 0.068 0.652 0.255 0.025 0.000 
2004 597 507 1077 0.471 0.068 133 0.068 0.652 0.255 0.025 0.000 
2005 345 273 519 0.526 0.079 101 0.068 0.652 0.255 0.025 0.000 
2006 460 342 641 0.534 0.077 156 0.068 0.652 0.255 0.025 0.000 
2007 476 423 787 0.537 0.078 93 0.068 0.652 0.255 0.025 0.000 

a In each year a portion of the wild return was removed to be used for hatchery program broodstock.  Therefore, the number of 
wild fish passed upstream was less than the number that arrived at the dam. 
b Age composition information is an average of annual age composition data sets that are available upon request. 
 
Hood River steelhead are caught in both mainstem gillnet fisheries and sport fisheries in the Hood River 
downstream of Powerdale Dam.  From 1997 to 2003, the sport catch was estimated from statistical creel 
surveys.  The primary target of these fisheries is hatchery fish.  From these creel surveys the number of 
hatchery fish caught was estimated.  Using this number and the count of hatchery fish upstream at 
Powerdale Dam it was possible to estimate a harvest rate for hatchery steelhead.  However, for wild 
steelhead the impact rate is much lower because the angling regulations required that all wild steelhead 
that are caught be released.  It was assumed that there was a 10% mortality rate for caught and released 
wild steelhead.  Therefore, the mortality impact rate of this sport fishery on wild fish was 0.10 times the 
rate estimated for hatchery fish.   
 
Prior to 1997 there were no statistical creel surveys to estimate catch in the Hood River.  For this earlier 
period, we used the catch card estimates for the Hood River winter steelhead fishery, adjusted downward 
to account for the overestimation bias of these data.  The 0.47 adjustment factor applied to the catch card 
data for this purpose was derived from observations between 1997 and 2003.  In these years, the statistical 
creel estimate of catch averaged 0.47 of the catch card estimate for the same period. 
 
A portion of the Hood River winter steelhead return is also caught in mainstem Columbia gillnet fishery.  
Although the impact rate of this fishery is thought to be low, there is some uncertainty as to what this 
level actually is.  For these data sets we assumed the Columbia River fisheries caused an average 0.05 
mortality rate on wild fish returning to the Hood River.  
 
The overall impact rate of both the mainstem and Hood River fisheries on returning adults was calculated 
as: 1-[(1 – ColumbiaHR) * (1 – HoodHR)]. 
 
7. Summer Steelhead – Hood River 
The methods used to obtain and summarize data for Hood River summer steelhead were essentially the 
same as for Hood River winter steelhead described in the previous section.  At the Powerdale Dam fish 
handling facility, all summer steelhead were counted, hatchery and wild determinations made, and scales 
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taken from each fish for subsequent age determination.  The results of this data collection effort are 
summarized in Table C.1-7.   
 
Hood River steelhead are caught in both mainstem Columbia gillnet fishery and the sport fishery in the 
Hood River downstream of Powerdale Dam.  From 1997 to 2003, the sport catch was estimated from 
statistical creel surveys.  The primary target of this fishery is hatchery fish.  From these creel surveys the 
number of hatchery fish caught was estimated.  Using this number and the count of hatchery fish 
upstream at Powerdale Dam it was possible to estimate a harvest rate for hatchery steelhead.  However, 
for wild steelhead the impact rate is much lower because the angling regulations required that all wild 
steelhead that are caught be released and not kept.  It was assumed that there was a 10% mortality rate for 
caught and released wild steelhead.  Therefore, the mortality impact rate of this sport fishery on wild fish 
was 0.10 times the rate estimated for hatchery fish.   
 
Table C.1-7.  Basic data set for Hood River Summer Steelhead. 

Proportion by Age at Spawningb, c  
Spawn 
Year 

 
Wild 

Fish at 
Powerdale 

Dam 

Wild 
Fish  

Passed 
above 

Powerdale 
Dama 

 
Total 

Spawners 

 
Proportion 

of Wild 
Spawners 

 
Overall 
Fishery 
Mortality 

 
Total 
Wild 

Catch 

 
Age3 

 
Age4 

 
Age5 

 
Age6 

 
Age7 

1993 490 489 2211 0.221 0.181 109 0.000 0.111 0.600 0.272 0.016 
1994 245 243 1348 0.180 0.179 55 0.000 0.111 0.600 0.272 0.016 
1995 218 217 1840 0.118 0.127 33 0.000 0.111 0.600 0.272 0.016 
1996 132 131 650 0.202 0.140 22 0.000 0.111 0.600 0.272 0.016 
1997 184 179 1486 0.120 0.116 29 0.000 0.111 0.600 0.272 0.016 
1998 81 65 513 0.127 0.120 27 0.000 0.111 0.600 0.272 0.016 
1999 132 98 102 0.961 0.112 51 0.000 0.111 0.600 0.272 0.016 
2000 188 147 149 0.987 0.098 61 0.000 0.111 0.600 0.272 0.016 
2001 221 180 181 0.994 0.059 55 0.000 0.111 0.600 0.272 0.016 
2002 494 414 538 0.770 0.058 111 0.000 0.111 0.600 0.272 0.016 
2003 708 543 1043 0.521 0.075 222 0.000 0.111 0.600 0.272 0.016 
2004 266 182 387 0.470 0.074 105 0.000 0.111 0.600 0.272 0.016 
2005 233 152 323 0.471 0.073 99 0.000 0.111 0.600 0.272 0.016 
2006 206 170 306 0.556 0.076 53 0.000 0.111 0.600 0.272 0.016 
2007 197 169 343 0.493 0.076 44 0.000 0.111 0.600 0.272 0.016 
2008 176 120 248 0.484 0.076 71 0.000 0.111 0.600 0.272 0.016 

a Starting with the 1997-98 return In each year a portion of the wild return was removed to be used for hatchery program 
broodstock.  Therefore, the number of wild fish passed upstream was less than the number that arrived at the dam. 
b Age composition information is an average of annual age composition data sets that are available upon request. 
c Note that for summer steelhead scales are collected in the summer/fall time period, 6 to 12 months before spawning takes place 
and therefore ages determined from reading these scales were advanced one year to be standardized to the year of spawning not 
the year of return.  For example, a summer steelhead that is determined from scales taken in July to be 4 years old, is closer to 
being 5-years old when it spawns the following April.   
 
Prior to 1997, there were no statistical creel surveys to estimate catch in the Hood River.  For this earlier 
time period we used the catch card estimates for the Hood River winter steelhead fishery, adjusted 
downward to account for the overestimation bias of these data.  The 0.46 adjustment factor applied to the 
catch card data for this purpose was derived from observations between 1997 and 2003.  In these years, 
the statistical creel estimate of catch averaged 0.46 of the catch card estimate for the same period. 
 
A substantial portion of the overall fishery impact on Hood River summer steelhead is from mainstem 
Columbia River gillnets fisheries.  The estimated impact rates of these fisheries on wild summer steelhead 
were based primarily on analyses provided by ODFW and WDFW (2000).    
 
The overall impact rate of both the mainstem and Hood River fisheries on returning adults was calculated 
as: 1-[(1 – ColumbiaHR) * (1 – HoodHR)]. 
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8.  Coho – Clackamas  
Coho are counted as they pass North Fork Dam on the Clackamas River.  While the majority of the coho 
production is believed to be upstream from this counting location, a significant amount of coho habitat 
also exists in the portion of the basins downstream from North Fork Dam.  However, since no spawner 
count data for the lower portion of the basin existed until very recently, we approximated annual spawner 
numbers of coho for the area downstream of North Fork Dam from counts of upper basin coho at North 
Fork Dam.  We used the same 40:60 ratio of lower to upper basin production capacity as for Clackamas 
winter steelhead and expanded for total population size using the same approach (i.e. multiplying 40:60 
by the upper basin counts to obtain an estimate for the lower basin coho abundance – the lower and upper 
estimates were then added together for each year’s basin-wide estimate of coho spawners (Table C.1-8)). 
 
Estimating what portion of the natural spawning coho was hatchery fish was more complicated.  
Upstream of North Fork Dam, the incidence of hatchery coho in most years was thought to be very low.  
This conclusion was based on the very low number of fin-clipped hatchery fish observed at the North 
Fork Dam counting facility (<2% of the run) in recent years.  Since all hatchery coho in the lower 
Columbia basin had been fin-clipped prior to their release as smolts during this period, we are reasonably 
confident that the proportion of hatchery strays upstream of North Fork Dam has been low.  However, 
there were two periods when this has not been the case.  In 1988 -90 and again in 2000 – 02, hatchery fish 
from an experimental program using Clackamas wild fish as parental broodstock returned to the upper 
basin.  In most years these hatchery fish represented less than 15% of the total spawners upstream of 
North Fork Dam.  
 
The proportion of hatchery fish downstream of North Fork Dam has not been measured until recent years 
(2002 to 2006) when extensive spawning surveys have been conducted.  The results from these recent 
surveys document an average proportion of hatchery fish of 0.35.  These hatchery fish are most likely 
from the  
 
Table C.1-8.  Basic data set for Clackamas River Coho. 

Age Proportion  
Spawn 
Year 

North Fork 
Dam 
Wild  
Fish 

Counta, b,c 

 
Total Basin 

Wild  
Fish 

Spawnersd 

 
Total Basin 
Spawnersd 

 
Proportion of 

Wild 
Spawners 

 
Overall 
Fishery 
Mortality 

 
Total 
Wild 

Catch 

 
Age2 

 
Age3 

1974 901 1261 1931 0.653 0.929 16588 0.000 1.000 
1975 1133 1586 2428 0.653 0.897 13858 0.000 1.000 
1976 1210 1694 2593 0.653 0.954 35096 0.000 1.000 
1977 896 1254 1920 0.653 0.933 17433 0.000 1.000 
1978 783 1096 1678 0.653 0.899 9804 0.000 1.000 
1979 1144 1602 2451 0.653 0.884 12229 0.000 1.000 
1980 3192 4469 6840 0.653 0.874 30888 0.000 1.000 
1981 1170 1638 2507 0.653 0.885 12667 0.000 1.000 
1982 2553 3574 5471 0.653 0.802 14479 0.000 1.000 
1983 1599 2239 3426 0.653 0.825 10572 0.000 1.000 
1984 683 956 1464 0.653 0.782 3440 0.000 1.000 
1985 3315 4438 6793 0.653 0.745 13354 0.000 1.000 
1986 4376 5986 9163 0.653 0.829 29533 0.000 1.000 
1987 1402 1886 2886 0.653 0.843 10436 0.000 1.000 
1988 1619 2267 3561 0.636 0.884 17214 0.000 1.000 
1989 2147 3006 4721 0.637 0.859 18248 0.000 1.000 
1990 699 979 1516 0.646 0.836 4997 0.000 1.000 
1991 3123 4372 6692 0.653 0.859 26545 0.000 1.000 
1992 3476 4866 7449 0.653 0.764 15785 0.000 1.000 
1993 168 235 360 0.653 0.747 695 0.000 1.000 
1994 2883 4036 6178 0.653 0.433 3080 0.000 1.000 
1995 2037 2852 4365 0.653 0.428 2137 0.000 1.000 
1996 88 120 184 0.653 0.347 65 0.000 1.000 
1997 1435 1896 2901 0.653 0.422 1444 0.000 1.000 
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1998 369 321 491 0.653 0.246 150 0.000 1.000 
1999 239 153 234 0.653 0.410 197 0.000 1.000 
2000 2433 3406 5608 0.607 0.215 934 0.000 1.000 
2001 3137 4392 7880 0.557 0.200 1095 0.000 1.000 
2002 846 1184 1935 0.612 0.303 515 0.000 1.000 
2003 2105 2947 4511 0.653 0.300 1263 0.000 1.000 
2004 1915 2681 4104 0.653 0.308 1196 0.000 1.000 
2005 1210 1694 2593 0.653 0.250 565 0.000 1.000 
2006 2509 3513 5376 0.653 0.250 1171 0.000 1.000 
2007 2421 3389 5188 0.653 0.252 1144 0.000 1.000 
2008 3341 4677 7159 0.653 0.184 1051 0.000 1.000 

a These are counts of coho escaping above North Fork Dam and do not represent the total coho escapement for the Clackamas 
basin. 
b In certain years a portion of the wild return was removed at the dam to be used for hatchery program broodstock.  Therefore, the 
number of wild fish that spawned naturally was less than returned to the basin in these years. 
c Although a variable number of age 2 jacks were observed in most years – they were not consistently counted.  Since 2 year old 
coho are thought to be a minor contribution to the reproductive characteristics of coho populations, no attempt was made to 
quantify their abundance or their pre-harvest abundance.  
d Estimated coho escapement for entire Clackamas basin (upstream and downstream of North Fork Dam. 
 
large hatchery program at Eagle Creek Hatchery in the lower basin, which has been producing coho for a 
long period of time.  Therefore, we assumed the proportion of hatchery fish observed in recent years 
approximated the proportion of hatchery fish in most years since 1974.  However, we acknowledge that 
the distribution of hatchery coho in the lower basin are not random and tend to be more prevalent in Eagle 
Creek and Deep Creek than in other locations.  We expect that a more precise apportioning of hatchery 
strays in the lower basin with respect to the amount of habitat they occupy may result in a lower overall 
hatchery proportion.  However, we need additional years of data to craft a more accurate, habitat 
weighted hatchery proportion estimate for the lower Clackamas basin.   
 
Wild Clackamas coho are caught primarily in ocean and Columbia River fisheries.  The estimation of the 
impact rates for the Columbia River fisheries are complicated by the variable nature of both the run 
timing of natural produced coho returning to the Clackamas basin and the variable timing of the fisheries 
themselves.  Shifts in both have occurred over the period these data.  The estimates of overall fishery 
impacts (ocean and Columbia River) provided here are preliminary estimates prepared by ODFW and will 
likely change with future data and analyses.   
 
9.  Coho – Sandy River 
Total spawner abundance estimates for Sandy coho were derived from counts of fish passing Marmot 
Dam.  Although there is coho habitat in the basin downstream from Marmot Dam, most is upstream.  For 
the purposes of this summary, population data is only meant to represent that portion of the basin 
upstream of Marmot Dam.  No adjustment was made to add the 15% additional production believed to 
originate in the downstream portion of the watershed.  
 
Complete counts of coho for the spawning years 1974 through 1977 and in 1983 were not available.  To 
replace these missing data, values were generated from counts of wild coho observed at North Fork Dam 
on the Clackamas.  A regression of Marmot and North Fork dam counts of coho for those years when 
both data were collected generated a R2 = 0.53.  Using this relationship, annual counts of wild fish 
counted at North Fork dam were used to predict the return of wild coho to the Sandy for those years when 
Marmot counts were not available (Table C.1-9).  
 
The incidence of hatchery coho upstream of Marmot Dam in the majority of years was thought to be very 
low.  This conclusion was based on the very low number of fin-clipped hatchery fish observed at the 
Marmot Dam counting facility (<2% of the run) in recent years.  Since all hatchery coho in the lower 
Columbia basin, and in particular those released into the lower Sandy basin from Sandy  
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Table C.1-9.  Basic data set for Sandy River Coho. 

Age Proportion  
Spawn 
Year 

 
Wild  
Fish 

Spawners a 

 
Total 

Spawners 

 
Proportion 

of Wild 
Spawners 

 
Overall 
Fishery 
Mortality 

 
Total 
Wild 

Catch 

 
Age2 

 
Age3 

1974 548 548 1.000 0.929 7204 0.000 1.000 
1975 619 619 1.000 0.897 5412 0.000 1.000 
1976 642 642 1.000 0.954 13295 0.000 1.000 
1977 91 91 1.000 0.933 1265 0.000 1.000 
1978 407 407 1.000 0.899 3640 0.000 1.000 
1979 367 367 1.000 0.884 2802 0.000 1.000 
1980 922 2122 0.434 0.874 6373 0.000 1.000 
1981 646 994 0.650 0.885 4996 0.000 1.000 
1982 722 1648 0.438 0.802 2925 0.000 1.000 
1983 745 745 1.000 0.825 3520 0.000 1.000 
1984 768 1568 0.490 0.782 2763 0.000 1.000 
1985 1463 2063 0.709 0.745 4263 0.000 1.000 
1986 1558 2558 0.609 0.829 7560 0.000 1.000 
1987 1204 1204 1.000 0.843 6474 0.000 1.000 
1988 1507 1507 1.000 0.884 11445 0.000 1.000 
1989 2182 2182 1.000 0.859 13246 0.000 1.000 
1990 376 376 1.000 0.836 1920 0.000 1.000 
1991 1491 1491 1.000 0.859 9052 0.000 1.000 
1992 790 790 1.000 0.764 2562 0.000 1.000 
1993 193 193 1.000 0.747 570 0.000 1.000 
1994 601 601 1.000 0.433 459 0.000 1.000 
1995 697 697 1.000 0.428 522 0.000 1.000 
1996 180 180 1.000 0.347 96 0.000 1.000 
1997 116 116 1.000 0.422 85 0.000 1.000 
1998 261 261 1.000 0.246 85 0.000 1.000 
1999 162 162 1.000 0.419 113 0.000 1.000 
2000 730 730 1.000 0.215 200 0.000 1.000 
2001 1176 1176 1.000 0.200 293 0.000 1.000 
2002 310 310 1.000 0.303 135 0.000 1.000 
2003 1173 1173 1.000 0.300 503 0.000 1.000 
2004 1025 1025 1.000 0.321 457 0.000 1.000 
2005 717 717 1.000 0.252 239 0.000 1.000 
2006 822 822 1.000 0.252 274 0.000 1.000 
2007 687 687 1.000 0.252 232 0.000 1.000 
2008 1,168 1,168 1.000 0.184 263 0.000 1.000 

 
a Although a variable number of age 2 jacks were observed in most years – they were not consistently counted.  Since 2 year old 
coho are thought to be a minor contribution to the reproductive characteristics of coho populations, no attempt was made to 
quantify their abundance or their pre-harvest abundance.  
 
Hatchery, located on Cedar Creek, had been fin-clipped prior to their release as smolts during this period, 
we are reasonably confident that the proportion of natural hatchery strays upstream of Marmot Dam has 
been low.   

However, from 1980 to 1986 a substantial number of excess hatchery fish returning to Sandy Hatchery 
and other lower Columbia hatchery facilities were transported to the basin upstream of Marmot Dam and 
released.  When compared to the number of wild fish passing Marmot dam in these years, it was evident 
more than 50% of the natural spawning population were hatchery fish (Table C.1-9).   
 
Wild Sandy coho are caught primarily in ocean and Columbia River fisheries.  The estimation of the 
impact rates for the Columbia River fisheries are complicated by the variable nature of the fishery timing 
over the years since the early 1960s.    The estimates of overall fishery impacts (ocean and Columbia 
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River) provided here are preliminary estimates prepared by ODFW and will likely change with future 
data and analyses.   
 
10. Spring Chinook - Clackamas 
Spring Chinook are counted as they pass North Fork Dam on the Clackamas River.  While the majority of 
the spring Chinook production occurs upstream from this counting location, 22% of the spring Chinook 
population is thought to utilize the basin downstream of North Fork Dam, based on data provided by 
Maher et al (2005).  Therefore, the number of spring Chinook for the entire population was estimated by 
dividing the count at North Fork Dam by 0.78.   
 
Only since 2002 has it been possible to visually discriminate between hatchery and wild fish as they pass 
North Fork Dam.  During this period all fin clipped fish (hatchery fish) were removed from the ladder and 
prevented from passing upstream.  Therefore, only unmarked spring Chinook were present in the upper 
basin.  However, otoliths obtained from spring Chinook carcasses sampled upstream of North Fork Dam 
in 2002 and 2003 were analyzed by ODFW.  Twenty six percent of the fish sampled in these years were 
found to have growth patterns that indicated they were hatchery fish.  Therefore, the count of hatchery 
and wild fish at North Fork Dam (which used fin marks to distinguish hatchery from wild fish) was 
adjusted to account for this significant portion of unmarked hatchery fish.   
 
From 1980 to 2001, the separate counts of hatchery and wild fish were not available.  For the purposes of 
this data summary the fraction of wild fish was assumed to be equal to the proportion of wild fish 
estimated from 2002 to 2003 as they were counted arriving at the North Fork Dam (not after hatchery fish 
were sorted out and only unmarked fish passed upstream).   
 
Clackamas spring Chinook are caught in ocean, Columbia River, lower Willamette, and lower Clackamas 
fisheries.  Estimates of annual ocean fishery exploitation rates on this population were assumed to be 
similar to those for Willamette spring Chinook.  Therefore, we used the brood year average ocean 
exploitation rates published by CTC (2008) as our estimate of ocean fishery impacts on Sandy spring 
Chinook.  The mainstem Columbia fishery impacts reported by ODFW in their FMEP for spring Chinook 
were used to represent the mortality caused by this fishery.  Finally, annual sport catch estimates (from 
catch cards) for the Clackamas were used to estimate impacts of the tributary fishery.  However, ODFW 
reported sport catch estimates were adjusted downward 32% to ensure they were not overestimates of the 
impact.  From various locations in the Willamette basin both statistical creel programs and catch card 
estimates of sport catch have been made in at least four different years (ODFW, unpublished data).  It is 
assumed that the creel estimates of catch are more accurate than the catch card estimates.  Across all of 
the locations and years compared, the creel estimate of catch averaged 68% of the catch card estimate.  
This result was the basis of adjustments made to the catch card data estimates for the Clackamas spring 
Chinook fishery.    
 
From 2002 to present only fin clipped Chinook could be kept by sport anglers within the Clackamas 
basin.  Therefore, the only impact of the sport fishery on wild spring Chinook was catch and release 
mortality.  It was assumed that 15% of all sport caught and released wild spring Chinook died later from 
stress.  This rate was applied to the average sport catch impact rate in years before the catch and release 
regulations went into effect to estimate an average mortality impact of the sport fishery during the recent 
years.   
 
The overall impact of the ocean, Columbia, and tributary fishery impacts fisheries was expressed as an 
overall brood year exploitation rate as shown in Table C.1-10.  We converted the estimates of mainstem 
Columbia and tributary impacts into brood year average impacts in order to make them combinable with 
the ocean impact rate estimates.   
 
The age data reported here (Table C.1-10) is an average of annual data collected from Willamette basin 
spring Chinook sampled by ODFW. 
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Table C.1-10.  Basic data set for Clackamas spring Chinook. 

Age at Spawning  
Spawn 
Year 

 
Total 

Spawners 

 
Proportion 

of Wild 
Spawners 

 
Brood Year 

Average Ocean 
Fishery 

Exploitation 
Rates 

Total 
(Ocean plus 

Terminal) 
Brood Yr 
Average 

Exploitation 
Rates 

 
 

Age 3a 

 
 

Age 4 

 
 

Age 5 

 
 

Age 6 

1974 549 0.326 0.200 0.602 0.00 0.60 0.39 0.01 
1975 442 0.326 0.100 0.486 0.00 0.60 0.39 0.01 
1976 528 0.326 0.210 0.557 0.00 0.60 0.39 0.01 
1977 531 0.326 0.220 0.590 0.00 0.60 0.39 0.01 
1978 508 0.326 0.270 0.645 0.00 0.60 0.39 0.01 
1979 722 0.326 0.310 0.688 0.00 0.60 0.39 0.01 
1980 2589 0.326 0.130 0.601 0.00 0.60 0.39 0.01 
1981 3642 0.326 0.230 0.676 0.00 0.60 0.39 0.01 
1982 3550 0.326 0.210 0.655 0.00 0.60 0.39 0.01 
1983 3170 0.326 0.290 0.639 0.00 0.60 0.39 0.01 
1984 3334 0.326 0.220 0.600 0.00 0.60 0.39 0.01 
1985 2067 0.326 0.100 0.573 0.00 0.60 0.39 0.01 
1986 2192 0.326 0.200 0.644 0.00 0.60 0.39 0.01 
1987 2785 0.326 0.110 0.562 0.00 0.60 0.39 0.01 
1988 3769 0.326 0.120 0.494 0.00 0.60 0.39 0.01 
1989 3481 0.326 0.210 0.564 0.00 0.60 0.39 0.01 
1990 4133 0.326 0.070 0.454 0.00 0.60 0.39 0.01 
1991 5592 0.326 0.090 0.493 0.00 0.60 0.39 0.01 
1992 4287 0.326 0.050 0.355 0.00 0.60 0.39 0.01 
1993 3732 0.326 0.060 0.278 0.00 0.60 0.39 0.01 
1994 2636 0.326 0.060 0.256 0.00 0.60 0.39 0.01 
1995 2000 0.326 0.060 0.305 0.00 0.60 0.39 0.01 
1996 1083 0.326 0.050 0.275 0.00 0.60 0.39 0.01 
1997 1546 0.326 0.040 0.189 0.00 0.60 0.39 0.01 
1998 1702 0.326 0.070 0.122 0.00 0.60 0.39 0.01 
1999 1049 0.326 0.100 0.176 0.00 0.60 0.39 0.01 
2000 2596 0.326 0.110 0.214 0.00 0.60 0.39 0.01 
2001 4474 0.326 0.110 0.214 0.00 0.60 0.39 0.01 
2002 3434 0.535 0.098 0.203 0.00 0.60 0.39 0.01 
2003 5492 0.586 0.098 0.203 0.00 0.60 0.39 0.01 
2004 8056 0.614 na na 0.00 0.60 0.39 0.01 
2005 4155 0.526 na na 0.00 0.60 0.39 0.01 
2006 1520 0.641 na na 0.00 0.60 0.39 0.01 
2007 2383 0.603 na na 0.00 0.60 0.39 0.01 
2008 1886 0.626 na na 0.00 0.60 0.39 0.01 

a Although a minor number of age 3 jacks were observed in most years – they were not consistently counted.  Since 3 year old 
Chinook are thought to be a minor contribution to the reproductive characteristics of Chinook populations, no attempt was made 
to quantify their abundance. 
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Appendix C — Section 2. 
Conservation Assessment Tool for Anadromous Salmonids (CATAS) 

description 
 

Background 
 
The following describes CATAS, a population viability model that was developed to assist salmonid 
conservation and recovery planning in Oregon.  The model’s primary outputs are forecast probabilities of 
population extinction.  Each forecast is performed under a specific set of assumptions concerning key 
variables such as reproductive rate, habitat capacity, environmental variability, critical population 
abundance, proportion of hatchery fish, and fishery caused mortality rates.  Values for these variables 
(and others contained within the model structure) can be set to represent current conditions for the 
population or they can be set to reflect alternate conditions that are expected to occur in response to the 
implementation of specific recovery strategies.  Therefore, modeling results can provide insight into the 
likelihood of population extinction should conditions remain unchanged in the future and also the 
likelihood of population extinction should these conditions change in response to implementation of 
successful recovery strategies. 
 
A wide variety of viability models have been used by conservation biologists to estimate the vulnerability 
of populations to extinction (Shaffer 1981, 1990; Murphy et al. 1990; Nickelson and Lawson 1998).  The 
CATAS approach to viability modeling was developed from methods described by Burgman et al. (1993) 
and Morris and Doak (2002).  In general, the approach combines a deterministic recruitment model and a 
Monte Carlo simulation of random fluctuations in environmental conditions to forecast future population 
abundance.  Extinction probability is estimated as the frequency at which simulated population abundance 
falls to a specified critical abundance threshold (CRT).  We assume that once a population crosses the 
CRT threshold, extinction may soon follow.   
 
Population Recruitment Function 
 
The recruitment equation that essentially served as the ‘engine’ for the CATAS extinction risk program 
was based on a two-variable log-normal form of the Beverton-Holt recruitment function as shown below; 
 

1)  Ln(Rt)= Ln() +Ln(St) - Ln(1 + (/*St)) + (*EIt+lag )  
 
where St is the total number of fish that spawned (including both hatchery and wild fish) in year t, Rt is 
the number of naturally produced recruits that were produced by the fish that spawned in year t, EI is the 
environmental index with a lag period equal to t+lag, where lag may assume any value in the search range 
form -3 to +3, and , ,  are parameters for the recruitment equation.   
 
Our choice of the Beverton-Holt (B-H) equation to model recruitment in these populations was largely 
pragmatic as noted in Chapter 4.  The B-H function appeared to better simulate recruitment of real 
populations within our PVA model.  In addition, use of the Beverton-Holt function had the benefit of 
making it possible to compare our estimates of intrinsic productivity and capacity to those estimated via 
EDT, a habitat-based model used to aid the development of habitat recovery actions described later in this 
plan.  The EDT process also uses the B-H function to model recruitment.  Finally, our initial screening of 
B-H, Ricker, and hockey stick recruitment models, using Akaike information criterion (AICc) scores as 
our means of comparison, did not demonstrate the superiority of any one over the other two.   
 
It is noted that this recruitment model is based on two predictor variables, spawner abundance and an 
index of environmental conditions.  This is somewhat of a departure from the more common approach to 
recruitment equations which typically involve only one variable, spawner abundance.  We took this two-
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variable approach because we felt that the effect of cyclic fluctuations in environmental conditions may 
exert as much if not more influence on salmon abundance than any other factor, including parental 
abundance.  We also took this approach for a more pragmatic reason.  Our preliminary attempts to fit a 
single-variable recruitment model to data sets for lower Columbia populations failed in most cases.  Of 
the ten populations with data, a statistically significant recruitment model could be fit to data from only 
three populations.  We concluded we needed a better description of the recruitment process than this if we 
were to have any hope of adequately assessing extinction risk and recovery actions responses for lower 
Columbia River salmon and steelhead populations.  Hence, we set out to model recruitment using a two-
variable equation.     
 
We needed three pieces of information to fit the recruitment model, the number of recruits per brood year 
(response variable), the number of spawners that produced these recruits (first predictor variable), and 
annual values for a environmental index (second predictor variable).  Estimates of spawner escapement 
and subsequent adult recruits were developed from population data that are provided in Appendix 4.2 of 
this report.  For steelhead and coho populations the number of recruits produced by each brood year of 
spawners was estimated by reconstructing each production group using the following relationship:  
 

2) Rt = ∑ [(Aj*St+j)/(1 – Ft+j)]   
         
where Rt represents the number of naturally produced (wild) recruits by fish that spawned in year t, Aj is 
the proportion of fish having age j at spawning (j = 2, 3, 4, 5, 6, 7), St+j is the number of wild spawners in 
year t + j, and Ft+j is the cumulative fishing mortality rate for the return of fish that spawned in year t+j.  
Note that in the case coho, because adults all return at age 3, this equation reduces to a more simple form. 
 
For Chinook the method we used to estimate recruits differed somewhat because depending on the age of 
return, the cumulative fishery impacts vary.  Therefore, rather than use year specific fishery impact rates, 
( Ft+j) in equation 2, we used brood year average impact rates.  To reflect this difference we use the term 
Fbt in Equation 2 for fishery impact for Chinook; where Fbt is the brood year average exploitation rate of 
all fisheries for offspring of fish that spawned in year t.  
 
For the second predictor variable (environmental index) we screened four indices as possible candidates: 
SPDO (Pacific Decadal Oscillation), averaged for the spring months of April, May, and June), PNI 
(Pacific Northwest Index), CRF (Columbia River annual mean Flow), and CLRSI (Crater Lake/Rainier 
Snow Index).  All of these indices have been previously described in literature except the snow index 
which is new.   
 
The snow index (CLRSI) was derived from the maximum annual snow depths recorded at a 5121 foot 
elevation site within Mt. Rainier National Park and a 6476 foot elevation site within Crater Lake National 
Park (elevation = 6476 feet).  Annual data from these two sites were averaged to obtain an index of 
maximum snow depth. 
 
All indices were modified from their native state in that annual values were normalized to the period 1917 
to 2007 by dividing the difference between the 1917 to 2007 mean and annual values by the standard 
deviation for the time series.  These annual values were then converted into a string of 7-year moving 
averages to form the basis the index used to for the environmental variable in the recruitment function.  
The conversion of these data to a 7-year average was not arbitrary.  It was largely based on the results of 
our preliminary screening of these variables.  In this screening we determined that a 7-year average index 
provided a better recruitment model fit than did use of the annual index values and better than averages 
based on three, five, or nine year time frames.  In nearly all cases we found that the recruitment models 
using the annual environmental index (no averaging across multiple years) performed worse, in terms of 
recruitment model fit, than when the index was averaged over multiple years.  Our means of this 
comparison in this preliminary screening were Akaike information criterion (AICc) scores among the 
competing models.  
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We also reversed the signs on values for SPDO and PNI indices (i.e., multiplied by -1) so that they could 
be more easily compared with the other variables.  We revised the abbreviations for these two indices to 
nSPDO and nPNI to reflect this negative sign change.    
 
As shown in Figure C.2-1, the pattern of these four indices over time was strikingly similar prior to the 
mid-1970s suggesting that they were all responding to common, large scale climatic cycles.  However, 
more recently, particularly during the 1980s, the CLRSI and CRF indices seem to follow a pattern that 
was different than the ones displayed by the nSPDO and nPNI indices.  
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Figure C.2-1.  Moving 7-year average values for the environmental indices CLRSI, CRF, nPNI, nSPDO as 
described in text, 1920 to 2006.   
 
The process we used to select one of these environmental indices for a particular population’s recruitment 
model was complicated.  Not only had we to weigh the appropriateness of each index, but we also needed 
to decide how to align the timing of the environmental data series (time lag).  Unlike the spawner 
variable, for which the time lag is clear with respect to the offspring.  It is not at all clear at which life 
stage (or stages) the environmental index might have its greatest impact on recruitment.  Therefore, it was 
not clear if the environmental data series should be aligned with the year the parents spawn, the year the 
juveniles enter the ocean, or some other stage.  Given this and variable complexity of the population age 
structure, especially steelhead and Chinook, we decided to not force a fixed assumption about the 
environmental time lag.  Rather our approach was to consider a range of possible time lags and let the 
recruitment curve fitting routine sort out which lag fit the data best.   
 
However, to accommodate this complexity we had to evaluate the fit of 28 different recruitment models 
(four environmental indices and seven time lags) for each population and then select the combination that 
performed the best.  The first step of this process was to estimate regression parameter values for each of 
the 28 models via non-linear regression software developed by DataFit (Oakdale Engineering, 
Pennsylvania).  The DataFit software parameter estimation algorithm is based on the Levenberg-
Marquardt method described by Marquardt (1963).  We assumed recruitment model errors were log-
normally distributed (Hilborn and Walters 1992).   
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Rather than estimate recruitment parameters by performing a single multiple regression of the raw data 
set, we used a Monte Carlo bootstrapping procedure.  The bootstrapping approach is based on a 
successive series of random re-samplings of observed data and results in the generation of a large number 
of pseudo data sets.  Mechanically, the CATAS program contained a routine to randomly select brood 
years from the all years of data.  The sampling protocol was done with replacement and continued until 
the number of brood years sampled was equal to the number of brood years in the source data set.  
Because the sampling was done with replacement, it was possible that that data for a single brood year 
could be drawn more than once.  Likewise, it was possible that at least some of the brood years in the 
original data set would not be drawn at all.  Once the selections were made, multiple regressions based on 
Equation 1 were performed for each pseudo data selection and the recruitment parameters , ,  as well 
the standard deviation regression and serial correlation among residuals estimated.  So for example, if the 
program was set up to select 1,000 bootstrap samples of the original data set, then this was followed by 
the generation of a 1,000 estimates of the recruitment parameters corresponding to each bootstrap sample.    
 
Upon completing parameter estimates of all bootstrap samples, the CATAS program, calculated the 
median values of these estimates and reported them as the final parameters for the model fit.  These final 
values were then used to estimate extinction risk in the PVA portion of the CATAS program.  The 
exception to this procedure was when CATAS was run in the ‘expanded mode’ as discussed in Chapter 4.  
Under the expanded mode the parameter values estimates for each bootstrap sample were passed to PVA 
portion of CATAS to make an estimate of extinction risk.  Therefore, under the expanded mode the 
number of extinction risk calculations was the same as the number of bootstrap samples drawn (usually 
about 1,000).  In contrast in the ‘regular mode’ only a single extinction risk calculation was performed 
using the median of all the bootstrap parameter estimates.  It should be noted that the ‘expanded mode’ of 
CATAS was not used to select the best environmental index for the recruitment model.  Rather we relied 
on the final parameter estimates for each possible model that was derived from the median of the 
bootstrap sample results. 
 
For each population data set, once we had estimated parameters for all possible environmental indices and 
time lags we selected our ‘best model’ as the one with the lowest corrected Akaike information criterion 
(AICc) score (Burnham and Anderson 1998).  In other words, we used the environmental index and time 
lag from the model with the lowest AICc score to simulate the behavior of the population within the PVA 
portion of the CATAS program.  It also be noted that for each population we estimated parameters and 
calculated an AICc score for the simpler form of the Equation 1 recruitment model that did not contain a 
environmental variable (i.e., the only predictor variable was spawner abundance). 
 

Estimating Extinction Risk  
 
Having built the recruitment model ‘engine’ for each population we then preceded with the next step of 
the CATAS program which was to estimate extinction risk.  Here we followed the general approach of 
using population viability analyses (PVA) models to forecast extinction risk in lower Columbia River 
salmon populations (McElhany et al 2006 and McElhany et al 2007), with additional methodological 
reference drawn from Burgman et al. (1993) and Morris and Doak (2002).  
 
As noted earlier, the general framework of a PVA model is to combine a deterministic recruitment model 
and a Monte Carlo simulation of random fluctuations in conditions to forecast population abundance for a 
multigenerational time period, usually 100 years.  One important element of a PVA model is that the 
relationship between spawners and the number of recruits they produce is partially randomized.  While 
the deterministic recruitment equation drives the recruit forecast, the result is modified at random in a 
manner that is proportional to the standard deviation of the model residuals.  As a result no two 100-year 
simulations of population abundance for a population are the same.  For a population at risk, some of 
these 100-year simulations will result in abundance levels that drop below the critical risk threshold 
(CRT) which we essentially view as extinction.  However, for the same population some of these 100-
year simulations will yield abundance levels that are all above the CRT.  This difference in outcome is the 
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basis for estimating the probability of extinction, which is calculated as the number of simulations where 
the abundance fell below the CRT divided by the total number of simulations performed.  So example, if 
the model performed 1000, 100-year simulations and found that for 40 of them population abundance 
levels fell to less than the CRT, then the probability of extinction would be 40/1000 = 0.04. 
 
Although the foregoing is a generalized description of the CATAS extinction risk estimation procedure, 
there are several critical details that need further elaboration including: 1) stationarity of conditions 2 
population specific values for CRT, 3) assumptions about depensation (i.e., recruitment failure at very 
low spawner abundance), 4) mechanism used to partially randomize recruitment process, and 5) 
construction of environmental index times series for recruitment simulations. 
 
In our modeling we make the assumption that the performance of populations over the past 30 years, as 
reflected in the recruitment model specifics, can be a predictor of their performance for the next 100-
years.  In reality the stability of conditions (stationarity) necessary for this assumption to be exactly 
correct are not realistic.  In real time the changes related to the genetic character of populations, habitat 
and climatic conditions will undoubtedly occur over the 100-year period of time we are attempting to 
simulate with our models.  We acknowledge this problem, however rather than trying to guess on the 
specifics of these changes and attempt to model them, we focused our attention on how we use the PVA 
output.  Rather than a hard and fast predictor of the future, we view the best use of the PVA as tool to 
compare different recovery strategies.  It provides a consistent unit of comparison, the probability of 
extinction, which can serve as a means to quantify and compare the effectiveness of a wide range of 
actions to reduce extinction risk.  Therefore, we view the best use of PVA as a tool to make relative 
comparisons, rather than a tool for predicting the future in absolute terms.  In this light the stationary 
assumption is less critical.   
 
The second PVA modeling detail relates to the abundance level at which the extinction risk is triggered, a 
level we have defined as the critical risk threshold (CRT).  This terminology was developed by McElhany 
et al. (2007) as part of methodology to assess the status of LCR populations in Oregon.  Conceptually, we 
believe that extinction becomes an unacceptably high risk at some level of abundance greater than several 
fish more than zero.  We also believe that the recruitment behavior of populations when severely 
depressed in number is likely different than for a more modest abundance levels.  We hypothesize that at 
some low abundance threshold there may be an “extinction vortex” from which a population can not 
escape.  There are very little empirical data to inform as to what this threshold level might be however we 
believe it varies with the size of the basin a population inhabits, the species, and variability of the 
recruitment process from year to year.  Therefore, in our status assessment we established a range of CRT 
values for different populations which we believe are the appropriate trigger levels for an unacceptable 
increase in extinction risk.  The CRT values used in our modeling and status assessment of these 
populations are given in Table C.2-1.    
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Table C.2-1.  Critical Risk Threshold (CRT) values for lower Columbia River populations of salmon and 
steelhead. 
 

 
 
 
 

The second modeling detail concerns to the issue of depensation and how it relates to population 
recruitment when the number of spawners is extremely low.  The theory is that at some very low spawner 
level the normal recruitment process starts to break down because spawners can not find mates and a host 
of other possible reasons (Myers 2001).   We thought that this was an important element to bring into our 
extinction modeling.  

Population CRT Population CRT Population CRT 
Youngs Coho 100 Youngs FCh 50 Youngs StW 50 

Big Coho 100 Big FCh 50 Big StW 50 
Clatskanie Coho 200 Clatskanie FCh 50 Clatskanie StW 100 
Scappoose Coho 200 Scappoose FCh 50 Scappoose StW 100 
Clackamas Coho 300 Clackamas FCh 150 Clackamas StW 300 

Sandy Coho 300 Sandy FCh 150 Sandy StW 300 
Lo Gorge Coho 100 Sandy Late FCh 150 Lo Gorge StW 100 
Up Gorge Coho 200 Lo Gorge FCh 50 Up Gorge StW 200 

  Up Gorge FCh 50 Hood StW 200 
  Hood FCh 50 Hood StS 100 
  Clackamas SpCh 250   
  Sandy SpCh 150   
  Hood SpCh 150   

 
We acknowledge that the concept of depensation and CRT described previously are intertwined.  
However, we make a distinction between the two in terms of what they signify.  We assume that 
depensation is a process that occurs at some level less than the CRT level.  It represents the abundance 
level at which reproductive failure is highly likely.  The CRT level represents the abundance level at 
which the possibility of a population declining further to the reproductive failure point (depensation 
abundance) is unacceptably high.  In other words, we treat the depensation abundance level as being 
effectively equivalent to extinction.  The CRT, which is set at a higher value, serves as a warning 
benchmark that the effective point of extinction (depensation abundance) is near.   
 
Within the CATAS model we assumed that if spawner abundance was 0.20 of the CRT value or lower, 
then zero recruits would be produced (reproductive failure).  We define this reproductive failure point as 
the depensation abundance level.  So for example, the Clackamas coho population has a CRT value of 
300.  The reproductive failure point (depensation abundance) in CATAS would be 300 * 0.20 = 60 fish.  
Therefore, in simulating the recruitment for the Clackamas population within CATAS, zero recruits 
would be forecast by any spawner level less than 60 coho.   
 
We acknowledge that our depensation protocol within CATAS does not reflect a process that we are 
likely to validate in real populations.  Any number of different approaches to depensation, both in terms 
the trigger threshold and transition to reproductive failure, could be used to model this phenomenon.  
Further, forecast extinction probabilities could be substantially affected by which of the many alternative 
depensation approaches is implemented.  However, we see here an issue similar to the stationarity 
problem discussed earlier.  The solution to the problem of setting a depensation protocol ultimately turns 
on how results from our PVA modeling are interpreted and used.  We believe as long as we use extinction 
probability forecasts from the PVA model in relative terms and as means to compare different recovery 
strategies, the specifics of the depensation protocol are not critical to our efforts, as long as we apply them 
in a consistent fashion.   
     
Another modeling detail was how we partially randomized the recruitment routine within the CATAS 
program.  Patterned after the methods proposed by Morris and Doak (2002) we simply added another 
term to the recruitment equation, t , such that Equation 1 was changed to:  
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2)  Ln(Rt)= Ln() +Ln(St) - Ln(1 + (/*St)) + (*Ct+lag ) + t 

 
In the simplified case t is a random number selected from a normal distribution with a mean of zero and 
standard deviation equal to the standard deviation of residuals for each population’s best recruitment 
model.   
 
However, the approach used to generate values for t for use in the model simulations runs had to be 
modified somewhat because it was evident that recruitment residuals were frequently auto correlated.  In 
other words a year of below average recruitment performance was more likely to be followed by another 
year of below average recruitment performance.  We believe this is a reflection of cyclic variations in 
environmental conditions not captured by our recruitment model, where ‘bad’ and ‘good’ production 
years usually occur as a string of years rather than totally at random.  Given that we found the serial 
correlation among model residuals for some populations was quite high (we thought it was important that 
incorporate this characteristic into our randomization process.  To do this we used an equation described 
by Morris and Doaks (2002) to incorporate this serial autocorrelation into to our generation of values for 
t as follows: 

 
3) t = [ * (t – 1)] + [sd * (1 - 2)0.50 * zt ] 

 
where;  the correlation coefficient between successive residuals, sd is the standard deviation of the 
recruitment model residuals, and zt is a random number drawn from a normal distribution with a mean of 
zero and a standard deviation of one.  We used the values for t generated by Equation 3 to represent t in 
the randomized recruitment model (Equation 2).   
 
Finally, the last major detail of our modeling procedure was the CATAS program how CATAS was 
structured to generate a series of environmental indices values to be used in the recruitment simulations.  
The issue is that to simulate a 100-year period of population recruitment we needed a 100-year string of 
environmental index values to bring into the recruitment model equation.  Unlike the case for the other 
predictor variable, spawners which was self generating (the recruits became the next generation’s 
spawners), the string of environmental variables had to be generated at the onset of the simulation.   
 
We arrived at our method of generating values for the environmental indices after trying several 
alternatives.  We selected this particular method because it did the best job of producing strings of index 
values that in terms of amplitude and cycle were generally most like the actual index data.  The first step 
was to draw random sample of 120 values from a normal distribution having a mean and standard 
deviation equal to non-normalized (native state) annual values of the index.  Since we found very little 
year to year correlation between the actual time series of annual values for the environmental indices that 
best fit the populations modeled, we did not employ an additional step to incorporate serial 
autocorrelation (using Equation 3) in this random draw of environmental values.  To avoid unrealistically 
extreme values we found it was necessary to constrain the selection process so that the random draws 
would not come from the lower 1% or upper 3% of the normal distribution.  Once the string of random 
values had been generated we normalized them to the 1917 to 2007 time period the same way we had 
done with the actual indices (i.e. subtract each observation from the 1917 to 2007 mean and then divide 
by the standard deviation).  Similar to the empirical data, we then calculated a moving 7-year average of 
these simulated annual values to produce the values for the environmental index to be used in the 
recruitment model calculations of recruits.  Finally, we wanted to run our 100-year forward simulations 
under the assumption that the conditions would be similar to those observed between 1974 and 2006.  
Therefore, the environmental index values we generated for the simulations were adjusted to be relative to 
those observed during the 1974 to 2006 period.  We did this by simply adding the observed mean for the 
index from 1974 to 2006 to each simulated value.  Since in all cases the index mean for this period was a 
negative number, the effect was always a downward adjustment in the index values for the model 
simulation.   
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Estimating Extinction Risk and Assumptions about Future Conditions 
 
Like all PVA models, CATAS is build around assumptions about the future conditions a population will 
likely experience. Since model runs are meant to simulate a future time period lasting 100 years, these 
future condition assumptions are usually critical to extinction probabilities forecast by the model.  
CATAS was used for essentially two sets of future conditions.  The first being what we called ‘current 
conditions’ which is meant to reflect what would occur if no recovery actions are taken.  The second 
being ‘recovery conditions’ wherein relative life cycle survival rate was increased to meet certain 
conservation risk categories.  The latter case being the process by which we generated the conservation 
gaps reported in Chapter 4.   
 
We will first describe some of the specifics for the first instance, modeling extinction risk for current 
conditions.  Under the ‘current conditions’ mode we assumed that future conditions would essentially be 
the same as those conditions experienced during the past time period when most population data were 
collected, 1974 to 2006.  This means that conditions observed during the past 32 years were used to 
approximate the conditions for next 100 years.  However there were two important features of the past 
that were not replicated for the future time period, harvest rates and the reproductive contribution of 
hatchery fish.   
 
In most cases, the fishery impacts prior to the 1990s were higher than those anticipated in the future.  For 
example, lower Columbia coho experienced cumulative harvest rates of 75% to 90% prior to 1990.  In 
recent years, these rates have been greatly reduced and are now generally 35% or less.  Since we believe 
there will not be a return to the higher impact rates of the past, we set the assumed fishery impact rate to 
levels that would occur if all the fishery regulatory mechanisms currently in place continue unchanged for 
the next 100 years.  For reference these ‘current conditions’ fishery impact rates are provided here in 
Table C.2-2.  We believe these values roughly reflect the fishery exploitation rates for the past 10 years. 
 
Table C.2-2.  Assumed fishery impact rates (FIR) for ‘current conditions’ extinction risk modeling for lower 
Columbia River populations of salmon and steelhead. 

Population FIR Population FIR Population FIR 
Youngs Coho 0.90 Youngs FCh 0.75 Youngs StW 0.10 

Big Coho 0.70 Big FCh 0.65 Big StW 0.10 
Clatskanie Coho 0.35 Clatskanie FCh 0.60 Clatskanie StW 0.10 
Scappoose Coho 0.35 Scappoose FCh 0.60 Scappoose StW 0.10 
Clackamas Coho 0.35 Clackamas FCh 0.60 Clackamas StW 0.10 

Sandy Coho 0.35 Sandy FCh 0.60 Sandy StW 0.10 
Lo Gorge Coho 0.35 Sandy Late FCh 0.50 Lo Gorge StW 0.10 
Up Gorge Coho 0.35 Lo Gorge FCh 0.60 Up Gorge StW 0.15 

  Up Gorge FCh 0.65 Hood StW 0.15 
  Hood FCh 0.70 Hood StS 0.15 
  Clackamas SpCh 0.25   
  Sandy SpCh 0.25   
  Hood SpCh 0.25   

 
 
The second departure from past conditions is the way hatchery fish were treated.  In many populations the 
presence of hatchery fish on the spawning grounds has been a significant, yet highly variable feature.  
Most evidence suggests that naturally spawning hatchery fish tend to lower the overall natural 
reproductive rate for mixed populations of hatchery and wild fish compared to populations comprised 
only of wild fish.  However, in terms of natural offspring produced, hatchery fish may also make a 
substantial contribution, especially when they represent more than 50% of the natural spawning 
population.   
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The net effect of increased spawners and decreased reproductive rate as a result of naturally spawning 
hatchery fish is difficult to evaluate.  However, for the purposes of understanding extinction risk and 
recovery potential, the key question is whether the wild fish are able to sustain themselves without 
‘reproductive support’, should this ‘support’ indeed be a net positive benefit.  As self-sustainability is the 
key question, we have chosen to make two conservative assumptions about future conditions as it relates 
to hatchery fish.  First, we assume recruitment parameters estimated during the period when hatchery fish 
were present in the past are to be representative of the wild fish in the population.  Second, only wild fish 
are assumed to be present in the future and as a consequence their persistence dependent only on their 
ability to be self-sustaining without any reproductive support from stray hatchery fish.  In this way the 
results obtained from the modeling exercise reflect our best estimate of the potential of the wild fish to 
maintain themselves in the future. 
 
In reality, it is expected that substantial improvements in the natural reproductive rate will occur in many 
populations where the proportion of naturally spawning hatchery fish has been greatly reduced in recent 
years.  For example, winter steelhead populations in the Sandy River.  Also, it is possible that in places 
where naturally spawning hatchery fish will continue to occur (e.g. coho in the Youngs Bay streams), a 
portion of the naturally produced fish will be dependent on the reproductive contribution of stray hatchery 
fish.  
 
However, the key question to be addressed by the viability modeling effort was: “if we assume the 
reproductive performance of the population observed over the past 32 years is representative of wild fish, 
would such a population be self-sustaining in the future with no hatchery fish present.”  This is a 
precautionary way to ask the question because it assumes any possible negative impact of past 
interactions with hatchery fish will continue and yet the future contribution of stray hatchery fish to the 
production of naturally produced offspring would be eliminated.  
 
Finally, we also assume that the quality of habitat remains within the range of what was observed during 
the base period (1974 to 2006).  Also, as stated earlier, we also assume that the values for the 
environmental index have a 100-year simulation mean similar to that of the base period. 
 
The assumed future conditions for the second category of extinction risk modeling, ‘recovery conditions’ 
are in most cases the same as for the ‘current conditions’ modeling.  Habitat and environmental index 
values are assumed to remain stable and unchanged from the base period.  Likewise, no reproductive 
support to natural production is ascribed to hatchery strays, if they are present.  However, a relative life 
cycle survival rate scalar is used that functions as a multiplier on the number of recruits produced per 
reproductive cycle.  As shown in Equation 4, this scalar multiplies the number of recruits simulated under 
the ‘current conditions’ as generated from Equation 2 to yield an estimate for expected recruits when the 
recovery actions are in place. The purpose of the scalar is that it functions as a means to ‘dial up’ relative 
survival rates until an extinction probability that matches a particular risk category (high, medium, low, or 
very low) is reached.  The magnitude of this dial up is used to develop the conservation gaps and recovery 
strategies as described elsewhere in this document.   
 

4)  Rtrecovery = Rtcurrent * SurvivalScalar  
 

 
This approach is admittedly simplistic in that it effectively assumes all improvements are density 
independent and linear.  This assumption works well with those factors that occur from the smolt to 
returning adult life stages.  Smolt passage improvement at dams, reduction of predation in the estuary and 
reduction in fishery impacts are all examples of important density independent survival actions that lend 
themselves to use of Equation 4 to assess impacts.   
 
However, for other impacts that occur in freshwater and earlier in the life cycle the density independent 
formulation is less adequate.  For example, habitat measures that reduce sediment fines in spawning areas 
may substantially improve incubation conditions and increase egg to fry survival.  However, if the 
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abundance limiting life history stage is the amount of habitat available to rear older age pre-smolts, then 
the egg to fry survival improvements will not result in any more smolts out of the basin, or returning 
adults.  However, the increased egg to fry survival will result in the population having a higher intrinsic 
productivity and this in return may substantially lower extinction risk.  The adult abundance would not 
change, however the extinction risk would be lower.  This is a density dependent process that can not be 
forced into a density independent relation as expressed in by Equation 4.   
 
Another shortcoming comes with respect to recovery of populations where the focus should primarily on 
increasing the amount of habitat, not the inherent survival rates.  For example, one can envision a 
population with adequate life history survival rates, but “trapped” in very small amount of habitat because 
of a dam passage problem.  In this case, the action that would cause the biggest reduction in extinction 
risk would be to provide passage around the dam, thereby effectively increasing the population’s carrying 
capacity.  In this case, recovery actions devoted only on the reduction of life history survival would be 
much less effective in reducing extinction risk than those directed at improving habitat capacity.  Again 
this is a situation where a simple density independent survival assessment of needed improvements would 
miss the mark. 
 
While we recognize these potential problems, we have chosen to use our simplistic, density independent 
approach because several key practical situations.  First, many of the actions that we consider in putting 
our recovery strategies together are indeed density independent, (e.g., fishery impacts, estuary predation, 
smolt passage) and therefore pose no conceptual problem.  Second, the number of situations where an 
opportunity exists to open a large portion of the formerly accessible habitat is minimal.  Therefore, the 
need to model habitat capacity increases independent of survival is limited for populations of lower 
Columbia River salmon and steelhead.   
 
In addition, for most habitat improvement actions that impact the juvenile, freshwater life history stage, 
our understanding as how to apportion the improvement among density dependent survival, habitat 
capacity, and density independent survival is not clear.  For example, actions that result in the 
preservation of a large riparian habitat in forested portions of a basin may put all three of these elements 
in play.  A better riparian habitat may result in reduced sediment in spawning gravels (an effect with 
potentially a density dependent dynamic), increased summer rearing habitat for pre-smolt juveniles (a 
carrying capacity effect), and higher quality over-wintering areas for pre-smolts (which is thought to be 
largely a density independent effect).  Given the high degree as to the apportioning effects for situations 
such as this, we reasoned it was better to rely on a less complicated solution.  In summary, our reliance on 
a simple, density independent approach to the estimation of conservation gaps was the result of practical 
considerations rather than a scientific determination that this approach would provide the most realistic 
formulation under which to develop recovery actions.     
 

Running CATAS – Summary  
 
The following is a mechanistic summary of a typical CATAS model run to estimate extinction risk.  The 
first step is to enter the recruitment function parameters and associated information for the population to 
be modeled including: , , , sd, and  (see Equations 2 and 3).  Also included is which environmental 
index to use.  These parameters come either directly from a recruitment model fitting sub-routine within 
CATAS described earlier or from a secondary process for populations with no data as described in 
Appendix C.3.   
 
Next the assumed fishery impact rates and value for the survival scalar are entered.  Note that to model 
extinction risk for current conditions the survival scalar is set to equal 1.00.  The number of 100-year 
simulations is also entered (for most of the analyses reported in this document we ran 1,000 simulations 
per extinction risk calculation). For each 100-year simulation, a 100-year string of values for the 
environmental index are generated by the program.  The CATAS program then starts each 100-year 
simulation with either the observed wild spawner abundance for the population or for populations with no 
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data a spawner abundance equal to 50% of the  parameter value (habitat capacity).  Population 
abundance and recruitment is then simulated for a 100-year period using the equations described earlier in 
this appendix.  At the end of the simulation the spawner abundance data is converted into a generational 
length moving average (typically a 3-year moving average for coho, a 4-year moving average for Chinook 
and a 5-year moving average for steelhead).  These moving averages are examined and if any is found to 
be less than the CRT abundance level for this population the simulation is recorded as an extinction event.  
The CATAS program then repeats the same process, starting with the generation of a new series of values 
for the environmental index, and recording the simulation result.  After completion of all 1,000 
simulations a probability of extinction is calculated by dividing the number of extinction events by the 
total number of simulations.  So for example, if 250 of the 1000 simulations were classified as being 
extinction events (i.e., at least one instance where the generational average abundance was less than the 
CRT) the probability of extinction would be calculated as 250/1000 = 0.25.  In addition to the probability 
of extinction the CATAS program also returns the average spawner abundance for all of the simulations 
at the end of the model run.    
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Appendix C — Section 3. 
CATAS Support Information 

Estimation of Recruitment Model Parameters for Populations 
without Spawner Abundance Data 

 

Background  
 
The purpose of this appendix is to describe the process by which we inferred plausible recruitment models 
for populations without spawner-recruit data sets.  The primary reason for generating these recruitment 
models was not to assess the status of these populations, but rather to provide a means of building 
conservation gaps that were repeatable and consistent with the methodology to build conservation gaps 
for those populations for which full population data sets were available. 
 
One of the significant challenges in estimating conservation gaps for lower Columbia River salmon and 
steelhead was that for many populations there were no spawner or juvenile abundance data from which a 
recruitment/production model could be developed.  This was a problem because our gap estimating 
methodology was based on computer simulations of population abundance over a future 100 year period.  
These simulations in turn relied on the use of a population recruitment model.  Without a recruitment 
model we could not perform the computer simulations and therefore we could not quantitatively estimate 
conservations gaps in a consistent fashion.   
 
For example, for only 2 of the 8 coho populations (Clackamas and Sandy) was there a time series of 
abundance data sufficient to estimate the underlying spawner recruitment relationship for the population.  
Likewise for fall Chinook, sufficient data were available for only 2 of the 10 populations.  This less than 
ideal situation made the estimation of extinction risk and conservation gaps difficult.    
 
Previously we had applied a number of ad hoc approaches for estimating gaps for these “no data” 
populations.  However, these approaches were not consistent among species, nor were the steps used 
always clear and documented.  These shortcomings were evident to the stakeholder group as well.  
Therefore, we decided to develop a new approach for how we would estimate conservation gaps from 
those populations for which we had no or very little data.  
 
Before delving into a description of this new approach it is important to emphasize that regardless of the 
method used, conservation gap estimates are invariably plagued by much uncertainty.  Although we state 
each conservation gap as a single number, this is a substantial simplification of the problem.  Given the 
uncertainty of both the data and our knowledge of how salmon and steelhead populations might function 
over a long periods of time, the conservation gaps are probably better described as a frequency 
distribution of possible gaps spanning a wide range of values.  A visual representation of such a 
distribution may be not unlike the viability ‘diamonds’ used to characterize population status level by 
McElhany et al. (2007).   
 

Description of Approach 
 
The basis for our approach was to use the recruitment model fitting results for those populations with data 
to infer what the plausible recruitment model might be for those populations for which there were no data.  
Once recruitment model parameters were estimated for populations without data, we would use the 
extinction risk estimation process (described in Chapter 4 and in Appendix C.3) to determine 
conservation gaps in the same manner as for the populations for which we had data.  What follows here is 
a description of how we developed recruitment models (and parameters) for those populations for which 
we had no data.   
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Estimating values for  parameter - To estimate a value for  (intrinsic productivity) for each of the 
“no data” populations, we relied on the average of the  parameter values obtained for those populations 
with data.  This averaging was done by species such that separate averages were calculated for steelhead, 
coho, and Chinook.  We acknowledge there are assumptions in this methodology, as the range of factors 
that might influence  are varied and undoubtedly vary by basin.  In particular basin specific differences 
in habitat quality and the percentage of hatchery fish in the natural spawning population can have a 
profound effect on .  At this time we do not have sufficient information for all species to adjust intrinsic 
productivity estimates based on the condition of a basin’s habitat.  To the extent that future RME will 
produce these data, they may be incorporated into future runs of the model.  
 
However, for most populations we do have a limited set hatchery proportion estimates obtained during 
spawning surveys, particular those done within the last five years.  We also have an understanding of the 
relationship between hatchery proportion and a population’s intrinsic productivity. In light of this we 
adjusted our estimates of intrinsic productivity for the ‘no data’ populations to reflect hatchery proportion 
estimates and the underlying relationship found for other populations with productivity.    
 
The primary evidence for a relationship between  and the proportion of hatchery fish in the spawning 
population is based on a recent unpublished evaluation of 58 natural salmon and steelhead populations in 
Oregon, expanded from earlier work of Chilcote (2003) and Nickelson (2003), where the mean proportion 
of hatchery fish in natural spawning population was found to be a statistical significant predictor of the 
observed value for Ln() in a wide range of populations.  The results of this evaluation are illustrated, by 
species, in Figures C.3-1, B.C3-2, and C.3-3 for steelhead, coho, and Chinook, respectively.  In all cases, 
there was a negative and statistical significant relationship between Ln() and mean proportion of 
hatchery fish in the natural spawning population.  The strength and magnitude of this relationship was 
less for Chinook than for steelhead and coho. So for example, the difference between a population 
comprised entirely of wild fish and one comprised of equal numbers of wild and hatchery fish was 
predicted to be a reduction in the value of the  parameter of 66% for steelhead, 76% for coho, and 43% 
for Chinook.   
 
We used the regressions for each species between mean proportion of hatchery fish and Ln() as 
illustrated in Figures C.3-1, C.3-2, and C.3-3 to build equations to estimate  for the “no data” 
populations as follows:  
 

1)   Steelhead:    = exp(Ln(13.664) + (-2.135 * Ph)) 
2)   Coho:          = exp(Ln(11.578) + (-2.830 * Ph)) 
3)   Chinook:       = exp(Ln(11.431) + (-1.126 * Ph)) 

 
where Ph = the best available estimate of the mean proportion of hatchery fish on the natural spawning 
grounds for those populations without data sufficient for recruitment modeling (see Chapter 4, Table 4.8).   
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Figure C.3-1. Relationship between intrinsic productivity, expressed as the natural log of the  parameter in 
the Beverton-Holt recruitment model, and the mean proportion of the natural spawning population that were 
hatchery fish for 26 populations of steelhead in Oregon. 
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Figure C.3-2. Relationship between intrinsic productivity, expressed as the natural log of the  parameter in 
the Beverton-Holt recruitment model, and the mean proportion of the natural spawning population that were 
hatchery fish for 18 populations of coho in Oregon. 
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Figure C.3-3. Relationship between intrinsic productivity, expressed as the natural log of the  parameter in 
the Beverton-Holt recruitment model, and the mean proportion of the natural spawning population that were 
hatchery fish for 14 populations of Chinook in Oregon. 
 
Estimating values for  parameter - We used recently available estimates of basin size expressed as the 
total of stream kilometers that had intrinsic potential (IP) for each species as a means to estimate the  
parameter value for the “no data” populations.  IP kilometer estimates were available for all species and 
populations.  We used these data to construct a method from which it was possible to infer habitat 
capacity ( parameter) for populations with no other supporting data.   
 
First, we used the  parameter estimates for those populations with data and regressed these values 
against the IP stream kilometer total for these same populations.  We included populations from the lower 
Columbia and Upper Willamette domains in this comparison.  We found that 69% of the variation in 
population recruitment capacity ( parameter values) was ‘explained’ by a relationship wherein the 
estimated value for  was equal to 6.8 times total IP stream kilometers.  Using this relationship and IP 
stream km values that were also available for populations where we had no abundance data, we estimated 
 values for each of the “no data” populations.     
 
Estimating values for  parameter - In addition to the  and  parameters it was necessary to estimate 
the value for the  parameter as well as a standard deviation for model residuals and an estimate of serial 
correlation among these residuals.   To estimate these last three quantities for the “no data” populations 
we used the mean value for each, by species, for the populations for which the recruitment model was fit.   
 

Parameter Estimation Results 
 
The net result of these procedures was a table of recruitment parameter values for all populations, 
including those for which there were no specific data (Table C.3-1).   
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Table C.3-1. Recruitment model parameter values for lower Columbia River and Willamette basin steelhead 
and salmon populations estimated either directly from a data set (highlighted in green) or estimated 
indirectly as described in the text.   
 
ESUs or SMUs Species Population New IP Ph alpha base    SDresid Serial Corr

LCR Coho Youngs 570 0.860 11.578 1.015 3879 1.6665 0.754 0.372

Big 332 0.860 11.578 1.015 2260 1.6665 0.754 0.372

Clatskanie 514 0.130 11.578 8.014 3502 1.6665 0.754 0.372
Scappoose 679 0.050 11.578 10.050 4625 1.6665 0.754 0.372

Clackamas 1611 0.354 6.196 18433 1.6174 0.882 0.401

Sandy 602 0.093 4.825 5381 1.7156 0.625 0.343
Lower Gorge 136 0.800 11.578 1.203 923 1.6665 0.754 0.372

Up Gorge/Hood 271 0.800 11.578 1.203 1846 1.6665 0.754 0.372

Steelhead Youngs 631 0.200 13.664 8.915 4295 1.9471 0.395 0.352

Big 368 0.400 13.664 5.817 2503 1.9471 0.395 0.352
Clatskanie 569 0.050 13.664 12.281 3878 1.9471 0.395 0.352

Scappoose 752 0.050 13.664 12.281 5122 1.9471 0.395 0.352
Clackamas 1285 0.238 5.008 7911 2.0818 0.616 0.536

Sandy 709 0.497 1.687 2652 0.4537 0.169 0.060
Lower Gorge 129 0.100 13.664 11.037 876 1.9471 0.395 0.352

Up Gorge 38 0.100 13.664 11.037 260 1.9471 0.395 0.352
Hood WinterR 232 0.177 13.829 1873 2.0326 0.441 0.628

Hood SummerR 151 0.791 1.750 2329 2.9193 0.644 0.736

Fall Chinook Youngs 528 0.900 11.431 4.149 3599 0.9894 0.401 0.476
Big 307 0.900 11.431 4.149 2092 0.9894 0.401 0.476

Scappoose 502 0.900 11.431 4.149 3418 0.9894 0.401 0.476
Clatskanie 438 0.900 3.576 111 1.0033 0.471 0.363
Clackamas 789 0.900 11.431 4.149 5370 0.9894 0.401 0.476

Sandy 218 0.900 11.431 4.149 1485 0.9894 0.401 0.476
Sandy Late 218 0.460 10.437 5447 0.9168 0.433 0.412
Lower Gorge 104 0.900 11.431 4.149 709 0.9894 0.401 0.476

Up Gorge 29 0.900 11.431 4.149 196 0.9894 0.401 0.476
Hood 49 0.900 11.431 4.149 331 0.9894 0.401 0.476

Sp Chinook Sandy 525 0.497 2.577 2820 0.9509 0.162 0.155
Hood 293 0.950 11.431 3.922 1998 0.9894 0.401 0.476

Willamette Steelhead Molalla 2057 0.219 11.901 2993 2.2128 0.328 0.091
N. Santiam 1133 0.155 7.951 6492 1.9835 0.270 0.138
S. Santiam 1565 0.026 23.663 4824 1.2652 0.357 0.545
Calapooia 812 0.000 11.404 1263 2.6277 0.339 0.081

Sp Chinook Clackamas 613 0.418 9.927 3467 1.1104 0.369 0.694
Molalla 1926 0.950 11.431 3.922 13116 0.9894 0.401 0.476

N. Santiam 484 0.900 11.431 4.149 3299 0.9894 0.401 0.476
S. Santiam 1084 0.900 11.431 4.149 7382 0.9894 0.401 0.476
Calapooia 770 0.950 11.431 3.922 5247 0.9894 0.401 0.476
McKenzie 842 0.355 5.768 3367 0.9655 0.571 0.756

Mid Fk Willam 446 0.950 11.431 3.922 3040 0.9894 0.401 0.476  
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Appendix D – Most Recent Harvest Limits 
 
This appendix describes the allowable harvest of Lower Columbia River salmon and steelhead from 2008 
through 2017.  This has been excerpted from NMFS (2008). 
 

Recent Harvest 
 
Lower Columbia River Chinook Salmon2 
Spring Chinook:  Lower Columbia River spring Chinook populations are caught in non-Treaty spring 
season fisheries in the Columbia River below Bonneville Dam, and in tributary fisheries targeting 
hatchery-origin fish. The tributary fisheries are not part of the US v Oregon Prospective Action, but have 
been considered separately for ESA compliance through the 4(d) Rule. There are no specific harvest rate 
constraints in the 2008 U.S. v. Oregon Agreement that apply to LCR spring Chinook. However, 
management constraints for upriver spring Chinook stocks from the Snake and Upper Columbia ESUs 
that are part of the Agreement substantially limit impacts to natural-origin spring Chinook from the LCR 
populations. Non-treaty fisheries in the lower Columbia are subject to harvest rate limits under the 2008 
U.S. v. Oregon Agreement on natural-origin upriver spring Chinook populations that range from 0.5 to 
2.7%, depending on run size.  Impacts to natural-origin LCR spring Chinook populations, subject to the 
2008 U.S. v. Oregon Agreement, will be similar to those allowed for upriver spring Chinook. Mark 
selective fisheries are used below Bonneville Dam during the spring season to limit impacts to natural-
origin fish.  
 
Bright Fall Chinook:  There are two extant natural-origin bright populations in the LCR Chinook ESU. 
Bright populations are caught in non-Treaty fall season fisheries in the Columbia River below Bonneville 
Dam. No specific harvest rate constraints in the 2008 U.S. v. Oregon Agreement apply directly to LCR 
bright Chinook, but fall season fisheries are constrained by limits set on Snake River fall Chinook, Lower 
Columbia River coho, and summer steelhead. Although recent escapements of lower Columbia Bright fall 
Chinook have been low, they are consistent with a pattern of low escarpments for other far north 
migrating stocks and are likely attributed to poor ocean conditions. Given the long history of healthy 
returns, NOAA Fisheries does not anticipate the need to take specific management actions to protect the 
bright component of the Lower Columbia River Chinook ESU in 2008 or for the duration of the 
Agreement. NOAA Fisheries does expect that the states of Washington and Oregon will continue to take 
appropriate actions through their usual authorities, to ensure that the escapement goals are met. NOAA 
Fisheries will monitor escapements for the bright populations, and trends for other far north migrating 
stocks, and take more specific action in the future if necessary.  
 
Tule Fall Chinook:  The majority of harvest impacts to Lower Columbia River tule Chinook populations 
occur in ocean fisheries.  Since 2002 about 70% of harvest impacts have occurred in the ocean. In the 
Columbia River, tule populations are caught primarily in non-treaty fall season fisheries below Bonneville 
Dam. There are no specific harvest constraints in the 2008 U.S. v. Oregon Agreement that apply to Lower 
Columbia River tule Chinook. Non-treaty fall season fisheries are constrained by limits to Snake River 
fall Chinook, Lower Columbia River coho, and summer steelhead. NOAA Fisheries has, nonetheless, 
considered it necessary to define additional constraints for Lower Columbia River tule populations and 
has done so through its annual guidance letter to the Pacific Fisheries Management Council. For the last 
several years, NOAA Fisheries has limited Council and in-river fisheries by specifying a total exploitation 
rate limit. From 2002 to 2006, the limit was 49%. The exploitation rate limit was reduced to 42% in 2007. 

                                                      
2 Note: NMFS puts Willamette FMEP impacts (up to 15%) on the Willamette Spring Chinook ESU, rather 
than on the LCR ESU.  Therefore, because this Plan also addresses Clackamas spring Chinook, the 
description here does not characterize their expected harvest rates.   
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NOAA Fisheries’ guidance to the Council for 2008 was that Council fisheries should be managed such 
that the total exploitation rate on Lower Columbia River Chinook tule populations, from all fisheries does 
not exceed 41%. For 2009 and thereafter, NOAA Fisheries will set a total exploitation rate limit for tule 
Chinook through their annual guidance letter to the Council. NOAA Fisheries is required to provide such 
guidance by the Council’s Salmon FMP.  
 
Fisheries subject to the 2008 U.S. v. Oregon Agreement that are part of the set of Prospective Actions 
must be managed subject to the overall exploitation rate limit as proposed in 2008 and have been since 
1999. NOAA Fisheries recently completed a section 7 consultation of the effects of PFMC and Fraser 
Panel fisheries on Lower Columbia River Chinook. NOAA Fisheries concluded that fisheries managed 
subject to a total exploitation rate of 41% would not jeopardize the listed species. The PFMC opinion 
provides the substantive foundation for the review of the management strategy for LCR Chinook. The 
anticipated exploitation rate on Lower Columbia River tule Chinook in Council fisheries is 9.8% (Table 
D-1). The exploitation rate in Puget Sound fisheries, which included Fraser Panel fisheries, is 0.2%. Some 
additional harvest occurs in ocean fisheries outside the Council area. The combined exploitation rate from 
all marine fisheries is 28.7%. The anticipated exploitation rate from all marine and freshwater fisheries in 
2008 is 35.8%, and thus well below the 41% limit. Managers responsible for in-river fisheries took 
NOAA Fisheries’ guidance (along with the biological opinion on the Council fisheries into account when 
planning the 2008 in-river fishery. The prospective exploitation rate for tule Chinook in the in-river 
fisheries in 2008 is 7.1%, and thus, when combined with the anticipated exploitation rate from marine 
area fisheries, complies with the overall limit of 41%. The distribution of fishery impacts between ocean 
and in-river fisheries, and among in-river fisheries, may be adjusted in-season so long as the total 
exploitation rate does not exceed 41% in 2008. Managers responsible for in-river fisheries propose to use 
NOAA Fisheries’ guidance, along with the yearly biological opinion on the Council fisheries, into 
account when planning the 2009-17 in-river fishery seasons. 
 
Table D-1.  Expected exploitation rates on Lower Columbia River tule Chinook in 2008 marine area fisheries.  
Freshwater fisheries increase the expected total ER to 41% for 2008.   
 

Southeast Alaska 2.1 

British Columbia 16.4 

Puget Sound 0.3 

PFMC 9.8 

Total 28.7 
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Lower Columbia River Coho Salmon 
Under the Prospective Action the harvest of Lower Columbia River coho will vary from year-to-year 
using the ocean portion of Oregon’s harvest matrix (Table D-2). Lower Columbia River coho are caught 
in non-Treaty fall season fisheries in the Columbia River below Bonneville Dam. The states propose to 
manage Columbia River salmon fisheries each year during 2008 through 2017 with an associated total 
exploitation rate (ER) on Lower Columbia River natural origin coho equivalent to the remainder of the 
ocean portion of Oregon’s harvest matrix after ocean fisheries are accounted for. The total ER for each 
year will be determined using the ocean portion of Oregon’s harvest matrix which will be described in 
NMFS’s yearly guidance letter to PFMC. For 2008, NMFS guidance to PFMC is to manage fisheries with 
a total ER for natural origin Lower Columbia River coho of 8% and the expected preseason exploitation 
rate for in-river fisheries is 2.1%.  The ER for natural-origin Lower Columbia River coho ESU in 2008 
through 2017 will be estimated as a combined ER for early and late stocks for ocean and in-river 
fisheries.   The ER is estimated as the sum of total mortalities divided by the total ocean abundance. The 
ER for natural-origin Lower Columbia River coho is assumed to be equivalent to the ER for unmarked 
coho. The total ocean abundance of Columbia River unmarked coho is provided by the ocean FRAM 
model. The FRAM model estimates the exploitation rate for all ocean fisheries and for the Buoy 10 sport 
fishery. For Columbia River fisheries upstream of Tongue Point, the ER is estimated separately for the 
mainstem sport fishery, SAFE commercial fisheries and mainstem commercial fisheries. The states of 
Oregon and Washington have developed two preseason models: one to allocate in-river impact rates 
among fisheries and one to monitor harvest to maintain the total ER at or below the allowable combine 
ER for unmarked coho each year. The preseason model used in fishery planning to estimate catch per 
statistical week in mainstem and SAFE fisheries uses average harvest rates from historical data. The 
preseason model will be used to structure coho seasons each year and to allocate coho catch among in-
river fisheries while remaining within the prescribed yearly ER limit for unmarked fish. 
 
Table D-2.  Harvest management matrix for Lower Columbia River coho salmon showing maximum 
allowable Ocean fishery mortality rate. 
 

Marine Survival Index 
(based on return of jacks per hatchery smolt) 

 
 
 
 

Parental Escapement a 

Critical 
(<0.0008) 

Low 
(< 0.0015)

Medium 
(< 0.0040) 

High 
(> 0.0040) 

High > 0.75 full seeding < 8.0% < 15.0% < 30.0% < 45.0% 

Medium 0.75 to 0.50 full seeding < 8.0% < 15.0% < 20.0% < 38.0% 

Low 0.50 to 0.20 full seeding < 8.0% < 15.0% < 15.0% < 25.0% 

Very Low 0.20 to 0.10 of full seeding < 8.0% < 11.0% < 11.0% < 11.0% 

Critical < 0.10 of full seeding 0 – 8.0% 0 – 8.0% 0 – 8.0% 0 – 8.0% 
a Full Seeding: Clackamas River = 3,800, Sandy River = 1,340 
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Lower Columbia Steelhead 
Prospective non-Indian fisheries will be managed subject to 2% harvest rate limits on natural origin 
steelhead from the Lower Columbia River. However, the expected incidental harvest impacts on the 
winter-run and summer-run components of the LCR Steelhead DPS associated with proposed non-Indian 
fisheries are expected to be less than ESA prescribed limits. The incidental catch of winter-run steelhead 
in non- Indian fisheries has averaged 1.9% since 1999. The yearly incidental catch of summer-run 
steelhead in non-Indian fisheries has averaged 0.3% since 1999. Harvest rates associated with non-Indian 
fisheries are not expected to change over the course of this Agreement.  
 
There are no specific incidental harvest rate limits for tribal fisheries on the LCR steelhead DPS. The 
expected incidental harvest impacts on the winter-run and summer-run components of the LCR steelhead 
DPS associated with prospective tribal fisheries is the same as the range observed in recent years. The 
harvest rate for tribal fisheries on the winter-run populations of the LCR steelhead DPS from 2001 to 
2007 averaged 2.2% and ranged from 0.8% to 5.8%. The harvest for tribal fisheries on the summer-run 
populations of the LCR steelhead DPS are considered the same as for A-run summer steelhead in general. 
However, harvest impacts to the summer-run populations of the LCR steelhead DPS are in reality less 
than for A-run as a whole because the upstream boundary of LCR steelhead DPS is within the Bonneville 
Pool and much tribal fishing impacting A-run fish occurs upstream of this boundary. However, for the 
purposes of this analysis, the incidental harvest rates on summer steelhead populations of the LCR 
steelhead DPS associated with Treaty fisheries have ranged from 4.1-12.4%. Incidental harvest rates for 
winter-run and summer-run associated with prospective tribal fisheries are not expected to change over 
the course of this Agreement. 
 
Columbia River Chum Salmon 
Columbia River chum salmon are not caught incidentally in tribal fisheries above Bonneville Dam. 
Colombia River chum are incidentally caught occasionally in non-Indian fall season fisheries below 
Bonneville. There are no fisheries in the Columbia River that target hatchery or natural-origin chum 
salmon. The species’ later fall return timing is such that they are vulnerable to relatively little potential 
harvest in fisheries that target Chinook and coho. Colombia River chum rarely take the kinds of sport gear 
that is used to target other species. Harvest rates are difficult to estimate since NMFS does not have good 
estimates of total run size. However, the incidental catch of chum amounts to less than 50 fish per year. 
The harvest rate in proposed state fisheries in the lower river is estimated to be 1.6% per year and is 
almost certainly less than 5%.    
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Conservation Recommendations 
Section 7(a)(1) of the ESA directs Federal agencies to utilize their authorities to further the purposes of 
the ESA by carrying out conservation programs for the benefit of threatened and endangered species. 
Conservation recommendations are discretionary agency activities to minimize or avoid adverse effects of 
a proposed action on listed species or critical habitat, to help implement recovery plans, or to develop 
information. NOAA Fisheries believes the following conservation recommendations apply to lower 
Columbia River ESUs and should be implemented: 

 
1. Estimates of stock-specific harvest rates are sometimes limited by our ability to distinguish 

between stock components in mixed stock fisheries. This is a particular problem for steelhead 
which have a complex life history and protracted run timing. It is also true for Lower Columbia 
River coho which have early and late timing run components that overlap in space and time. 
Efforts should be made to resolve these uncertainties and provide more accurate stock specific 
harvest rates. For steelhead information could be improved by implementing a PIT-tagging 
program that systematically tagged representative steelhead stocks. For coho improvements 
would result from marking of hatchery coho destined for areas above Bonneville Dam. These and 
other measures designed to improve stock composition estimates should be evaluated and 
implemented. 

 
2. Mortality from harvest occurs as a result of catch and retention, but also occurs when fish are 

caught and released, and when fish contact fishing gear but or not otherwise landed. Estimates of 
all forms of non-retention mortality are often based on limited information. Research should be 
directed at improving estimates of non-retention harvest mortality. Available estimates of non-
retention mortality should be used when quantifying the overall affect of harvest. 

 
3. Estimates of harvest mortality rely on a complex network of sampling and monitoring programs 

for various non-Treaty and treaty-Indian fisheries. The monitoring programs are managed 
primarily by state and tribal parties who regulate the fisheries. The managers should conduct a 
comprehensive review of their monitoring programs to insure that they are sufficient to provide 
information needed and are cost effective. 

 
 

Reference   
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Subject To the 2008-2017 US v. Oregon Management Agreement.  National Marine Fisheries 
Service, Northwest Region. Seattle WA 
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Appendix E: Limiting Factors and Threats 
 
Appendix E describes limiting factors and threats to LCR coho, Chinook and steelhead and CR chum 
populations throughout the different life stages and organized by population area (as opposed to by 
species as in the main body of the Plan).  These limiting factors and threats were identified through 
comprehensive review of potential limiting factors and threats across the entire lifecycle.  
 
The threats identified in this Appendix are multi-factored, overlap life history stages, and have potential 
cumulative and interactive effects on population viability.  In addition, for many populations there were 
no life-stage specific data, and there was uncertainty of unknown magnitude for many population 
parameters and threat rates.  Given these limitations, the threat categories used in Chapter 5 and chosen 
for the Scenario Analysis in Chapter 6 do not match the threat categories identified in this appendix.  
Threat categories for the Scenario Analysis were chosen based on availability of data for identifiable 
threat-related mortality rates.  Table E-1 shows how the threat categories in this appendix are 
encompassed by the threat categories used in Chapter 5 and for the Scenario Analysis. 
 
Table E-1. The relation of threat categories used for the Scenario Analysis to the threat categories used in 
Appendix E.  Chapter 6 categories are in capital letters and unique fill colors within the table.  Black cells 
indicate that the threat for that life stage cannot exist or was not identified as a threat in this appendix.   

Life Stages
Threat Categories Summer Winter Fingerling / Returning

in Chapter 5 Eggs Alevins Fry Parr Parr Sub-yearling Yearling Smolts Adults Adults Spawners

Harvest TRIB. HAB.
Hatcheries TRIB. HAB.
Hydro HYD. / T. H.
Landuse TRIB. HAB.
Introduced Species

Harvest TRIB. HAB.
Hatcheries
Hydro
Landuse
Introduced Species TRIB. HAB.

Harvest TRIB. HAB. HARVEST
Hatcheries EST. H. / P.
Hydro EST. H. / P.
Landuse EST. H. / P.
Introduced Species

Harvest HARVEST
Hatcheries
Hydro
Landuse
Introduced Species

HYDRO / TRIB. HAB. HYDRO / TRIB. HAB.

TRIB. HAB.

ESTUARY HABITAT / PREDATION
ESTUARY HABITAT / PREDATION

EST. HAB. / PRED.
EST. HAB. / PRED.
EST. HAB. / PRED.

HATCHERY

TRIB. HAB. HATCHERY

ESTUARY HABITAT / PREDATION

HYDRO (psg) / TRIBUTARY HABITAT (all other) HYDRO / TRIB. HAB.
TRIBUTARY HABITAT TRIBUTARY HAB.

HYDRO (psg) / TRIBUTARY HAB.
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1 Limiting Factor and Threat Analysis Components 
 
1.1 Life Stages and Geographic Areas Considered 
 
Life-Stage Definitions  
ODFW provided guidance to the Expert Panel and Planning Team regarding life stages to consider. These 
life stages are described below.  
 

Egg – A fish egg that has been deposited in the gravel and has not yet hatched. 
Alevin – Salmonid life stage between hatching from the egg and emergence from the stream 
gravel as a fry.  An alevin has not absorbed its yolk sac, a primary source of nutrition. 
Fry – Salmonid life stage between alevin and parr.  A fry has emerged from the gravel and is 
independence of a yolk sac, but has not left the redd. 
Summer parr – Salmonid life stage between fry and presmolt.  A parr has left the redd and is 
generally recognizable by dark vertical bars (parr marks) on its sides.  Summer parr actively 
feed and forage in freshwater rearing habitat.   
Winter parr – Same life stage as for summer parr, but dependent on available winter rearing 
habitat for feeding, shelter and survival. 
Presmolt – Juvenile life stage where salmonid transforms from parr to smolt.  
Smolt - A fully-silvered juvenile salmonid that migrates downstream to the ocean. 
Sub adult - Fish rearing in the ocean. 
Adult - Maturing fish, either in the ocean or freshwater, that are migrating toward spawning 

areas. 
Spawner - Sexually mature adult fish. 
Kelt - A post-spawn steelhead returning to saltwater. 

 
The parr life stage is characterized by season (summer and winter) because winter and summer habitat 
needs differ, and different actions are often required to address limiting factor and threat (LF/T) concerns 
associated with these seasonal habitat needs.  Juvenile life stages in the estuary and mainstem Columbia 
are shown in Table E-2 and are based on a condensed version of the life history strategies used in the 
Estuary Module (LCREP 2006)3. 

                                                      
3 Although it is conceptually possible to use the same designations for juvenile life stages in tributary 
streams and the estuary, different terminology was used because it represents common conventions 
found in the literature for datasets available in these two distinct geographic domains. 
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Table E-2. Six juvenile life history strategies defined in the Estuary Module and the analogous life history 
categories used in the analysis of limiting factors and threats to lower Columbia River salmon and steelhead 
as they pass through the Columbia River estuary and mainstem. 

Life History Strategy 
From Estuary Module 

Attributes 
Defined in Estuary Module 

Life History Strategy 
Category in this Plan 

Early fry 
Freshwater rearing: 0 - 60 days.  Size at estuarine entry: <50 
mm. Time of estuarine entry: March – April. Estuarine 
residence time: 0 - 40 days.   

Late fry 
Freshwater rearing: 20 - 60 days.  Size at estuarine entry: 
<60 mm. Time of estuarine entry: May - June, present 
through Sept. Estuarine residence time: <50 days. 

Fry 

Early fingerling 
Freshwater rearing: 60 - 120 days.  Size at estuarine entry: 
60 - 100 mm. Time of estuarine entry: April – May. Estuarine 
residence time: <50 days. 

Late fingerling 
Freshwater rearing: 50 - 180 days.  Size at estuarine entry: 
60 - 130 mm. Time of estuarine entry: June - October, 
present through winter. Estuarine residence time: 0 - 80 days 

Subyearling (smolt) 
Freshwater rearing: 20 - 180 days.  Size at estuarine entry: 
70 - 130 mm. Time of estuarine entry: April - October 
Estuarine residence time: <20 day. 

Fingerling/subyearling 

Yearling 
Freshwater rearing: >1 year. Size at estuarine entry: >100 
mm. Time of estuarine entry: February – May.  
Estuarine residence time: <20 days. 

Yearling 

 

Geographic Areas 
Expert Panel and Planning Team members considered four distinct geographic areas where life-stage 
specific limiting factors/threats could occur.  Together, these areas encompass the entire lifecycle of lower 
Columbia River salmon and steelhead:  
 

Tributaries – Non-tidal portions of streams and rivers within a specific population area (Youngs Bay, 
Big Creek, Clatskanie, etc.) as defined by the Willamette/Lower Columbia River Technical Review 
Team.  (Life stages: eggs, alevin, fry, summer parr, winter parr, smolts, returning adults, spawners). 

Mainstem Columbia above Bonneville Dam – The mainstem Columbia River above Bonneville Dam 
(Life stages: eggs, alevins, fry, fingerling/sub-yearling, yearling, returning adults, spawners). 

Estuary - Tidally influenced areas of the Columbia River and tributaries below Bonneville Dam and 
the Willamette River below Willamette Falls including the Columbia River Plume (Life stages: fry, 
fingerling/sub-yearling, yearling, returning adults). 

Ocean – Saltwater areas outside of the estuary where LCR salmon and steelhead spend part of their 
life cycle (Life stages: sub-adults, adults). 

 
Figure E-1 shows the geographic areas that encompass the lifecycle of lower Columbia salmon and 
steelhead populations in Oregon. 
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Figure E-1. Geographic Areas for Lower Columbia River Salmon and Steelhead Populations in Oregon.  
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1.2 General Limiting Factor Categories 
See Section 5.1.1 of the Plan. 
 
1.3 General Threat Categories 
Five general threat categories were initially considered for the limiting factors assessment: fishery 
management, hatchery management, hydropower and flood control management, and land management 
and introduced species (note: six categories were eventually used and are described in Section 5.1.2 of the 
Plan).  Threats such as climate change and the impacts of development associated with increases in 
human population will likely impact lower Columbia River salmon and steelhead population viability in 
the future and are also considered in this Plan.  However, because their specific impacts on individual 
populations and specific life stage are difficult to predict, no attempt was made to provide the level of life 
stage specific detail of these impacts that was provided for the five aforementioned threat categories.  
Instead, a more general description of the potential impacts of climate change and human population 
growth is provided in this chapter. 
 
Table E-3. General threat categories and definitions.   

Threat  Category How Threats Cause or Contribute to Limiting Factors 

Harvest 
Management 

Fisheries cause direct and incidental mortality to naturally produced fish.  Direct mortality is 
associated with fisheries that are managed to specifically harvest target stocks. Incidental 
mortality includes incidental mortality of fish that are caught and released, encounter fishing 
gear but are not landed, or are harvested incidentally to the target species or stock.  
Fisheries can also result in genetic selection (e.g size or age)  

Hatchery 
Management 

Hatchery programs can harm salmonid viability in several ways: hatchery-induced genetic 
change can reduce fitness of wild fish; hatchery-induced ecological effects—such as 
increased competition for food and space—can reduce population productivity and 
abundance; hatchery-imposed environmental changes can reduce a population’s spatial 
structure by limiting access to historical habitat.  Hatchery programs can potentially benefit 
salmonid viability by contributing to increasing natural-origin fish abundance and spatial 
distribution, by serving as a source population for repopulating unoccupied habitat and by 
conserving genetic resources.  Hatchery practices that affect natural fish production include 
removal of adults for broodstock, breeding practices, rearing practices, release practices, 
number of fish released, reduced water quality, and blockage of access to habitat.   

Hydropower and 
Flood Control 
Management4 

Hydropower and flood control management cause a loss or alteration of stream habitat. 
Management includes dam construction and operations, conversion of riverine habitat to 
reservoir, and water withdrawals and flow alterations.   

Land Management 

Impacts of land management on naturally produced fish include both current land use 
practices causing limiting factors and impairing fish populations, and current practices not 
adequate to restore limiting factors caused by past practices.  These practices include 
agricultural, timber harvest, mining and grazing activities, diking, damming, development of 
transportation corridors, and urbanization.    

Introduced Species 
Introduced species include non-native plants, fish, or animals.  Introduced species can act as 
both predators and competitors, and include non-native hatchery fish, introduced exotic fish 
species, and noxious weeds.   

 
  

                                                      
4 Note that dams that are operated for purposes other than hydropower or flood control (e.g. municipal 
water sources such as Bull Run in the Sandy Basin, or irrigation diversions dams such as occur in Hood 
River) are considered under the land management threat category. 
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1.4 Prioritizing Limiting Factors and Threats 
See Section 5.1.4 of the Plan.  
 

2 Overview of Common Threats and Associated Limiting Factors 
This section describes limiting factors and threats that are common to multiple populations, or strata 
within the lower Columbia River ESUs.  Section 3 provides information on limiting factors and threats 
that are specific to each population.  See Section 5.2 of the Plan for additional Background information.   
 
2.1 Harvest Management 
See species-specific Harvest Management Sections 5.4.4, 5.5.4, 5.6.4, and 5.7.4 of the Plan. 
 
2.2 Hatchery Management 
Common Hatchery Related Limiting Factors and Threats 
The following hatchery related factors are key or secondary concerns for many LCR salmon and 
steelhead populations.  Limiting factors and threats that are unique to a particular population are described 
in Section 3. 
 
• Habitat access.  Hatchery weirs in the Youngs Bay, Big Creek, Sandy, Lower Gorge and Upper 

Gorge population areas are considered secondary concerns for a number of the local coho, chum, fall 
Chinook and steelhead populations.  The weirs impede or prevent access to spawning and rearing 
habitat that was historically productive.   

 
• Loss of population traits.  Significant numbers of domesticated hatchery fish have spawned on local 

spawning grounds over the years, reducing the productivity and diversity of some wild stocks.  
Interbreeding of these stray hatchery fish with spawners of natural origin can alter the genetic 
composition and associated traits that affect the long term fitness and survival of the wild populations.   

 
The prevalence of hatchery fish spawning in local spawning areas (called straying in this document) 
where they interbreed with wild fish is considered a key or secondary concern for most LCR salmon 
or steelhead populations. Strays are identified as a key concern for a population if it is estimated , as 
described in Chapter 4, that the percentage of hatchery fish on local spawning grounds has likely 
averaged 30 percent or higher, and as a secondary concern if the proportion averaged between 10 and 
30 percent.  These designations were arrived at during the process of developing the recovery 
scenarios described in Chapter 6.  There, based on the TRT guidelines for stray hatchery fish 
presented by McElhany et al. (2007), the following levels were adopted for the percentage of hatchery 
origin fish spawning in the wild.  If the overall desired status goal  for a population is low risk or very 
low risk, then in addition to meeting the abundance and productivity targets for this designation, the 
average proportion of hatchery fish in the natural spawning population, regardless of their spawn 
timing, has to be ≤ 10 percent.  Likewise, if the recovery goal risk category for a population is 
‘moderate’ then the average proportion of hatchery fish has to be ≤ 30 percent.  It is logical that the 
rankings of the impact of hatchery stray rates should align with future goals for hatchery stray rates 
that were adopted to address diversity needs. 
 
While these ranking represent the best information now available on hatchery stray rates based on 
coded wire tag (CWT) recoveries, hatchery tagging rates and other data, overall, estimates of hatchery 
and wild fish on spawning grounds remain highly uncertain.  Determining the number of stray 
hatchery fall Chinook on spawning grounds is particularly challenging because, until recently, only a 
small fraction of fall Chinook released from hatcheries were fin clipped.  In addition, scale pattern 
differences between hatchery reared and wild reared fish that are readily evident in coho and 
steelhead are much more difficult to discern in fall Chinook.  Thus, the proportion of wild fish, 
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particularly fall Chinook, estimated in natural spawning areas will remain highly uncertain until all 
the hatchery fish reliably marked before their release.  Although plans are in place to mass mark (i.e. 
fin clip) most hatchery origin fish in the future, it will be several years before the benefits from this 
action will be realized.  Information on hatchery stray rates, preferably over three life cycles (9 years), 
is needed to identify stray rates and the origin of strays with more accuracy.  In addition, because 
mass fin clipping does not result in a 100 percent mark rate, even a 1-2 percent unmarked hatchery 
fraction could represent a large number of unmarked hatchery strays in some depressed wild 
populations. 
 
Chinook:  Stray hatchery fish pose a key concern for all LCR fall, late fall and spring Chinook 
populations.  As reported in Chapter 4 and described in Appendix B, an analysis of CWT recoveries 
and hatchery tagging rate information indicated that a substantial proportion of spawners in the 
population areas are hatchery strays—at least 90 percent for all LCR fall Chinook populations.  
Hatchery strays have had a lesser, though still key, effect on the Sandy late-fall and spring Chinook 
populations, with stray rates averaging 24 and 53.6 percent, respectively (Chapter 4, Table 4-8).    
 
Coho:  Stray hatchery fish represent a key concern for the Youngs Bay, Big Creek, Clackamas, Lower 
Gorge and Upper Gorge/Hood populations, and a secondary concern for the Clatskanie population.  
The proportion of hatchery strays on spawning grounds in several LCR coho population areas has 
been high—in recent years averaging over 80 percent in the Youngs Bay, Big Creek, Lower Gorge 
and Hood populations (Chapter 4, Table 4-8).  Many of these hatchery fish come from nearby 
hatcheries.  The high stray rates can overwhelm limited natural production, altering the genetic traits 
of the wild population5.  For example, the current timing of hatchery and wild coho populations in 
Youngs Bay and Big Creek shows considerable overlap, whereas historically the native stock was a 
late-returning stock (Suring et al. 2006).  Note that coho run timing differences warrant further 
investigation into temporal separation and actual stray rates in the Clackamas.  
 
Steelhead: Hatchery strays represent a key concern for the Big Creek and Sandy winter steelhead and 
the Hood summer steelhead populations, and a secondary concern for the Youngs Bay, Clackamas, 
Lower Gorge, Upper Gorge and Hood winter steelhead populations.  For several of the populations, 
the percentage of hatchery-origin spawners is large, while in others it is relatively minor.  Overall the 
estimated hatchery percentage for these populations ranged from 53.2 percent for the Hood summer 
steelhead population to 5 percent for the Clatskanie and Scappoose winter steelhead populations 
(Chapter 4, Table 4-8).  
 
Chum: Hatchery strays are not identified as a concern for Columbia River chum salmon.  It is unclear 
if historic hatchery practices influenced chum.  Racking the river and removing most chum and taking 
large percentage for broodstock may have had an effect. 
 

 Competition.  Competition with hatchery fish for limited habitat and food supplies in the Columbia 
River estuary is a secondary concern for all LCR coho, Chinook and steelhead populations.  It is also 
a secondary concern to the Upper Gorge and Hood coho, Chinook and steelhead populations in the 
mainstem Columbia River above Bonneville Dam. In recent years, approximately 1.7 million adult 
salmon and steelhead have returned annually to the Columbia River.  While it is clear that there is 
potential for competition with hatchery fish to be a significant impact on wild salmon and steelhead, a 
lack of information on the magnitude this impact led the Expert Panel and Planning Team to conclude 

                                                      
5 Or, in cases where natural production as been eliminated (due to either the singular or combined 
impacts of harvest, hatcheries, hydropower, or habitat degradation), a continual infusion of hatchery 
origin fish spawning with natural origin fish may impair the ability of the natural origin fish to 
adequately adapt to their ecosystem, even after the other impacts have been rectified.  
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that there was insufficient information to warrant listing competition with hatchery origin fish as a 
key concern6. 

 
To achieve these returns, an estimated 200 million juveniles are produced each year, 50 to 95 percent 
of which are of hatchery origin, depending on the species (LCREP 2006; CBFWA 1990; Genovese 
and Emmett 1997 as cited in Bottom et al. 2005).  These hatchery fish are often released within a 
short period of time, causing large pulses of hatchery fish to compete with naturally produced fish for 
limited habitat and associated resources in the estuary at key times.  The hatchery fish are also often 
of a larger size than their naturally produced counterparts and may have a competitive advantage.  
This competition may limit the success of juvenile salmonids entering the estuary and plume, and 
may result in density-dependent mortality.  It is possible that too many fish are currently competing 
for limited habitat and associated resources in the estuary at key times, and the resulting stressors 
translate into reduced salmonid survival (LCREP 2006).  The intensity and magnitude of competition, 
however, has not been quantitatively documented and likely depends in part on when hatchery and 
natural juvenile salmonids enter the estuary and how long they stay.   

 
• Predation.  Predation by hatchery smolts on chum fry is a secondary concern for all Columbia River 

chum salmon populations.  Potential for predation on chum fry by hatchery coho, steelhead, and 
Chinook can be high when hatchery releases of these species are large (Brewer et al. 2005).  This has 
been well documented for coho smolts in areas outside the lower Columbia River basin (Hunter 1959; 
Parker 1971; Hargreaves and Lebrasseur 1986).  In the case of Columbia River chum fry, they 
experience predation from hatchery smolts migrating down the Columbia from the different reaches 
of the basin.  These releases can be large.  Releases of coho smolts alone in the Columbia River Basin 
average more than 20 million annually and hatchery releases of Chinook and steelhead throughout the 
basin also add up to large numbers of fish.  As with competition with hatchery fish, while it is clear 
that there is potential for predation by hatchery fish to be a significant impact on wild salmon and 
steelhead, a lack of information on the magnitude this impact led the Expert Panel and Planning Team 
to conclude that there was insufficient information to warrant listing predation with hatchery origin 
fish as a key concern7. 

 
• Hydrology/water quantity. Water withdrawals for hatchery use are a secondary concern for Lower 

Gorge coho and winter steelhead.  Reduced tributary flow resulting from the withdrawals reduces 
habitat quality for summer parr and impairs fish passage. 

 
2.3 Hydropower/Flood Control Management 
Hydropower/Flood Control Related Limiting Factors and Threats 
The following hydropower/flood control related factors are key or secondary concerns for many lower 
Columbia River salmon and steelhead populations.   
 
• Habitat access.  Impaired adult passage at Bonneville Dam is a secondary concern for CR chum and 

LCR Chinook and steelhead populations from the Upper Gorge and Hood River.  Returning adults 
can be delayed, injured, or killed while trying to pass upstream at the dam.  Concentration of fish at 
Bonneville Dam also increases risks of predation, pathogen transfer with subsequent possible disease 
and/or harvest.   

                                                      
6 Studies to gather quantitative information the impacts of competition between juvenile hatchery and 
wild salmon and steelhead as pass through the Columbia River Estuary is identified as priority critical 
uncertainty research in chapter 8. 
7 Studies to gather quantitative information the impacts of predation by juvenile hatchery fish on wild 
salmon and steelhead as pass through the Columbia River Estuary is identified as priority critical 
uncertainty research in chapter 8. 
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Tributary hydropower dams have restricted fish passage in the Clackamas, Sandy and Hood 
watersheds8.  Impaired passage at tributary dams is a key concern for Clackamas spring Chinook.  It 
is a secondary concern for Clackamas coho and winter steelhead, all Sandy Chinook populations, and 
all Hood coho, Chinook and steelhead populations.  Hydropower dams and other structural barriers 
impaired or completely blocked adult salmonid access to upstream spawning and rearing areas, and/or 
restrict spawning and rearing to sub-optimal habitat downstream of a dam. Juveniles are affected 
since they cannot migrate downstream through the hydropower dams or survive downstream passage 
through or over them.  
 

• Food web.  The change in the Columbia River estuary food web from a macrodetrital-based source to 
a microdetrital-based source has had a key effect on all lower Columbia River populations.  The 
current food web in the estuary is based on decaying phytoplankton delivered from upstream 
reservoirs instead of from macrodetrital inputs of plant materials that once originated from emergent 
forested and other wetland rearing areas in the estuary (LCREP 2004).  

 
The substitution of detrital sources in the estuary has contributed to changes in the spatial distribution 
of the food web (Bottom et al. 2005). Historically the macrodetritus-based food web was distributed 
evenly throughout the estuary, including in the many shallow-water habitats favored by ocean-type 
salmonids. The contemporary microdetrital food web is concentrated within the estuarine turbidity 
maximum, an area in the middle region of the Columbia River estuary where circulation traps higher 
levels of suspended particulate material (Bottom et al. 2005). This location is less accessible to ocean-
type fish, such as chum salmon that use peripheral habitats, and more accessible to species such as 
American shad that feed in deep-water areas.  Shad and other pelagic fish may also benefit from these 
changes because the estuarine turbidity maximum delays transport of the trapped particles to the 
ocean for up to four weeks compared to normal transport of about two days (LCREP 2004). The 
estuarine turbidity maximum is thought to contain bacteria that attach to detritus. Together, these 
represent the primary food source in the estuary today (LCREP 2004). 
 

• Predation. Ecosystem alterations attributable to hydropower dams and changes in the hydro system 
have increased predation on coho, chum, Chinook and steelhead from the Upper Gorge and Hood 
River population areas9.  Predation by northern pikeminnow is considered a secondary concern for 
these populations.  Introduced exotic fish species, such as smallmouth bass, thrive in the Bonneville 
Pool and prey on juvenile salmon concentrated by the dam. Adult spring Chinook and steelhead 
destined for the Upper Gorge and Hood River are also affected by predation from marine mammals 
(pinnipeds), which prey on the migrating adults in the lower Columbia River and as they attempt to 
pass over Bonneville Dam (USACE 2007).  Predation by marine mammals is a secondary concern for 
these populations.  

 
• Physical habitat quality.  Hydropower dam construction and operations have had a key effect on all 

lower Columbia River salmon and steelhead by modifying riverine habitat into impoundments and 
resulting in changes to habitat quality, complexity and availability in the Columbia River estuary.  
Reduction of maximum flow levels, along with deposit of dredged material and diking, have all but 
eliminated overbank flows in the Columbia River (Bottom et al. 2001).  The loss of overbank flow 
restricted access to habitat areas that at other times were forested swamps or seasonal wetlands, and 
reduced large woody debris recruitment to the estuary.  

 

                                                      
8 See sections 3.5, 3.6, and 3.9 for more detailed information on habitat losses due to tributary 
hydropower and landuse dams. 
9 See chapter 6 for more detailed information on predation mortality rates. 
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Changes in hydrology have also impaired sediment routing and gravel recruitment.  In the Columbia 
River, the force of historical spring freshets moved sand down the river and into the estuary where it 
helped form shallow-water habitats vital for juvenile salmonids, particularly ocean types (LCREP 
2006).  Today, alterations to spring freshet flows due to changes in hydrology and sequestering of 
sediment behind hydropower dams have reduced sand discharge in the Columbia River estuary to 70 
percent of nineteenth-century levels (Jay and Kukulka 2002).  The magnitude of change in sand 
transport contributed to changes in habitat forming processes.  It also likely reduced turbidity, leaving 
juvenile fish more exposed to avian and fish predators. 
 
Habitat changes attributable to development and operation of tributary hydropower dams in the 
Clackamas, and Sandy have posed a secondary concern for Chinook, and steelhead populations. The 
operations have affected physical habitat quality by altering sediment routing and reducing delivery 
of high quality spawning gravel below River Mill Dam (Clackamas) and Marmot Dam (Sandy)6.  
 
Reduced quality and quantity of historical habitat along the Columbia River due to inundation from 
Bonneville Dam is a key concern for Upper Gorge lower Columbia River populations and a 
secondary concern for the Hood populations10.  Construction and operation of the dam flooded 
historical upriver deltas, wetlands and floodplains that once provided diverse habitats. 
 

• Water quality.  Elevated water temperatures in the estuary are a secondary concern for all lower 
Columbia River salmon and steelhead populations. Flow regulation and reservoir construction have 
increased average summer water temperatures in the estuary from the ranges the species historically 
experienced.  Water temperature measurements downstream of Bonneville Dam indicate that periods 
of increased temperatures in the estuary are lasting longer than they did historically (National 
Research Council 2004).  Currently, average annual summer water temperatures measured in the 
estuary downstream of Bonneville Dam are above 20° C, which approaches the upper limits of 
thermal tolerance for cold-water fishes such as salmon (National Research Council 2004).  Altered 
water temperatures can adversely affect migration of salmon and steelhead destined to headwater 
holding and spawning areas. 

 
Elevated water temperatures in the lower Clackamas River due to solar heating in the reservoirs are a 
secondary concern for Clackamas coho, Chinook and steelhead.  Elevated water temperatures in 
Bonneville Pool warrant further consideration as a threat to Upper Gorge and Hood River steelhead.  
Warm late summer and early fall water temperatures in the Bonneville Pool may influence 
physiological transition and seawater readiness of migrating salmon and steelhead smolts.  They also 
increase the susceptibility of juvenile salmonids to pathogens and predation.   
 

• Hydrograph/water quantity.  Alteration of the Columbia River hydrograph exerts key effects on all 
LCR coho, chum, fall and late fall Chinook, and steelhead populations.  Management of the Columbia 
River hydro system alters the timing and magnitude of spring freshets, and impairs estuarine habitat 
quality and access.  Both juvenile and adult migration behavior and travel rates are influenced by the 
changes in river flow.  Artificial regulation of flow can stimulate or delay juvenile emigration or adult 
migration, thereby affecting the timing of juvenile arrival in the estuary and ocean, or adult arrival at 
headwater holding and spawning areas.  Rapid diurnal flow fluctuations can cause unintended and 
adverse redistribution of mainstem spawners, leave redds dewatered, and/or strand juveniles.  The 
dewatering of chum redds below Bonneville Dam due to flow fluctuations associated with the hydro 
system is a secondary concern for Lower Gorge chum. 

                                                      
10 The difference between the Upper Gorge and Hood River in the relative impact of habitat loss due to 
inundation by Bonneville Reservoir is because the Upper Gorge has very few miles of historic habitat, 
any loss of which has considerably more impact than for the same amount of habitat loss in Hood River. 
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In the Hood River system, low-head hydro diversions are a secondary concern for coho, Chinook and 
steelhead viability by reducing downstream flows and, thus, habitat availability and water quality.   
Screens are in place at these small hydro diversions, reducing juvenile fish entrainment and injury. 
 

2.4 Land and Water Management 
Over the last two hundred years many once important habitat areas in the estuary and tributaries have 
been affected by land management actions.  The Columbia River estuary provides critical habitat for 
juvenile salmonids as they achieve the growth necessary to survive in the ocean.  Historically, the estuary 
contained rich habitat for growth and survival, including a close proximity to high-energy areas with 
ample food availability and sufficient refuge habitat.  Over the years, human land and water management 
activities have modified these estuarine habitat conditions, resulting in a loss of habitat complexity and 
access to off-channel habitats.  Combined with the effects of the hydropower/flood control system, the 
primary activities that have determined current estuary and lower mainstem habitat conditions include 
channel confinement (primarily diking), channel manipulation (primarily dredging), and floodplain 
development and water withdrawal for urbanization and agriculture (LCFRB 2004).  
 
Tributary stream habitat conditions have also been severely degraded.  Widespread development and land 
use activity has affected habitat quality and complexity, water quality and watershed processes in most 
lower Columbia River subbasins.  Stream habitat degradation is primarily due to past and/or current land-
use practices that have affected properly functioning stream channels, riparian areas and floodplains, as 
well as watershed processes.   
 
Today, many streams have lower pool complexity and frequency compared to natural conditions that 
existed in the past (Anlauf et al. 2006).  Channels also lack the complex structure needed to retain gravels 
for spawning and invertebrate production, and connectivity with shallow, off-channel habitat areas that 
once provided flood refuge, over wintering and hiding cover, and productive early-rearing habitat.   
 
Land and Water Management Related Limiting Factors and Threats 
The following land management related factors are key or secondary concerns for lower Columbia River 
salmon and steelhead populations.  

  
• Habitat access. Impaired passage of returning adults at road crossings is a secondary concern for 

chum populations in the Scappoose, Clackamas and Sandy watersheds.  Tributary dams operated for 
water withdrawals11 restrict fish passage to upstream spawning and rearing habitats in the Sandy 
above Bull Run Dams and Hood above Laurance Lake Dam.  Impaired adult passage at the dams is a 
secondary concern for Sandy spring Chinook and winter steelhead, and for Hood coho and winter 
steelhead.   
 

• Food web.  The loss of macrodetrital inputs of plant materials that once originated from emergent, 
forested and other wetland areas in the estuary poses a key concern for all lower Columbia River 
populations.  Today, detrital sources from emergent wetlands in the estuary are approximately 84 
percent less than they were historically (Bottom et al. 2005).  Loss of wetland and side channel 
habitat has reduced the local macrodentritus inputs from terrestrial and riparian habitats that 
supported the historical food web.  As discussed in Section 2.3, the switch in primary production in 
the estuary from a macrodetritus-based source to a microdetritus-based source has lowered the 
productivity of the estuary (Bottom et al. 2005).   

 
                                                      
11 The past and present impact of hydropower dams (e.g. Marmot Dam on the Sandy and Powerdale Dam 
on the Hood) are discussed in section 2.3 
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• Predation. Predation by birds is a secondary concern for all LCR coho, Chinook and steelhead 
populations in the Columbia River estuary.  Modification of estuarine habitats has increased the 
number and/or predation effectiveness of Caspian terns, double-crested cormorants, and a variety of 
gull species (LCREP 2006; Fresh et al. 2005).  For example, new islands formed through the disposal 
of dredged materials have attracted terns away from their traditional habitats, which may be degraded. 
Reduced sediment in the river increased terns’ efficiency in capturing steelhead juveniles migrating to 
saltwater at the same time that the birds need additional food for their broods.  In 1997 it was 
estimated that avian predators consumed 10 to 30 percent of the total estuarine salmonid smolt 
production in that year (LCREP 2004). The draft 2005 Season Summary of Research, Monitoring, 
and Evaluation of Avian Predation on Salmonid Smolts in the Lower and Mid-Columbia River 
(Collis and Roby 2006) estimates that 3.6 million juvenile salmonids were consumed by terns in 
2005. Stream-type juvenile salmonids are most vulnerable to avian predation by Caspian terns 
because the juveniles use deep-water habitat channels that have relatively low turbidity and are close 
to island tern habitats. For this reason, the Corps began to reduce the area available for tern nesting in 
1999.  Under the 2008 FCRPS RPA (action 45), the Corps is further reducing the area available (to 
1.5 to 2 acres by 2010). However, because the size of the cormorant nesting colony has increased, the 
Corps is examining the feasibility of reducing that level of predation (RPA action 46).  Double-
crested cormorants consume a similar number of juvenile salmonids (approximately 3.6 million 
juveniles) from their East Sand Island nesting grounds (Collis and Roby 2006). 

 
 Physical habitat quality/habitat access.  Reduced habitat quality and complexity, and connectivity 

with off-channel habitats is a key factor in the tributaries, limiting the viability of all LCR coho, fall 
and spring Chinook, and steelhead populations, with the exception of the lower and upper Gorge 
populations.  It is a secondary limiting factor for all lower Columbia River populations in the 
Columbia River estuary.   

 
In the tributaries, land use practices such as channelization, diking, wetland conversion, stream 
clearing, splash damming and gravel extraction have simplified habitat, reducing refugia and resting 
places.  Conditions on uplands, floodplains and riparian areas have been degraded through past and/or 
current land use practices—such as agricultural and timber production, transportation corridor 
development, and urbanization—that have altered natural ecosystem functions and processes.  These 
activities have contributed to loss, degradation or impairment of riparian conditions important for 
production of food organisms and organic material, shading, bank stabilizing by roots, nutrient and 
chemical mediation, control of surface erosion, and production of large-sized woody material.  They 
have also resulted in altered sediment routing and led to an overabundance of fine-grained sediments, 
excess of course-grained sediments, inadequate course-grained sediments and/or contaminated 
sediment. Excessive fine sediment has also reduced spawning gravel or increased embeddedness.  
The modification of ecological functions and processes across the landscape has also contributed to 
the proliferation of nonnative species.  Alteration of complex physical habitat structure in some areas 
has created environmental conditions to which native species are poorly adapted, giving nonnative 
plants and animals the opportunity to establish robust populations. 
 
In the Columbia River estuary, historical complex habitats have been modified through 
channelization, diking, development and other practices.  Jetties, pile dikes, tide gates, docks, 
breakwaters, bulkheads, revetments, seawalls, groins, ramps and other structures have changed 
circulation patterns, sediment deposition, sediment erosion, and habitat formation in the estuary 
(Williams and Thom 2001).  Construction of the North and South jetties altered sediment accretion 
and erosion processes near the Columbia River mouth. Sediment accretion in the marine littoral areas 
adjacent to the mouth decreased the inflow of marine sediments into the estuary (LCREP 2004), 
while the extensive use of dikes and other structures to maintain the shipping channel affected natural 
flow patterns. Development of the navigation channel reduced flow to side channels and peripheral 
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bays (LCREP 2004). Docks, piers, and other structures altered habitats and created favorable 
conditions for predators. Channel alterations changed saltwater intrusion patterns and interrupted 
nutrient cycles.  Dredging and disposal of sand and gravel also caused estuarine habitat loss over the 
last century; currently, three times more sand is dredged from the estuary than is replenished by 
upstream sources (LCREP 2004).   
 
As a result of these changes, the surface area of the estuary has decreased by approximately 20 
percent over the past 200 years (Fresh et al. 2005).  Loss of access to historical spawning and rearing 
habitats has restricted the populations to sometimes sub-optimal habitat downstream of barriers.  
Today, access to an estimated 77 percent of historical tidal swamps in the Columbia River estuary has 
been eliminated (Fresh et al. 2005).  Losses of tidal marsh habitat have been most extensive in 
Youngs Bay, where a loss of over 6,000 acres was documented. Extensive tidal swamp habitat has 
been lost in all estuary areas where this habitat was historically present. Losses of medium- and deep-
water habitat acreage have been less severe (25 percent and 7 percent, respectively) (LCFRB 2004).  
Loss of access to peripheral habitats in the estuary has especially impacted fall Chinook and other 
species that rear in the estuary and in tidally influenced areas of tributaries for extended periods of 
time.   

 
• Water quality. High water temperatures affect the viability of all lower Columbia salmon and 

steelhead populations in the estuary and in many tributaries.  The high water temperatures can be 
lethal to salmonids, contribute to disease, or act as temporary adult migration barriers.  Land use 
practices and water withdrawals contribute to elevated water temperatures.  In conjunction with water 
withdrawals, elevated stream temperatures often exist because of a lack of intact, functional and 
contiguous riparian management zones and sufficient streamside buffers.  Channel widening may also 
be a contributing factor.  
 
Contaminants from agricultural practices found throughout the Columbia River estuary are a 
secondary concern for all lower Columbia River salmon and steelhead populations.  The U.S. 
Geological Survey’s National Stream Quality Accounting Network program reports that a wide range 
of commonly used pesticides have been detected at sampling sites near Bonneville Dam and at the 
confluence of the Willamette and Columbia rivers (LCREP 2007a,b; Fresh et al. 2005).  Detected 
water-soluble pesticides include simazine, atrazine, chlorpyrifos, metolachlor, diazinon, and carbaryl.   
Short-term exposure to these types of pesticides at environmentally relevant concentrations has been 
associated with disruption of olfactory function in salmonids, leading to difficulty in homing, predator 
avoidance, and finding prey (Scholz et al. 2000; Sandahl et al. 2002, 2005; Tierney et al. 2008).  
Moreover, mixtures of some of these pesticides (e.g., malathion and diazinon or chlorpyriphos) may 
be acutely lethal to salmonids (Laetz et al. 2009).  Certain trace metals, such as lead and arsenic, have 
also been introduced to the environment through pesticides, such as lead arsenate, which is used as an 
insecticide for apples (Fresh et al. 2005). Additionally, a number of chlorinated pesticides, including 
dichlorodiphenyltrichloroethanes (DDTs), chlordanes, and endosulfans, are still present in soils and 
sediments in the Columbia Basin, even though they were banned in the United States in the 1970s 
(USEPA 2009).  These compounds have been observed in tissues and stomach contents of juvenile 
Chinook salmon from the lower Columbia River and estuary and, in some cases, DDTs have 
accumulated in salmon tissues to concentrations above estimated toxic effects thresholds (Beckvar et 
al. 2005; Johnson et al. 2007; LCREP et al 2007b). Reduced water quality in the Hood River system 
because of contaminants for agricultural use is also a secondary concern for Hood salmon and 
steelhead.   This is a concern for salmon in the Clackamas and Willamette systems as well, as high 
levels of a number of pesticides have been reported in streams from these watersheds (Carpenter et al. 
2008; Anderson et al. 2006, 2007; Wentz et al. 1998). 
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Toxic contaminants from urban and industrial practices are a secondary concern for lower Columbia 
River salmon and steelhead populations from the Clatskanie, Scappoose, Clackamas, Sandy, Lower 
Gorge and Hood areas. The Columbia River downstream of Bonneville Dam is the most urbanized 
stretch in the entire basin, and trace metals, polychlorinated biphenyls (PCBs), dioxins, polycyclic 
aromatic hydrocarbon (PAHs), and other compounds have been detected in the estuary (Fresh et al. 
2005). The U.S. Environmental Protection Agency has identified several PCB and DDT hot spots 
within the estuary, including near Longview, West Sand Island, the Astoria Bridge, and Vancouver 
(Fresh et al. 2005; Hayslip et al. 2006).  Copper—which is used in brake pads in motor vehicles and 
is often a component of stormwater—has also been measured in the estuary at concentrations that 
have been shown to interfere with the olfactory function in salmon (Baldwin et al. 2003; Sandahl et 
al. 2007; LCREP 2007).  The Portland and Vancouver sewage treatment plants are large sources of 
effluent in this area (Fresh et al. 2005), and there are also are major inputs of contaminants from 
industrial point sources and urban stormwater runoff (USEPA 2009).  Contaminants may also be 
transported downstream to the estuary from areas above Bonneville Dam.  
 
Toxic contaminants are also a problem in the lower Willamette River.  An intensive study of 
sediments in Portland Harbor (the stretch of the Willamette River from Sauvie Island to Swan Island) 
has uncovered pesticides, PCBs, and other toxic chemicals.  Industrial contaminants, such as PAHs, 
have been detected in sediments from the lower Willamette River in Portland at levels exceeding state 
or federal sediment quality guidelines (see documentation at: 
www.portlandharborcag.org/Superfund.html. 

 
Various industrial compounds, including PCBs, dioxins, and trace metals, have been detected at 
elevated levels in tissue from resident fish in the estuary (LCREP 2004), as well as in tissues and prey 
of juvenile salmon from several sites in the lower Columbia and lower Willamette, including Portland 
Harbor (Fresh et al. 2005; Johnson et al. 2007; LCREP 2007, Jones et al. 2008; Sloan et al. 2009; 
USEPA 2009; also see documentation on the Portland Harbor Superfund Site at: 
www.portlandharborcag/Superfund.html.  Elevated concentrations of PAHs in bile and stomach 
contents have also been observed in juvenile Chinook salmon from the sites in the lower Columbia 
and the lower Willamette rivers (LCREP et al 2007b; Jones et al. 2008).  
 
Generally studies have shown that PCB and PAH concentrations in salmon and their prey in the lower 
Columbia and lower Willamette are comparable to those in organisms in other moderately to highly 
urbanized areas (Fresh et al. 2005; LCREP 2007; Johnson et al. 2007), and in some cases are above 
estimated threshold levels for toxic effects (Meador et al. 2002, 2008).  In a 2005 study by Loge et al., 
cumulative delayed disease-induced mortalities were estimated at 3 percent and 18 percent for 
juvenile Chinook residing in the Columbia River estuary for 30 to 120 days, respectively (Loge et al. 
2005), with about 50 percent of that mortality estimated to be due to effects of toxic contaminants 
such as PCBs and PAHs.  
 
More recent studies show that contaminants of emerging concern, including estrogenic compounds in 
wastewater and flame retardants, such as polybrominated diphenyl ethers (PBDEs), are present in the 
estuary (LCREP 2007).  PBDEs have been observed in both tissue and sediments of juvenile salmon 
Portland Harbor and from several sites in the lower Columbia River between Vancouver and 
Longview (LCREP 2007; Sloan et al. 2009), and juvenile salmon from this region show induction of 
the yolk protein vitellogenin, a sign of abnormal exposure to environmental estrogens (LCREP 2007). 
 
In addition to having direct toxic effects on salmon species, contaminants can affect salmon indirectly 
through impacts on the food supply.  For example, a number of the pesticides that have been 
identified in the estuary and associated watersheds are highly toxic to non-target salmonid insect prey 
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species, and their effects on food availability could have significant effects on salmon populations 
(Macneale 2008; Relyea 2009).  
 
Figures E-2—4 show water quality limited areas in the three lower Columbia River population 
stratums. 

 
Figure E-2. Water quality limited areas in the LCR Coast Range Stratum (ODEQ 2008).  
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Figure E-3. Water quality limited areas in the LCR Cascade Stratum (ODEQ 2008).  

 
Figure E-4. Water quality limited areas in the LCR Gorge Stratum (ODEQ 2008).  
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 Hydrograph/water quantity. Water withdrawals for irrigation are a key concern for Hood River coho, 
fall Chinook and steelhead, and a secondary concern for the Hood spring Chinook population. 
Municipal water withdrawals in the Youngs Bay, Big Creek and Sandy watersheds pose a secondary 
concern for coho and/or steelhead.  Withdrawals for irrigation, municipal purposes or other uses can 
reduce flows needed for migration, spawning or rearing.  Low flows may also decrease salmon and 
steelhead survival by limiting delivery of nutrients and dissolved oxygen to incubating eggs.   

 
Altered hydrologic processes and/or reduced water quantity due to land use practices on upland 
slopes is a secondary concern for all lower Columbia River species, affecting all the populations from 
the egg through winter parr life stage.  Physical habitat structure in the tributary watersheds is defined 
largely by physical processes, including the movement of water and sediment within the channel and 
between uplands, floodplains and the channel.  The amount of surface and subsurface flow greatly 
influences the peaks in a river’s hydrograph as a response to storm events.  Land use on upland 
slopes—such as urban or residential development, roads, agricultural and timber harvest practices, 
and livestock grazing—can increase the amount of surface flow by increasing the extent of 
impermeable surfaces, reducing vegetative cover, and installing drainage systems.  Consequently, 
they can alter the flow regime and change the established pattern of natural hydrologic variation and 
disturbance, thereby altering habitat dynamics (Poff et al. 1997).   

 
2.5 Introduced Species 
Introduced species—from introduced non-indigenous hatchery fish to non-native plants—play a role in 
reducing the viability of naturally produced salmon and steelhead in the lower Columbia region.  The 
presence of these introduced species, both predators and competitors, may influence salmonid population 
viability by affecting abundance, productivity, spatial structure and/or diversity.  Impacts from introduced 
species are discussed under the other threat categories:  The impact of non-native hatchery fish is 
considered under the hatchery practices.  Impacts from non-salmonid fish are discussed under 
hydropower and flood control management.  Impacts due to the spread of noxious weeds are discussed 
under land management.   
 
2.6 Future Threats: Climate Change and Human Population Increases 
See Section 5.3 of the Plan. 
 
2.7 Summary of Key and Secondary Limiting Factors and Threats 
Tables E-4 through E-7 summarize the key and secondary limiting factors and threats that are thought to 
be responsible for the current status of LCR salmon and steelhead. The tables do not show impacts related 
to future climate change and human population growth/development. 
 
Following these tables are individual sections for each of Oregon’s nine population areas in the LCR.  In 
these sections the reader will find information that supports the key and secondary limiting factor and 
threat designations. 
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Table E-4. Summary of limiting factors and threats to that have led to the current status of Oregon LCR coho populations.  
 

Limiting Factors and Threats to Recovery of Oregon LCR Coho 
Limiting Factor 

(corresponding code) 
Populations affected and priority ranking: Specific Threats 

key concern (1), secondary concern (2) 
Harvest Management 

Population traits- Incidental or direct mortality from 
targeted fisheries  

All populations (1)    
 

Commercial gillnet fisheries in estuary and ocean sport or 
commercial fisheries. 

Hatchery Management 
Habitat access- Hatchery weirs impair passage  Youngs, Big, Sandy, L Gorge (2)  Hatchery weirs block access of returning adults.  
Population traits- Stray hatchery fish interbreed with 
natural origin fish; risk of genetic introgression  

Youngs, Big, Clackamas, L Gorge, Hood\Upper 
Gorge (1); Clatskanie (2) 

Hatchery management practices that increase prevalence of 
hatchery fish spawning in natural spawning areas resulting in altered 
genetic composition and associated traits that affect survival. 

Competition- Competition with hatchery fish for 
limited habitat and food supplies  

All populations-estuary (2) 
Hood\Upper Gorge-mainstem above Bonneville 
(2)  

Hatchery fish of all species competing for limited resources in 
estuary with LCR populations.  

Hydrograph/water quantity- Reduced flows  L. Gorge (2)  
 

Impaired passage and reduced habitat due to altered hydrology and 
reduced flows from hatchery water withdrawals.  

Hydropower/Flood Control Management 
Habitat access- Impaired passage at trib. hydro 
facilities  

Clackamas, Hood\Upper Gorge (2) 
  

Dams block/impair passage to or from spawning and rearing areas.  

Habitat access - Impaired passage at Bonneville 
Dam  

Hood (2) 
 

Returning adults can be delayed, injured, killed at ladders. 
Concentration increases risk of predation, disease, harvest.  

Food web- Reduced macrodetrital inputs  All populations (1)  
 

Alterations in flow reduced inputs of plant materials from wetlands 
and other estuarine areas. 

Food web- Increased microdetrital inputs  All populations (1)  
 

Increased delivery of decaying phytoplankton from upstream 
Columbia River reservoirs. 

Predation- Increased predation by non-salmonid fish  Hood\Upper Gorge (2) 
 

Reservoirs and flow regulations make habitat favorable to predators 
and increase predation by non-salmonid fish. 

Physical habitat quality – Altered sediment routing  All populations (1)  
 

Hydropower/flood control system alters spring freshet flows, 
reducing sand discharge into estuary. 

Physical habitat quality- Inundation of riverine 
habitat  

Hood\Upper Gorge (2) 
 

Inundation of historical habitat due at lower ends of upper Gorge 
tributaries by Bonneville reservoir. 

Water quality- Elevated water temperatures related 
to reservoir heating  

All populations–estuary (2); Clackamas–
tributaries (2) 

Solar heating in reservoirs elevates water temperatures in Columbia 
River estuary and Clackamas River below dams.   

Hydrograph/water quantity- Low-head hydro project  Hood\Upper Gorge (2) Low-head hydro diversion reduces downstream flow, reducing 
available habitat and water quality. 

Hydrograph/water quantity- Altered hydrology  All populations (1)  Hydropower/flood control system alters timing and magnitude of 
spring freshets, impairs estuarine habitat quality and access.  
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Limiting Factors and Threats to Recovery of Oregon LCR Coho 
Limiting Factor 

(corresponding code) 
Populations affected and priority ranking: Specific Threats 

key concern (1), secondary concern (2) 
Land Management 

Habitat access- Impaired passage at dam  Hood\Upper Gorge (2)  Dams block or impair adult coho passage to spawning areas.  
Food web- Reduced macrodetrital inputs  All populations (1)  

 
Reduced inputs of plant materials from wetlands and other estuarine 
areas. 

Predation- Predation by birds  All populations (2) Estuarine habitat modification increased predation on juvenile coho 
by terns, double-crested cormorants and gulls. 

Physical habitat quality- Increased fine sediment in 
spawning gravel 

All populations, except L. Gorge (2) 
 

Roads on forest and rural lands alter sediment routing and increase 
delivery of fine sediment to stream channels. 

Physical habitat quality/ habitat access- Reduced 
habitat quality/complexity, including connectivity to 
off-channel habitats  

All populations except L. Gorge– winter 
parr/tributaries (1);  
All populations except L. Gorge, Hood\Upper 
Gorge–fry/tributaries (2);  
All populations–estuary (2) 

Tributaries – Impaired physical habitat quality and connectivity with 
off-channel areas due to stream cleaning, straightening and 
channelization, diking, wetland filling, and lack of large wood 
recruitment.   
Estuary – Dredging, disposal of sand/gravel, wetland filling, instream 
and over-water structures, dikes and navigational structures have 
significantly altered estuary size/function, and reduced connectivity 
with peripheral wetland and side channel habitat. 

Physical habitat quality – Impaired habitat quality 
and disconnected habitat  

L. Gorge, U. Gorge (1) Transportation corridor development and maintenance 

Water quality- Elevated water temperature (9a) All populations except L. Gorge– tributaries: 
(2);  
All populations–estuary (2) 

Land use practices contribute to elevated steam temperatures by 
degrading riparian area quality, function and connectivity, and by 
reducing flows through water withdrawals and channel widening.   

Water quality- Contaminants from agricultural 
practices  

All populations-estuary (2) 
Hood\Upper Gorge-tributaries (2)  

Agricultural practices can increase exposure to water-soluble 
contaminants and other potentially toxic contaminants. 

Water quality-Toxics from urban & industrial sources  Clatskanie, Scappoose, Clackamas, Sandy, L 
Gorge, Hood\Upper Gorge (2) 

Toxic chemicals from urban and industrial practices reduce water 
quality in the estuary, including lower Willamette River. 

Hydrograph/water quantity- Irrigation withdrawals  Hood\Upper Gorge (1)  Flow reductions decrease available habitat and water quality.   
Hydrograph/water quality- Municipal withdrawals  Big Creek (2) Flow reductions contribute to increased temperatures and reduce 

habitat connectivity. 
Hydrograph/water quantity- Altered hydrology due to 
upslope land use practices  

Youngs, Big Creek (1)   
All populations-tributaries (2) 

Land use practices on uplands alter the flow regime and change the 
established natural hydrologic patterns. 
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Table E-5. Summary of limiting factors and threats that have led to the current status of Oregon Columbia River chum salmon populations.  
 

Limiting Factors and Threats to Recovery of Oregon Columbia River Chum 
Limiting Factor 

(corresponding code) 
Population and priority ranking: 

key concern (1), secondary concern (2) 
Specific Threats 

Hatchery Management 
Habitat access- Hatchery weirs impair passage  Youngs, Big (2) Hatchery weirs block access of returning adults.  
Predation- Increased predation by hatchery smolts All populations (2) Predation by hatchery smolts in estuary on smaller LCR chum 

populations. 
Hydropower/Flood Control Management 

Habitat access - Impaired passage at Bonneville Dam  U. Gorge (1) 
 

Returning adults can be delayed, injured, killed at ladders. 
Concentration increases risk of predation, disease, harvest.  

Food web- Reduced macrodetrital inputs All populations (1)  Alterations in flow reduced inputs of plant materials from wetlands and 
other estuarine areas. 

Food web- Increased microdetrital inputs All populations (1)  
 

Increased delivery of decaying phytoplankton from upstream Columbia 
River reservoirs. 

Predation- Increased predation by non-salmonid fish  U. Gorge (2) 
 

Reservoirs and flow regulations make habitat favorable to predators and 
increase predation by non-salmonid fish. 

Physical habitat quality- Altered sediment routing  All populations (1) 
 

Hydropower/flood control system alters spring freshet flows, reducing 
sand discharge into estuary. 

Physical habitat quality- Inundation of riverine habitat  U. Gorge (1) 
 

Inundation of historical habitat due to Bonneville reservoir. 

Water quality- Elevated water temperatures  All populations (2)  Solar heating in Columbia basin reservoirs elevates temperatures in 
estuary.  

Hydrograph/water quantity-  Dewatering of redds  L. Gorge (2) Flow fluctuations associated with Columbia hydro system management 
cause dewatering of chum redds below Bonneville Dam. 

Hydrograph/water quantity- Altered hydrology  All populations (1) 
 

Hydropower/flood control system alters timing and magnitude of spring 
freshets, impairs estuarine habitat quality and access.  

Land Management 
Habitat access- Impaired passage at road crossings  Scappoose, Clackamas, Sandy (2) Road crossings and other land use related passage impediments 

impairs the upstream migration of adult chum. 
Food web- Reduced macrodetrital inputs  All populations (1)  

 
Reduced inputs of plant materials from wetlands and other estuarine 
areas. 

Physical habitat quality- Increased fine sediment in 
spawning gravel  

All populations, except L. Gorge & U. 
Gorge (2)  

Roads on forest and rural lands alter sediment routing and increase 
delivery of fine sediment to stream channels. 

Physical habitat quality/ habitat access- Reduced 
habitat quality/complexity, including connectivity to 
off-channel habitats  

All populations–estuary (2); Scappoose, –
tributaries (2)  

Tributaries – Impaired physical habitat quality and connectivity with off-
channel areas due to stream cleaning, straightening and channelization, 
diking, wetland filling, and lack of large wood recruitment.   
Estuary – Dredging, disposal of sand/gravel, wetland filling, instream 
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Limiting Factors and Threats to Recovery of Oregon Columbia River Chum 
Limiting Factor 

(corresponding code) 
Population and priority ranking: 

key concern (1), secondary concern (2) 
Specific Threats 

and over-water structures, dikes and navigational structures have 
significantly altered estuary size/function, and reduced connectivity with 
peripheral wetland and side channel habitat. 

Physical habitat quality – Impaired habitat quality and 
disconnected habitat  

L. Gorge, U. Gorge (1) Transportation corridor development and maintenance 

Water quality- Elevated water temperature  All populations (2) 
 

Land use practices contribute to elevated steam temperatures by 
degrading riparian area quality, function and connectivity, and by 
reducing flow through water withdrawals and channel widening.  .   

Water quality- Contaminants from agricultural 
practices  

All populations-estuary (2) 
 

Agricultural practices can increase exposure to water-soluble 
contaminants and other potentially toxic contaminants. 

Water quality- Toxics from urban & industrial sources  Clatskanie, Scappoose, Clackamas, 
Sandy, L Gorge (2) 

Toxic chemicals from urban and industrial practices reduce water 
quality in the estuary, including lower Willamette River. 

Hydrograph/water quantity- Altered hydrology due to 
upslope land use practices  

All populations-tributaries (2) Land use practices on uplands alter the flow regime and change the 
established natural hydrologic patterns. 
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Table E-6. Summary of limiting factors and threats that have led to the current status of Oregon LCR Chinook populations.  
   

Limiting Factors and Threats to Recovery of Oregon LCR Chinook 
Limiting Factor 

(corresponding code) 
Population and priority ranking: 

key concern (1), secondary concern (2) 
Specific Threats 

Harvest Management 
Population traits- Incidental or direct mortality from 
targeted fisheries  

F. and LF. Chinook: All populations (1) 
S. Chinook: Hood (1); Clackamas, Sandy (2)  

F. and LF. Chinook: Commercial gillnet and recreational fisheries in 
estuary and ocean troll fisheries. S. Chinook: Ocean troll fisheries. 

Population traits- Mortality from by-catch   S. Chinook: Clackamas, Sandy (2) Fisheries targeted at other stocks or species. 
Hatchery Management 

Habitat access- Hatchery weirs impair passage  F. Chinook: Youngs, Big (2) Hatchery weirs block access of returning adults.  
Population traits - Stray hatchery fish interbreed with 
wild fish, risk of genetic introgression  

F. and LF Chinook: All populations (1); 
S. Chinook: All populations (1) 

Hatchery management practices that increase prevalence of 
hatchery fish spawning in natural spawning areas resulting in altered 
genetic composition and associated traits that affect survival. 

Competition- Competition with hatchery fish for limited 
habitat and food supplies  

F., LF. & S Chinook: All populations-estuary (2) 
F & S Chinook: U. Gorge, Hood-mainstem 
above Bonneville (2)  

Hatchery fish of all species competing for limited resources in 
estuary with LCR populations. 

Hydropower/Flood Control Management 
Habitat access- Impaired passage at Bonneville Dam  F. Chinook: U. Gorge, Hood (2) 

S. Chinook: Hood (2) 
Returning adults can be delayed, injured, killed at ladders. 
Concentration increases risk of predation, disease, harvest.  

Habitat access- Impaired passage at tributary hydro 
facilities  

F., LF. Chinook: Sandy, Hood (2) 
S. Chinook: Clackamas (1); Sandy, Hood (2) 

Dams block/impair passage to or from spawning and rearing areas 
in watersheds.  

Food web- Reduced macrodetrital inputs  F., LF. &  S. Chinook: All populations (1)  Alterations in flow reduced input of plant materials from wetlands 
and other estuarine areas. 

Food web- Increased microdetrital inputs  F., LF. & S. Chinook: All populations (1)  Increased delivery of decaying phytoplankton from upstream 
Columbia River reservoirs. 

Predation- Increased predation by non-salmonid fish 
(6a) 

F. Chinook: U. Gorge and Hood (2) 
S. Chinook: Hood (2) 

Increased predation by non-salmonid fish due to reservoirs and flow 
regulations that make habitat favorable to predators. 

Predation- Increased predation by marine mammals  S. Chinook: Hood (2) 
 

Increased marine mammal predation because adult fish are delayed 
below Bonneville Dam. 

Physical habitat quality- Altered sediment routing  F., LF. & S. Chinook: All populations (1)  
 

Hydropower/flood control system alters spring freshet flows, 
reducing sand discharge into estuary. 

Physical habitat quality- Gravel recruitment below 
dams  

F., LF, & S. Chinook: Clackamas, Sandy (2) 
 

Dams alter sediment routing and reduce delivery of high quality 
spawning gravel below River Mill and Marmot dams.  

Physical habitat quality- Inundation of riverine habitat  F. Chinook: U. Gorge–tributaries (1), Col. 
mainstem (2); Hood–Col. mainstem (2) 
S. Chinook: Hood (2) 

Inundation of historical spawning habitat for Upper Gorge fall 
Chinook by Bonneville reservoir. 

Water quality- Elevated water temperatures related to 
reservoir heating  

F., LF. & S. Chinook: All populations-estuary (2); 
F. & S. Chinook: Clackamas–tributaries (2)  

Solar heating in reservoirs elevates water temperatures in Columbia 
River estuary and Clackamas River below dams.   
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Limiting Factors and Threats to Recovery of Oregon LCR Chinook 
Limiting Factor 

(corresponding code) 
Population and priority ranking: Specific Threats 

key concern (1), secondary concern (2) 
Hydrograph/water quantity- Low-head hydro project  F. & S. Chinook: Hood (2) Low-head hydro diversion reduces downstream flow, reducing 

available habitat and water quality. 
Hydrograph/water quantity- Altered hydrology  F. & LF. Chinook: All populations (1) 

S. Chinook: Clackamas, Sandy, Hood (2) 
Hydropower/flood control system alters timing and magnitude of 
spring freshets, impairs estuarine habitat quality and access.  

Land Management 
Habitat access- Impaired passage at dam  S. Chinook: Sandy (2)  Dams block or impair adult passage to spawning areas.  
Food web- Reduced macrodetrital inputs  All populations (1)  Reduced inputs of plant materials from wetlands and other estuarine 

areas. 
Predation- Increased predation by birds  F., LF. & S. Chinook: All populations (2) Estuarine habitat modification increased predation on juvenile coho 

by terns, double-crested cormorants and gulls. 
Physical habitat quality- Increased fine sediment in 
spawning gravel  

F. & Lf. Chinook: All populations, except L. 
Gorge & U. Gorge (2) 
S. Chinook: Hood (2) 

Roads on forest and rural lands alter sediment routing and increase 
delivery of fine sediment to stream channels. 

Physical habitat quality/ habitat access- Reduced 
habitat quality/complexity, including connectivity to off-
channel habitats  

F. Chinook: All populations except L. Gorge, U. 
Gorge–tributaries (1);  
F. & LF Chinook: all populations–estuary (2); 
S. Chinook: Clackamas & Sandy– fry/winter 
parr/tributaries (1); Clackamas–summer 
parr/tributaries 2); Clackamas, Sandy & Hood–
estuary (2) 

Tributaries – Impaired physical habitat quality and connectivity with 
off-channel areas due to stream cleaning, straightening and 
channelization, diking, wetland filling, and lack of large wood 
recruitment.   
Estuary – Dredging, disposal of sand/gravel, wetland filling, instream 
and over-water structures, dikes and navigational structures have 
significantly altered estuary size/function, and reduced connectivity 
with peripheral wetland and side channel habitat. 

Physical habitat quality – Impaired habitat quality and 
disconnected habitat  

L. Gorge, U. Gorge (1) Transportation corridor development and maintenance 

Water quality- Elevated water temperature  F. LF. & S. Chinook: All populations (2) 
 

Land use practices contribute to elevated steam temperatures by 
degrading riparian area quality, function and connectivity, and by 
reducing flow through water withdrawals and channel widening.   

Water quality- Contaminants from agricultural 
practices  

F., LF. & S. Chinook: All populations-estuary (2) 
F., LF. & S. Chinook: Hood-tributaries (2) 

Agricultural practices can increase exposure to water-soluble 
contaminants and other potentially toxic contaminants. 

Water quality- Toxics from urban & industrial sources  F. Chinook: Clatskanie, Scappoose, Clackamas, 
Sandy, L Gorge, Hood (2) 
LF. Chinook: Sandy (2) 
S. Chinook: Clackamas, Sandy, Hood (2) 

Toxic chemicals from urban and industrial practices reduce water 
quality in the estuary, including lower Willamette River. 

Hydrograph/water quantity- Irrigation withdrawals  F. Chinook: Hood (1) 
S. Chinook: Hood (2) 

Flow reductions decrease available habitat and water quality.   

Hydrograph/water quantity- Upslope practices  F. Chinook: Youngs, Big Creek, Scappoose (1) 
All populations-tributaries (2) 

Land use practices on uplands alter the flow regime and change the 
established natural hydrologic patterns. 
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Table E-7. Summary of limiting factors and threats that have led to the current status of Oregon LCR steelhead populations. 
   

Limiting Factors and Threats to Recovery of Oregon LCR steelhead 
Limiting Factor 

(corresponding code) 
Population and priority ranking: 

key concern (1), secondary concern (2) 
Specific Threats 

Harvest Management 
Population traits- Incidental or direct mortality 
from targeted fisheries  

U. Gorge, Hood (2) Columbia River above Bonneville gillnet fishery; treaty platform and 
hook/line fisheries.   

Population traits- Mortality from by-catch Winter steelhead: all populations (2) Fisheries targeted at other stocks or species.  
Hatchery Management 

Habitat access- Hatchery weirs impair passage  Youngs, Big, Sandy, L Gorge, U. Gorge (2)  Hatchery weirs block access of returning adults.  
Population traits - Stray hatchery fish interbreed 
with wild fish  

Big and Sandy (1); Hood summer (1); 
Youngs, Clackamas, L. Gorge, U. Gorge, Hood 
winter (2)  

Hatchery management practices that increase prevalence of hatchery 
fish spawning in natural spawning areas resulting in altered genetic 
composition and associated traits that affect survival. 

Competition- Competition with hatchery fish for 
limited habitat and food supplies  

All populations-estuary (2); 
U. Gorge, Hood-mainstem above Bonneville (2) 

Hatchery fish of all species competing for limited resources in estuary 
with LCR populations. 

Hydrograph/water quantity- Reduced flows  L. Gorge (2) Impaired passage and reduced habitat due to altered hydrology and 
reduced flows from hatchery water withdrawals.  

Hydropower/Flood Control Management 
Habitat access- Impaired passage at Bonneville 
Dam  

U. Gorge, Hood (2) Returning adults can be delayed, injured, killed at ladders. 
Concentration increases risk of predation, disease, harvest. Reservoir 
inundates lower habitats in tributaries above dam.  

Habitat access- Impaired passage at trib. hydro 
facilities  

Clackamas, Hood (2)  
 

Dams block or impair adult steelhead passage to spawning and rearing 
areas.  

Food web- Reduced macrodetrital inputs  All populations (1)  Flow alterations reduced inputs of plant materials from estuarine areas. 
Food web- Increased microdetrital inputs  All populations (1)  

 
Increased delivery of decaying phytoplankton from upstream Columbia 
River reservoirs. 

Predation- Increased predation by non-salmonid 
fish  

U. Gorge and Hood (2) 
 

Increased predation by non-salmonid fish due to reservoirs and flow 
regulations that make habitat favorable to predators. 

Predation- Increased predation by marine 
mammals  

U. Gorge and Hood (2) Marine mammal predation exacerbated by concentrating and delaying 
fish as they pass over Bonneville Dam 

Physical habitat quality- Altered sediment 
routing  

All populations (1) 
 

Hydropower/flood control system alters spring freshet flows, reducing 
sand discharge into estuary. 

Physical habitat quality - Gravel recruitment 
below dams  

Clackamas, Sandy (2) Dams alter sediment routing and reduce delivery of high quality 
spawning gravel below River Mill and Bull Run dams.  

Physical habitat quality- Inundation of riverine 
habitat  

U. Gorge–tributaries (1), mainstem Col. (2);  
Hood (2) 

Inundation of historical spawning habitat for Upper Gorge winter 
steelhead by Bonneville reservoir. 

Water quality- Elevated water temperatures 
related to reservoir heating  

All populations–estuary (2); Clackamas–tributaries 
(2) 

Solar heating in reservoirs elevates water temperatures in Columbia 
River estuary and Clackamas River below dams.   
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Limiting Factors and Threats to Recovery of Oregon LCR steelhead 
Limiting Factor 

(corresponding code) 
Population and priority ranking: 

key concern (1), secondary concern (2) 
Specific Threats 

Hydrograph/water quantity- Low-head hydro 
project  

Hood (2) Inadequate stream flow resulting from low-head hydro diversion reduce 
available habitat and increase water quality concerns. 

Hydrograph/water quantity- Altered hydrology  All populations (1) 
 

Hydropower/flood control system alters timing and magnitude of spring 
freshets, impairs estuarine habitat quality and access.  

Land Management 
Habitat access- Impaired passage at dam  Winter steelhead: Sandy, Hood (2)  Dams block or impair adult steelhead passage to spawning areas.  
Food web- Reduced macrodetrital inputs  All populations (1)  Reduced plant material input from wetlands and other estuarine areas. 
Predation – Increased predation by birds  All populations (2) Estuarine habitat modification increased predation on juvenile coho by 

terns, double-crested cormorants and gulls. 
Physical habitat quality - Increased fine 
sediment in spawning gravel  

All populations, except L. Gorge & U. Gorge (2) Roads on forest and rural lands alter sediment routing and increase 
delivery of fine sediment to stream channels. 

Physical habitat quality/ habitat access- 
Reduced habitat quality/complexity, including 
connectivity to off-channel habitats  

All populations except L. Gorge, U. Gorge–
tributaries (1); all populations–estuary (2) 
 

Tributaries – Impaired physical habitat quality and connectivity with off-
channel areas due to stream cleaning, straightening/channelization, 
diking, wetland filling, and lack of large wood recruitment.   
Estuary – Dredging, disposal of sand/gravel, wetland filling, instream 
and over-water structures, dikes and navigational structures have 
significantly altered estuary size/function, and reduced connectivity with 
peripheral wetland and side channel habitat. 

Physical habitat quality – Impaired habitat 
quality and disconnected habitat  

L. Gorge, U. Gorge (1) Transportation corridor development and maintenance 

Water quality– Elevated water temperature  tributaries – Youngs, Big, Clatskanie, Scappoose, 
Clackamas, Hood (2);  
estuary – all populations (2) 

Land use practices contribute to elevated steam temperatures by 
degrading riparian area quality, function and connectivity, and by 
reducing flow through water withdrawals and channel widening.   

Water quality- Contaminants from agricultural 
practices  

All populations-estuary (2) 
Hood-tributaries (2) 

Agricultural practices can increase exposure to water-soluble 
contaminants and other potentially toxic contaminants. 

Water quality- Toxics from urban & industrial 
sources  

Clatskanie, Scappoose, Clackamas, Sandy, L 
Gorge, Hood (2) 

Toxic chemicals from urban and industrial practices reduce water 
quality in the estuary, including lower Willamette River. 

Hydrograph/water quantity- Irrigation 
withdrawals  

Hood (1)  
 

Flow reductions decrease available habitat and decrease water quality.   

Hydrograph/water quality- Municipal withdrawals  Youngs, Big Creek, Sandy (2) Flow reductions contribute to increased temperatures and reduce 
habitat connectivity. 

Hydrograph/water quantity- Altered hydrology 
due to upslope land use practices  

Youngs, Big Creek (1) 
All populations-tributaries (2) 

Land use practices on uplands alter the flow regime and change the 
established natural hydrologic patterns. 
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3 Limiting Factors and Threats within Populations 
This section describes key and secondary limiting factors and threats to recovery of Oregon’s different 
populations of lower Columbia River salmon and steelhead.     
 
3.1 Limiting Factors and Threats for Youngs Bay Populations 
Key and secondary limiting factors and threats that have contributed to the current status of Youngs Bay 
salmon and steelhead populations at each life stage are shown in Table E-8, followed by a discussion of 
supporting information.  
 
Table E-8. Key and secondary limiting factors and threats for Youngs Bay Salmon and Steelhead. 
 

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr
Returning 

Adults Spawners Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Coho 1a 1a

Chum

Fall Chinook 1a 1a

Steelhead 1f

Coho 2a 3 4a

Chum 2a 6c

Fall Chinook 2a 3
Winter Steelhead 2a 3

9aa

5a5b7b10d

9aa

5a5b7b10d

6b8a9a9b

5a

8a9a9b

5a

6b

4a

5a5b7b10d

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

9aa

5a5b7b10d

9aa

Winter Steelhead

9a 10f 8a10f

Chum

Threats Species

Tributaries

Hydro

Fall Chinook

4a

Ocean

Winter Steelhead

Landuse

7a 10f

6b8a9a9b

5a

Fall Chinook

7a 10f 8a10f

8a 

10f 10f

9a10e10f

5a
8a9a9b

8a 

10f

Chum 10f7a 10f

Coho 7a 10f

Harvest

Hatchery

Coho

Estuary (below Bonneville and Willamette Falls)

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
2a Habitat access (impaired upstream passage) North Fork Klaskanine hatchery weir 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6c Predation by hatchery fish Smolts from all Columbia Basin hatcheries 
7a Physical habitat quality (excessive fine sediment) Rural roads 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 

9aa Water quality (elevated water temperature due to solar heating) Columbia Basin hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 

10d Hydrograph/water quantity (impaired access to off-channel habitat, 
altered plume dynamics, impaired estuarine habitat, and altered 

Columbia Basin hydropower dams 
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Code Limiting Factor Threat 
food web) 

10e Hydrograph/water quantity (reduced downstream flows) City of Warrenton municipal water withdrawals 
10f Hydrograph/water quantity (altered hydrology) Upslope land uses 

 
Harvest Management 
 Population traits (1a). Incidental or direct mortality from the targeted estuary gill net fishery and 

ocean troll fishery has a key effect on Youngs Bay coho and fall Chinook.  For roughly the last 30 
years, the harvest rates on the Youngs Bay populations from these fisheries have averaged 90 percent 
for coho and 75 percent for fall Chinook (see Chapter 4, Table 4-8).  Harvest rates on the populations 
have remained high in recent years. 
 
Select Area fisheries for coho and fall Chinook also take place in Youngs Bay.  These fisheries, 
which have been implemented since the early 1960s, are separate from the mainstem Columbia River 
fisheries.  The extremely high impact Select Area coho fishery targets a hatchery coho run that returns 
a few weeks before the historical wild run did, but could also exert a strong selection against the early 
returning portion of the naturally produced run.  The fall Chinook fishery targets Select Area Bright 
fall Chinook from hatchery and net pen releases in the Youngs Bay watershed.   
 

 Population traits (1f). Incidental mortality of wild winter steelhead in mainstem winter/spring 
commercial gill and tangle net fisheries and mainstem and tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population. 

 
Hatchery Management 
 Habitat access (2a). Impaired passage at weirs for Klaskanine Hatchery on the North Fork 

Klaskanine River is a secondary concern for Youngs Bay salmon and steelhead.  In the past the weirs 
blocked coho and winter steelhead12 access to 18 miles of historical habitat.  They also block chum 
and fall Chinook access, however, it is unclear how much of the upstream habitat is suitable for these 
species.  In addition, the hatchery intake screen at the North Fork Klaskanine hatchery does not 
currently meet NMFS specifications and may inhibit the passage of wild juvenile salmonids.   

 
 Population traits (3).  Stray hatchery fish interbreeding with spawners of natural origin, and resulting 

altered genetic composition and associated traits that affect population survival, is a key concern for 
Youngs Bay coho and fall Chinook populations, and a secondary concern for Youngs Bay steelhead.   

 
Coho: Available data from CWT recoveries and hatchery tagging rates indicates that the Youngs Bay 
population group includes a high proportion of hatchery-origin spawners, with an average of 
approximately 86 percent of the found on the spawning grounds of hatchery origin (Chapter 4, Table 
4-8).  The vast majority of the hatchery-origin strays are from coho released from net pens and 
hatcheries in the Youngs Bay drainage, however hatchery coho from programs outside the Youngs 
Bay watershed also stray into Youngs Bay.  Genetic analysis of Youngs Bay coho salmon indicates a 
similarity to other LCR coho salmon populations; however, given the magnitude of hatchery 
introductions, it is unknown if this similarity is related to natural or hatchery-related factors.  Analysis 
indicates that there is little, if any, natural coho production in the Youngs Bay population (McElhany 
et al. 2007). 
 
Most coho releases in Youngs Bay occur under the umbrella of the Select Area Fisheries 
Enhancement project.  The Clatsop County Fisheries Project (formally known as the Clatsop 

                                                      
12 In recent years unmarked coho and steelhead are being passed over the weirs but may experience a 
delay in migration as they wait to be passed. 
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nto the Youngs Bay population area through the Astoria High 
chool and Warrenton High School Salmon and Trout Enhancement Programs (STEP).  Each 
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eek Hatchery are believed to make up a small proportion of the hatchery fish that 
tray into Youngs Bay.  All coho released from Big Creek Hatchery are now mass-marked with an 

Economic Development Council (CEDC) Fisheries Project) operates three estuarine net pe
Youngs Bay and a hatchery on a Youngs Bay tributary, the South Fork Klaskanine River.  
Broodstock and coho production for the Project is from Big Creek and upstream Columbia River 
hatcheries (Bonneville, Oxbow, Cascade, and the Eagle Creek NFH coho program).  All ha
released through the Clatsop County Fisheries Project are mass-marked with an adipose fin-clip 
before release.  The project released 1.6 million coho smolts in 2006 (Clatsop County 2008).  
Additional coho releases in Youngs Bay will occur in the near future as part of the Select Area 
Fisheries Enhancement (SAFE) project.  The Klaskanine Hatchery on the North Fork Klaskani
River is currently reinitiating coho production starting with the 2006 brood, utilizing Big Creek 
The hatchery previously released coho from 1911 into the 1990s using broodstock with a number o
different propagation histories.  
 
Hatchery coho are also released i
S
program obtains 5,000 eggs from Big Creek Hatchery annually and releases the fish as presmolt
Astoria High releases the coho into Youngs Bay and Warrenton High releases the fish into the 
Skipanon River.  The programs released coho fry unmarked in the past but today all releases are 
mass-marked.  Of the few adults produced from these programs, most are believed to contribute
area fisheries; however a small number of the returning hatchery adults may escape harvest and 
spawn naturally.   
 
Strays from Big Cr
s
adipose fin-clip. 
 
Fall Chinook: Estimates based on CWT recovery rates and tagging rates at nearby hatcheries show 
ignificant numbers of domesticated hatchery Chinook straying to Youngs Bay fall Chinook 
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eir 

ecoveries on spawning grounds in the Youngs Bay basin show 
at the majority of fall Chinook spawning in Youngs Bay tributaries have been Select Area Brights 

 

 released 

mong tule fall Chinook and SABs (tule fall Chinook finish 
pawning by the end of October and SAB fall Chinook begin spawning mid-October and end mid-

h a 

atersheds, including Big Creek Hatchery, may also 
tray into Youngs Bay.  The lack of fin clips on hatchery tule fall Chinook from this facility until 

s
spawning grounds.  Hatchery strays are estimated to comprise and average of 90 percent of fall 
Chinook spawning in the population area (Chapter 4, Table 4-8).  The local tule Chinook pop
has declined to very small numbers, and strays from the local hatchery programs pose a risk to th
fitness and diversity (NMFS 2004).   
 
Analyses from fin-clip and CWT tag r
th
(SAB) and that the tule population is very depressed in these tributaries (NMFS 2004).  The SAB 
program is implemented in Youngs Bay to support a fall Chinook terminal area fishery in the bay and 
contribute to Buoy 10 recreational and ocean fisheries.  SABs are a hatchery stock that originated 
from Rogue River fall Chinook stock egg transfers between 1982 and 1986.  Broodstock collection 
for this program includes volitional return of adults to both Klaskanine and South Fork Klaskanine
hatcheries, and active collection of adults in tidewater sections of Youngs Bay tributaries 
(discontinued in 2008).  Fish are released from South Fork Klaskanine Hatchery, operated by the 
Clatsop County Fisheries Project, and from net pens located in Youngs Bay.  The program
1.1 million fall Chinook smolts in 2006.  
 
There is a small overlap in spawn timing a
s
November), however it is unclear whether the two interbreed.  Currently, there are only anecdotal 
accounts of SAB x tule cross.  Since the first release in 1983, all SABs have been mass-marked wit
left ventral fin-clip with the exception of the 1986-89 broods.  Some of the fish receive an adipose 
and left ventral clip and a CWT combination.   
 
Tule fall Chinook from hatcheries in adjacent w
s
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oria and Warrenton high school STEP programs also released hatchery tule fall 
hinook presmolts in the Youngs Bay area using eggs received from Big Creek Hatchery.  The small 

e 

e 

2007 has made it difficult to determine if tule fall Chinook that appear in Youngs Bay tributaries are
from that facility.   
 
In past years the Ast
C
size and design of the programs (presmolt releases) is believed to have reduced the threat from the us
of non-local broodstock, although there are no data with which to assess any consequences (NMFS 
2004).  Currently, Astoria high school has 25,000 SAB to release from the 2008 brood and Warrenton 
high school has 5,000 Tule Chinook from Big Creek stock. Warrenton High School plans to continu
their fall Chinook program in the future if broodstock becomes available from Big Creek Hatchery.  
Fish released from this program will be adipose fin clipped.   
 
Winter Steelhead:  As reported in Chapter 4 (Table 4-8), hatchery strays are thought to comprise 
bout 20 percent of the spawning steelhead in the population.  Winter steelhead from the hatchery, 

e 

  See the discussion of common hatchery management limiting 
ctors and threats in Section 2.2 for background information on competition with hatchery fish in the 

 by hatchery fish (6c).  See the discussion of common hatchery management limiting factors 
and threats in Section 2.2 for background information on predation by hatchery fish in the estuary. 

a
which are from Big Creek origin, interbreed with wild steelhead in the Klaskanine River (below th
hatcheries) and adjacent tributaries. 
 
Competition with hatchery fish (4a). 
fa
estuary. 

 
 Predation

 
Hydropower/Flood Control Management 
No hydropower/flood control projects exist in the population area.  For a discussion of impacts in the 

r system on food web (5a & 5b), impaired sediment routing estuary of the Columbia River hydropowe
(7b), elevate water temperatures (9aa) and altered hydrograph\water quantity (10d), see Section 2.3. 
 
Land and Water Management 
 Food Web (5a).  See the discussion of common land and water management limiting factors and 

nformation on reduced macrodetrital inputs in the estuary due 

ater management limiting factors 
and threats in Section 2.4 for background information on predation by birds in the estuary. 

ning 
gravels from forest and rural roads is a secondary concern for Youngs Bay salmon and steelhead 

 in 
6; 

leaning, straightening and channelization, diking, wetland filling, and lack of large wood recruitment 

 

provided flood control— significantly altered habitat conditions in the Youngs 

threats in Section 2.4 for background i
to non-hydropower related land and water management practices. 

 
 Predation by birds (6b).  See the discussion of common land and w

 
 Physical habitat quality (7a).  Impaired physical habitat quality due to fine sediment in spaw

populations.  Numerous inventories and assessments identify fine sediment as a significant concern
the Youngs Bay watershed (Kavanaugh et al. 2006; Anlauf et al. 2006; Mulvey and Borisenko 200
NPCC 2005).  Run-off from unstable forest and rural roads is the primary cause for the increased 
sediment levels that reduce habitat quality in watershed streams (Bischoff et al. 2000a, 2000b).  
 

 Physical habitat quality and habitat access (8a). Impaired physical habitat quality due to stream 
c
is a key concern for coho and winter steelhead winter parr and fall Chinook fry.  These activities 
reduced channel structure and complexity, degraded riparian conditions and elevated sediment loads 
that now limit physical habitat quality for salmon and steelhead in the Youngs Bay watershed.   
 
Historically, Youngs Bay was a broad floodplain abundant in tidal marsh and swamp habitat (LCREP

007).  However, extensive diking—primarily between 1917 and 1939 to gain pasture and 2
agricultural land and 
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th of 

 
rt of 

e 

e 
sity and pool frequency (Bischoff et al. 2000a and 

2000b; Anlauf et al. 2006; Kavanaugh et al. 2006; NPCC 2005).  The factors limit growth and 

ff et 

 

uality and access in the estuary 
ue to non-hydropower related land and water management practices. 

Bay watershed by disconnecting the floodplain from the stream and eliminating access to side 
channel spawning and rearing habitat.  The lower Lewis and Clark and Walluski rivers, mou
Youngs Bay, and east side of Youngs Bay were particularly affected (Bischoff et al. 2000a).  The 
remaining fragmented tidal marsh and swamp habitats in Youngs Bay are thought to differ in 
structure and vegetative community from historical habitat conditions (LCREP 2006).  Dredging, 
stream cleaning, straightening and channelization have further reduced physical habitat quality and
habitat accessibility. Dredging has occurred in Youngs Bay to maintain navigability for the Po
Astoria (Bischoff et al. 2000a) and along the lower 4.5 miles of the Lewis and Clark River.  Dredg
spoils were placed on diked areas along the river.  

 
Research shows that a number of surveyed stream reaches within the watershed now rank as moderat
to undesirable for attributes such as large wood den

survival of coho winter parr, fall Chinook fry, and winter steelhead winter parr.  Surveys show that 
residual pool depth in the surveyed reaches have the greatest variability, with desirable conditions in 
the Klaskanine River and undesirable conditions in Hartill, Klickitat, and Loowit creeks (Bischo
al. 2000a).  The patches of poor habitat in the smaller tributaries and in side channels of the 
Klaskanine River may be affecting coho distribution (LCREP and LCFRB 2004).  Many riparian 
areas in the Youngs Bay watershed are also impaired and do not demonstrate an adequate potential to
contribute large woody debris to the stream channel (Figure E-5).     
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired physical habitat q
d
 

 
5. Current riparian condition in Youngs Bay watershed (Maher et al. 2005). 

Water quality (9a). Water withdrawals, lack of riparian vegetation, and channel widening all 

Figure E-
 
• 

 secondary concern contribute to high water temperature problems in the Youngs Bay watersheds, a
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n 
  

r additional background information on impaired water quality in the estuary due to non-

•  of common land and water management 
miting factors and threats in Section 2.4 for background information on agricultural toxins in the 

not considered a key or secondary concern for Youngs Bay salmon and steelhead 
opulations as a whole, localized urban and industrial activities in and near the city of Astoria may 

quiring 

 listings for trace metals in 
l coliform in the 

• wis and Clark River for municipal 
se pose a secondary concern for Youngs Bay winter steelhead.  The withdrawals have high potential 

 
om 

g 

nd and floodplain processes (10f).  Altered hydrology from 
nd management poses a key concern to Youngs Bay coho and winter steelhead winter parr, and fall 

for coho and winter steelhead populations.  Sections of Youngs, Lewis and Clark, and Skipano
rivers are included on DEQ’s 303(d) list for water quality impairment due to excessive temperature. 
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
fo
hydropower related land and water management practices. 
 
Water quality (9b).  Agricultural toxins.  See the discussion
li
estuary.   
 
Although 
p
also contribute contaminants to the Youngs Bay watershed and estuary.  A number of sites re
remedial action have been identified (Oregon DEQ land cleanup database 
http://www.deq.state.or.us/lq/ecsi/ecsi.htm, and water quality assessment database 
(http://www.deq.state.or.us/wq/assessment/rpt0406/search.asp) shows 303d
creeks near the Astoria landfill). There are also some reports in this database of feca
Klaskanine River, Lewis and Clark River, and Skipanon Rivers, indicating that wastewater 
contaminants from sewage or septic tanks might also be present.  
 
Hydrograph/water quantity (10e).  Water withdrawals from the Le
u
for dewatering habitat in the Youngs Bay watershed assessment area (Bischoff et al. 2000a).  The 
river is the primary water source for the City of Warrenton and three of its tributaries (Big South 
Fork, Little South Fork, and Camp C Creek) serve as secondary sources (Woodward-Clyde 1997). 
The city typically diverts water from the mainstem Lewis and Clark River (25 cfs appropriated) fr
July 1 to October 1.  After this date the three secondary sources supply enough water to meet existin
municipal demands, including appropriations of 5 cfs from Big and Little South Forks and 2 cfs from 
Camp C Creek (Bischoff et al. 2000a).   
 

• Altered hydrology due to changes in upla
la
Chinook fry.  It poses a secondary concern for all Youngs Bay salmon and steelhead populations.  
Privately owned forest lands cover large areas and have been degraded through harvest practices.  
(See Section 2.4 for an additional discussion of land and water management impacts on 
hydrograph/water quantity that are common to all LCR population areas).   
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3.2 Limiting Factors and Threats for Big Creek Populations  
Key and secondary limiting factors and threats that have contributed to the current status of Big Creek 
salmon and steelhead populations at each life stage are shown in Table E-9, followed by a discussion of 
supporting information.   
 
Table E-9. Key and Secondary Limiting Factors and Threats for Big Creek Salmon and Steelhead.  

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr
Returning 

Adults Spawners Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Coho 1a 1a

Chum

Fall Chinook 1a 1a

Winter Steelhead 1f

Coho 2a 3 4a

Chum 2a 6c

Fall Chinook 2a 3
Winter Steelhead 2a 3

9aa

5a5b7b10d

9aa

5a5b7b10d

6b8a9a9b

5a

8a9a9b

5a

6b

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

Coho 7a 10f 8a 

10f 9a10e10f 8a10f

9aa

5a5b7b10dWinter Steelhead

9aa

5a5b7b10dFall Chinook

Chum

Chum 7a 10f 10f

4a

Coho

Estuary (below Bonneville and Willamette Falls) Ocean

Harvest

Threats Population

Tributaries

Landuse

Hatchery

Hydro

6b8a9a9b

Fall Chinook

7a 10f 9a10e10f 8a10fWinter Steelhead
5a

8a9a9b

5a7a 10f 8a 

10f 10f

4a

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
2a Habitat access (impaired upstream passage) Hatchery weirs and Big Creek and Gnat  Creek watersheds 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6c Predation by hatchery fish Smolts from all Columbia Basin hatcheries 
7a Physical habitat quality (excessive fine sediment) Rural roads 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 

9aa Water quality (elevated water temperature due to solar heating) Columbia Basin hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 

10d Hydrograph/water quantity (impaired access to off-channel habitat 
and altered plume dynamics, estuarine habitat, and food web) 

Columbia Basin hydropower dams 

10e Hydrograph/water quantity (reduced downstream flows) Altered hydrologic regime, City of Astoria municipal water withdrawals 
10f Hydrograph/water quantity (altered hydrology) Upslope land uses 
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Harvest Management 
 Population traits (1a). Incidental or direct mortality from the targeted estuary gill net and ocean troll, 

and recreational fisheries has a key effect on Big Creek coho and fall Chinook.  In recent years, the 
harvest rates on the Big Creek populations from these fisheries have averaged 70 percent for coho and 
65 percent for fall Chinook (Chapter 4, Table 4-8).  Harvest rates on the populations have remained 
high in recent years. 

 
Nearby SAFE fisheries at Tongue Point/South Channel and Blind Slough/Knappa Slough potentially 
have a particularly significant impact on the Big Creek coho population. The fisheries target the 
earlier returning hatchery fish, but may also exert a strong selection against the early portion of the 
naturally produced run, which historically had a later run-timing.  The population likely experienced 
even higher harvest rates in the past, 75 to 90 percent from the 1950s to the early 1990s, and impacts 
from these past fisheries on the genetic character of the population remain unclear (McElhany et al. 
2007). 

 
 Population traits (1f). Incidental mortality of wild winter steelhead in mainstem winter/spring 

commercial gill and tangle net fisheries and mainstem and tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population. 

 
Hatchery Management 
 Habitat access (2a). A hatchery weir at Big Creek hatchery and an artificial waterfall created by 

blasting bedrock to block fish from passing above Gnat Creek hatchery and the Gnat Creek hatchery 
water intake historically limited fish distribution and are considered a secondary concern for Big 
Creek salmon and steelhead.  

 
Big Creek Hatchery blocks access to up to 16 miles of coho and winter steelhead habitat.  While these 
also block passage of returning fall Chinook and chum, they are not considered significant impacts 
for these species because the quantity of fall Chinook habitat above is believed to be limited.  Adult 
unmarked coho and winter steelhead are currently passed above the Big Creek hatchery, restoring 
access to a considerable portion of the watershed and creating an “all-natural” spawning area above 
the weir.  The hatchery, however, remains a complete barrier to juvenile salmonid migration.  Fall 
Chinook are not passed above the weir.  
 
The artificial waterfall and hatchery water intake at Gnat Creek Hatchery blocks access to up to 3.5 
miles of potential anadromous fish habitat above the hatchery, a reach that is primarily suitable for 
steelhead.  Adults are not currently passed above the facility.   

 
 Population traits (3).  Stray hatchery fish interbreeding with wild fish present a key concern for the 

Big Creek coho, fall Chinook and winter steelhead populations.  The large numbers of hatchery strays 
on local spawning grounds over the years have likely reduced the productivity and diversity of the 
wild populations. 
 
 Coho: Random survey results since 2002 indicate that a small number of natural origin coho spawn 
in Big Creek and that hatchery fish dominate the population.  This is consistent with findings from 
other analysis, which indicate that over the past 5 years a significant percentage of the coho spawners 
in the area have been hatchery strays, averaging 86 percent (Chapter 4, Table 4-8).  Many of these 
hatchery fish are from Big Creek hatchery.  Big Creek Hatchery has released a substantial number of 
coho into the Big Creek watershed since 1941.  Transfers into this broodstock occurred in 1944 and 
1951 from the Klaskanine Hatchery, in 1970 from Sandy River Hatchery, and in 1984 from the 
Bonneville Hatchery. Otherwise, all broodstock were collected at Big Creek (Myers et al. 2006).  
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While the net effect of this program is unknown, it has increased the number of naturally spawning 
coho in Big Creek.  Most of these naturally produced coho are believed to be second generation 
hatchery fish (NMFS 2004).  Such findings suggest that the traits currently expressed by the Big 
Creek population most likely originate from the hatchery fish produced at Big Creek Hatchery 
(McElhany et al. 2007).  Today all hatchery releases are mass-marked with an adipose fin-clip and the 
hatchery does not include unmarked fish in its broodstock.   
 
Fall Chinook: The Big Creek fall Chinook population has been subjected to high levels of hatchery-
origin fish on the spawning grounds.  Current estimates based on CWT recovery rates and CWT 
tagging rates indicate that hatchery strays likely represent at least 90 percent of the fall Chinook 
spawners in the Big Creek population area (Chapter 4 and Appendix B).   
 
Since 1941, eight different stocks of fall-run Chinook salmon have been released from Big Creek 
Hatchery, as well as a number of spring-run Chinook salmon stocks (primarily from the Upper 
Willamette River ESU).  Altogether, more than 200 million fall-run Chinook have been released into 
the Big Creek basin.   Big Creek Hatchery also released SAB fall-run Chinook salmon for several 
years, but this program was relocated to Youngs Bay in 1996 to address the problem of excessive 
straying.  Genetically, the Big Creek Hatchery tule population most closely resembles fall-run 
Chinook salmon from the Spring Creek NFH (Gorge fall-run stratum) from which it is descended.  It 
is unclear to what degree these Spring Creek fish could have adapted to local conditions.  The 
hatchery currently releases 5 to 6 million Chinook salmon annually, down from previous releases of 
10 million.   
 
Stray Big Creek tule fall Chinook have been recovered in Bear Creek, Gnat Creek and Plympton 
Creek, but are mostly found in lower Big Creek.  Surveys in 2001 and 2002 found that straying of Big 
Creek fall Chinook into Bear and Gnat creeks was less than 10 percent (Fulop 2003).  The occurrence 
of hatchery origin fall Chinook on the spawning grounds has been greater than 50 percent in Big 
Creek (NMFS 2004).  Homing fidelity of fall Chinook to Big Creek Hatchery is low, partly because 
attraction flows are low at the time these fish return.  In 2003, approximately 16,785 Chinook 
returned to the hatchery rack.   
 
Winter Steelhead: As reported in Chapter 4 (Table 4-8), hatchery strays are thought to comprise about 
40 percent of the steelhead spawning in the population area (Chapter 4, Table 4-8).  Big Creek 
Hatchery releases 60,000 adipose fin-clipped yearling winter steelhead smolts into Big Creek and 
40,000 adipose fin-clipped yearling winter steelhead smolts into Gnat Creek annually.  Marked 
hatchery winter steelhead adults were observed in the Big Creek and Gnat Creek watersheds during 
spawning surveys in 2003 and 2004.  While spawning surveyors could only identify the origin of a 
few spawners during the surveys, all the fish identified during the 2004 survey were of hatchery 
origin (Goodson 2005).   
 

 Competition with hatchery fish (4a).  See the discussion of common hatchery management limiting 
factors and threats in Section 2.2 for background information on competition with hatchery fish in the 
estuary. 
 

 Predation (6c). Predation on chum salmon by hatchery coho is a secondary concern for the Big Creek 
chum population.  More than 0.5 million hatchery-origin yearling coho smolts are released in the Big 
Creek basin in most years and they likely prey on Big Creek chum salmon13.  Predation by coho 

                                                      
13 Note that Grays River chum salmon emigration is from March through May.  If Big Creek chum have 
the same timing, impacts from hatchery coho predation would primarily be on the later portion of the 
chum fry outmigration since hatchery coho releases start around May 1, with the majority beginning May 
13. 
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smolts on chum fry has not been thoroughly documented in the Lower Columbia River; however, 
even low predation levels may have a substantial impact on recovery of this population because of the 
extremely low number of chum salmon currently produced in the Big Creek basin.  See the discussion 
of common hatchery management limiting factors and threats in Section 2.2 for background 
information on predation by hatchery fish in the estuary. 

 
Hydropower/Flood Control Management 
No hydropower/flood control projects exist in the population area.  For a discussion of impacts in the 
estuary of the Columbia River hydropower system on food web (5a & 5b), impaired sediment routing 
(7b), elevate water temperatures (9aa) and altered hydrograph\water quantity (10d), see Section 2.3. 
 
Land and Water Management 
 Food Web (5a).  See the discussion of common land and water management limiting factors and 

threats in Section 2.4 for background information on reduced macrodetrital inputs in the estuary due 
to non-hydropower related land and water management practices. 

 
 Predation by birds (6b).  See the discussion of common land and water management limiting factors 

and threats in Section 2.4 for background information on predation by birds in the estuary. 
 
 Physical habitat quality (7a).  Impaired physical habitat quality due to fine sediment in spawning 

gravels from forest and rural roads is a secondary concern for all Big Creek salmon and steelhead 
populations.  Several assessments identify high fine sediment levels as a significant concern 
(Kavanaugh et al. 2006; Anlauf et al. 2006; Mulvey and Borisenko 2006; NPCC 2005).  The Nicolai-
Wickiup Watershed Assessment (Bischoff et al. 2000c) identifies run-off from forest and rural roads 
as the primary source.   
 

 Physical habitat quality and habitat access (8a).  Impaired physical habitat quality due to stream 
cleaning, straightening and channelization, diking, wetland filling, and lack of large wood recruitment 
is a key concern for Big Creek coho, fall Chinook and winter steelhead.  These activities have 
degraded physical habitat quality in the Big Creek watershed by reducing floodplain connectivity and 
channel structure and complexity, and elevating fine sediment levels.  Many historical wetlands in the 
lower watershed have been drained, diked and/or disconnected from streams, impairing fish access to 
side channels and small tributaries.  The Blind Slough subwatershed has been the most heavily 
impacted, and now contains predominantly palustrine emergent wetlands that are farmed or used for 
grazing.  The mouth of Hall Creek is also heavily diked, disconnecting the floodplain and local 
palustrine emergent wetlands (Bischoff, et al. 2000c).   

 
Stream structure and riparian function are also degraded in parts of the Big Creek watershed. Most 
surveyed stream reaches are considered to be moderate to undesirable for attributes such as large 
wood density and pool frequency (Bischoff et al. 2000c; Anlauf et al. 2006; Kavanaugh et al. 2006; 
NPCC 2005).  A number of stream reaches in the watershed are considered ‘moderately impaired’ 
(Figure E-6). 
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired physical habitat quality and access in the estuary 
due to non-hydropower related land and water management practices. 
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Figure E-6. Current riparian condition in Big Creek watershed (Maher et al. 2005).   
 
 Water quality (9a). High water temperatures are a secondary concern for Big Creek coho and winter 

steelhead.  Bear Creek and Gnat Creek are on Oregon DEQ’s 303(d) list for water quality impairment 
due to excessive temperatures during rearing and migration periods.  Lack of riparian vegetation, 
water withdrawals and channel widening likely increase summer water temperatures (Kasper et al. 
2003).  The extent to which individual tributaries contribute to temperature impairment in Gnat and 
Bear creeks remains unclear.   
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired water quality in the estuary due to non-
hydropower related land and water management practices. 
 

 Water quality (9b).  Agricultural toxins.  See the discussion of common land and water 
management limiting factors and threats in Section 2.4 for background information on 
agricultural toxins in the estuary.   
 
Although not currently identified as a key or secondary concern for Big Creek salmon and steelhead 
populations, high bacterial counts have been identified as a general water quality problem in Big 
Creek, though the source is unclear (see Oregon DEQ water quality assessment database 
http://www.deq.state.or.us/wq/assessment/rpt0406/search.asp). This suggests that there could be 
inputs of sewage or other waste into the system, and a potential for contamination with wastewater 
compounds such as pharmaceuticals and steroids.   

 
• Hydrograph/water quantity (10e).  Reduced downstream flows due to water withdrawals are a 

secondary concern for coho and winter steelhead in the Big Creek population area, impairing habitat 
access and physical habitat quality.  The largest water withdrawal in the Nicolai-Wickiup watershed 
is for the City of Astoria's municipal use and is drawn from the Bear Creek watershed.  Withdrawals 
from the Bear Creek watershed average 100 percent during the summer low flow periods of June 
through October (Bischoff et al. 2000c) and occur high in the drainage, affecting the entire range of 
summer rearing habitat for coho parr and winter steelhead within mainstem Bear Creek.   
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Altered hydrology due to changes in upland and floodplain processes (10f).  Altered hydrology from 
land management poses a key concern to Big Creek coho and winter steelhead winter parr, and fall 
Chinook fry.  It poses a secondary concern for all Big Creek salmon and steelhead populations.  An 
altered hydrology due to changes in upland and floodplain processes from land management 
contributes to flow problems.  The draining and diking of historical wetlands, primarily for 
agricultural use, particularly impacted the hydrology in the Nicolai-Wickiup watershed. 
Disconnecting the floodplains from their streams reduced floodplain storage capacity and exaggerated 
peak flows. This resulted in the downcutting of channels and increased flow velocities (Bischoff et al. 
2000c). Upland management has further impacted hydrology in the population area.  Privately owned 
forest lands cover large areas and have been degraded through harvest practices.  (See Section 2.4 for 
an additional discussion of land and water management impacts on hydrograph/water quantity that are 
common to all lower Columbia River population areas).   
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 3.3 Limiting Factors and Threats for Clatskanie Populations 
Key and secondary limiting factors and threats that have contributed to the current status of Clatskanie 
salmon and steelhead populations at each life stage are shown in Table E-10, followed by a discussion of 
supporting information. 
 
Table E-10. Key and Secondary Limiting Factors and Threats for Clatskanie Salmon and Steelhead.  
 

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr
Returning 

Adults Spawners Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Coho 1a 1a

Chum

Fall Chinook 1a 1a

Winter Steelhead 1f

Coho 3 4a

Chum 6c

Fall Chinook 3
Winter Steelhead

9aa

5a5b7b10d

9aa

5a5b7b10d

8a 6b8a9a9b9c

10f 5a

8a9a9b9c

5a

10f

6b

8a

10f

10f

10f

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

5a

6b8a9a9b9c
Winter Steelhead

Landuse

8a 

10f 9a 10f

9aa

5a5b7b10d

9aa

5a5b7b10d

Threats Population

Tributaries

8a9a9b9c

Fall Chinook

7a 10f 9a 10f

5a

7a 10f
8a

Hydro

Coho

Chum

Fall Chinook

Coho

Chum

7a 10f

7a 10f

Winter Steelhead

Harvest

Hatchery

4a
4a

Estuary (below Bonneville and Willamette Falls) Ocean

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6c Predation by hatchery fish Smolts from all Columbia Basin hatcheries 
7a Physical habitat quality (excessive fine sediment) Rural roads and land use 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 

9aa Water quality (elevated water temperature due to solar heating) Columbia Basin hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 
9c Water quality (toxins) Urban and industrial practices 

10d Hydrograph/water quantity (impaired access to off-channel habitat 
and altered plume dynamics, estuarine habitat, and food web) 

Columbia Basin hydropower dams 

10f Hydrograph/water quantity (altered hydrology) Upslope land uses 
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Harvest Management 
 Population traits (1a). Incidental or direct mortality from targeted estuary gill net, ocean troll, and 

recreational fisheries exert a key effect on Clatskanie coho and fall Chinook.  Coho: In recent years, 
the exploitation rates on the Clatskanie populations from these fisheries have averaged 35 percent   
for coho and 60 percent for fall Chinook (Chapter 4, Table 4-8).  These rates have declined in the last 
few years and now average less than 20 percent on the coho population and approximately 45 percent 
on the fall Chinook population.   
 

 Population traits (1f). Incidental mortality of wild winter steelhead in mainstem winter/spring 
commercial gill and tangle net fisheries and mainstem and tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population. 

  
Hatchery Management 
 Population traits (3).  Stray hatchery fish interbreeding with wild fish is a key concern for Clatskanie 

fall Chinook and a secondary concern for coho.  It is not a concern for Clatskanie steelhead.   
 

Fall Chinook: As reported in Chapter 4 and described in Appendix B, CWT recoveries and tagging 
rates at nearby hatcheries indicate that hatchery strays comprise roughly 90 percent of the fall 
Chinook spawners in the Clatskanie area (Appendix B).  No fall Chinook hatchery programs currently 
operate in the Clatskanie population area and many of the hatchery fish found in the Clatskanie 
originate from Big Creek Hatchery (233/240 CWTs), Elochoman Hatchery (3/240 CWTs) and other 
lower Washington hatchery programs (Takata 2005).  Naturally spawning fall-run Chinook salmon 
still occur in Clatskanie streams; however, most of the fish appear to be first generation hatchery 
strays (Theis and Melcher 1995). 

 
Coho: The percentage of hatchery-origin fish in the area has fluctuated considerably, with recent stray 
rates from 0 to 80 percent.  In recent years stray hatchery fish typically make up comprise 13 percent 
of the coho spawning in the Clatskanie area (Chapter 4, Table 4-8).  Hatchery fish dominate 
production in streams in the western portion of the population area but are less abundant in the 
Clatskanie River, which is on the eastern side of the population area where straying fluctuates yearly.  
Most of the hatchery-origin strays are from local hatcheries producing LCR coho salmon, particularly 
Big Creek Hatchery. 
 

 Competition with hatchery fish (4a).  See the discussion of common hatchery management limiting 
factors and threats in Section 2.2 for background information on competition with hatchery fish in the 
estuary. 

 
 Predation by hatchery fish (6c).  See the discussion of common hatchery management limiting factors 

and threats in Section 2.2 for background information on predation by hatchery fish in the estuary. 
 

Hydropower/Flood Control Management 
No hydropower/flood control projects exist in the population area.  For a discussion of impacts in the 
estuary of the Columbia River hydropower system on food web (5a & 5b), impaired sediment routing 
(7b), elevate water temperatures (9aa) and altered hydrograph\water quantity (10d), see Section 2.3. 
 
Land and Water Management 
 Food Web (5a).  See the discussion of common land and water management limiting factors and 

threats in Section 2.4 for background information on reduced macrodetrital inputs in the estuary due 
to non-hydropower related land and water management practices. 
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 Predation by birds (6b).  See the discussion of common land and water management limiting factors 
and threats in Section 2.4 for background information on predation by birds in the estuary. 

 
 Physical habitat quality (7a).  High levels of fine sediment in spawning gravels due to past and/or 

present land use activities, including road development are a secondary concern for all Clatskanie 
salmon and steelhead populations.  Numerous inventories and assessments have identified fine 
sediments as a significant concern in the Clatskanie basin (Anlauf et al. 2006; Kavanaugh et al. 2006; 
Mulvey and Borisenko 2006; NPCC 2005).  Forest and rural roads are leading sources of fine 
sediment in the system (Rule and Maser 2002). 

 
 Physical habitat quality (8a). Impaired physical habitat quality due to stream cleaning, straightening 

and channelization, diking, wetland filling, and removal of riparian vegetation is a key concern for 
Clatskanie coho, fall Chinook and winter steelhead.  Loss of channel structure and diversity, degraded 
riparian condition, lack of large wood recruitment and elevated sediment levels reduce habitat quality 
in the Clatskanie basin.  Researchers have ranked most surveyed stream reaches within the Clatskanie 
watershed as moderate to undesirable for attributes such as large wood density and pool frequency 
(Bischoff et al. 2000c; Anlauf et al. 2006; Kavanaugh et al. 2006; NPCC 2005).  For instance, Anlauf 
et al (2006) found that 78 percent of the Clatskanie River’s surveyed length had less than eight pieces 
of large woody debris per 100 meters.  Deep pool habitat in the river was also below desired levels, 
with no deep pools in approximately 80 percent of the cumulative surveyed length.   

 
Conditions in the lower reaches of Clatskanie tributaries are heavily impacted by agricultural land 
uses, and riparian conditions are severely impaired in these areas (NPCC 2005).  See Figure E-7. 
Surveys show that only 9 percent of the watershed’s riparian zones have an adequate supply of large 
conifers for recruitment of woody debris (Rule and Maser 2002).  
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired physical habitat quality and access in the estuary 
due to non-hydropower related land and water management practices. 

 
Figure E-7. Current riparian condition in Clatskanie watershed (Maher et al. 2005).  
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 Water quality (9a).  High summer water temperatures are considered a secondary concern for 

Clatskanie coho and winter steelhead.  Surveys show that nearly half the total riparian area in the 
Clatskanie basin does not provide adequate shade to maintain cool stream temperatures (Rule and 
Maser 2002). Portions of Beaver Creek, Clatskanie River and Little Clatskanie River are currently 
listed for high summer water temperatures on DEQ’s 2002 303(d) list.  A Total Maximum Daily Load 
(TMDL) plan was approved to address the concerns in 2004.   

 
A watershed assessment conducted by Portland State University for the Lower Columbia River 
Watershed Council indicates that water temperatures in other areas of the Clatskanie watershed may 
also exceed water quality standards (Rule and Maser 2002).  Temperature monitoring during summer 
1999 found that stream temperatures at seven of fifteen sites were impaired based on the standard of 
64°F for salmonids. Four of five sites within the middle and lower reaches of the Clatskanie River 
exceeded the temperature standard for more than 29 percent of the period of record (July through 
September). Three sites within Goble Creek also had impaired stream temperatures (Rule and Maser 
2002).  
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired water quality in the estuary due to non-
hydropower related land and water management practices.  
 
Water quality (9b).  Agricultural toxins are a secondary concern for Clatskanie salmon and 
steelhead populations.  See the discussion of common land and water management limiting factors 
and threats in Section 2.4 for background information on agricultural toxins in the estuary. 
 

 Water quality (9c).  Toxins from urban and industrial sources.  See the discussion of common 
land and water management limiting factors and threats in Section 2.4 for background information 
on toxins from urban and industrial sources in the estuary. 

 
Although not currently identified as a key or secondary concern for Clatskanie salmon and steelhead, 
high levels of fecal coliform have been noted at some sites in this watershed (Oregon DEQ water 
quality assessment database (http://www.deq.state.or.us/wq/assessment/rpt0406/search.asp)).  
This suggests that other wastewater contaminants associated with sewage and septic tank effluents 
might be present as well, although monitoring is needed to confirm this.  The same database 
identifies some reports of trace metals at levels of potential concern in the Clatskanie River. 

 
• Hydrograph/water quantity (10f).  Altered hydrograph/water quantity due to upland management 

practices. See the discussion of common land and water management limiting factors and threats in 
Section 2.4 for background information on the impacts of upland management practices on the 
hydrograph and water quantity. 
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3.4 Limiting Factors and Threats for Scappoose Populations 
Key and secondary limiting factors and threats that have contributed to the current status of Scappoose 
salmon and steelhead populations at each life stage are shown in Table E-11, followed by a discussion of 
supporting information.   
 
Table E-11. Key and Secondary Limiting Factors and Threats for Scappoose Salmon and Steelhead.  
 

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr
Returning 

Adults Spawners Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Coho 1a 1a

Chum

Fall Chinook 1a 1a

Winter Steelhead 1f

Coho 4a

Chum 6c

Fall Chinook 3
Winter Steelhead

9aa

5a5b7b10d

9aa

5a5b7b10d

8a 6b8a9a9b9c

10f 5a

8a9a9b9c

5a

6b

8a

10f

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

Coho 7a 10f 8a 

10f 9a 10f

Winter Steelhead

Landuse

9aa

5a5b7b10dWinter Steelhead

9aa

5a5b7b10dFall Chinook

Chum

Threats Population

Tributaries Estuary (below Bonneville and Willamette Falls) Ocean

6b8a9a9b9c

5a

Fall Chinook

7a 10f 9a 10f

7a 10f 8a 

10f 10f

2dChum 7a 10f 10f

4a

8a9a9b9c

5a

Harvest

Hatchery

Coho

Hydro

4a

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
2d Habitat access (impaired upstream passage) Road crossings, dams and diversions 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6c Predation by hatchery fish Smolts from all Columbia Basin hatcheries 
7a Physical habitat quality (excessive fine sediment) Rural roads and land use 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 

9aa Water quality (elevated water temperature due to solar heating) Columbia Basin hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 
9c Water quality (toxins) Urban and industrial practices 

10d Hydrograph/water quantity (impaired access to off-channel habitat 
and altered plume dynamics, estuarine habitat, and food web) 

Columbia Basin hydropower dams 

10f Hydrograph/water quantity (altered hydrology) Upslope land uses 
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Harvest Management 
 Population traits (1a). Indirect or direct mortality from targeted estuary gill net and recreational 

fisheries, and ocean troll fisheries have had a key effect on the Scappoose coho and fall Chinook 
populations.  In recent years the fishery exploitation rates on the Scappoose populations from these 
fisheries have averaged 35 percent for coho and approximately 60 percent for fall Chinook (Chapter 
4, Table 4-8).    
 

 Population traits (1f). Incidental mortality of wild winter steelhead in mainstem winter/spring 
commercial gill and tangle net fisheries and mainstem and tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population. 

 
Hatchery Management 
 Population traits (3).  Stray hatchery fish interbreeding with wild fish is considered a key concern for 

Scappoose fall Chinook.  It is not a concern for Scappoose coho or steelhead. 
 

As described in Chapter 4 and Appendix B, stray hatchery fall Chinook have typically made up 
roughly 90 percent of the fall Chinook spawners in the Scappoose area during the last 30 years.  The 
stray rate varies between years and may be affected by in-basin flow rates during the time hatchery 
fall Chinook return to the area.  Hatchery stray Chinook have been observed in the lower reaches of 
the Scappoose basin, and concerns exist for genetic introgression with the low number of native or 
naturally produced fish that may be spawning at the same time.  Recent surveys conducted by ODFW 
indicate that straying of hatchery spawners into Scappoose Creek has diminished in the past few 
years.  There is no hatchery program in this population area; however, there are a number of large 
fall-run Chinook salmon hatcheries in nearby basins (Cowlitz Salmon Hatchery and Kalama 
Falls/Fallert Creek Hatchery).  Information to document trends in hatchery fall Chinook stray rates 
and subsequent threats to the wild run is currently limited and more information might change the 
priority status of this threat. 
 

 Competition with hatchery fish (4a).  See the discussion of common hatchery management limiting 
factors and threats in Section 2.2 for background information on competition with hatchery fish in the 
estuary. 

 
 Predation by hatchery fish (6c).  See the discussion of common hatchery management limiting factors 

and threats in Section 2.2 for background information on predation by hatchery fish in the estuary. 
 

Hydropower/Flood Control Management 
No hydropower/flood control projects exist in the population area.  For a discussion impacts from the 
Columbia River hydropower system on estuarine habitat, including food web (5a & 5b), impaired 
sediment routing (7b), elevated water temperatures (9aa) and altered hydrograph\water quantity (10d), see 
Section 2.3. 
 
Land and Water Management 
 Habitat access (2d).  Impaired passage at road crossings, dams and diversions is a secondary concern 

for the Scappoose chum population.  Two very small low head dams on Milton Creek, which is 
believed to have once been the primary producer of chum in the Scappoose basin, may also be partial 
barriers for adult chum salmon.  

 
 Food Web (5a).  See the discussion of common land and water management limiting factors and 

threats in Section 2.4 for background information on reduced macrodetrital inputs in the estuary due 
to non-hydropower related land and water management practices. 
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 Predation by birds (6b).  See the discussion of common land and water management limiting factors 

and threats in Section 2.4 for background information on predation by birds in the estuary. 
 
 Physical habitat quality (7a).  High levels of fine sediment in spawning gravels due to past and 

present land use activities and from forest and rural roads pose a secondary concern for the Scappoose 
populations.  Stream habitat assessments identify instream fine sediments generated by roads as a 
concern in the basin (DEA 2000).   
 

 Physical habitat quality (8a). Impaired physical habitat quality due to stream cleaning, straightening 
and channelization, diking, wetland filling, and lack of large wood recruitment exerts a key concern 
for Scappoose coho, fall Chinook and winter steelhead.  Channelization and diking for flood control 
and farming have extensively modified some lowland floodplains of the Scappoose population area, 
such as near the Multnomah Channel.  
 
Loss of channel structure and complexity, degraded riparian conditions, and delivery of fine 
sediments to downstream areas all limit habitat quality for Scappoose salmon and steelhead 
populations.  Surveys show that most surveyed stream reaches in the Scappoose population area do 
not meet ODFW’s Habitat Benchmarks for large woody debris and complex habitat (ODFW Aquatic 
Inventories 1990 and 1998 in DEA 2000; Anlauf et al. 2006).  Physical habitat surveys conducted by 
ODFW (1999) found that several reaches of Salmon, Sierkes and Raymond creeks had low levels of 
wood and few complex pools.  ODFW’s surveys in the Scappoose watershed also suggested that 
riparian zones on a number of stream reaches in the area were not functioning to provide adequate 
fish habitat (DEA 2000).  See Figure E-8. The spread of non-native, invasive vegetation is also 
considered a problem on lower Scappoose watershed reaches were it is reducing riparian vegetative 
condition.   
 
Lower Milton Creek is mostly cut down to bedrock and there is little instream structure to keep gravel 
in the system.  Spawning gravel is limited below the mouths of Sandy and Cox creeks.  It is believed 
that habitat conditions in Milton Creek have been particularly impacted by past logging practices, 
including the historic use of splash dams.   
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired physical habitat quality and access in the estuary 
due to non-hydropower related land and water management practices. 
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Figure E-8. Current riparian condition in Scappoose watershed (Maher et al. 2005).  
 
 Water quality (9a).  Elevated water temperatures are a secondary concern for Scappoose coho and 

winter steelhead. Past water quality assessments indicate that instream temperatures in the lower 
Scappoose River regularly exceed summer maximum temperature standards for juvenile salmonids 
(DEA 2000).  Portions of Tide Creek and the Multnomah Channel are currently listed for high 
summer water temperatures on Oregon DEQ’s 303(d) list.  A TMDL plan was approved for Tide 
Creek to address the concerns in 2004.  Studies conducted in 2006 in the Scappoose area show that 
water temperatures in tested water bodies exceeded temperature standards, varying from 29 percent of 
days tested in the Multnomah Channel to 50 percent in Milton Creek (Willamette Riverkeeper 2006). 

 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired water quality in the estuary due to non-
hydropower related land and water management practices. 

 
• Water quality (9b).  Agricultural toxins.  See the discussion of common land and water management 

limiting factors and threats in Section 2.4 for background information on agricultural toxins in the 
estuary.   

 
 Water quality (9c).  Toxins from urban and industrial sources.  A major industrial and 

municipal outfall is a source of contaminants in the St. Helens and Goble area, contributing to 
reduced water quality in the estuary (9c). High concentrations of PBDEs and PAHs have been 
measured in tissue and stomach contents of juvenile Chinook salmon from sites near Columbia City, 
OR and Goble, OR (LCREP 2007; Jones et al. 2008). High concentrations of contaminants have also 
been reported in freshwater clams from the Multnomah Channel (Sherman et al. 2009).  See the 
discussion of common land and water management limiting factors and threats in Section 2.4 for 
background information on toxins from urban and industrial sources in the estuary.   

 
• Hydrograph/water quantity (10f).  Altered hydrograph/water quantity due to upland management 

practices pose a key concern for fall Chinook fry and a secondary concern for all the populations. See 
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3.5 Limiting Factors and Threats for Clackamas Populations 
Key and secondary limiting factors and threats that have contributed to the current status of Clackamas 
salmon and steelhead populations at each life stage are shown in Table E-12, followed by a discussion of 
supporting information.  Although officially part of the Upper Willamette spring Chinook ESU, limiting 
factors and threats for spring Chinook in the Clackamas are described here because of the overlap with 
actions for other lower Columbia River listed species in the population area.  
 
Table E-12. Key and Secondary Limiting Factors and Threats for Clackamas Salmon and Steelhead.  
 

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr Smolts
Returning 

Adults Spawners Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Coho 1a 1a

Chum

Fall Chinook 1a 1a

Spring Chinook 1f 1a

Winter Steelhead 1f

Coho 3 4a

Chum 3 6c

Fall Chinook 3
Spring Chinook 3

Winter Steelhead 3
9aa

5a5b7b10d

9aa

5a5b7b10d

7c

9aa

9aa

8a 6b8a9a9b9c

10f 5a

8a9a9b9c

5a

9a10f 10f 6b

8a

10f

8a

10f

Hatchery

Chum

4a

4a
4a

Harvest

Hydro

Spring Chinook

8aFall Chinook 9aa

7a 10f 8a 

10f 9a 10fCoho

8a 10f
8a9a9b9c

6b8a9a9b9c

5aSpring Chinook
8a 

10f 9a

7a 10f 9a 10f

10f 10f

Winter Steelhead

Landuse

Estuary (below Bonneville and Willamette Falls - 
includes tidal portions of tributaries) Ocean

Threats Population

Tributaries (Includes mainstem Clackamas and Johnson Creek)

9aa 7c 9aa

5a5b7b10d2f

8a

Coho 9aa 2f 9aa

9aa

5a5b7b10d

Winter Steelhead 9aa 2f 9aa

5a5b7b10d

Chum 7a 10f 10f

Fall Chinook 7a 10f

5a

2d

5a

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

6b8a9a9b9c

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
2d Habitat access (impaired upstream passage) Road crossings 
2f Habitat Access (impaired downstream passage) Clackamas River hydropower project 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6c Predation by hatchery fish Smolts from all Columbia Basin hatcheries 
7a Physical habitat quality (excessive fine sediment) Rural roads 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 
7c Physical habitat quality (impaired gravel recruitment) Clackamas River hydropower project 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 
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Code Limiting Factor Threat 
9aa Water quality (elevated water temperature due to solar heating) Columbia Basin and Clackamas River hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 
9c Water quality (toxins) Urban and industrial practices 

10d Hydrograph/water quantity (impaired access to off-channel habitat 
and altered plume dynamics, estuarine habitat, and food web) 

Columbia Basin hydropower dams 

10f Hydrograph/water quantity (altered hydrology) Upslope land uses 

 
Harvest Management 
 Population traits (1a). Incidental or direct mortality from the targeted estuary gill net and recreational 

fisheries, and ocean troll fisheries has a key effect on Clackamas coho and fall Chinook.  In recent 
years, the fishery exploitation rates on the Clackamas populations from these fisheries are thought to 
have 35 percent for coho and 60 percent for fall Chinook (Chapter 4 and Appendix B).   . 
 
Incidental or direct mortality from the targeted ocean troll fishery has a secondary effect on 
Clackamas spring Chinook.  The harvest impact on the wild belonging to this population from ocean 
and mainstem Columbia fisheries as well as those that occur in the Clackamas  have average about 25 
percent in recent years (Chapter 4, Table 4-8).  
 

 Population traits (1f). Incidental mortality of spring Chinook and winter steelhead in mainstem 
commercial gill and tangle net fisheries and mainstem and/or tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population. 
 

Hatchery Management 
 Population traits (3).  Stray hatchery fish interbreeding with wild fish is a key concern for Clackamas 

coho, fall Chinook and spring Chinook, and a secondary concern for Clackamas steelhead.   
 

Coho: The population-wide proportion of hatchery coho strays varies annually, but for 1974-2003 
brood years averages 34 percent of the coho spawners (Chapter 4 and Appendix B).  The vast 
majority of hatchery-origin strays are from the Eagle Creek NFH, although a few other within ESU 
strays have been observed (nearly all hatchery-origin coho salmon are marked, but few have origin-
source tags).  The Eagle Creek NFH releases early run coho salmon, and the hatchery’s coho 
broodstock is a mix of Sandy, Toutle, and Big Creek stocks. All hatchery releases have been mass-
marked with an adipose fin-clip since the 1990s and the hatchery does not include unmarked fish in 
the broodstock. 

 
Since mass-marking of all hatchery coho releases began in the 1990s, hatchery coho (presumably 
from Eagle Creek NFH) have rarely entered the fish ladder at Faraday Dam and attempted to stray 
into the Clackamas basin upstream of North Fork Dam.  In recent years, the few stray hatchery fish 
that have entered the Faraday fish handling facility have been removed from the basin, creating a 
“hatchery-free” zone in the upper Clackamas basin.  From 2000 to 2002, however, hatchery fish 
derived from the local wild population were passed upstream of the dams to supplement production.  
Downstream of North Fork Dam, hatchery coho strays are observed in select tributaries, primarily 
Deep and Eagle creeks.  There is some level of temporal separation between hatchery and wild 
spawners, leading to an unknown level of genetic introgression and resulting hatchery influence 
(Alsbury 2008). 
 
Fall Chinook:  From an analysis CWT recoveries and hatchery tagging rates for the Clatskanie and 
Sandy fall Chinook populations described in Appendix B, it is thought that up approximately 90 
percent of fall Chinook spawners in the Clackamas are of hatchery origin.   
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Spring Chinook: Hatchery strays are estimated to comprise an average of 42 percent of the naturally 
spawning spring Chinook in the Clackamas (Chapter 4 and Appendix B).   
 
Winter Steelhead:  Data indicates that hatchery strays have made up roughly 23 percent of the winter 
steelhead spawners in the Clackamas population area since 1974 (Chapter 4 and Appendix B). 
 

 Competition with hatchery fish (4a).  See the discussion of common hatchery management limiting 
factors and threats in Section 2.2 for background information on competition with hatchery fish in the 
estuary. 

 
 Predation by hatchery fish (6c).  See the discussion of common hatchery management limiting factors 

and threats in Section 2.2 for background information on predation by hatchery fish in the estuary. 
 
Hydropower/Flood Control Management 
 Habitat access (2f).  Impaired downstream passage past the Clackamas hydropower project is a key 

concern for spring Chinook and a secondary concern for coho and winter steelhead. Mortality of 
downstream migrating juveniles occurs at North Fork Dam, Faraday Powerhouse and River Mill 
Dam.  The FERC (2006) estimates in their DEIS for the Clackamas Hydro Project that estimated the 
current average mortality for smolts passing through the hydro complex is 24.6 percent for Chinook, 
5.0 percent for coho and 2.7 percent for steelhead.  The dams may also delay adult salmon and 
steelhead passage to upriver habitat and reduce spawner success and distribution. 

 
 Physical habitat quality (7c). Impaired gravel recruitment below the Clackamas hydropower project 

is a secondary concern for fall and spring Chinook.  A geomorphic analysis of the Clackamas River 
downstream of River Mill Dam shows that gravel recruitment is impaired in the two-mile reach below 
River Mill Dam (Wampler and Grant 2003). Sediment trapping by the dams has resulted in 
coarsening of the grain size, channel incision and erosion of margin deposits. 

 
 Physical habitat quality (8a). Degraded habitat conditions in the lower Clackamas due to dam 

development and operations pose a secondary concern to the fall and spring Chinook populations.  
Project development and operations inundated historical spawning and rearing habitats.  It also 
reduced physical habitat complexity and diversity in the lower Clackamas River, including the 
amount of large wood.  Off-channel and secondary channel habitat is also limited in the lower basin, 
primarily as a result of development, but also due to the lack of recruitment of coarse woody debris 
and gravel.  

 
 Water quality (9aa). Water impoundment in reservoirs above Clackamas hydropower dams results in 

solar heating and elevated river water temperatures below the hydropower projects, and poses a 
secondary concern for coho, spring Chinook and steelhead.  The elevated water temperatures in the 
Clackamas River during late summer and early fall limit spring Chinook spawning success in the 
lower basin.   

 
For a discussion of impacts from the Columbia River hydropower system on estuarine habitat, including 
food web (5a & 5b), impaired sediment routing (7b), elevated water temperatures (9aa) and altered 
hydrograph\water quantity (10d), see Section 2.3. 
 
Land Management 
• Habitat access (2d). Passage barriers at road crossings are a secondary concern for the Clackamas 

chum population.  The barriers impair chum migration to historical spawning and rearing areas in 
Clear Creek, Deep Creek and other lower Clackamas tributaries.  They also impair chum abundance 
and productivity in the Johnson Creek watershed, a tributary system to the Willamette River that is 
part of this population area.   
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 Food Web (5a).  See the discussion of common land and water management limiting factors and 
threats in Section 2.4 for background information on reduced macrodetrital inputs in the estuary due 
to non-hydropower related land and water management practices. 

 
 Predation by birds (6b).  See the discussion of common land and water management limiting factors 

and threats in Section 2.4 for background information on predation by birds in the estuary. 
 
 Physical habitat quality (7a). High levels of fine sediment in spawning gravels from forest and rural 

roads are a secondary concern for Clackamas salmon and steelhead.  EDT results show that increased 
sediment levels limit habitat quality in most areas of the lower Clackamas watershed, but especially 
in Deep Creek, the lower Clackamas mainstem, and other lower river tributaries (Primozich and 
Bastasch 2004).  High fine sediment levels are identified as a concern in the Clear and Foster Creek 
Watershed Assessment (Watershed Professionals Network, LLC 2002), Deep and Goose Creek 
Watershed Assessment (Watershed Professionals Network, LLC 2004), Rock and Richardson Creek 
Watershed Assessment (Ecotrust 2000), and the Clackamas River Subbasin Fish Management Plan 
(Murtagh et al. 1992).  EDT results also indicate that increased sediment levels limit salmon and 
steelhead productivity in the upper Clackamas basin.  Upper basin sediment levels have increased 
primarily because of past road building and timber harvest (USFS 1995). 
 

 Physical habitat quality (8a). Impaired physical habitat quality due to stream cleaning, straightening 
and channelization, diking, wetland filling, and lack of large wood recruitment is a key concern for 
Clackamas coho, fall Chinook, spring Chinook and winter steelhead.  Changes in riparian condition, 
loss of large wood in tributary streams and the Clackamas River, and modified in-channel and side 
channel habitats limit fish populations throughout the Clackamas River basin (Runyon and Salminen 
2005). See Figure E-9.  

 
EDT results show that loss of habitat diversity and key habitat quality are primary factors limiting 
coho, Chinook and steelhead production in the Clackamas basin (Primozich and Bastasch 2004).  The 
loss of habitat diversity primarily reflects a reduction in large wood in the streams due to degraded 
riparian condition and large wood recruitment (Primozich and Bastasch 2004).  The limited supply of 
wood in the Clackamas River and tributaries has reduced formation of complex habitats that create 
deep pools and retain spawning gravels. Anlauf et al. (2006) found that 72 percent of surveyed 
reaches on the Clackamas River had less than 8 pieces of large woody debris per 100 meters.   
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Figure E-9. Current riparian condition in Clackamas watershed (Maher et al. 2005). 

 
The straightening and restricting of the stream channels has decreased channel complexity and 
connectivity to side channels and other off-channel areas that historically provided important 
overwintering habitat for juvenile salmonids.   Several roads along streams in the upper Clackamas 
basin restrict and impinge on channel dynamics and have a major impact on habitat quality 
(Primozich and Bastasch 2004).  In the lower Clackamas basin, diking and channelization have 
restricted the stream channel and reduced connectivity between the river and the floodplain 
(Primozich and Bastasch 2004).  ODFW’s Aquatic Inventory Habitat Surveys conducted in 2003 on 
Clear, Deep, and Tickle creeks, and on several other lower Clackamas tributaries indicate areas 
lacking in habitat complexity. The Rock and Richardson Creek Watershed Assessment also indicates 
a lack of habitat complexity and refuge habitat.   
 
In Johnson Creek, channelization has significantly impacted the quality of instream physical habitat. 
The creek’s historic floodplain is now disconnected, or minimally connected, through much of its 
length.  The creek also has extremely low wood volumes, particularly large wood necessary for pool 
formation, due to a lack of large, mature riparian trees and active removal of wood debris from the 
creek by citizens and staff from city agencies trying to prevent obstruction of downstream flows 
(McConnaha 2002).  Riparian vegetation is also sparse in some reaches, particularly on rural and 
agricultural lands in the upper watershed. 
 
In the lower Willamette River, loss of habitat diversity and key habitat has resulted from 
channelization, the loss of wood and other structure, and elimination of much of the shallow water 
habitat (McConnaha 2002).  The loss of this historical habitat diversity and complexity in the lower 
Willamette River has reduced the amount of juvenile rearing habitat available in the reach for 
Clackamas coho and Chinook populations (Primozich and Bastasch 2004). 
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See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired physical habitat quality and access in the estuary 
due to non-hydropower related land and water management practices. 
 

• Water quality (9a). High summer water temperatures are considered a secondary concern for 
Clackamas coho, fall and spring Chinook and steelhead.  EDT results identify summer water 
temperature as limiting juvenile coho, steelhead and spring Chinook summer rearing (Primozich and 
Bastasch 2004).  Adult fall Chinook are affected by high summer and fall water temperatures in the 
lower river, which occur during their spawning period and reduce egg survival.  These high water 
temperatures are primarily the result of decreased riparian forest in the tributaries and mainstem, 
ponding behind the dams, and other upriver factors, while conditions in the lower Clackamas area 
have only a minor impact on the conditions (Primozich and Bastasch 2004). Figure E-3 shows water 
quality limited reaches in the Clackamas population area. 

 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired water quality in the estuary due to non-
hydropower related land and water management practices. 
 

• Water quality (9b).  Agricultural toxins.  See the discussion of common land and water 
management limiting factors and threats in Section 2.4 for background information on agricultural 
toxins in the estuary.  Contributing to the impact of these toxins in the estuary are agricultural 
pesticides that have been detected in many of the streams and river of the Clackamas watershed.  A 
recent study by USGS (Carpenter et al. 2008) found that pesticide occurrence was widespread in the 
tributaries that drain the northwestern area of the lower Clackamas River basin, including Deep, 
Richardson, Rock, Sieben, Carli, and Cow Creeks. Pesticides were detected in all of 59 storm samples 
collected from these streams. The two most common pesticides were the triazine herbicides simazine 
and atrazine, which have been associated with endocrine disruption and reproductive and 
developmental abnormalities in amphibians (Hayes et al. 2006). Household and forestry herbicides 
having active ingredients glyphosate, triclopyr, and 2,4-D (e.g., RoundUP™ and Crossbow™) were 
also frequently detected.  The greatest numbers of compounds were detected in the Rock Creek and 
Deep Creek basins.  Pesticides were also detected in samples collected from the mainstem Clackamas 
River, but at lower concentrations than in the tributaries due to dilution from streamflow originating 
in the forested upper Clackamas River basin.  In several cases, concentrations of insecticides and 
pesticides exceeded aquatic-life benchmarks. Toxicity risks were highest for benthic invertebrates, 
and invertebrate assemblages do appear to be impaired in some Clackamas watershed streams 
(Dewberry et al. 1999; Cole and Hennings 2004).  In Tickle Creek, the organochlorine insecticide, 
endosulfan, reached concentrations great than the Oregon DEQ chronic benchmark for effects on fish.  
Cases there were also risks of direct toxicity to fish.  Fish are also likely to be at risk from the additive 
or synergistic effects of pesticide mixtures at these sites (Laetz et al. 2009; Pape-Lindstrom and Lydy 
1997).  These compounds can impair fish behavior be affecting the olfactory system (Scholz et al. 
2000; Sandahl et al. 2002, 2005; Tierney et al. 2008), and certain mixtures can be acutely toxics 
(Laetz et al. 2009).  Agricultural pesticides are also a concern for populations in the lower Willamette, 
where many of the pesticides detected in the Clackamas have also been found (Anderson et al. 2006, 
2007; Rinella and Janet 1998; Wentz et al. 1998). 
 

 Water quality (9c). Toxins from urban and industrial practices.  A secondary concern for Clackamas 
salmon and steelhead populations.  The lower Willamette River suffers from a host of water pollutant 
problems from local and upriver sources.  The Portland Harbor (the stretch of the Willamette River 
from Sauvie Island to Swan Island) has been designated as a Federal Superfund site and is the focus 
of a federal process to identify the extent and type of contamination and develop actions to clean up 
the sites.  An intensive study of sediments in the area uncovered pesticides, PCBs, and other toxic 
chemicals and high concentrations of several of these chemicals have been measured in juvenile 
Chinook salmon from these sites.  For more information on lower Willamette superfund activities see 
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www.portlandharborcag.org/Superfund.html.  In addition, leaching from an abandoned mercury mine 
on the Oak Grove Fork of the Clackamas River may be contributing to elevated mercury levels in the 
lower Willamette River, which has fish consumption advisories due to elevated levels of mercury 
found in some fish species.  Exposure to wastewater compounds, including pharmaceuticals, 
estrogenic compounds, and flame retardants, including PBDEs, is also a problem for salmon species 
in the Lower Willamette (LCREP 2007; Sloan et al. 2009).  See the discussion of common land and 
water management limiting factors and threats in Section 2.4 for background information on toxins 
from urban and industrial sources in the estuary. 
 

 Hydrograph/water quantity (10f).  Altered hydrograph/water quantity due to upland 
management practices. See the discussion of common land and water management limiting factors 
and threats in Section 2.4 for background information on the impacts of upland management practices 
on the hydrograph and water quantity. 
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3.6 Limiting Factors and Threats for Sandy Populations  
Key and secondary limiting factors and threats that have contributed to the current status of Sandy salmon 
and steelhead populations at each life stage are shown in Table E-13, followed by a discussion of 
supporting information.   
 
Table E-13. Key and Secondary Limiting Factors and Threats for Sandy Salmon and Steelhead.  
 

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr Smolts
Returning 

Adults Spawners Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Coho 1a 1a

Chum

Fall Chinook 1a 1a

Late Fall Chinook 1a 1a

Spring Chinook 1f 1a

Winter Steelhead 1f

Coho 2a 3 4a

Chum 6c

Fall Chinook 3
Late Fall Chinook 3

Spring Chinook 3
Winter Steelhead 2a 3

9aa

5a5b7b10d

9aa

5a5b7b10d

8a 6b8a9a9b9c

10f 5a

8a9a9b9c

5a

8a

6b

8a

6b

8a 8a

10f 10f

8a

10f

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

4a

9aa

5a5b7b10d

6b8a9a9b9c

5a

8a9a9b9c

9aa

5a5b7b10d

5a

Chum 7a 10f 10f 2d

5a5b7b10d

Spring Chinook 2h

Late Fall Chinook 2h

9aa

5a5b7b10dFall Chinook 2h

4a

4a

4a

Coho

Threats Population

Tributaries (includes mainstem Sandy River) Estuary (below Bonneville and Willamette Falls) Ocean

Winter Steelhead

Landuse

6b8a9a9b9c

5a7a 10f 2e 7c

2e 7cSpring Chinook 7a 10f 10f

8a9a9b9c

5a7cLate Fall Chinook 7a 10f 10f

10f

Fall Chinook 7a 10f 10f

10f 7c

9aa

10e 10f

Harvest

Hatchery

Hydro

Chum

9a 10f

Winter Steelhead

Coho 7a 10f 8a 

10f

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
2a Habitat access (impaired upstream passage) Hatchery weir 
2d Habitat access (impaired upstream passage) Road crossings 
2e Habitat access (impaired upstream and downstream passage) Bull Run dams 
2h Habitat access (impaired downstream passage) Sandy hydropower facilities 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6c Predation by hatchery fish Smolts from all Columbia Basin hatcheries 
7a Physical habitat quality (excessive fine sediment) Rural roads 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 
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Code Limiting Factor Threat 
7c Physical habitat quality (impaired gravel recruitment) Sandy basin dams 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 

9aa Water quality (elevated water temperature due to solar heating) Columbia Basin hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 
9c Water quality (toxins) Urban and industrial practices 

10d Hydrograph/water quantity (impaired access to off-channel habitat 
and altered plume dynamics, estuarine habitat, and food web) 

Columbia Basin hydropower dams 

10e Hydrograph/water quantity (altered hydrology) Municipal water withdrawals  
10f Hydrograph/water quantity (altered hydrology) Upland slope land uses 

 
Harvest Management 
 Population traits, direct harvest (1a). Incidental or direct mortality from the targeted estuary gill net 

and recreational fisheries, and ocean troll fisheries has a key effect on Sandy coho, fall Chinook and 
late fall Chinook populations.  In recent years the fishery exploitation rates on the Sandy populations 
from these fisheries have averaged roughly 35 percent for coho, 60 percent for fall Chinook, and 50 
percent for late fall Chinook (Chapter 4 and Appendix B).   
 
Sandy spring Chinook are affected by the ocean troll fishery, which exerts a secondary effect on the 
population. These fish are also impact by mainstem Columbia gillnet fisheries as well as sport 
fisheries in the Sandy River.  As reported in Chapter 4 and described in Appendix B the total 
exploitation rate from all of these fisheries has averaged about 25 percent in recent years.  

 
 Population traits (1f). Incidental mortality of spring Chinook and winter steelhead in mainstem 

commercial gill and tangle net fisheries and mainstem and/or tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population. 

 
Hatchery Management 
 Habitat access (2a). The Sandy Hatchery weir on Cedar Creek blocks fish passage to adult coho and 

steelhead habitat with high intrinsic potential.  Lost habitat access at the weir is a secondary concern 
for the Sandy coho and steelhead populations.  

 
 Population traits (3). Stray hatchery fish interbreeding with wild fish is a key concern for Sandy fall 

Chinook, late fall Chinook, spring Chinook and winter steelhead.   
 

Fall and late fall Chinook:  Estimates based on CWT recoveries and hatchery tagging rates described 
in Appendix B indicate that tule stock, hatchery strays have typically made up approximately 90 
percent of fall Chinook spawners in the Sandy and 24 percent of Sandy late fall Chinook spawning 
escapement.  From the CWT analysis, it is evident that most of these fall Chinook hatchery strays 
originate from the Washougal River Hatchery in Washington. 
 
Spring Chinook: Hatchery-origin spring Chinook have comprised an estimated 53.6 percent of the 
annual spring Chinook spawning escapement in the Sandy basin since 1978 (Chapter 4 and Appendix 
B).  Hatchery programs have produced spring-run Chinook salmon in the Sandy River basin since the 
early 1900s.  In recent years, fish released from Sandy Hatchery have been marked with a fin clip and 
all returning marked hatchery fish have been intercepted at the old Marmot Dam site (RM 30).  
However, while marked fish were not passed above the site, examination of otoliths from “unmarked” 
spring Chinook still indicated that nearly 20 percent of the fish being passed over the dam were of 
hatchery origin (Goodson 2005).  Before removal of Marmot Dam, over half the naturally spawning 
spring Chinook below the dam site were of hatchery origin, although it is not known how successful 
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these spring-run spawners were in the lower river. The threat of strays in the Sandy basin above the 
old Marmot Dam site may increase with dam removal because of difficulties sorting out hatchery 
fish.   
 
Winter steelhead:  As reported in Chapter 4 and described in Appendix B, hatchery steelhead have 
comprised roughly 52 percent of annual winter steelhead spawners in the Sandy basin since 1974.   
 
Coho:  Hatchery strays do not pose a key or secondary concern for the Sandy coho population.  As 
reported in Chapter 4 and described in Appendix B, hatchery coho comprise roughly 9 percent of the 
spawners in the basin.   
 

 Competition with hatchery fish (4a).  See the discussion of common hatchery management limiting 
factors and threats in Section 2.2 for background information on competition with hatchery fish in the 
estuary. 

 
 Predation by hatchery fish (6c).  See the discussion of common hatchery management limiting factors 

and threats in Section 2.2 for background information on predation by hatchery fish in the estuary. 
 
Hydropower/Flood Control Management 
 Habitat access (2h). Mortality of fall, late fall and spring Chinook fry as they migrate downstream 

past the Little Sandy Dam is a secondary concern for the Sandy populations.  Lingering impacts on 
population abundance and productivity due to mortality of fry migrating past Marmot Dam before it 
was removed in October 2007 also pose a secondary concern for the populations.  

 
For a discussion of impacts from the Columbia River hydropower system on estuarine habitat, 
including food web (5a & 5b), impaired sediment routing (7b), elevated water temperatures (9aa) and 
altered hydrograph\water quantity (10d), see Section 2.3. 

 
Land Management 
• Habitat access (2d). Barriers at road crossings impede chum passage in several lower Sandy River 

tributaries and are considered a secondary concern for the chum population.  Barriers to chum 
passage include culverts on Beaver and Buck Creeks in the lower Sandy watershed.  The barriers may 
also restrict winter steelhead and coho access.   

 
 Habitat access (2e). The Bull Run water system dams hinder upstream passage of spring Chinook and 

winter steelhead to potential spawning and rearing habitat above the dams.  Impaired passage at the 
dams poses a secondary for the Sandy spring Chinook and steelhead populations.   

 
 Food Web (5a).  See the discussion of common land and water management limiting factors and 

threats in Section 2.4 for background information on reduced macrodetrital inputs in the estuary due 
to non-hydropower related land and water management practices. 

 
 Predation by birds (6b).  See the discussion of common land and water management limiting factors 

and threats in Section 2.4 for background information on predation by birds in the estuary. 
 
 Physical habitat quality (7a). Impaired physical habitat quality due to fine sediment in spawning 

gravels from forest and rural roads is a secondary concern for Sandy coho, chum, fall, late fall and 
spring Chinook, and winter steelhead populations. Forest roads alter sediment routing in non-glacial 
tributaries to the upper Sandy and in lower Sandy River tributaries.  Agricultural uses in the lower 
basin also contribute to erosion and increased fine sediment routing.  The increased sediment reduces 
productivity in portions of the lower, middle and upper Sandy River, and in several tributaries.  EDT 
results show that the high sediment levels affect productivity of the different salmon and steelhead 
populations by reducing egg development and survival during the incubation life stage (SRBP 2005).   
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• Physical habitat quality (7c). Reduced spawning gravel quantity is a secondary concern for Sandy 

fall, late fall and spring Chinook, and winter steelhead populations.  High quality spawning gravel is 
limited in portions of the Sandy River14 and in the Bull Run River below the dams.  PGE (2002) 
found that gravels suitable for spawning substrate are limited in some reaches of the middle Sandy 
River because of high water velocities.  Analysis of spawning gravel in the lower Bull Run River by 
R2 Resource Consultants (1998b) and Beak Consultants (2000) indicates that lack of suitable 
spawning gravel in the reach due to altered sediment routing is limiting Chinook and steelhead 
production.  See Sandy River Basin Characterization Report - Section 4 (SRBP 2005) and Bull Run 
Watershed Analysis (USFS 1997) for more information.  
 

• Physical habitat quality (8a). Impaired physical habitat quality due to stream cleaning, straightening 
and channelization, diking, wetland filling, and lack of large wood recruitment is a key concern for 
Sandy coho, fall Chinook, late fall Chinook, spring Chinook and winter steelhead.   
 
EDT results indicate that loss of stream habitat diversity, along with increased sediment loading, is a 
key factor limiting anadromous fish production in the Sandy River Basin (SRBP 2005).   In its current 
state the Sandy River Basin is dominated by riffle-type habitat, and pool and side-channel habitats are 
in relatively low abundance.  Habitat surveys by Anlauf et al. (2006) show that many of the surveyed 
stream reaches in the Sandy watershed are considered to be moderate to undesirable for attributes 
such as large wood density and pool frequency.  In the Sandy River Basin Characterization Report, 
the Sandy River Basin Partners (SRBP) conclude that the reduced frequency of pool and side-channel 
habitat is likely the result of low amounts of in-channel large woody debris and physical channel 
manipulations (channelization, channel confinement, realignment, or bank armoring) that have 
occurred in areas of the basin as a result of development or flood control measures.  Portions of the 
Sandy River were straightened, channelized, and armored following extensive flood damage by the 
1964 flood or to support development along the reach from Zigzag to Brightwood.  The straightening 
and deepening of channels along some damaged reaches reduced habitat diversity and complexity as 
meanders, oxbows, and side channels were disconnected and the remaining large wood debris was 
removed (SRBP 2005).  EDT results indicate that loss of habitat diversity in the lower Sandy and Bull 
Run rivers has the greatest impact on fall Chinook. Reach specific habitat conditions are identified in 
the Sandy River Basin Characterization Report (SRBP 2005). 
  
Degraded riparian conditions also reduce habitat quality (Figure E-10).  Riparian function—including 
along some reaches of the lower Sandy River and the Bull Run, Zigzag, and Salmon rivers—has been 
impaired due to recreation, residential, agricultural, and municipal activities (SRBP 2005).  Riparian 
conditions on forestlands in the middle and upper Sandy basin are generally maintained in good 
quality.   
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired physical habitat quality and access in the estuary 
due to non-hydropower related land and water management practices.  
 

 
14 This situation may improve with the removal of Marmot Dam in 2007. 
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Figure E-10. Current riparian condition in Sandy watershed (Maher et al. 2005). 
 
 Water quality (9a). Elevated water temperatures related to riparian management practices pose a 

secondary concern for Sandy coho.  Water quality monitoring and Forward Looking Infrared Radar 
data have shown that water temperatures in some reaches of the Sandy River basin exceed state water 
quality standards.  Several streams are included on the 303(d) list for temperature in the Sandy basin, 
including the Sandy River - mouth to the old Marmot Dam site (also dissolved oxygen), Salmon 
River - mouth to Boulder Creek, Bull Run River - mouth to Dam #2, and Gordon Creek. Cedar Creek, 
Kelly Creek and Beaver Creek have been listed for bacteria (ODEQ 2005).   

 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired water quality in the estuary due to non-
hydropower related land and water management practices. 

 
 Water quality (9b). Agricultural toxins.  Various agricultural pesticides that contribute to impaired 

water quality in the estuary have been detected in surface waters from the Sandy River (Jenkins and 
Trevathan 2004).  See the discussion of common land and water management limiting factors and 
threats in Section 2.4 for background information on agricultural toxins in the estuary. 
 

 Water quality (9c).  Toxins from urban and industrial sources.  Various toxic contaminants have 
been observed in the Sandy River, including various PAHs and metals, although generally not a 
concentrations exceeding water quality standards (see Oregon DEQ Water Quality Assessment 
database, http://www.deq.state.or.us/wq/assessment/rpt0406/search.asp). The Reynolds Metals plant 
near the confluence of the Columbia and Sandy rivers near Troutdale, OR ceased operations in 2000, 
but during its operation generated large quantities of waste containing PAHs, aluminum, cyanide, 
fluoride, and PCBs from electrical equipment.  This area is now a superfund site and cleanup is in 
progress (USEPA 2008).   See the discussion of common land and water management limiting factors 
and threats in Section 2.4 for background information on toxins from urban and industrial sources in 
the estuary. 
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 Hydrograph/water quantity (10e). Reduced instream flows due to City of Portland water withdrawals 
impair habitat access and physical habitat quality, and are a secondary concern for Sandy winter 
steelhead.  Storage and diversion of water by the Bull Run water supply system alters natural 
discharge patterns below the dam.  The system consists of two storage reservoirs (Dams No. 1 and 
No. 2) on the Bull Run River, together with an outlet structure on Bull Run Lake, a natural water 
body near the headwaters. The water supply is an unfiltered water source with the capacity to serve 
over 800,000 people in the Portland metropolitan area.  Hydropower operation at the dams is 
subservient to water supply operation, meaning that power is only generated as a byproduct of water 
supply operation.  Municipal uses currently withdraw about 26 percent of the Bull Run River annual 
flow.  Fish may be trapped in isolated mainstem pools below the Headworks Dam when flows 
decrease as a result of water storage in upstream reservoirs, and may be subject to high mortality due 
to predation (SRBP 2005). 

 
 Hydrograph/water quantity (10f).  Altered hydrograph/water quantity due to upland 

management practices. See the discussion of common land and water management limiting factors 
and threats in Section 2.4 for background information on the impacts of upland management practices 
on the hydrograph and water quantity. 
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3.7 Limiting Factors and Threats for Lower Gorge Populations  
Key and secondary limiting factors and threats that have contributed to the current status of Lower Gorge 
salmon and steelhead populations at each life stage are shown in Table E-14, followed by a discussion of 
supporting information.   
 
Table E-14. Key and Secondary Limiting Factors and Threats for Lower Gorge Salmon and Steelhead. 
  

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr Smolts
Returning 

Adults Spawners Eggs Alevins Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Coho 1a 1a

Chum

Fall Chinook 1a 1a

Winter Steelhead 1f

Coho 10h 2a 3 4a

Chum 6c

Fall Chinook 3
Winter Steelhead 10h 2a 3

9aa

5a5b7b10d

9aa

5a5b7b10d

6b8a9a9b9c

5a

8a9a9b9c

5a

6b

Landuse

6b8a9a9b9c

5a

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

8b

Coho

10f
8b

10f

8a9a9b9c

5a

9aa

5a5b7b10d

9aa

5a5b7b10d

Threats Population

Tributaries

Hydro

Coho

Winter Steelhead

Chum

Winter Steelhead

Chum 8b

Fall Chinook 8b

8b
10f

8b

10f

Fall Chinook

10b

Harvest

Hatchery

Estuary (below Bonneville and Willamette Falls) Ocean

4a

4a

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
2a Habitat access (impaired upstream passage) Hatchery weir 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6c Predation by hatchery fish Smolts from all Columbia Basin hatcheries 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

8b Physical habitat quality (impaired habitat quality and disconnected 
habitat) 

Transportation corridor development and maintenance  

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 

9aa Water quality (elevated water temperature due to solar heating) Columbia Basin hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 
9c Water quality (toxins) Urban and industrial practices 

10b Hydrograph/water quantity (altered hydrology) Flow fluctuations below Bonneville Dam cause dewatering of redds 

10d Hydrograph/water quantity (impaired access to off-channel habitat 
and altered plume dynamics, estuarine habitat, and food web) 

Columbia Basin hydropower dams 

10f Hydrograph/water quantity (altered hydrology) Upland slope land uses 
10h Hydrology/water quantity (altered hydrology) Impaired passage and reduced habitat due to water hatchery water 

withdrawals 
   

Harvest Management 
 Population traits, direct harvest (1a). Incidental or direct mortality from targeted estuary gill net and 

recreational fisheries, and ocean troll fisheries has a key effect on Lower Gorge coho and fall 
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Chinook.  Over the last 10 years, the exploitation rate on the Lower Gorge populations from these 
fisheries have been roughly 35 percent) for coho and approximately 60 percent for fall Chinook 
(Chapter 4, Table 4-8).   
 

 Population traits (1f). Incidental mortality of wild winter steelhead in mainstem winter/spring 
commercial gill and tangle net fisheries and mainstem and tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population. 

 
Hatchery Management 
 Habitat access (2a).  A weir for Bonneville Hatchery on Tanner Creek blocks adult coho and winter 

steelhead from reaching historical upstream habitat.  The weir is considered a secondary concern for 
coho and steelhead.     

 
 Population traits (3).  Stray hatchery fish interbreeding with wild fish is a key concern for Lower 

Gorge coho and fall Chinook, and a secondary concern for winter steelhead.   
 

Coho: Natural spawning coho in the lower Columbia River Gorge are largely hatchery fish.  In recent 
years hatchery strays have comprised about 80 percent of the coho strays on coho spawning grounds. 
(Chapter 4, Table 4-8).  Most of these hatchery fish are believed to be strays from the Bonneville 
complex hatcheries. 
  
Fall Chinook:  As described in Chapter 4 and Appendix B, a recent analysis of CWT recoveries and 
tagging rates at nearby hatcheries indicate that hatchery-origin fish likely comprise about 90 percent 
of the Lower Gorge fall Chinook spawning escapement (Chapter 4, Table 4-8).  The population is 
heavily influenced by hatchery fish straying from Bonneville Hatchery and Spring Creek NFH.  
Several million Upriver Bright (URB) fall Chinook are released into the mainstem Columbia River 
near Bonneville Dam and, although there is some temporal separation in spawn timing, potential for 
interbreeding with Lower Gorge fall Chinook still exists.  The URB fall Chinook salmon stock is not 
considered part of the Lower Columbia River Chinook salmon ESU.  A number of other hatchery 
programs also release both LCR fall run and URB fall run fish.   
 
Winter steelhead: Hatchery strays comprise approximately 10 percent of winter steelhead spawners in 
the Lower Gorge population area (Chapter 4, Table 4-8).  

 
 Competition with hatchery fish (4a).  See the discussion of common hatchery management limiting 

factors and threats in Section 2.2 for background information on competition with hatchery fish in the 
estuary. 

 
 Predation by hatchery fish (6c).  See the discussion of common hatchery management limiting factors 

and threats in Section 2.2 for background information on predation by hatchery fish in the estuary. 
 
 Hydrology/water quantity (10h).  Water withdrawals for Bonneville Hatchery reduce stream flows in 

Tanner Creek below the hatchery and present a secondary concern for coho and winter steelhead 
summer parr.  The flow withdrawals concentrate rearing juvenile fish to remaining habitat areas, and 
can also periodically dewater existing redds.  

 
Hydropower/Flood Control Management 
 Hydrograph/water quantity (10b). Flow fluctuations at Bonneville Dam due to systemwide operations 

pose a secondary concern for Lower Gorge chum.  The fluctuations can dewater chum spawning 
locations further downstream.  If redds are dewatered long enough to become desiccated, incubating 
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eggs and/or pre-emergence alevins will die.  Water regulation also alters the timing and magnitude of 
spring freshets and affects habitat-forming processes.   
 

For a discussion of impacts from the Columbia River hydropower system on estuarine habitat, including 
food web (5a & 5b), impaired sediment routing (7b), elevated water temperatures (9aa) and altered 
hydrograph\water quantity (10d), see Section 2.3. 
 
Land and Water Management 
 Food Web (5a).  See the discussion of common land and water management limiting factors and 

threats in Section 2.4 for background information on reduced macrodetrital inputs in the estuary due 
to non-hydropower related land and water management practices. 

 
 Predation by birds (6b).  See the discussion of common land and water management limiting factors 

and threats in Section 2.4 for background information on predation by birds in the estuary. 
 
 Physical habitat quality (8a).  See the discussion of common land and water management limiting 

factors and threats in Section 2.4 for additional background information on impaired physical habitat 
quality and access in the estuary due to non-hydropower related land and water management 
practices. 

 
 Physical habitat quality and habitat access (8b). Loss of habitat quality and habitat access is a key 

concern for all Lower Gorge populations.  Activities associated with highway and rail development 
particularly impacted habitat conditions on lower reaches of Lower Gorge streams.  Interstate 
Highway 84, the Columbia River Historic Highway 30, and the Union Pacific rail line run parallel to 
the Columbia River shoreline, traversing all creek drainages and disconnecting uplands from 
lowlands and the Columbia River.  Highway and rail development affected channel structure, habitat 
complexity, gravel aggradation, gravel retention, fish passage, riparian vegetative structure near 
stream crossings, and stormwater retention.  Construction and alignment of the existing interstate and 
railroad also greatly reduced shoreline function, simplified shoreline habitat, and severed shore-bound 
wetlands from the Columbia River floodplain.  Further, corridors created by roads, trails and power 
lines provide paths for the spread of noxious weeds, which are disturbing native plant communities 
(USFS 1998, cited in Coccoli 2004). See Figure E-11. 
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Figure E-11. Current riparian condition in Lower Gorge watershed (Maher et al. 2005).   
 

 Water quality (9a, 9b, 9c).  There is little or no data are available based on Oregon DEQ’s Water 
Quality Assessment database. However, the NWFSC has some data on this area from Restoration 
Effectiveness and Ecosystem Monitoring studies conducted over the past year with the LCREP 
(Jones et al. 2008; Sol et al. 2009).  Sampling in the Latourell Creek, Young Creek, and Mirror 
Lake area and around Pierce and Sand Island in the estuary indicates that high water temperature 
may be a limiting factor during the summer months in some streams and tidal freshwater habitats; 
temperatures above 20oC were common in July and August.  However, preliminary data suggest 
that toxic contaminants are not a major concern in this watershed.  Concentrations of PAHs in 
bile and DDTs, PCBs, and PBDEs in salmon tissues have been measured in some fall Chinook 
salmon, and levels of contaminants are low, similar to those observed in juvenile salmon from 
other undeveloped areas (Johnson and Ylitalo, NWFSC, unpublished data).  See the discussion of 
common land and water management limiting factors and threats in Section 2.4 for additional 
background information on impaired water quality in the estuary due to non-hydropower related 
land and water management practices. 

 
 Hydrograph/water quantity (10f).  Altered hydrograph/water quantity due to upland management 

practices. See the discussion of common land and water management limiting factors and 
threats in Section 2.4 for background information on the impacts of upland management 
practices on the hydrograph and water quantity. 
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3.8 Limiting Factors and Threats for Upper Gorge Populations  
Key and secondary limiting factors and threats that have contributed to the current status of Upper Gorge 
salmon and steelhead populations at each life stage are shown in Table E-15, followed by a discussion of 
supporting information.  Coho in the Upper Gorge are part of the Hood River LCR coho population.  
Limiting factors for this combined population are described in Section 3.9.      
 
Table E-15. Key and Secondary Limiting Factors and Threats for Upper Gorge Salmon and Steelhead.  
 

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr Smolts
Returning 

Adults Spawners Eggs Alevins Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Spawners Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Chum

Fall Chinook 1a 1a

Winter Steelhead 1a
1f

Chum 6c 6c

Fall Chinook 3
Winter Steelhead 2a 3

8c&2c 9aa

6a 5a5b7b10d

8a9a9b9c

5a

6b

Chum 6a

Fall Chinook

Winter Steelhead

8b

10f

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

6a
8c

6a

6a

Chum 8b8b

10f

Introduced 
Species

Fall Chinook

Winter Steelhead

Landuse
8a9a9b9c

5a

6b8a9a9b9c

5a

8b8b

10f

Hydro

8c

Chum

8cFall Chinook

8c

Winter Steelhead 6d
9aa

5a5b7b10d8c

6a

2c

2c

9aa

5a5b7b10d

Harvest

Hatcheries 4a

4a
4a

4a

Threats Population1

Tributaries Mainstem Columbia (above Bonneville) Estuary (below Bonneville and Willamette Falls) Ocean

2c

8c 2c 8c

2c

8c

8c

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
2a Habitat access (impaired upstream passage) Hatchery weir 
2c Habitat access (impaired passage) Bonneville Dam 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 
6a Predation by non-salmonid fish Bonneville Reservoir and Columbia Basin flow regulations  

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6c Predation by hatchery fish Smolts from all Columbia Basin hatcheries 
6d Predation by marine mammals Bonneville Dam and Columbia Basin flow regulations 
7a Physical habitat quality (excessive fine sediment) Rural roads 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

8b Physical habitat quality (impaired habitat quality and disconnected 
habitat) 

Transportation corridor development and maintenance  

8c Physical habitat quality (reduced habitat quality/quantity) Inundation from Bonneville Dam 

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 

9aa Water quality (elevated water temperature due to solar heating) Columbia Basin hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 
9c Water quality (toxins) Urban and industrial practices 

10d Hydrograph/water quantity (impaired access to off-channel habitat 
and altered plume dynamics, estuarine habitat, and food web) 

Columbia Basin hydropower dams 

10f Hydrograph/water quantity (altered hydrology) Upland slope land uses 
   
 

Harvest Management 
 Population traits, direct harvest (1a). Incidental or direct mortality from targeted estuary gill net and 

recreational fisheries, and ocean troll fisheries has a key effect on Upper Gorge fall Chinook. The 
total fishery exploitation rate on this fall Chinook population has averaged approximately 65 percent 
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in recent years (Chapter 4, Table 4-8). 
 
Upper Gorge winter steelhead and fall Chinook harvest also occurs in targeted treaty Indian fisheries 
in Zone 6 above Bonneville Dam.  These fisheries exert a secondary effect on the Upper Gorge winter 
steelhead population, with a harvest rate of approximately 5 percent.  They are believed to harvest a 
similar proportion of the fall Chinook population, however they are not identified as a secondary 
concern to the population because of remaining uncertainty regarding harvest impact.  Treaty Indian 
steelhead harvest is non-mark selective, and takes place in treaty subsistence platform and fall gillnet 
fisheries.  Some treaty steelhead harvest also occurs near tributary mouths.  The majority of the fish 
are caught in the treaty Indian fall season fisheries.  Steelhead are also caught as a bycatch in tribal 
winter sturgeon fisheries.  Commercial harvest of steelhead by non-Indians has been prohibited since 
1975 (WDFW and ODFW 2008).  
 

 Population traits (1f). Incidental mortality of wild winter steelhead in mainstem winter/spring 
commercial gill and tangle net fisheries and mainstem and tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population.  Sport fishing for hatchery marked steelhead takes place on the 
lower reaches of Eagle and Herman creeks, however these fisheries are believed to have a small 
impact on wild fish and are not a key or secondary concern.    
 

Hatchery Management 
 Habitat access (2a). A weir at the Cascade Hatchery intake dam at RM 0.8 on Eagle Creek poses a 

secondary concern to Upper Gorge winter steelhead.  The weir stops almost all upstream steelhead 
migration to the area between the dam and a natural waterfall at RM 2.0.  A hatchery weir also limits 
fish access in Eagle Creek; however, the 0.7 miles of habitat above the weir would likely provide only 
limited opportunity for spawning due to a moderate gradient and limited gravel deposits.  Blocking 
upstream passage at the weir alleviates potential concerns about the spread of disease if fish were 
passed above the hatchery.   

 
The fish ladder at the Oxbow Hatchery diversion dam on Herman Creek is a partial passage barrier, 
especially at low flows in the fall, and does not meet passage criteria.  Approximately two miles of 
anadromous fish habitat lie upstream of the diversion intake.  At the time of this writing, screens and 
bypass structure at lower Herman Creek are inadequate and need improvements. 
 

 Population traits (3).  Stray hatchery fish interbreeding with wild spawners of natural origin, resulting 
in altered genetic composition and associated traits is a key concern for Upper Gorge fall Chinook 
and a secondary concern for winter steelhead.   
 
Fall Chinook: As described in Chapter 4 and Appendix B, CWT recoveries and tagging rates at 
nearby hatcheries indicate that hatchery strays make up about 90 percent of the Upper Gorge fall 
Chinook spawning escapement (Chapter 4, Table 4-8). The population is heavily influenced by 
hatchery fish straying from Bonneville Hatchery, Little White Salmon NFH, and Spring Creek NFH.  
A number of other hatchery programs also release both LCR and URB fall run Chinook.   
 
Winter steelhead: Hatchery steelhead are thought to represent 10 percent of the winter steelhead 
spawning in the Upper Gorge area (Chapter 4, Table 4-8). 
 

 Competition with hatchery fish (4a).  See the discussion of common hatchery management limiting 
factors and threats in Section 2.2 for background information on competition with hatchery fish in the 
estuary. 
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 Predation by hatchery fish (6c).  See the discussion of common hatchery management limiting factors 
and threats in Section 2.2 for background information on predation by hatchery fish in the estuary. 

 
Hydropower/Flood Control Management 
 Habitat Access (2c).  Impaired upstream and downstream passage at Bonneville Dam is a key concern 

for Upper Gorge chum, and a secondary concern for fall Chinook and winter steelhead.  Operational 
practices and/or flow regulations delay upstream fish passage over Bonneville Dam.  The dam 
particularly restricts adult chum passage because chum are not as good at negotiating fish ladders, and 
the existence and operations of Bonneville Dam have diminished chum populations above the dam by 
96 percent (Appendix A in LCFRB 2004).  Fall Chinook and winter steelhead passage is also 
affected, although to a lesser degree.  

 
 Predation (6a, 6d). Predation by non-salmonid fish poses a secondary concern for Upper Gorge 

chum, fall Chinook and winter steelhead.  Predation, while probably always a significant source of 
mortality for salmonids, has been exacerbated by changes in the Columbia River hydro system. 
Pikeminnows congregate at dam bypass outfalls and hatchery release sites to feed on smolts, which 
dominate their diet at these locations.  

 
Predation by marine mammals, which prey on the steelhead as they prepare to pass over Bonneville 
Dam, is a secondary concern for the Upper Gorge winter steelhead population.  Marine mammals 
typically arrive at Bonneville in late winter or early spring, with their peak abundance generally 
coinciding with peak spring Chinook passage at Bonneville.  They prey mainly on spring Chinook 
because of their run timing, but may also prey on winter steelhead since winter steelhead passage at 
Bonneville Dam overlaps the start of the Spring Chinook passage.  In 2006 they arrived in early 
December.  Fall Chinook, chum and summer steelhead are likely less impacted by marine mammals 
as they arrive later in the season when fewer sea lions are present below the dam.    

 
 Physical habitat quality (8c). Reduced habitat quality and quantity due to inundation from Bonneville 

Dam is a key concern for Upper Gorge chum, fall Chinook and winter steelhead. Inundation and loss 
of lowland riparian hardwood communities along the Columbia River has significantly altered fish 
habitat. A diversity of stream delta, wetland, and floodplain habitats were permanently flooded in 
1938 when Bonneville Dam was constructed. A GIS analysis by Chuti Fieldler, USFS-NSA, 
compared digitized aerial photographs from the early 1930s to current digital photographs. This 
analysis estimated that 1,465 acres of riparian and floodplain habitat, and at least 6.5 miles of 
anadromous stream habitat in the Oregon Columbia Gorge tributaries were inundated by the 
Bonneville Pool. The most significant habitat losses occurred in the lowlands and deltas of Herman 
Creek, in the area extending from Starvation Creek to Viento Creek, and from Phelps Creek to the 
Hood River delta. Excavation, fill, and revetment activities for port, industrial, and transportation 
purposes since 1938 have further altered the Columbia River shoreline and creek mouth areas 
(Coccoli 2004).  Fall Chinook and chum salmon are particularly affected by the loss of these 
historical habitat areas because they relied on productive low gradient stream reaches near stream 
mouths in the Columbia River mainstem for spawning and rearing (Coccoli 2004). 
 
For a discussion of impacts from the Columbia River hydropower system on estuarine habitat, 
including food web (5a & 5b), impaired sediment routing (7b), elevated water temperatures (9aa) and 
altered hydrograph\water quantity (10d), see Section 2.3. 

 
Land Management 
 Food Web (5a).  See the discussion of common land and water management limiting factors and 

threats in Section 2.4 for background information on reduced macrodetrital inputs in the estuary due 
to non-hydropower related land and water management practices. 
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 Predation by birds (6b).  See the discussion of common land and water management limiting factors 
and threats in Section 2.4 for background information on predation by birds in the estuary. 

 
 Physical habitat quality (8a).  See the discussion of common land and water management limiting 

factors and threats in Section 2.4 for additional background information on impaired physical habitat 
quality and access in the estuary due to non-hydropower related land and water management 
practices. 

 
 Physical habitat quality (8b). Degraded habitat quality and disconnected habitats are a key concern 

for Upper Gorge chum, fall Chinook and steelhead.  Stream habitat in Upper Gorge tributaries is 
impacted by activities associated with highway and railroad development and ongoing maintenance 
and construction activities.  Lower stream elevations were also impacted through historic logging and 
stream clean-out activities.   
 
Interstate Highway 84 and the Union Pacific rail line run parallel to the Columbia River shoreline, 
traversing creek drainages and disconnecting uplands from lowlands.  Construction and alignment of 
the highway and railroad greatly reduced shoreline function, simplified shoreline habitat, and severed 
shore-bound wetlands from the Columbia River floodplain.  The transportation corridors have also 
reduced habitat complexity, increased channelization, impacted gravel aggradation and retention, and 
restricted fish passage.   
 
Aerial photos and field observations indicate that riparian and instream conditions north of the I-84 
corridor are highly altered. Gravel, woody debris, and water transport is restricted by culverts and 
other structures.  Pools and large woody debris are few to absent, and riparian vegetation is low to 
variable.  In a 1994 Forest Service survey, Herman Creek had no LWD and only 2.4 pools per mile 
between its mouth and RM 0.8, while Eagle Creek had one piece of LWD per mile (Coccoli 2004).  
Riparian areas along the highway and Union Pacific railroad right-of-way generally lack adequate 
vegetation, and they can contribute significant amounts of pollution runoff and sediment to the lower 
reaches of Upper Gorge streams.  Figure E-12 shows the current riparian conditions in the Upper 
Gorge. 

 
Figure E-12. Current riparian condition in Upper Gorge watershed (Maher et al. 2005).   
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• Water quality (9a, 9b, 9c).  The Oregon DEQ Water Quality Assessment database does not identify 

any water quality violations in the area.  There is potential for exposure to PCBs from contamination 
at nearby Bradford Island; information about the site is available at on the Army Corps website at 
https://www.nwp.usace.army.mil/issues/bradford/home.asp.   The Oregon Department of Human 
Services (DHS) has issued a shellfish advisory related to elevated levels of PCBs in crayfish and 
freshwater clams living in the Columbia River immediately above Bonneville Dam.  All commercial 
crayfish harvesters, sport fishermen, and food collectors are advised to avoid catching or eating 
clams, crayfish, or other bottom-dwelling organisms from the Columbia River between Bonneville 
Dam and the mouth of Ruckel Creek at mile-post 147, which is about one mile upstream of the dam.  
See http://www.oregon.gov/DHS/ph/envtox/0301esc.shtml.  See the discussion of common land and 
water management limiting factors and threats in Section 2.4 for additional background information 
on impaired water quality in the estuary due to non-hydropower related land and water management 
practices. 
 

• Hydrograph/water quantity (10f).  Altered hydrograph/water quantity due to upland management 
practices. See the discussion of common land and water management limiting factors and threats in 
Section 2.4 for background information on the impacts of upland management practices on the 
hydrograph and water quantity. 
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3.9 Limiting Factors and Threats for Hood Populations  
Key and secondary limiting factors and threats that have contributed to the current status of Hood River 
salmon and steelhead populations at each life stage are shown in Table E-16, followed by a discussion of 
supporting information.  The Hood River LCR coho population includes coho from the Upper Gorge 
population area. 
 
Table E-16. Key and Secondary Limiting Factors and Threats for Hood Salmon and Steelhead.   
 

Eggs Alevins Fry
Summer 

Parr
Winter 

Parr Smolts
Returning 

Adults Spawners Eggs Alevins Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Spawners Eggs Alevins Fry

Fingerling/
Sub-

yearling Yearling
Returning 

Adults Adults

Coho 1a 1a

Fall Chinook 1a 1a

Spring Chinook 1a 1a

Winter Steelhead 1a
1f

Summer Steelhead 1a

Coho 3 4a 4a

Fall Chinook 3
Spring Chinook 3

Winter Steelhead 3
Summer Steelhead 3

8c 9aa

6a

2c

8a 6b8a9a9b9c

10c

9b 10f

8a 6b

8a

10f

8a

10f

Coho 6a

Fall Chinook

Spring Chinook

Winter Steelhead

Summer Steelhead

6a

Black cells indicated key concerns; Gray cells indicated secondary concerns; Cross-hatched cells indicate life history stage absent or threat is not applicable.

4a

9aa

5a5b7b10d

6b8a9a9b9c

5a

4a

4a

5a

6b8a9a9b9c

5a

6b8a9a9b9c

9aa

5a5b7b10d

Landuse

6a

6a

6a

Introduced 
Species

7a 10f

9a&b 10f

Winter Steelhead

Summer Steelhead

2b 2c

10c

10f

Harvest

Hatcheries 4a
4a

4a

4a

4a

5a5b7b10dCoho 8c&10a

8c&10a 2b 2c
8c

6a

2c

9aa

5a5b7b10d

2b 6a

2c

8c

2c

Fall Chinook

Spring Chinook 6d

Winter Steelhead 8c&10a
2c

8c

6a
6d

8a9a9b9c

5a

9aa

5a5b7b10d

5a

8c&10a 2bSummer Steelhead

Hydro

2c2b

2c

2c8c

6a
6d

10c 2gCoho

7a 10f 10fFall Chinook

7a 10f
9a&b 10f

10f

Spring Chinook 7a 10f 10c 10f

7a 10f 10c

9a&b 10f

Mainstem Columbia (above Bonneville) Estuary (below Bonneville and Willamette Falls) Ocean

8c&10a

Threats Population

Tributaries

2g

9b

 
 
Code Limiting Factor Threat 

1a Population traits (impaired abundance and diversity)  Consumptive, targeted fishery 
1f Population traits (impaired abundance and diversity)  Fisheries targeted at other stocks or species 
2b Habitat access (impaired passage) Powerdale Dam 
2c Habitat access (impaired passage) Bonneville Dam 
2g Habitat access (impaired passage) Laurance Lake Dam 
3 Population traits (impaired productivity and diversity) Stray hatchery fish interbreeding with wild fish 

4a Competition with hatchery fish Smolts from all Columbia Basin hatcheries 

5a Food web (reduced macrodetrital inputs) Columbia Basin hydropower reservoirs, revetments, and disposal of 
dredge material 

5b Food web (increased microdetrital inputs) Columbia Basin hydropower reservoirs 
6a Predation by non-salmonid fish Bonneville Reservoir and Columbia Basin flow regulations  

6b Predation by birds Land use practices that create more favorable conditions for Caspian 
terns and cormorants to prey on salmonid juveniles in estuary 

6d Predation by marine mammals Bonneville Dam and Columbia Basin flow regulations 
7a Physical habitat quality (excessive fine sediment) Rural roads 
7b Food web and physical habitat quality (impaired sediment routing) Columbia Basin hydropower dams 

8a Physical habitat quality (impaired habitat complexity and diversity, 
including access to off-channel habitats) 

Past and/or current land use practices   

8c Physical habitat quality (reduced habitat quality/quantity) Inundation from Bonneville Dam 

9a Impaired water quality (elevated water temperature) Land uses that impaired riparian condition, or inadequate steamflows (e.g. 
water withdrawals for agricultural, industrial, or municipal uses) 

9aa Water quality (elevated water temperature due to solar heating) Columbia Basin hydropower reservoirs 
9b Water quality (toxins) Agricultural chemicals used throughout the Columbia Basin 
9c Water quality (toxins) Urban and industrial practices 

10a Hydrograph/water quantity (altered hydrology) Low-head hydro diversions 
10c Hydrograph/water quantity (impaired physical habitat and access to Irrigation withdrawals 
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Code Limiting Factor Threat 
habitat due to low streamflows) 

10d Hydrograph/water quality (impaired access to off-channel habitat 
and altered plume dynamics, estuarine habitat, and food web)  

Columbia Basin hydropower dams 

10f Hydrograph/water quantity (altered hydrology) Upland slope land uses 
   

 
Harvest Management 
 Population traits, direct harvest (1a). Incidental or direct mortality from targeted fisheries on the 

same species in estuary gill net and recreational fisheries, and ocean troll fisheries has a key effect on 
returning Hood River coho, fall Chinook and spring Chinook.  In recent years the total fishery 
exploitation rates on the Hood River populations from these fisheries have averaged roughly 35 
percent for coho, 70 percent for fall Chinook, and 25 percent for spring Chinook (Chapter 4, Table 4-
8).  The harvest rate on Hood spring Chinook may be higher than 25 percent, because of its exposure 
to fisheries downstream of Bonneville Dam and in Zone 6 above Bonneville Dam, however there is 
currently not enough information available to accurately determine the level of harvest impact.   
Hood River coho, Chinook and steelhead are also harvested in treaty Indian fisheries in Zone 6 above 
Bonneville Dam.  The fisheries exert a secondary effect on the Hood River winter and summer 
steelhead populations, with a harvest rate of approximately five percent.  They are believed to harvest 
similar proportions of Hood River coho and fall Chinook, however they are not identified as a 
secondary concern to these populations because of remaining uncertainty regarding harvest impact.  
Treaty Indian steelhead harvest is non-mark selective, and takes place in treaty subsistence platform 
fisheries and in fall gillnet fisheries.  Some treaty steelhead harvest also occurs near tributary mouths, 
including the Hood River.  The majority of the fish are caught in the treaty Indian fall season 
fisheries.  Commercial harvest of steelhead by non-Indians has been prohibited since 1975.  Treaty 
Indian fall fisheries are managed to limit impacts on wild steelhead to no greater than 15 percent 
based on pre-season run size expectations (Joint Columbia River Management Staff 2008).  

 
 Population traits (1f). Incidental mortality of wild winter steelhead in mainstem winter/spring 

commercial gill and tangle net fisheries and mainstem and tributary recreational fisheries is a 
secondary concern.  These fisheries were listed as a secondary concern for wild winter steelhead 
because the Planning Team felt there was uncertainty associated with mortality rate estimates.  
However, the current combined fisheries impact rate is low enough that it does not threaten the 
recovery of any steelhead population. 
 
Hood River wild summer steelhead are subject to harvest in the Columbia and Hood River fisheries; 
however, harvest is not considered a key of secondary concern for the population. As reported in 
Chapter 4 (Table 4-8) the total fishery associated mortality rate for wild summer steelhead returning 
to the Hood River in recent years was 15 percent.   
 

Hatchery Management 
 Population traits (3).  Stray hatchery fish interbreeding with wild spawners of natural origin, resulting 

in altered genetic composition and associated traits, is a key concern for Upper Gorge/Hood River 
coho and the Hood River fall Chinook, spring Chinook and summer steelhead populations.  It is a 
secondary concern for Hood River winter steelhead.  

 
Coho.  Stray hatchery coho from out-of-basin programs pose a key threat to naturally spawning coho 
in the Hood River.  As reported in Chapter 4 (Table 4-8), in recent years an estimated 80 percent of 
the coho spawners in the Upper Gorge/Hood River area have been hatchery strays.  Large numbers of 
out-of-basin hatchery coho are frequently captured at the Powerdale Dam fish trap but very few 
natural origin spawners (McElhany et al. 2007).  Known out-of-basin fin marked salmon and 
steelhead are not allowed upstream of the fish trap, but many returning salmon are unmarked hatchery 
fish and these fish are passed upstream.  There is no coho hatchery program in the Hood River basin.  
Intensive downstream migrant smolt trapping has been conducted each spring in the Hood River 
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Basin since the early 1990s.  Very few coho smolts have been recovered in this trapping effort, 
indicating little natural production (Olsen et al. 2007).   

 
Fall Chinook.  Data suggests that hatchery strays have comprised roughly 90 percent of the fall 
Chinook on Hood River spawning grounds since 1974 (see Chapter 4, Table 4-8).  There is no fall 
Chinook hatchery program in the basin. 
  
Spring Chinook. Hatchery fish comprise approximately 90 percent of the spring Chinook on 
spawning grounds in the Hood River basin (Chapter 4, Table 4-8).  The Hood River spring Chinook 
hatchery program is designed to re-establish a locally adapted run.  The hatchery began using 
broodstock from the Deschutes River basin’s Round Butte Hatchery in 1994, but since 1997 has 
collected its broodstock mostly from adult spring Chinook returning to the Hood River.    

 
Winter and summer steelhead:  Hatchery strays comprise approximately 53 percent of the summer 
steelhead on spawning grounds in the Hood River basin and 30 percent of the winter steelhead 
spawners (Chapter 4 and Appendix B).  Hatchery steelhead escapement is currently controlled 
upstream of Powerdale Dam.  All wild steelhead are currently released above Powerdale Dam, but 
hatchery-origin steelhead in excess of escapement needs are tagged and returned to the mouth of the 
river where they offer anglers additional angling opportunity.  The ability to remove out-of-basin 
hatchery-origin fish15 from the population will be lost at Powerdale Dam after 2010, as the dam will 
be decommissioned.   

 
 Competition with hatchery fish (4a).  See the discussion of common hatchery management limiting 

factors and threats in Section 2.2 for background information on competition with hatchery fish in the 
estuary. 

 
Hydropower/Flood Control Management 
 Habitat access (2b). Impaired passage at Powerdale Dam16 in the Hood River basin is a secondary 

concern for all Hood River salmon and steelhead populations.  Powerdale Dam on the mainstem 
Hood River (RM 4.5) hinders access of returning adult salmon and steelhead to historical spawning 
areas above the dam.  The populations experience delay associated with adult passage at the dam’s 
fish ladder. The dam began operating in 1923 and the fish ladder, which has undergone extensive 
modification since originally being built on the left abutment of the dam, allows for the sorting of fish 
at the fish trapping and sorting facility and passage of anadromous fish into the upper Hood River 
Basin.  The project flow line suffered extensive damage during a flood event on the Hood River in 
2006 and no longer diverts water for hydroelectric generation.  It is currently operated only to provide 
fish passage and will be removed by 2010.   
  

 Habitat access (2c). Impaired passage at Bonneville Dam due to operational practices and/or flows 
that delay upstream migration of salmon and steelhead. 

 
 Predation (6a, 6d). Predation by non-salmonid fish in Bonneville Reservoir and the mainstem 

Columbia River exerts a secondary impact on all Hood salmon and steelhead populations. Predation 
by marine mammals, primarily below Bonneville Dam, is a secondary concern for Hood spring 
Chinook and steelhead populations.  This predation, which has likely always been a significant source 
of mortality for salmonids, has been exacerbated by changes in the Columbia River hydro system.  

 
Pikeminnows prey on migrating salmon, often congregating at the dam bypass outfall and hatchery 
release sites to feed on smolts.  Fish managers have reduced the level of this predation through a 

                                                      
15 Summer steelhead hatchery releases were discontinued in the Hood River 2008. 
 
16 Powerdale Dam is scheduled for removal in 2010. 
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pikeminnow management program that rewards anglers for harvesting pikeminnows over a certain 
size; however, predation by pikeminnows remains a limiting factor for juvenile salmonids. Walleyes 
and smallmouth bass also prey on juvenile salmonids.  

 
Marine mammals (sea lions) prey on migrating adult spring Chinook and winter steelhead as they 
prepare to pass over Bonneville Dam.  Fall Chinook and summer steelhead from Hood River are less 
impacted by this predation because they usually arrive later when fewer sea lion are present below the 
dam.   

 
 Physical habitat quality (8c). Reduced habitat quality due to inundation from Bonneville Dam is a 

secondary concern for all Hood salmon and steelhead populations. Inundation and loss of lowland 
riparian hardwood communities along the Columbia River has significantly altered fish and wildlife 
habitat. A diversity of stream delta, wetland, and floodplain habitats were permanently flooded in 
1938 when Bonneville Dam was constructed. Instream habitat quality and quantity has been lost in 
the mainstem Hood River downstream of the Interstate Highway 84 Bridge. The loss of the extensive 
delta area at the Hood River mouth due to inundation from Bonneville reservoir has degraded habitat 
complexity (Coccoli 2004).  
 

• Hydrograph/water quantity (10a). Low-head hydro diversions in the Hood River basin impair habitat 
access and physical habitat quality, and are a secondary concern for all Hood salmon and steelhead 
populations.  Farmers and Middle Fork irrigation districts operate five small hydro plants year-round 
along their irrigation canals and pipelines. Depending on irrigation demand, some or all of the water 
is returned to the stream at various points.  Their combined generation water rights total 158 cfs, 
although actual peak use varies (Coccoli et al. 1999).  The maximum winter hydro diversion is 45 cfs 
from Middle Fork Irrigation District sources (Conners, MFID pers comm., in Coccoli et al. 1999).   
Farmer’s Irrigation District on the mainstem Hood River (RM 11.5) diverts approximately 80 cfs of 
water from the mainstem Hood River at RM 10, and an additional 30 cfs from other upstream sources 
for use as both irrigation and hydroelectric production.  Depending upon irrigation demand, some or 
all of the water is returned to the mainstem Hood River at RM 4.5.  Screens at the diversions prevent 
fish entrainment. A small hydro plant is also operated by a private individual on Odell Creek near its 
mouth.  These low-head hydro diversions reduce the amount of available habitat in diversion reaches 
for all life stages.   
 
Low flows associated with past water diversions at Powerdale Dam17 also impacted fish population 
abundance and productivity in the lower three river miles.   The hydropower project permanently 
ceased diversion in November 2006 because of flood-related damage to the project flow line.  
Following dam removal (by 2010), the 500 cfs hydroelectric water right will be transferred to the 
state to be used for instream purposes.  
 
For a discussion of impacts from the Columbia River hydropower system on food web (5a & 5b), 
impaired sediment routing (7b), elevated water temperatures (9aa) and altered hydrograph\water 
quantity (10d), see Section 2.3. 

 
Land Management 
 Habitat access (2g). Impaired passage at Laurance Lake Dam poses a secondary concern for Hood 

coho and winter steelhead returning adults.  Coho and winter steelhead habitat were documented in 
Clear Branch before construction of the Laurance Lake Dam, located on Clear Branch approximately 
11 miles upstream of the mouth of the Middle Fork Hood River (Oregon State Game Commission 
1963).  Much of this historical habitat is now inundated by the reservoir or blocked at the dam.  The 
dam blocks all upstream passage and provides only very limited downstream passage.  The Middle 
Fork Irrigation District operates Laurance Lake Dam, as well as diversions on Coe and Elliot Branch 

                                                      
17 Powerdale Dam is scheduled for removal in 2010 
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creeks for hydroelectric production and irrigation delivery.  The diversion on Elliot Branch is 
screened but upstream and downstream passage is limited at the Coe Branch diversion.  

 
 Food Web (5a).  See the discussion of common land and water management limiting factors and 

threats in Section 2.4 for background information on reduced macrodetrital inputs in the estuary due 
to non-hydropower related land and water management practices. 

 
 Predation by birds (6b).  See the discussion of common land and water management limiting factors 

and threats in Section 2.4 for background information on predation by birds in the estuary. 
   

 Physical habitat quality (7a). Increased fine sediment in spawning grounds from forest and rural 
roads, and from interbasin transfer of glacial water to Clearwater streams is a secondary concern for 
all Hood salmon and steelhead populations.  The high levels of sediment reduce spawning success by 
embedding gravels and reducing oxygen flow into the gravel for egg incubation and sac-fry. 

 
EDT results support the rating of sediment as a concern.  EDT modeling conducted during the Hood 
River subbasin planning process (2004) identified sediment load as a limiting factor in virtually all 
streams and reaches modeled and it affected all focal species. The largest impact was on the egg 
incubation stage, usually rated as a high or even extreme impact on survival in the EDT reach 
diagnostic summary (Coccoli 2004).   
 
While the Hood River is naturally high in sediment due to the glacial influence from Mt. Hood, fine 
sediment levels are elevated beyond natural levels in some areas due to land management practices 
that have increased runoff and erosion, and reduced riparian conditions.  Sediment input to streams 
from human activity occurs due to roads, undersized culverts at road crossings and irrigation ditches 
(Coccoli 2004).  Roads and management-related debris flows account for the majority of fine 
sediment production in the West Fork Hood River watershed (USFS 1996a; Coccoli 2004). Bear, 
Evans, Tony, and Trout creeks, and the East Fork Hood River have relatively high road densities that 
expand the drainage network by intercepting subsurface and overland flow, resulting in increased 
erosion and delivery of fine sediment to area streams (Coccoli 2004).  The East Fork Irrigation 
District is scheduled to complete to the Highline Canal project in 2009, which will eliminate a large 
interbasin transfer of glacial water from the East Fork Hood River to Neal Creek.  Several other 
smaller interbasin water transfers remain. 

 
 Physical habitat quality.  (8a). Impaired physical habitat quality due to stream cleaning, straightening 

and channelization, diking, wetland filling, and lack of large wood recruitment is a key concern for 
Hood coho, fall Chinook, winter steelhead and summer steelhead.  
 
EDT results show that loss of key habitat quantity is likely the most prevalent limiting factor to fish 
production across the Hood River subbasin, affecting at least one life stage in every reach modeled.  
The results also ranked reduced channel stability as affecting all the populations.  Loss of habitat 
diversity also rated as a limiting factor in most streams modeled, affecting both Chinook (to a greater 
extent) and steelhead (to a lesser extent) (Coccoli 2004).    
 
Large woody debris, gravel recruitment, channel sinuosity, hydrologic regime, floodplain connection, 
pool riffle ratio, habitat complexity and riparian condition have all been negatively affected by land 
use practices.  Many of the current conditions are the legacy from past land use practices.  For 
example, historic timber practices, including splash damming and stream clearing, continue to effect 
fish habitat. Symptoms of disturbance are channel incision, fewer pools and pieces of instream wood, 
and less variation in water velocity and substrate size compared to natural conditions (Coccoli 2004; 
USFS 1996a; USFS 1996b).  Today most channels lack the complex structure needed to retain 
gravels for spawning and invertebrate production (Coccoli 2004). Pool area, complexity and 
frequency are very low in most streams. Flood refuge, hiding cover, over-wintering and productive 
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early rearing habitats (i.e. shallow lateral habitats, side channels) are lacking.  An ODFW analysis of 
data compiled from various stream surveys indicates that only 30 percent of the streams in the Hood 
River population boundary have a moderate or high amount of pools (Anlauf et al. 2006). The 
analysis also shows a lack of large trees and large wood: of the streams surveyed, 89 percent had a 
low concentration of large wood pieces and 100 percent of the streams had a low concentration of 
large wood volume (Anlauf et al. 2006).   
 
Many of these limiting factors are associated with a loss of functional riparian conditions (Shively et 
al. 2006).  A U.S. Forest Service watershed analysis for the Middle and East Forks of Hood River 
identified loss of large wood from streams, and the future large wood recruitment potential from the 
adjacent riparian areas, as the single most important fisheries issue (USFS (1996a).The spread of 
invasive plants, including purple loosestrife, further reduces riparian condition on the mainstem Hood 
River, Neal Creek and other streams. The Hood River Watershed Assessment, Hood River Basin 
Aquatic Habitat Restoration Strategy and Hood River Subbasin Plan all provide information on 
sources of threats (Coccoli et al. 1999; Shively et al. 2006; Coccoli 2004).  Figure E-13 shows current 
riparian conditions in Hood River. 

 
Figure E-13. Current riparian condition in Hood River watershed (Maher et al. 2005).   

 
Railroad construction and related channelization has reduced habitat quality in much of the lower 
Hood River.  The mouth of Hood River downstream from Interstate 84 is constrained by jetties on 
each bank.  Channelization, road fill and bank armoring have narrowed stream channels and limited 
meanders along the mainstem Hood River, East Fork Hood River and in a few other places. This has 
created shorter channels, steeper gradients, higher velocities, bed armoring, entrenchment and other 
effects. Channel modifications interact with each flood event to further aggravate these channel 
changes. The construction and maintenance of State Highway 35 is considered a significant and 
chronic impact to the East Fork Hood River and its floodplain (USFS 1996b). Road construction, 
bank stabilization, and channelization have also altered Neal Creek, confining the stream in places 
and isolating it from its floodplain (Coccoli 2004).   
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See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired physical habitat quality and access in the estuary 
due to non-hydropower related land and water management practices. 

 
 Water quality (9a, 9b, & 9c).  Elevated water temperatures are a secondary concern for Hood coho 

and winter and summer steelhead.  Low flows and degraded riparian conditions and lack of 
streamside vegetation contribute to high water temperatures. Water temperatures are of particular 
concern in the following reaches: Clear Branch below Laurance Lake Dam, East Fork Hood River 
below the East Fork irrigation diversion, Neal Creek, and mainstem Hood River from Powerdale Dam 
to the powerhouse (RM 4.0 to 1.0) (Coccoli 2004).   

 
Agricultural chemicals above state standards are a secondary concern for all Hood salmon and 
steelhead populations.  Organophosphates and other insecticide levels above state water quality 
standards impair growth and survival of the Hood salmonid populations. Water quality is primarily 
affected by pesticides and bacteria in the lower basin (Baldwin, Indian, Lenz, Odell, and Neal creeks) 
(Shively et al. 2006). The Hood River Subbasin Plan identifies degraded water quality—including 
temperature, pesticides, sediment, and nutrients—to be limiting factors for the decline of focal salmon 
and steelhead species (Coccoli 2004).  Low flows reduce oxygen and concentrate pollutants and 
sediments.   
 
See the discussion of common land and water management limiting factors and threats in Section 2.4 
for additional background information on impaired physical habitat quality and access in the estuary 
due to non-hydropower related land and water management practices. 

 
• Hydrology/water quantity (10c). Reduced instream flow due to irrigation or domestic water 

withdrawals is a key concern for Hood coho, fall Chinook and winter and summer steelhead, and a 
secondary concern for spring Chinook.  EDT modeling showed that virtually every stream modeled 
was affected by flow.  The Hood River Subbasin Plan identifies water withdrawals for irrigation and 
power production as the primary impact on low flows (Coccoli 2004).  Several large water 
withdrawals for irrigation and domestic use reduce flows in the Hood River watershed.  The reaches 
of greatest concern are lower East Fork Hood River and the mainstem Hood River, with more than 75 
percent of instream flow in lower mainstem Hood River currently diverted.  The Odell, Upper Middle 
Fork, Neal Creek, lower West Fork, upper Middle Fork, Lake Branch, Middle East Fork and upper 
East Fork watersheds are also affected by water withdrawals (Shively et al. 2006). 
 
Degraded riparian, floodplain and upland conditions from timber harvest, roads and other practices 
have increased the flashiness of the Hood River system and the frequency and occurrence of peak 
flows.  High flows have been exacerbated by an increase of impervious surfaces, increases in the 
drainage network (more roads and ditches), and timber harvest. In some areas past timber harvest may 
have also reduced base flow levels by increasing runoff rates with a concurrent reduction in 
infiltration resulting in less water stored for the summer and fall (Coccoli 2004).  
 

 Hydrograph/water quantity (10f).  Altered hydrograph/water quantity due to upland management 
practices. See the discussion of common land and water management limiting factors and 
threats in Section 2.4 for background information on the impacts of upland management 
practices on the hydrograph and water quantity. 

 

4 References – See References in main body of the Plan. 
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Appendix F: SLAM Model Support Information 
 
The Species Life-cycle Analysis Modules (SLAM) is a tool designed to model life-cycle dynamics.  
SLAM and time-series generators were created by Paul McElhany, Mirek Kos and Anne Mullan are 
available at http://www.nwfsc.noaa.gov/trt/slam/slam.cfm.  SLAM uses repeated random sampling via a 
Monte Carlo simulation to generate multiple trajectories for a given scenario. The number of individuals 
is tracked through different life stages based on the survival rates from one stage to the next.  Modeling in 
SLAM takes place in three components, the Life Cycle model, Scenario parameterization, and model 
simulation. 
 

Life Cycles 
 
Life Cycle Models 
The process began by constructing a life cycle model that identified all critical life stages and the 
transitions between them, including instances when a single stage splits into two or more subsequent 
pathways, such as when a proportion of fish are harvested.  Life stages represent individuals in the same 
life phase for a specified period of time, and transitions represent the survival rate for individuals to 
recruit to the next life stage.  The life-cycle model can be represented by a box and arrow plot, a table 
(Figure F-3), or as a grid. The life cycle models are presented as box and arrow plots because they tend to 
be more quickly understood by a broad readership. 
 

 
 
Figure F-1. Box and arrow representation of life cycle model and table representation of life cycle model.   
 
Four life cycle models were used for the populations in the Lower Columbia.  The simple model for coho 
was used for all coho populations except for the Clackamas population (Figure F-4A).  Coho adhere to a 
strict three-year life cycle so both years in the ocean could be pooled into a single stage.  In the 
Clackamas, data on productivity above and below the dam was available so another life cycle was created 
that dealt separately with these two segments of the population (Figure F-4B).  Chinook have more varied 
life histories and return to spawn at several different ages.  For this reason, the different age classes in the 
ocean were modeled as separate stages, each with its own survival rate, harvest rate and return rate 
(Figure F-4C).  Steelhead life histories are even more varied.  Some steelhead adult spawners return to the 
ocean and then can return to fresh water to spawn again.  To capture this life history a new segment was 
added to the models for kelts (Figure F-4D). 
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(Figure F-4A) 

 
 
 
(Figure F-4B) 
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(Figure F-4C) 
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(Figure F-4D) 

 
 
Figure F-2. Four examples of SLAM life cycle models.  A) The simplest model for coho, B) a life-cycle for 
coho that separately models sub-populations above and below a dam, C) a model for Chinook that 
incorporates different life histories, and D) a model for steelhead that allows for multiple spawning.    
Steelhead that return to the ocean after spawning are referred to as kelts.  Each of these models was used for specific 
species and populations in the Lower Columbia.  Each life stage is signified by a box.  Arrows define transitions 
between stages.  The green boxes are initiation stages that seed the model.  Green arrows identify reproductive 
transitions.  The season indicates the model year in which the stage first occurs.  If an arrow links back to a stage it 
will repeat at that interval for the remainder of the simulation.  When more than one arrow originates from a stage, 
this is defined as a split.  A join occurs when more than one arrow terminates in the same stage.  All stages included 
in a pooled group are summed together to calculate density-dependent productivity.  Productivity and capacity 
relationships are defined by a Beverton-Holt curve.  NatOr Spwn are naturally spawning adults whose parents were 
also naturally spawned.  HatOr Strays are naturally spawning adults whose parents were hatchery fish.  
HatcherySpawners are adults that are spawned in the hatchery.  JOM designates juvenile out-migrants.  A smolt is 
defined as a fish that is leaving the estuary to enter the ocean. 
 
Each life stage is signified by a box.  Arrows define transitions between stages.  The green boxes are 
initiation stages that seed the model.  Green arrows identify reproductive transitions.  The season 
indicates the model year in which the stage first occurs.  If an arrow links back to a stage it will repeat at 
that interval for the remainder of the simulation.  When more than one arrow originates from a stage, this 
is defined as a split.  A join occurs them more than one arrow terminates in the same stage.  All stages 
included in a pooled group are summed together to calculate density-dependent productivity.  
Productivity and capacity relationships are defined by a Beverton-Holt curve.  NatOr Spwn are naturally 
spawning adults whose parents were also naturally spawned.  HatOr Strays are naturally spawning adults 
whose parents were hatchery fish.  HatcherySpawners are adults that are spawned in the hatchery.  JOM 
designates juvenile out-migrants.  A smolt is defined as a fish that is leaving the estuary to enter the 
ocean.  Steelhead that return to the ocean after spawning are referred to as kelts. 
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Coho 

 
0 Init_0 init stage 

transitions: 1 

0 Hatchery0 init stage 
transitions: 1 

1 Init_1 init stage 
transitions: 1 

1 Hatchery1 init stage 
transitions: 1 

2 Init_2 init stage 
transitions: 1 

2 Hatchery2 init stage 
transitions: 1 

3.1 NatOr Spwn Below transitions: 1 

3.1 HatOr Stray Below transitions: 1 

3.1 HatcherySpawners transitions: 1 

4.5 NatOr JOM Below transitions: 1 

4.5 HatOr JOM Below transitions: 1 

4.5 Hatchery JOM transitions: 1 

4.6 NatOr Smolt transitions: 1 

4.6 Hatchery Smolt transitions: 1 

4.6 HatOr Smolt transitions: 1 

6 NatOr Adult transitions: 2 

6 Hatcherey Adult transitions: 3 

6 HatOr Adult transitions: 2 

6.1 Harvest transitions: 0 

Page 138 – Appendix F 



Lower Columbia River Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead 
FINAL DRAFT – August 6, 2010 

 
Clackamas Coho 

0 Init_0 init stage 
transitions: 1 

0 Hatchery0 init stage 
transitions: 1 

1 Init_1 init stage 
transitions: 1 

1 Hatchery1 init stage 
transitions: 1 

2 Init_2 init stage 
transitions: 1 

2 Hatchery2 init stage 
transitions: 1 

3.09 Initiation pool transitions: 2 

3.1 NatOr Spwn Below transitions: 1 

3.1 HatOr Stray Below transitions: 1 

3.1 NatOrSpwnAbove transitions: 1 

3.1 HatcherySpawners transitions: 1 

4.4 Passage transitions: 1 

4.5 NatOr JOM Below transitions: 1 

4.5 HatOr JOM Below transitions: 1 

4.5 NatOrJOM Above transitions: 1 

4.5 Hatchery JOM transitions: 1 
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4.6 NatOr Smolt transitions: 1 

4.6 Hatchery Smolt transitions: 1 

4.6 HatOr Smolt transitions: 1 

6 NatOr Adult transitions: 3 

6 Hatcherey Adult transitions: 3 

6 HatOr Adult transitions: 2 

6.1 Harvest transitions: 0  
 
Chinook 

0 Hatchery0 init stage 
transitions: 1 

0 NatOr0 init stage 
transitions: 1 

1 Hatchery1 init stage 
transitions: 1 

1 NatOr1 init stage 
transitions: 1 

2 NatOr2 init stage 
transitions: 1 

2 Hatchery2 init stage 
transitions: 1 

3 NatOr3 init stage 
transitions: 1 

3 Hatchery3 init stage 
transitions: 1 

4 NatOr4 init stage 
transitions: 1 

4 Hatchery4 init stage 
transitions: 1 

5 NatOr5 init stage 
transitions: 1 
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5 Hatchery5 init stage 
transitions: 1 

5.1 Hatchery Spawners transitions: 1 

5.1 HatOr river adults transitions: 1 

5.1 NatOr river adults transitions: 1 
description: ... 

5.2 HatOrStray transitions: 1 

5.2 NatOr spawners transitions: 1 
description: ... 

6 Hatchery Adult transitions: 2 

6.1 HatOr JOM transitions: 1 

6.1 NatOr JOM transitions: 1 
description: ... 

6.9 HatOrDamPassage transitions: 1 

6.9 NatDamPassage transitions: 1 

6.95 HatOr Smolt transitions: 1 

6.95 NatOr Smolt transitions: 1 

7 HatOrStray age 2 transitions: 3 

7 Natural age 2 ocean transitions: 3 
description: ... 

7.1 Harvest_N2 transitions: 0 

7.8 HatOrStray age 3 transitions: 3 

7.8 Natural age 3 ocean transitions: 3 
description: ... 

7.9 Harvest_N3 transitions: 0 
description: ... 

8.8 HatOrStray age 4 transitions: 3 

8.8 Natural age 4 ocean transitions: 3 
description: ... 

8.9 Harvest_N4 transitions: 0 
description: ... 

9.8 HatOrStray age 5 transitions: 3 

9.8 Natural age 5 ocean transitions: 3 
description: ... 

9.9 Harvest_N5 transitions: 0 
description: ... 

10.8 Natural age 6 ocean transitions: 2 
description: ... 

10.8 HatOrStray age 6 transitions: 2 

10.9 Harvest_N6 transitions: 0 
description: ...  
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Steelhead 

 
0 Hatchery0 init stage 

transitions: 1 

0 NatOr Returners init stage 
transitions: 2 
description: ... 

0 HatOr Returners init stage 
transitions: 2 

0 HatOr2 init stage 
transitions: 2 

0 kelt returners init stage 
transitions: 2 

0.2 Harvest transitions: 0 

0.3 Hatchery Spawners transitions: 1 

0.3 HatOrSpawner transitions: 1 

0.3 NatOr spawners transitions: 2 
description: ... 

0.3 Kelt spawners transitions: 1 

1 Hatchery1 init stage 
transitions: 1 

1 Hatchery Adult transitions: 2 

1 NatOr JOM init stage 
transitions: 1 
description: ... 

1 HatOr JOM init stage 
transitions: 1 

1.9 HatOrPassage transitions: 1 

1.9 NatDamPassage transitions: 1 

2 HatOr Smolt init stage 
transitions: 1 

2 NatOr Smolt init stage 
transitions: 1 
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2 Hatchery2 init stage 
transitions: 1 

3 HatOr age 3 init stage 
transitions: 2 

3 age 3 ocean init stage 
transitions: 2 
description: ... 

3 Hatchery3 init stage 
transitions: 1 

4 HatOr age 4 init stage 
transitions: 2 

4 age 4 ocean init stage 
transitions: 2 
description: ... 

4 Hatchery4 init stage 
transitions: 1 

4 Kelt +0 init stage 
transitions: 1 

5 HatOr age 5 init stage 
transitions: 2 

5 age 5 ocean init stage 
transitions: 2 
description: ... 

5 Hatchery5 init stage 
transitions: 1 

5 kelt +1 init stage 
transitions: 1 

6 Hatchery6 init stage 
transitions: 1 

6 HatOr age 6 init stage 
transitions: 2 

6 age 6 ocean init stage 
transitions: 2 
description: ... 

6 kelt +2 init stage 
transitions: 1 

7 Hatchery7 init stage 
transitions: 1 

7 HatOr age 7 init stage 
transitions: 1 

7 age 7 ocean init stage 
transitions: 1 
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Data Sources for Parameter Values 
 
Parameterization 
Parameters were then defined to describe all splits and transitions.  Initial values were also defined to seed 
the model.  A set of parameters is defined as a scenario.  The scenario defines the distributions used for a 
Monte Carlo simulation in which sample values for each transition are generated for each trajectory and 
year during a simulation.  SLAM defines three types of parameters: a constant in which the parameter is 
fixed at a single value, a distribution in which value generator draws samples from a defined distribution, 
and the program can also use existing data by referencing a static data file that is generated before the 
simulation is run.  When the program draws samples from a distribution, both the bounds and the shape of 
the distribution (uniform, triangular, normal or lognormal) can be defined. 
 
External time series generators were used to create time series of productivity or capacity values or split 
proportions.  The trend generator randomly selects values within a uniform distribution for the range for 
each condition and gradually shifts the bounds from the current condition to those of the target condition 
over the time period prescribed.  The step generator creates a time series where there are two separate 
regimes with different mean values and variability.  The length of each regime phase is randomly selected 
from a uniform distribution defined by the regime range.  Most parameters were defined in pre-existing 
data tables to incorporate trends and step functions in almost all the transitions. 
 
SLAM incorporates five possible types of transition functions.  Constant functions define only the 
capacity, f(x) = c.  Linear functions define only the productivity f(x) = px.  For survivorship transitions 
the number of recruits is less than or equal to the number of stock, f(x) = min(f(x),px), so the productivity 
is limited to a maximum of 1.  Reproduction transitions are unrestricted.  Three types of curves 
incorporate both productivity and capacity, the Hockey-stick function, f(x)= min(px,c), the Beverton-Holt 
function f(x) = px / (1 + px/c), and the Ricker function, f(x)=pxe-px/(ce), where p = productivity and c = 
capacity for all functions.  In the SLAM models all transitions were linear except for the reproductive 
transitions in the wild and in the hatchery.  The reproductive transition for natural spawners was defined 
by a Beverton-Holt function and the hatchery reproductive transition was defined by a Hockey-stick 
function.  It is possible to pool the number of individuals in two or more life stages to be considered 
together under the same capacity limitation.  In the models the offspring of both hatchery origin and wild 
origin natural spawners were pooled.  This made it possible to simulate the competition of the offspring 
of hatchery strays with wild fish.   
 
Variability can be defined for transition functions either as a relative value in percentage or as an absolute 
value.  The type of the distribution within those bounds can also be defined as uniform, triangular, normal 
or lognormal.  Absolute values generated from available data were used to define the range of variability 
for the reproductive transitions in the wild and for survival transitions in the ocean.  Where data were not 
available to define the variability around survival estimates, the rates were allowed to vary by 20 percent 
around the mean estimate.  
 
For these models, most parameters were defined by the current threat rates identified in the Scenario 
Analysis described earlier in this chapter.  Projected delays in the realization of improvements for all 
parameters were incorporated using the trend generator.  The percentage of fish taken for harvest was 
defined by the proportions identified in the Scenario Analysis.  Harvest occurred for ocean stages for 
coho and Chinook, and during freshwater return for steelhead.  Predation rates were also taken from the 
Scenario Analysis and occurred during freshwater return.  For systems with dams, an extra life stage was 
included to incorporate mortality associated with hydro projects.  Again, the values for this mortality were 
the same as those used in the Scenario Analysis.  All of these rates were allowed to vary by 20 percent 
around the target.  Estuarine survival rates were determined from the Estuary Module.  The Scenario 
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Analyses incorporate only the human-derived portion of mortality in the estuary, but SLAM models 
include both human-derived mortality and natural background mortality in the estuary.   
 
Unlike the Scenario Analysis, SLAM models needed to incorporate survival for the ocean stages.  
Reliable long-term data on marine survival rates for wild coho were not available in the Lower Columbia.  
In order to approximate these parameters, marine survival estimates from three coastal coho populations 
(Mill Creek Siletz, NF Nehalem, and WF Smith) were regressed against the Oregon Production Index 
(OPI) for hatchery coho for the period from 1997-2004.  The regression equation was then used to 
estimate wild marine survival from 1974 to 2004 using the OPI.  This estimate includes mortality in the 
estuary and predation which are accounted for in other places in the SLAM models, so the estimate was 
adjusted to remove these other sources of mortality.  The period from 1974 to 1989 was defined as the 
high survival regime, and the period from 1990 to 2004 as the low survival regime.  Marine survival rates 
for Chinook presented a similar problem.  Survival rates from hatchery Chinook coded-wire-tag captures 
and returns in the Northern Pacific (Magnusson 2002) were adjusted by multiplying them by the ratio 
between the mean Columbia River Index for coho (CRIC) for the period from 1972 to 1995 and the mean 
survival rate for coho from Magnusson (2002) which covers the same period.  The CRIC was calculated 
by averaging the coho survival rates from the Oregon Production Index and the survival rates calculated 
for Clackamas wild coho after Clackamas values greater than 0.3 had been replaced with the average of 
the year before and after.  The period from 1982 to 1987 was defined as the high survival regime, and the 
periods from 1972 to 1981 and from 1988 to 1995 were defined as low survival periods.  The same 
approach was used to determine marine survival rates for steelhead. 
 
The SLAM models differed most from the Scenario Analysis in the ways that hatchery impacts and 
freshwater survival were addressed.  The Scenario Analysis assigns a linear mortality rate for freshwater 
habitat degradation and loss due to human actions, while the  SLAM also models natural background 
mortality.  Total freshwater mortality is combined with fecundity to give the productivity of the transition 
from spawners to juvenile out-migrants.  This reproductive transition is modeled as a Beverton-Holt 
function that incorporates both the productivity of each spawner and the habitat capacity (f(x) = px / (1 + 
px/c), where p = productivity and c = capacity).   
 
The SLAM models also gave the ability to model density dependence and  the impact of hatchery strays 
in a more realistic way.  In the Scenario Analysis, hatchery strays function as a direct source of mortality 
for wild fish.  In the SLAM models the offspring of hatchery fish compete with wild origin juveniles for 
limited capacity.  Though the successful offspring of hatchery fish contribute to the number of unmarked 
spawners, their productivity and survival are enough lower than wild fish that there is a net depression in 
the abundance of natural-origin spawners.   
 
Survival curves for populations of salmon from the Clackamas River were used to calculate capacity and 
productivity (alpha and beta parameters) under current conditions.  Data from EDT results in the 
Clackamas and Sandy Rivers were used with the capacity and productivity estimates for current 
conditions to estimate these parameters under historical conditions.  The slope on an x-y plot of 
abundance vs. either capacity or the natural log of the productivity was plotted to predict the capacity and 
productivity at target abundance.  The capacity was then adjusted to achieve the minimum abundance 
target (MAT) with the other scenario target parameters in place.  Variability around capacity and 
productivity was defined by the variability observed in data from the Clackamas.     
 
The Trend Series Generator was also used to create a trend in stream habitat loss due to climate change 
based on the Independent Scientific Advisory Board report on Climate Change Impacts on Columbia 
River Basin Fish and Wildlife (ISAB 2007-2; O’Neal 2002).  This report projects a loss of 5 to 13 percent 
of salmon habitat by 2030, 10 to 25 percent by 2060, and 14 to 42 percent by 2009 (Figure F-5).  The 
proportion of stream habitat remaining in a given trajectory and year was multiplied by the capacity for 
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that trajectory and year to give the capacity which was used in the model.  An example is shown in Figure 
F-6.  The capacity was held stable for a few years at the beginning to allow the model to stabilize.  It then 
increases over the next 15 years.  The original capacity was still increasing over the next 45 years, but 
these increases are counteracted by losses due to climate change and the slope of the capacity increases 
only slightly.  After 60 years of gains there are no further improvements and losses from climate change 
increase the variability and decrease the average capacity for the next 20 years.  The model used for 
climate change did not project further losses after 60 years so the average trajectory flattens out again to 
the end of the period. 
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Figure F-3. Projected stream habitat loss due to climate change (ISAB 2007-2 from O’Neal 2002).  
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Figure F-4. Freshwater capacity with climate change impacts.  
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Mortality rates from hydropower projects, harvest and predation parameters used in the Basic Model 
scenarios in Chapter 6 of this plan were used to in these SLAM models and were allowed to vary by 20% 
around the target.  The proportion of hatchery fish in the current and target conditions was multiplied by 
the total abundance of wild and hatchery fish to obtain the number of hatchery fish present under a given 
scenario.  This number was then divided by the set number of hatchery fish produced by the model to 
determine the proportion to apply to the split for hatchery adults.  This proportion was also allowed to 
vary by 20%.  The Trend Series Generator was used to randomly select values within the bounds for each 
condition and to gradually shift the bounds from the current condition to those of the target condition over 
the time period prescribed (see Figures F-7 and F-8 below).   
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Figure F-7. Example of trend series that declines over time: single trajectory. 
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Figure F-8. Example of trend series: multiple trajectories. 
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Reliable long-term data on marine survival rates for wild coho were not available in the Lower Columbia.  
In order to approximate these parameters, marine survival estimates from three coastal coho populations 
(Mill Creek Siletz, NF Nehalem, and WF Smith) were regressed against the OPI for the period from 
1997-2004.  The regression equation was then used to estimate wild marine survival from 1974 to 2004 
using the OPI.  This value was then divided by 0.7 to adjust for the 30% mortality assigned to the estuary.  
The length of regimes was defined as 10 to 20 years.  The period from 1974 to 1989 was defined as the 
high survival regime, and the period from 1990 to 2004 as the low survival regime.  This value was then 
divided by 0.7 to adjust for the 30% mortality assigned to the estuary.  The median, standard deviation 
Ln(x), and the maximum and minimum for each regime type were entered into the Step Series Generator 
to create 1000 unique regimes 100 years in length.  The range for good regimes was 0.027:0.150 and the 
range for poor regimes was 0.013 : 0.084.  These values represent total marine survival which was then 
further broken down into estuarine and ocean survival.  A correction factor of 0.483 was used to generate 
ocean survival rates for hatchery origin coho.  Marine and estuarine survival rates for steelhead and spring 
chinook were the same as those used for coho.   
 
Long-term data on marine survival rates for wild fall chinook were not available for the populations in 
question.  In order to approximate these parameters, survival rates from fall chinook coded-wire-tag 
captures and returns in the Northern Pacific (Magnusson, 2002) were adjusted by multiplying them by the 
ratio between the mean Columbia River Index for coho (CRIC) for the period from 1972 to 1995 and the 
mean survival rate for coho from Magnusson (2002) which covers the same period.  The CRIC was 
calculated by averaging the coho survival rates from the Oregon Production Index and the survival rates 
calculated for Clackamas wild coho after Clackamas values greater than 0.3 had been replaced with the 
average of the year before and after.  The period from 1982 to 1987 was defined as the high survival 
regime, and the periods from 1972 to 1981 and from 1988 to 1995 were defined as low survival periods.  
The length of good and poor regimes was defined as 10 to 20 years.  The median, standard deviation 
Ln(x), and the maximum and minimum for each regime type were entered into the Step Series Generator 
to create 1000 unique regimes 100 years in length.  An example of two ocean survival trajectories is 
shown in Figure F-9.  The range marine survival for good regimes was 0.0078 - 0.0328 (median = 0.017) 
and the range for poor regimes was 0.0003 - 0.0128 (median = 0.002).  These values represent total 
marine survival which was then further partitioned into estuarine and ocean survival.  
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Figure F-9. Two sample ocean survival trajectories. 
 
Estuarine survival rates were determined from the Columbia River Estuary Recovery Module (NOAA 
2006).  Marine survival was divided by the estuarine survival and predation survival for that trajectory 
and year in order to calculate ocean survival rates.  Estuary survival for coho, steelhead and spring 
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chinook was set at 0.61 - 0.71 in the current scenario, and improves to 0.63 - 0.73 over 10 years (Figure 
F-10).  Estuary survival for fall chinook was set at 0.43 - 0.63 in the scenario for current conditions, and 
with estuary actions improves to 0.48 - 0.71 over 10 years.  For the late run in the Sandy River, estuary 
survival starts at 0.43 – 0.64 and improves to 0.49 – 0.72 in 10 years.  The stream type estuary survival 
trajectories are shown below. 
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Figure F-10. Estuarine Survival Rates. 
 
Chinook are harvested in the ocean at several different ages, and return to spawn at different ages, so age-
specific marine survival was necessary to populate these models.  Ecosystem Diagnosis and Treatment 
(EDT) results on life stage survival for East Fork Lewis Fall Chinook were used to apportion the total 
ocean survival by year class.  Data on the proportion of the total return that was a given age from hatchery 
return data was coupled with the marine survival rate to calculate the percent of a given age class that 
returned to spawn or remained in the ocean for another year.  The number of fish remaining in each age 
class was used along with data on age structure in the catch data to determine the proportion of fish in 
each age class that were harvested.  For steelhead, data on the proportion of the total return to hatcheries 
that was a given age (below) was coupled with the marine survival rate to calculate the percent of a given 
age class that returned to spawn or remained in the ocean for another year. 
 
Survival curves for populations of salmon from the Clackamas River were used to calculate capacity and 
productivity (alpha and beta parameters) under current conditions.  Data from EDT results in the 
Clackamas and Sandy Rivers were used with the capacity and productivity estimates for current 
conditions to estimate these parameters under historical conditions.  We then plotted the slope on an x-y 
plot of abundance vs. either capacity or the natural log of the productivity in order to predict the capacity 
and productivity at target abundance.  The capacity was then adjusted to achieve the minimum abundance 
target (MAT) with the other scenario target parameters in place.  Variability around capacity and 
productivity was defined by the variability observed in data from the Clackamas.  Sample freshwater 
capacity trajectories are shown in Figure F-11. 
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Figure F-11. Freshwater capacity increase without climate change impacts. 
 
The Trend Series Generator was used to create a trend in stream habitat loss due to climate change based 
on the Independent Scientific Advisory Board report on Climate Change Impacts on Columbia River 
Basin Fish and Wildlife (ISAB 2007-2, O’Neal, 2002).  This report projects a loss of 5%-13% of salmon 
habitat by 2030, 10%-25% by 2060, and 14%-42% by 2009 (Figure F-12).  The proportion of stream 
habitat remaining in a given trajectory and year was multiplied by the capacity for that trajectory and year 
to give the capacity which was used in the model.  An example is shown in Figure F-13.  The capacity 
was held stable for a few years at the beginning to allow the model to stabilize.  It then increases over the 
next 15 years.  The original capacity was still increasing over the next 45 years, but these increases are 
counteracted by losses due to climate change and the slope of the capacity increases only slightly.  After 
60 years of gains there are no further improvements and losses from climate change increase the 
variability and decrease the average capacity for the next 20 years.  The model we used for climate 
change did not project further losses after 60 years so the average trajectory flattens out again to the end 
of the period. 
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Figure F-12. Projected stream habitat loss due to climate change (ISAB 2007-2 from O’Neal, 2002) 
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Figure F-13. Freshwater capacity with climate change impacts. 
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Parameter Bounds - Coho 
Survival through hydro projects.  Clackamas, Sandy and Upper Gorge populations of coho experience 
impacts from hydro systems: Values transitioned from current conditions to target values over 10 years 
and then remained stable at the target value for the remaining 90 years. 

 
Population Current Target

Lower Upper Lower Upper
Youngs 1.000 1.000 1.000 1.000
Big 1.000 1.000 1.000 1.000
Clatskanie 1.000 1.000 1.000 1.000
Scappoose 1.000 1.000 1.000 1.000
Clackamas 0.737 1.000 0.753 1.000
Sandy 0.722 1.000 0.800 1.000
Lower Gorge 1.000 1.000 1.000 1.000
Hood 0.585 1.000 0.717 1.000  
 
Predation was defined for four groups of populations, Youngs Bay and Big Creek; Clatskanie and 
Scappoose; Clackamas, Sandy and Lower Gorge; and Upper Gorge and Hood coho.  Values transitioned 
from current values to target conditions over 10 years and then remained stable at the target value for the 
remaining 90 years. 

Lower Upper Lower Upper
Youngs Bay 0.933 0.955 0.959 0.973
Big Creek 0.933 0.955 0.959 0.973
Clatskanie 0.928 0.952 0.954 0.970
Scappoose 0.928 0.952 0.954 0.970
Clackamas 0.923 0.949 0.952 0.968
Sandy 0.923 0.949 0.952 0.968
Lower Gorge 0.923 0.949 0.951 0.967
U. Gorge\Hood 0.942 0.912 0.977 0.965

Population
Current Target

 
 
The correct number of hatchery strays was delivered to the model by designating the split proportion for a 
fixed number of hatchery fish (4000).  The upper and lower bounds are specified for each risk category 
and each population.  Hatchery stray rates transitioned from current conditions to target conditions over 
15 years.  Stray rates were held constant for the remaining 85 years.   

Lower Upper Lower Upper
Youngs Bay Max Possible 0.007 0.011 0.800 1.000
Big Creek Max Possible 0.061 0.092 0.325 0.487
Clatskanie Low 0.041 0.061 0.054 0.081
Clatskanie Broadsense 0.041 0.061 0.076 0.113
Scappoose Very Low 0.020 0.031 0.025 0.038
Scappoose Broadsense 0.020 0.031 0.049 0.074
Clackamas Very Low 0.512 0.767 0.188 0.282
Clackamas Broadsense 0.512 0.767 0.314 0.472
Sandy Low 0.032 0.048 0.107 0.160
Lower Gorge Max Possible 0.018 0.026 0.022 0.033
U. Gorge\Hood Max Possible 0.033 0.049 0.113 0.170

Population Scenario
Current Target
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Harvest rates transition from current conditions to target rates over 10 years.  Harvest rates are higher for Youngs Bay and Big Creek, and the same for 
all other populations. 

Lower Upper Lower Upper
Youngs Bay 0.720 1.000 0.560 0.840
Big Creek 0.560 0.840 0.400 0.600
Remainder 0.520 0.780 0.600 0.901

Population
Current Target

 
 
Estuary survival transitions from current conditions to target conditions over 15 years.   

Current Target 
Lower Upper Lower Upper 
0.61 0.71 0.63 0.73 

 
Upper and lower bounds for freshwater capacity and productivity.  Models are identified by species and scenario.  Parameter values transitioned from 
current conditions to target conditions over 60 years with two steps in the transition; one from time zero to 15 years and the second over the next 45 
years.  Once the values had reached the target rates they remained stable for the remaining 40 years.  Wild Productivity indicates the adult to smolt 
productivity for adult coho that are the progeny of naturally spawning wild salmon.  Productivity of naturally spawning hatchery strays is estimated 
separately under Hatchery Productivity.  Once the trend series had been generated, the Capacity values were multiplied by the climate change trend 
series to obtain the final capacity used in the models.  (The climate change trend series projects a loss of 5%-13% of salmon habitat by 2030, 10%-25% 
by 2060, and 14%-42% by 2009). 

Current
Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower

Youngs Max Possible 81,398 136,569 276,752 464,333 179,075 300,451 80.2383 175.322 166.31 279.034 232.71 390.439 12.8381 28.0516 26.6096 44.6455 37.2336
Big Max Possible 16,280 27,314 41,513 69,650 66,746 111,986 80.2383 175.322 142.786 239.565 185.662 311.502 12.8381 28.0516 22.8457 38.3305 29.7059

Clatskanie Low 48,839 81,941 56,978 95,598 65,118 109,255 84.459 184.545 120.659 202.441 136.152 228.435 13.5134 29.5272 19.3054 32.3905 21.7843
Broadsense 48,839 81,941 66,339 111,303 83,840 140,666 84.459 184.545 131.417 220.491 157.669 264.535 13.5134 29.5272 21.0268 35.2786 25.227

Scappoose Low 65,118 109,255 65,118 109,255 80,000 65,118 80.2383 175.322 100.015 167.804 100.119 167.979 12.8381 28.0516 16.0024 26.8486 16.0191
Broadsense 65,118 109,255 85,468 143,397 105,817 177,539 80.2383 175.322 126.133 211.626 152.357 255.623 12.8381 28.0516 20.1814 33.8602 24.3771

Clackamas Very Low Above 94,812 159,075 102,453 171,895 15,282 25,640 90.8 198.4 98.9202 216.143 16.2404 35.4856
Very Low Below 115,451 193,703 124,755 209,314 18,608 31,221 34.7772 75.9891 43.1817 94.3531 16.809 36.728 5.56436 12.1582 6.90908 15.0965 2.68944

Clackamas Broadsense Above 94,812 159,075 128,804 216,106 67,983 114,062 90.8 198.4 127.113 277.746 72.6269 158.691
Broadsense Below 115,451 193,703 155,403 260,734 79,903 134,061 34.7772 75.9891 80.5368 175.975 91.5191 199.971 5.56436 12.1582 13.7357 30.0128 16.3427

Sandy Low 53,722 90,135 71,630 120,180 89,537 150,225 70.2736 153.549 180.596 303.003 273.689 459.194 11.2438 24.5679 28.8953 48.4804 43.7903
Lower Gorge High 2,035 3,414 10,378 17,412 18,721 31,411 80.2383 175.322 160.044 268.521 220.178 369.413 12.8381 28.0516 19.9925 33.5433 23.9994

Max Possible 2,035 3,414 12,413 20,827 22,791 38,239 80.2383 175.322 165.487 277.652 231.063 387.676 12.8381 28.0516 26.4779 44.4244 36.9701
Up Gorge\Hood Max Possible 1,262 2,117 12,027 20,178 22,791 38,239 80.2383 175.322 148.252 248.737 196.595 329.845 12.8381 28.0516 23.7204 39.7979 31.4552

60 ye
Hatchery ProductivityWild Productivity

Current 15 years 60 years 15 years
ScenarioPopulation

15 years
Capacity

Current 60 years
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Parameter Bounds - Chinook 
Different estuary survival rates were used for the late run in the Sandy River than for the remainder of the 
chinook models.  Values transitioned from current conditions to target conditions over 25 years and then 
remained stable at target values for the remaining 75 years. 
Estuary

Lower Upper Lower Upper
Fall Chinook 0.423 0.634 0.474 0.711
Sandy Late 0.432 0.649 0.482 0.723

Current 25 years

 
 
Clackamas, Upper Gorge and Hood populations of fall chinook experience impacts from hydro systems: 
Values transitioned from current conditions to target values over 10 years and then remained stable at the 
target value for the remaining 90 years. 
Hydro

Lower Upper Lower Upper
Clackamas 0.600 0.900 no change no change

Upper Gorge 0.693 1.040 no change no change
Hood 0.651 0.976 0.693 1.000

Current 10 years

 
 
Parameters for the marine survival step generator 
 
The following code was used to generate the step function for ocean survival for chinook using the step 
function generator created by Paul McElhany (http://www.nwfsc.noaa.gov/trt/slam/slam.cfm ).  For the 
good regime the median survival rate was 0.0167 with upper and lower bounds of 0.0078-0.0328.  For the 
poor regime the median survival rate was 0.0018 with upper and lower bounds of 0.0003-0.0128.  This 
function creates 1000 trajectories each of which spans 100 years.  Good and poor regimes can vary from 
10 to 20 years in duration. 
 
int nTraj = 1000 
int nYears = 100 
 
// regime range 
int rrLower = 10 
int rrUpper = 20 
 
double medianGood = 0.016688948 
double sdaGood = 1 
double minimumGood = 0.00782014835294 
double maximumGood = 0.03279826 
 
double medianPoor = 0.0018549775187 
double sdaPoor = 1 
double minimumPoor = 0.00027813032142857 
double maximumPoor = 0.0128120047 
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Predation was defined for four groups of populations, Youngs Bay and Big Creek, Clatskanie and Scappoose, Clackamas, Sandy and Lower Gorge, and 
Upper Gorge and Hood fall chinook.  Values transitioned from current values to target conditions over 10 years and then remained stable at the target 
value for the remaining 90 years. 
Predation

Lower Upper Lower Upper
Youngs/Big 0.755 1.132 0.764 1.146
Clat/Scapp 0.748 1.122 0.759 1.138
Clack\Sandy\LG 0.742 1.113 0.754 1.131
UG\Hood Fall 0.727 1.091 0.742 1.113

Current 10 years

 
 
Once this file had been created, ocean survival was expanded to account for estuary mortality and predation and then the square root of this value was 
multiplied by an adjustment factor for each year class. 

Age Adjustment
2 0.9440
3 0.8209
4 0.9577
5 1.0945
6 1.2313  

 
The correct number of hatchery strays was delivered to the model by designating the split proportion for a fixed number of hatchery fish (5000).  The 
upper and lower bounds are specified for each risk category and each population.  Hatchery stray rates transitioned from current conditions to target 
conditions over 15 years.  Stray rates were held constant for the remaining 85 years.   

Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
Population Current Current High High Moderate Moderate Low Low Very Low Very Low
Youngs 0.546 0.819 0.035 0.053 0.018 0.028 0.022 0.033
Big 0.311 0.467 0.034 0.051 0.019 0.028 0.022 0.032
Clatskanie 0.513 0.769 0.035 0.053 0.036 0.054 0.019 0.028 0.021 0.032
Scappoose 0.009 0.013 0.035 0.053 0.018 0.027 0.022 0.032
Clackamas 0.804 1.205 0.069 0.104 0.027 0.040 0.032 0.048
Sandy (Tules) 0.207 0.311 0.071 0.107 0.041 0.062 0.019 0.028 0.022 0.033
Sandy Late 0.276 0.414 0.072 0.107
Lower Gorge 0.107 0.160 0.032 0.048 0.035 0.053 0.018 0.027 0.022 0.033
Upper Gorge 0.024 0.037 0.033 0.050 0.035 0.053 0.018 0.027 0.021 0.032
Hood Fall 0.048 0.071 0.072 0.109 0.042 0.062 0.018 0.028 0.022 0.033
Hood SpCh 0.994 1.491 0.072 0.109 0.044 0.066 0.018 0.027 0.022 0.033
Sandy SpCh 0.113 0.169 0.018 0.027 0.022 0.033  
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Harvest was partitioned to each year of ocean residence, indicated by Year across the top of the table.  Harvest rates transition from current conditions to 
target rates over 20 years.  Within this 20-year period, there are 5 different steps in the transition.  Time indicates the total years elapsed since time zero, 
and Interval indicates the years past since the prior transition step.  The number ranges indicate the current and target values for total harvest rates.  “All 
0.65-0.4” represents the Upper Gorge, “All 0.7-0.45” is for Hood fall chinook, Big and Youngs are for Big Creek and Youngs Bay, Late Chinook  
indicates the late run in the Sandy, and the file for” All 0.6-0.35” was used for all of the remaining populations. 
Harvest Year

Time Interval Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper
Big 0 0 0.007 0.011 0.232 0.348 0.420 0.630 0.072 0.108
Big 2 2 0.006 0.009 0.198 0.297 0.342 0.513 0.050 0.076
Big 8 6 0.006 0.009 0.193 0.290 0.331 0.497 0.048 0.071
Big 14 6 0.006 0.009 0.190 0.284 0.322 0.483 0.045 0.068
Big 20 6 0.006 0.008 0.182 0.272 0.304 0.456 0.040 0.060
Youngs 0 0 0.014 0.022 0.286 0.430 0.544 0.816 0.240 0.360
Youngs 2 2 0.012 0.018 0.245 0.368 0.436 0.654 0.146 0.218
Youngs 8 6 0.012 0.018 0.240 0.360 0.422 0.633 0.133 0.200
Youngs 14 6 0.012 0.018 0.235 0.353 0.409 0.614 0.122 0.183
Youngs 20 6 0.011 0.017 0.226 0.338 0.384 0.576 0.100 0.150
All 0.6-0.35 0 0 0.010 0.014 0.224 0.336 0.368 0.552 0.062 0.092
All 0.6-0.35 2 2 0.006 0.009 0.127 0.190 0.193 0.290 0.031 0.047
All 0.6-0.35 8 6 0.005 0.008 0.114 0.171 0.170 0.255 0.027 0.041
All 0.6-0.35 14 6 0.005 0.007 0.103 0.154 0.150 0.224 0.024 0.036
All 0.6-0.35 20 6 0.004 0.006 0.080 0.120 0.109 0.163 0.017 0.025
All 0.65-0.4 0 0 0.010 0.016 0.234 0.350 0.392 0.588 0.080 0.120
All 0.65-0.4 2 2 0.007 0.010 0.141 0.212 0.218 0.328 0.041 0.062
All 0.65-0.4 8 6 0.006 0.009 0.129 0.194 0.195 0.293 0.036 0.054
All 0.65-0.4 14 6 0.006 0.009 0.118 0.177 0.175 0.262 0.031 0.047
All 0.65-0.4 20 6 0.005 0.007 0.097 0.145 0.134 0.202 0.022 0.034
All 0.7-0.45 0 0 0.011 0.017 0.257 0.385 0.456 0.684 0.104 0.156
All 0.7-0.45 2 2 0.007 0.011 0.159 0.238 0.255 0.382 0.052 0.078
All 0.7-0.45 8 6 0.007 0.010 0.146 0.218 0.228 0.342 0.045 0.068
All 0.7-0.45 14 6 0.006 0.010 0.134 0.201 0.205 0.307 0.039 0.059
All 0.7-0.45 20 6 0.006 0.008 0.111 0.167 0.158 0.236 0.027 0.041
Late Chinook 0 0 0.010 0.016 0.245 0.367 0.268 0.402 0.100 0.150 0.006 0.008
Late Chinook 2 2 0.006 0.009 0.145 0.218 0.146 0.218 0.051 0.076 0.003 0.004
Late Chinook 8 6 0.006 0.008 0.132 0.198 0.129 0.194 0.044 0.067 0.003 0.004
Late Chinook 14 6 0.005 0.008 0.120 0.180 0.115 0.172 0.039 0.058 0.002 0.003
Late Chinook 20 6 0.004 0.006 0.097 0.145 0.086 0.130 0.027 0.041 0.002 0.002

2 3 4 5 6
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Upper and lower bounds for freshwater capacity and productivity.  Models are identified by species and scenario.  Parameter values transitioned from 
current conditions to target conditions over 60 years with two steps in the transition; one from time zero to 15 years and the second over the next 45 
years.  Once the values had reached the target rates they remained stable for the remaining 40 years.  Wild Productivity indicates the adult to smolt 
productivity for adult chinook that are the progeny of naturally spawning wild salmon.  Productivity of naturally spawning hatchery strays is estimated 
separately under Hatchery Productivity.  Once the trend series had been generated, the Capacity values were multiplied by the climate change trend 
series to obtain the final capacity used in the models.  (The climate change trend series projects a loss of 5%-13% of salmon habitat by 2030, 10%-25% 
by 2060, and 14%-42% by 2009). 
Freshwater capacity and productivity

Youngs Max Possible 145730:322810 157250:348329 168771:373848 210:2810 218:2924 227:3039 86:1149 89:1196 93:1243
Big Creek Max Possible 46020:101940 80535:178395 115050:254850 210:2810 227:3035 244:3261 86:1149 93:1241 100:1334
Clatskanie Low 74700:118800 134875:214500 195050:310200 209:4694 229:5157 250:5621 85:1920 94:2109 102:2299
Clatskanie Broadsense 74700:118800 154380:245520 234060:372240 209:4694 233:5244 258:5795 85:1920 95:2145 105:2370
Scappoose Low 1150.5:2548.5 88780:196659 176410:390770 228:3055 274:3664 319:4272 93:1249 112:1498 130:1747
Scappoose Broadsense 1150.5:2548.5 188490:417529 375830:832510 228:3055 282:3777 336:4498 93:1249 115:1545 137:1840
Clackamas Moderate 230100:509700 268450:594650 306800:679600 210:2810 220:2949 231:3089 86:1149 90:1206 94:1263
Clackamas Very Low 230100:509700 383500:849500 536900:1189300 210:2810 232:3101 254:3393 86:1149 95:1268 104:1388
Clackamas Broadsense 230100:509700 575250:1274250 920400:2038800 210:2810 246:3289 281:3768 86:1149 100:1345 115:1541
Sandy Low 30680:67960 107380:237860 184080:407760 210:2810 249:3327 287:3845 86:1149 102:1361 117:1573
Sandy Late Current 249275:552175 249275:552175 249275:552175 176:1026 176:1026 176:1026 72:419 72:419 72:419
Sandy Late Broadsense 249275:552175 389252:862242 529230:1172310 176:1026 204:1189 232:1352 72:419 83:486 95:553
Lower Gorge Moderate 16107:35679 54073:119779 92040:203880 210:2810 248:3324 287:3839 86:1149 102:1360 117:1570
Lower Gorge Max Possible 16107:35679 63661:141017 111215:246355 210:2810 253:3389 297:3969 86:1149 104:1386 121:1623
Upper Gorge Most Probable 3068:6796 11121:24635 19175:42475 210:2810 237:3170 264:3531 86:1149 97:1297 108:1444
Hood Most Probable 13806:30582 37583:83251 61360:135920 210:2810 242:3234 273:3659 86:1149 99:1323 112:1496

ScenarioPopulation
15 years

Wild ProductivityCapacity
60 years15 yearsCurrent

Hatchery Productivity
60 years60 years Current 15 yearsCurrent
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Parameter Bounds – Steelhead 
Upper and lower bounds for freshwater capacity and productivity.  Models are identified by species and scenario.  Parameter values transitioned from 
current conditions to target conditions over 60 years with two steps in the transition; one from time zero to 15 years and the second over the next 45 
years.  Once the values had reached the target rates they remained stable for the remaining 40 years.  Wild Productivity indicates the adult to smolt 
productivity for adult chinook that are the progeny of naturally spawning wild salmon.  Productivity of naturally spawning hatchery strays is estimated 
separately under Hatchery Productivity.  Once the trend series had been generated, the Capacity values were multiplied by the climate change trend 
series to obtain the final capacity used in the models.  (The climate change trend series projects a loss of 5%-13% of salmon habitat by 2030, 10%-25% 
by 2060, and 14%-42% by 2009). 

Current
Youngs Bay Very Low 23256:50732 24917:543556 26578:57979 31:61 38:74 31:61 14:28 18:34 21:40

Broadsense 23256:50732 27242:59429 31229:68126 31:61 42:82 53:102 14:28 19:38 42:47
Big Creek Very Low 14618:31889 16611:36237 18604:40585 21:40 26:50 31:61 9:18 12:23 14:28

Broadsense 14618:31889 19601:42760 24584:53631 21:40 31:59 41:79 9:18 14:27 19:36
Clatskanie Very Low 26578:57979 23920:52181 21262:46383 43:84 41:80 39:76 20:39 19:37 18:35

Broadsense 26578:57979 26578:57979 26578:57979 43:84 48:93 52:102 20:39 22:43 24:47
Scappoose Very Low 20598:44934 21510:46925 22423:48916 43:84 49:95 55:107 20:39 23:44 25:49

Broadsense 20598:44934 25581:55805 30565:66676 43:84 64:124 84:163 20:39 29:57 39:75
Clackamas Low 34847:122375 41473:145644 48099:168912 18:39 26:57 34:75 8:18 12:26 16:35

Probable 34847:122375 39165:137540 43484:152705 18:39 24:52 30:66 8:18 11:24 14:30
Sandy Very Low 12571:17631 14567:20430 16563:23229 16:27 17:29 18:32 7:12 8:13 8:15

Broadsense 12571:17631 19695:27621 26819:37612 16:27 18:32 21:37 7:12 8:15 10:17
Lower Gorge Moderate 4651:10146 5149:11233 5648:12321 39:76 47:92 55:108 18:35 22:42 26:50

Probable 4651:10146 4983:10871 5316:11596 39:76 49:96 59:115 18:35 23:44 27:53
Upper Gorge High 1794:3914 1894:4131 1993:4348 39:76 51:98 62:121 18:35 23:45 29:56

Probable 1794:3914 1728:3769 1661:3624 39:76 49:95 59:114 18:35 23:44 27:53
Hood WinterR Very Low 19443:36738 16526:31224 13610:25714 46:259 63:352 79:446 21:119 29:162 36:205

Broadsense 19443:36738 19831:37468 20220:38203 46:259 93:525 141:791 21:119 43:241 65:363
Hood SummerR High 695:1204 2954:5118 5213:9032 25:95 38:146 52:198 11:44 18:67 24:91

Probable 695:1204 2502:4336 4309:7467 25:95 37:142 49:189 11:44 17:65 23:87

15 years
Capacity

Current 60 yearsPopulation Scenario 60 years
Hatchery ProductivityWild Productivity

Current 15 years 60 years 15 years
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Clackamas, Upper Gorge and Hood populations of fall chinook experience impacts from hydro systems: 
Values transitioned from current conditions to target values over 10 years and then remained stable at the 
target value for the remaining 90 years. 
Harvest

Lower Upper Lower Upper
Hood 0.796 0.864 no change no change
remainder 0.880 0.920 no change no change

Current Final

 
 
Predation was defined for six groups of populations, Youngs Bay and Big Creek, Clatskanie and 
Scappoose, Clackamas, Sandy and Lower Gorge, Upper Gorge and Hood winter steelhead, Hood summer 
steelhead and Lower Gorge.  Values transitioned from current values to target conditions over 10 years 
and then remained stable at the target value for the remaining 90 years. 
Predation Current Final
YB/Big 0.864:0.909 0.925:0.950
Clat/Scap 0.859:0.906 0.921:0.948
Clack/Sandy/LG 0.855:0.903 0.917:0.945
UG/Hood StW 0.803:0.868 0.885:0.923
Hood StS 0.823:0.882 0.903:0.935
LG Mod 0.855:0.903 0.919:0.946  
 
The correct number of hatchery strays was delivered to the model by designating the split proportion for a 
fixed number of hatchery fish (2000).  The upper and lower bounds are specified for each risk category 
and each population.  Hatchery stray rates transitioned from current conditions to target conditions over 
15 years.  Stray rates were held constant for the remaining 85 years.   
Population Scenario Current Final
Youngs Bay Low Risk 0.258:0.387 0.139:0.209
Youngs Bay Broadsense 0.258:0.387 0.211:0.317
Big Creek Very Low Risk 0.349:0.523 0.12:0.18
Big Creek Broadsense 0.349:0.523 0.141:0.212
Clatskanie Very Low Risk 0.052:0.078 0.073:0.109
Clatskanie Broadsense 0.052:0.078 0.085:0.127
Scappoose Very Low Risk 0.068:0.102 0.074:0.11
Scappoose Broadsense 0.068:0.102 0.11:0.166
Clackamas Moderate Risk 0.487:0.73 0.697:1
Clackamas Probable 0.487:0.73 0.332:0.498
Sandy Very Low Risk 0.257:0.385 0.066:0.099
Sandy Broadsense 0.257:0.385 0.093:0.14
Lower Gorge Moderate Risk 0.024:0.037 0.034:0.051
Lower Gorge Probable 0.024:0.037 0.04:0.06
Upper Gorge High Risk 0.007:0.01 0.014:0.021
Upper Gorge Probable 0.007:0.01 0.011:0.017
Hood StW Very Low Risk 0.192:0.288 0.099:0.148
Hood StW Broadsense 0.192:0.288 0.139:0.209
Hood StS High Risk 0.004:0.024 0:0
Hood StS Probable 0.016:0.024 0:0  
 
Estuarine and Marine survival rates were the same as those used for coho. 
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All Harvest occurred in freshwater as adults are returning to spawn.  There was no change in harvest rate. 
The harvest rate is higher in the Hood than in the other populations. 
Harvest

Lower Upper Lower Upper
Hood 0.796 0.864 no change no change
remainder 0.880 0.920 no change no change

Current Final

 
 
The percent of adults returning to spawn was defined for each year of ocean residence.   
% Return at age

3 4 5 6 7
Gorge/Sandy 0.002 0.378 0.737 0.924 1
Hood StW 0.041 0.602 0.875 1 0
Hood StS 0 0.067 0.577 0.917 1
Remainder 0.003 0.395 0.755 0.95 1

Age

 
 
Steelhead age at return. 

Population 2 3 4 5 6 7 
Youngs 0.000 0.005 0.510 0.398 0.083 0.004 

Big 0.000 0.005 0.510 0.398 0.083 0.004 
Clatskanie 0.000 0.005 0.510 0.398 0.083 0.004 

Scappoose 0.000 0.005 0.510 0.398 0.083 0.004 
Clackamas 0.000 0.005 0.510 0.398 0.083 0.004 

Sandy 0.000 0.002 0.495 0.406 0.091 0.005 
Lo Gorge 0.000 0.002 0.495 0.406 0.091 0.005 
Up Gorge 0.000 0.002 0.495 0.406 0.091 0.005 

Hood WR 0.000 0.068 0.652 0.255 0.025 0.000 

Hood SR 0.000 0.000 0.111 0.600 0.272 0.016 

Molalla 0.000 0.000 0.481 0.412 0.101 0.006 
N. Sant 0.000 0.000 0.481 0.412 0.101 0.006 
S. Sant 0.000 0.000 0.481 0.412 0.101 0.006 

Calapooia 0.000 0.000 0.481 0.412 0.101 0.006 
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Appendix G 
Related Management Plans for Lower Columbia River Salmon 

and Steelhead Populations 
 

 
The following plans have been developed by various entities to help identify and prioritize 
actions that are needed to improve the health of salmon, steelhead and their habitats in the area 
encompassed by the Lower Columbia River (LCR) ESUs.   
 
Plan Title LCR Populations Addressed 
Clackamas River Basin Action Plan Clackamas Coho, CHF, CHS, Chum, STW 
Clear and Foster Creek Watershed Assessment Clackamas Coho, CHF, STW 
Deep and Goose Creek Watershed Assessment Clackamas Coho, CHF, CHS, STW 
Clackamas River Hydroelectric Project 
Relicensing Settlement Agreement  
Exhibit D - Fish Passage and Protection Plan, 
Exhibit H –Mitigation and Enhancement Fund 
Implementation Plan  

Clackamas Coho, CHF, CHS, Chum, STW 

Johnson Creek Watershed Action Plan Clackamas Coho, CHF, STW 
Clackamas River Basin Fish Management Plan Clackamas Coho, CHF, CHS, STW 
Hood River Watershed Action Plan Hood Coho, CHF, CHS, STW, STS 
Hood River Subbasin Plan Hood Coho, CHF, CHS, STW, STS 
Hood River Basin Aquatic Habitat Restoration 
Strategy 

Hood Coho, CHF, CHS, STW, STS 

Revised Master Plan for the Hood River 
Production Program 

Hood CHS, STW, STS 

Sandy River Basin Aquatic Habitat  
Restoration Strategy 

Sandy Coho, CHF, Late CHF, CHS, Chum, 
STW 

Bull Run Water Supply Habitat Conservation 
Plan 

Sandy Coho, CHF, Late CHF, CHS, Chum, 
STW 

Sandy River Basin Fish Management Plan Sandy Coho, CHF, Late CHF, CHS, STW 
Skipanon, Youngs Bay, Nicolai Wickiup 
Watersheds Action Plan  

Youngs Bay Coho, CHF, Chum, STW 
Big Creek Coho, CHF, Chum, STW 

 
Species codes: CHF= Fall Chinook, CHS= Spring Chinook, STW= Winter Steelhead, STS= Summer 
Steelhead 
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Appendix H: Programs to Implement Recovery Actions for Oregon Lower Columbia River Salmon and Steelhead 
Table 1.  Status of State of Oregon agency programs that could be used to implement recovery actions for LCR Salmon and 
Steelhead populations. 

Program Program Description Modifications Needed Opportunities/Constraints 

Oregon Department of Agriculture (ODA) Programs 
Agricultural Water 
Quality Management 
(SB 1010) 

ODA has responsibility for, and jurisdiction over, agricultural practices and 
water pollution associated with activities on agricultural and rural lands.  This 
responsibility was reinforced in 1995 when the legislature supplemented the Act 
with ORS 561.191.  Rules adopted to guide program administration are found in 
OAR Chapter 603, Divisions 90 and 95.  Regulatory actions address violations 
when they arise.  Monitoring tools include DEQ ambient monitoring sites, 
coordination with local monitoring programs, and ODA Riparian Condition 
Analysis for agricultural lands. 

Biennial reviews will determine if modifications are 
needed. 

Landowner cooperation, capacity for outreach, changing 
land ownerships and new landowners knowledge of 
agricultural issues, perception that this is only a complaint 
driven process, technical assistance, adequate monitoring 
at meaningful scales. 

Confined Animal 
Feeding Operation 
(CAFO) 

The CAFO program protects water quality by preventing animal wastes from 
discharging into waters of the state.  It provides a means for the state to meet 
the requirements of the federal Clean Water Act. Operators know what is 
expected of them and are visited by ODA inspectors on an annual basis to 
insure compliance. 

None. Exceeds federal requirements. Economic conditions impede the ability of operators to be 
more proactive in addressing fish habitat needs. 

Pesticides The ODA Pesticide Division regulates pesticide applicators, labeling, and 
regulates misuse. 

None. Meets federal requirements. Capacity for outreach is limited, benchmarks for surface 
water concentrations of pesticides. 

Soil and Water 
Conservation 
Districts (SWCDs) 

SWCDs identify and address natural resource concerns within their respective 
boundaries and work w/ local, state, federal and private interests to deliver 
conservation services. 

None at this time. Stable and adequate levels of resources (funding), 
perception that SWCDs focus on keeping maximum land in 
production, SWCDs excellent working relationship with 
landowners and existing mechanisms for project 
implementation. 

Weed Control and 
Invasive Species 

The Noxious Weed Control Program provides leadership and technical 
expertise for weed control programs throughout the state.  ODA also tracks 
invasive exotic plants, insects and animals through a number of detection 
programs including reporting from citizens and other agencies. 

None at this time. Adequate technical support, capacity for outreach, ongoing 
challenge that some perceive to be inevitable. 

Oregon Department of Environmental Quality (ODEQ) Programs 
401 Dredge & Fill  
Certifications 

Section 401 of the Clean Water Act requires that an applicant for a federal 
permit to conduct an activity that may result in a discharge to waters of the 
State must provide the permitting agency with a State water quality certification.  
A water quality certification is the mechanism by which the State evaluates 
whether an activity will meet water quality standards.  Certifications may be 
denied, approved or approved with conditions, which if met, will ensure that 
water quality standards are met. 

A greater number of specific types of projects will 
be monitored for compliance in the future.  This 
will help in evaluating adequacy of portions of the 
program, but additional monitoring and evaluation 
is needed. 

The state review is primarily fee based.  Fees need to be 
periodically adjusted to cover the cost of the program. 

401 Hydroelectric 
Recertification 

Section 401 of the Clean Water Act requires that an applicant for a federal 
permit to conduct an activity that may result in a discharge to waters of the 
State must provide the permitting agency with a State water quality certification.  
A water quality certification is the mechanism by which the State evaluates 
whether an activity will meet water quality standards.  Certifications may be 
denied, approved or approved with conditions, which if met, will ensure that 
water quality standards are met. 

Additional funding and staff are needed. The state review is primarily fee based.  Fees need to be 
periodically adjusted to cover the cost of the program. 

Environmental  
Clean Ups 

The Environmental Cleanup Program protects human health and the 
environment by identifying, investigating, and remediating sites contaminated 
with hazardous substances. The program’s objective is to guide all sites to No-
Further-Action determinations as quickly and inexpensively as possible.  

None Need for a sustainable program that matches revenues and 
expenses. 
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Program Program Description Modifications Needed Opportunities/Constraints 

Non-Point Source 
Program 

Designated Management Agencies are required to develop a Non-Point Source 
Implementation Plan for subbasins that have TMDLs.  DEQ also works in 
cooperation with other agencies to address elements of non- point source 
pollution and administers grants and loans to implement on-the-ground projects. 

Adequate monitoring program needed. See other 
programs listed in this document for modifications 
needed as it relies on other existing state and 
local authorities for implementation.  

See other programs listed in this document for constraints 
as it relies on other existing state and local authorities for 
implementation. 

Point Source Permits Water quality permits are issued to protect surface and ground waters of the 
state. These permits regulate sewage and industrial wastewater discharges 
from industrial and municipal sources. 

None Number of staff is always a limitation.  Funding is a blend of 
federal, state and fee support.  Additional funding was 
recently provided. 

Storm Water Permits Storm water permits are required to regulate storm water discharges to surface 
waters from: Construction activities (that disturb greater than 1 acre); industrial 
activities (subject to federal permitting requirements determined by SIC codes 
in federal regs); and municipalities (covered under Phase 1 (populations over 
100,000) and Phase 2 (populations over 50,000) permitting requirements). 

Additional staff for technical assistance and 
program oversight. 

Number of staff is always a limitation.  Funding is a blend of 
federal, state and fee support.  Additional funding has 
recently been provided based on a Blue Ribbon Committee 
Report which recommended changes to fee structures and 
additional general funds. 

TMDLs TMDLs are required for waters on the 303(d) list and describe the amount of a 
pollutant a water body can receive and not violate water quality standards.  
Loads are allocated among point and non-point sources while maintaining a 
reserve for future growth and a margin of safety.  Based on this work, permits 
for point sources may be modified with the source required to come into 
compliance with conditions in the permit before the end of the permit cycle 
(typically 5-years).  Non-point sources are required to develop and implement 
plans designed to meet allocations or follow the Forest Practices Act (which 
may be modified following a sufficiency analysis) or Agricultural Water Quality 
Management Plan (reviewed and modified as needed on a biennial basis). 

ODEQ is updating the turbidity standard and has 
identified that the sedimentation standard needs 
to be addressed in future reviews.  It is also re-
examining its 303(d) listing criteria based on the 
current narrative standard.  Future sedimentation 
TMDLs will address concerns.  Additional staffing 
is needed for programs, including a toxics 
monitoring program. 

Sufficient resources needed for programs including 
monitoring and developing TMDLs, identifying chemicals of 
concern, and developing water quality standards to identify 
levels that affect beneficial uses.  Time is needed to 
determine if programs to address storm water and 
agricultural water quality management are sufficient. 

Water Quality 
Standards 

DEQ develops numeric and narrative water quality standards to protect for the 
most sensitive beneficial uses of the waters of the state – typically for protection 
of fish and other aquatic life and human health.  As required under the Clean 
Water Act, these standards are to be reviewed every three years to insure they 
are scientifically up-to-date. 

Additional staffing needed for this program. Number of staff is a limitation. 

Oregon Division of State Lands (ODSL) Programs 
Removal-Fill 
Program 

Oregon’s Removal-Fill Law requires people who plan to remove or fill material 
in waters of the state to obtain a permit from the DSL.  Proposed permanent 
impacts to instream and off-channel habitat, and to wetlands, are required to be 
offset with compensatory mitigation actions such as riparian planting, large 
wood placement, or wetland restoration.  All permits issued by DSL include 
conditions that require protection of fish habitat and water quality, including in-
water timing restrictions, turbidity monitoring and sediment and erosion control 
requirements, and riparian vegetation removal restrictions and revegetation 
requirements.  By offering streamlined General Authorizations for projects with 
minimal impacts (i.e. bioengineering methods and planting instead of riprap), 
the permit process encourages applicants to design projects with minimized 
impacts to water resources.  The Department recently implemented a pilot 
program for an expedited permitting process for fish habitat enhancement 
activities including placement of large woody debris and boulders. 

Additional funding would increase the 
effectiveness of the program.  A greater number of 
projects need to be monitored for compliance.  
Additional, permanent compliance staff is needed. 

The fact that DSL does not have jurisdiction over the 
removal of large wood hinders its ability to protect instream 
and off-channel habitat. 
 
A half-time Compliance Monitoring Specialist position is 
funded for three years and is subject to reauthorization 
each year of the three -year period.  The status of the 
position is uncertain after that time. 

Voluntary 
Restoration Initiative 

Under DSL’s new Voluntary Restoration Initiative, two Wetland Restoration 
Specialists are working with landowners and organizations interested in 
restoring wetlands. The objectives are to provide technical assistance on 
restoration site assessment, permitting and monitoring, facilitate the restoration 
of historical wetland types with an emphasis on rare and at-risk habitats, and 
accurately track and report the quality and quantity of voluntary wetland 

Converting this three-year program to a 
permanent program would increase effectiveness.  
The Initiative is too new to determine what 
program modifications might be needed. 

The Initiative is funded for three years and is subject to 
reauthorization each year of the three-year period.  The 
status of the program is uncertain after that time. 
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Program Program Description Modifications Needed Opportunities/Constraints 

restoration projects currently being implemented throughout the state. 
Oregon Department of Fish and Wildlife (ODFW) Programs 

Conservation 
Strategy for Oregon 

Previously called the Comprehensive Wildlife Conservation Strategy, the 
Conservation Strategy for Oregon provides a non-regulatory, statewide 
approach to species and habitat conservation. It synthesizes existing plans, 
scientific data, and local knowledge into a broad vision and conceptual 
framework for long-term conservation of Oregon’s native fish, wildlife and 
habitats.  Conservation of instream and upland habitats will promote watershed 
health. 

None at this time.  The role of this new program 
as it pertains specifically to listed salmon and 
steelhead is still being defined. 

Voluntary measures – no assurance that it will be 
implemented. 

Fish Passage 
Program 

The owner/operator of an artificial obstruction located in waters in which native 
migratory fish are currently, or were historically, present must address fish 
passage requirements by gaining approval from ODFW before certain trigger 
events.  Trigger events include installation, major replacement, a fundamental 
change in permit status (e.g., new water right, renewed hydroelectric license), 
or abandonment of the artificial obstruction.  ODFW is also working to identify 
the highest priority passage sites, at which passage can be addressed. 

Funding for staff to perform regulatory and 
outreach role. 

None identified. 

Fish Screening and 
Passage Grant 
Program 

Oregon water users may be eligible for an ODFW cost-share incentive program 
and state tax credit designed to promote the installation of ODFW approved fish 
screening or fish passage devices.  Fish screens prevent fish from entering 
water diversions. A fishway provides fish passage to allow migration. ODFW 
works with owners who apply for funding, and actively seeks projects at which 
to provide fish screening and passage. 

Funding for outreach. None identified. 

Lands Resources 
Program 

The program helps guide land-use activities that affect fish and wildlife habitats.  
It offers tax incentives, grants and technical assistance to private and public 
landowners, businesses and governments to promote conservation of fish and 
wildlife habitats, and to ensure environmental protection standards are met.  
Program goals promote healthy riparian and wetland corridors – decreasing 
bank erosion and filtering run-off. 

Need further promotion of existing programs by 
Information and Education Division, Wildlife 
Division, and District staff. 

Funding and staff time. 

Restoration and 
Enhancement 
Program 

ODFW oversees a comprehensive program to assist in enhancing natural fish 
production, improve hatchery programs, and provide additional public access to 
fishing waters.  To achieve these goals, the program provides funding that 
directly benefits fish by addressing items such as fish passage, habitat 
restoration, public education, research and monitoring. 

None. Program will evaluate for ability to shift 
resources to priorities that emerge from recovery 
planning.  Further changes in program scope and 
focus would require legislative action. 

Broad legal mandates of the program limit the ability of the 
program to focus solely on the needs of recovery planning. 
Variable funding due to funding mechanism. 

Salmon Trout 
Enhancement 
Program (STEP) 

The Salmon and Trout Enhancement Program recognizes that volunteers play 
an important role in the restoration of salmon, steelhead and trout.  STEP (1) 
educates the public about Oregon’s salmon and trout resources and the 
habitats they depend on; (2) inventories and monitors fish populations and their 
habitat; (3) enhances, restores and protects habitat for native stocks of salmon, 
steelhead, and trout; and (4) produces fish to supplement natural fish 
production, augment fisheries, or, in the case of the classroom egg incubation 
program, provide educational opportunities.   

Additional funding needed; additional FTE. Funding needed. 

Watershed Council 
Liaison 

The ODFW Watershed Council Liaison position provides technical support to 
watershed councils involved in assessing watershed conditions and conducting 
restoration projects designed to address watershed needs.  Projects include 
actions that specifically address fish passage barriers, riparian enhancement, 
habitat complexity, and fine sediments in streams. 
 
 

New positions are needed. Funding needed. 
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Program Program Description Modifications Needed Opportunities/Constraints 

Oregon Department of Forestry (ODF) Programs 
Fire Program The Fire Program provides effective fire protection for forest resources including 

water and watersheds, fisheries, wildlife, soil productivity and soil stability. 
National Fire Plan activities target fuel reduction and stand management that 
contribute to stands that are more fire resilient and benefit all forest resources.  
The Program also educates forest landowners and forest homeowners about 
fire risk and measures to minimize threats. 

More coordinated efforts by all of Oregon’s 
agencies and landowners to work collaboratively 
with federal partners to increase the contribution 
for recovery from federal forests. 

Federal and private forest ‘checker-board’ ownership can 
place private forestlands at risk for wildfire when the forest 
is not managed.  ODF, ODFW, and all landowners need to 
play a role in managing Oregon’s federal forests. A 
collaborative relationship between state and federal natural 
resource agencies can restore the health, diversity, and 
resilience of federal forests by sharing information and 
providing a variety of perspectives on site-specific and 
landscape level determinations. Wildfire-prone areas are 
identified in community wildfire protection plans identifying 
priority areas for hazardous fuel removal from federal lands. 

Forest Practices Act 
(FPA) 

The FPA encourages economically efficient forest practices that ensure the 
continuous growing and harvesting of forest tree species, and maintenance of 
forestlands consistent with sound management of soil, air, water, fish and 
wildlife resources.  The FPA regulates road construction and road maintenance. 
Road construction must allow migration of adult and juvenile fish upstream and 
downstream during conditions when fish movement in that stream normally 
occurs. For roads constructed after 1994, the FPA requires fish passage to be 
maintained. For all other roads, the FPA encourages this standard. For roads 
constructed before 1994, other statutes apply that are outside the jurisdiction of 
the DOF.  The water protection rules protect, maintain and, where appropriate, 
improve the functions and values of streams, lakes, wetlands and riparian 
management areas. These functions /values include water quality, hydrologic 
functions, the growing and harvesting of trees, and fish and wildlife resources. 
Temperature is primarily addressed in the water protection rules that include 
general vegetation retention prescriptions for streams, lakes and wetlands.  

Additional resources for monitoring and program 
implementation would increase the certainty that 
the current rules are efficient and effective at 
delivering desired outcomes.  
 

Resources and collaboration remain constraining. 
Resources are needed to implement Forestry Program for 
Oregon indicator monitoring for roads and fish passage; to 
conduct more Private Forests Program compliance & 
effectiveness monitoring; to understand the linkage 
between forest practices, water temperature, riparian 
conditions, and stress and mortality of salmon and 
steelhead; and to monitor post application runoff.  Other 
constraints include: lack of production functions for fish 
populations and habitat conditions, and lack of incentives 
and technical assistance to provide landowners more site-
specific options.   

Oregon Plan for 
Salmon and 
Watersheds (Private 
forestry component) 

Forest landowners contribute to the Oregon Plan by complying with Oregon’s 
FPA and by accomplishing additional projects that contribute to Oregon Plan 
goals. Projects conducted by forest landowners include: leaving additional 
conifers along streams, increasing RMAs for non-fish bearing streams, placing 
wood in streams, rehabilitating legacy roads to reduce the threat of fine 
sediment and managing riparian areas. Oregon Plan measures on forestland 
are currently being updated to include recommendations from the forest 
practices advisory committee and the DEQ sufficiency analysis.   

Oregon Plan Measures for Private Forestlands are 
being updated.  Changes show that many 
landowners have shifted emphasis from a 
‘voluntary’ approach and now include legacy road 
work in routine road & stream crossing 
maintenance plans.  More information about 
needs and priorities would help landowners 
spending limited resources efficiently. 

More resources would increase project accomplishment, 
education, coordination, and monitoring.  For some 
landowners, the OWEB grant cycle is a disincentive when 
road work is done on an opportunistic basis. 
Sufficient incentives are necessary to increase the scope of 
non-regulatory measures to match needs.   

State Forest 
Program 

The State Forest Program implements actions related to roads to minimize 
effects upon fish passage. Roads are built/maintained according to the 
standards of the Forest Roads Manual. Stream crossings are surveyed and 
needed actions are taken to improve fish passage.  Monitoring is conducted to 
ensure that actions are applied properly and to evaluate action effectiveness.  
Management standards are applied for aquatic and riparian areas that include 
wide riparian buffers on fish bearing streams and increase riparian large wood 
to restore aquatic habitats.  Small perennial streams without fish also have tree 
retention requirements. ODF also applies additional risk-reduction strategies in 
Salmon Anchor Habitats (until 2011). ODF evaluates the effectiveness of its 
riparian strategies through its adaptive management program.    

The need for modification to the current program 
is uncertain, pending the results of monitoring. 

Staffing and funding are the major constraints to habitat 
restoration, sediment reduction, and fish passage projects.  
Additional projects could be conducted with increased 
staffing and funding. 

Oregon Department of Land Conservation and Development (ODLCD) Programs 
Statewide Oregon’s statewide comprehensive land use program requires cities and None.  The statewide land use program is not Technical and planning assistance to local governments 
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Program Program Description Modifications Needed Opportunities/Constraints 

Comprehensive 
Land Use Planning 

counties to plan for and manage land use in compliance with 19 statewide 
planning goals.  Local land use plans and ordinances must identify and protect 
natural resources, and identify and plan for hazard areas.  The statewide land 
use program provides a framework for local governments to adopt land use 
plans and ordinances and approve development that are salmon-friendly. 

intended to be sufficient to recover salmon. would be highly beneficial in enlisting local planning efforts 
in salmon recovery. 

Oregon Department of Transportation (ODOT) Programs 
Salmon-Fish 
Passage Program 

The Salmon-Fish Passage Program originated in 1997 and implements ODOT’s 
contribution to the Oregon Plan for Salmon and Watersheds (Oregon Plan).  
Through the program, ODOT replaces and retrofits high priority fish passage 
culverts owned and managed by ODOT.  The goal of this program is to 
continue to support the Oregon Plan and to repair (replace or retrofit) priority 
fish passage culverts in the most aggressive, cost effective, and efficient means 
as practicable with limited program funds. 

Additional funding for project development and 
construction is needed to decrease the timeframe 
for repairing the remaining high priority culverts. 
Funding is also needed for an updated/ prioritized 
comprehensive artificial obstruction inventory.  
The current inventory is not adequate for making 
informed, cost effective planning decisions. 

Additional funding needed.  Besides the limitations 
associated with this program’s budget, project development 
and construction costs continue to escalate. These 
increased costs continue to burden the program and result 
in fewer fish passage projects constructed in a given year. 

Oregon Water Resources Department (OWRD) Programs 
Administration of 
Water Rights 

Surface waters in many areas of the state are fully allocated during critical flow 
periods for fish. However, several aspects of the review process for new water 
right applications are protective of fish and fish habitat.  All new groundwater 
permits are evaluated to determine the potential to cause substantial 
interference with surface flows.  Surface water availability is modeled monthly 
and includes existing instream water rights.  Applications to appropriate surface 
waters are evaluated at the 80% exceedance level.  Permits are subject to 
public interest review standards that include interagency consultation on 
potential impacts of further appropriation to fish and fish habitat.  All new water 
right applications are subject to review through an interagency review and 
consultation process.  Permits, if approved, may be conditioned to address 
impacts on listed species identified through the consultation process. 

Provide flow data to support the evaluation of 
flows and their sufficiency during critical periods, 
and the adaptive management process to help 
assure the review and consultation process for 
new permits remains sufficiently protective. 

Funding to support monitoring capabilities has been 
unstable and declining.  Funding for the 2007-2009 
biennium will improve statewide monitoring capabilities. 

Enclosed Livestock 
Water Delivery 
Systems 

Livestock owners with legal access to use surface waters are exempt from the 
requirement to obtain a permit or certificate to divert water to a trough or tank 
through an enclosed water delivery system meeting minimum requirements.  
OWRD Water masters provide technical support to interested landowners. 

No modifications to program design are proposed.  
The program would benefit from expanded 
outreach and education. 

The program is reliant on landowner interest.  Construction 
and subsequent maintenance of fencing and off-channel 
watering devices require adequate financial resources. 

Flow Restoration 
Programs 

ODFW and OWRD have identified priority watersheds where flow restoration 
will produce the most benefit for listed species.  OWRD staff work with water 
rights holders to restore streamflow through voluntary flow restoration measures 
such as instream leases, instream transfers, allocations of water conserved 
through improved efficiencies, and changes to existing rights including 
consolidation or transfers of points of diversion.  In certain circumstances, 
reclaimed water from certain municipal, industrial and confined animal feeding 
operations may provide an effective alternative to new diversions of surface 
water or ground water. 

Programs would benefit from increased education 
and outreach to increase participation levels, and 
from coordinated follow-up to encourage re-
enrollment. Need to provide flow restoration data 
to evaluate flow sufficiency during critical periods. 
Access to the online Water Rights Information 
System (WRIS) will provide critical data for 
evaluating current flow restoration activities and 
supporting adaptive management. 

Programs are constrained by limited funding and resources 
for outreach and education, lease/transfer follow-up and re-
enrollment, and accessibility of lease/transfer data to 
support monitoring and evaluation of flow restoration efforts 
and their impacts on listed species. 

Lease/Transfer 
Water Rights 
Associated with 
CREP Program 

Perfected water rights appurtenant to lands enrolled under the Conservation 
Reserve Enhancement Program (CREP) program are not subject to forfeiture 
for non-use during the enrollment period; however, OWRD encourages 
participants to voluntarily lease or temporarily transfer associated water rights 
instream while enrolled in CREP to benefit minimum flows and listed species. 

Outreach and education programs could be 
improved through increased resources and 
greater coordination.  Flow restoration data is 
needed to support monitoring, evaluation and the 
adaptive management process 

The program is dependent upon private landowner 
awareness of the program and voluntary participation 
levels.  Outreach and education are constrained by 
available resources. 

Water Distribution 
and Regulation 

Distribution and regulation of water use for the protection of senior water rights, 
including instream rights, is a priority for OWRD. Staff regularly monitor 
streamflow, particularly on those streams with established instream rights, and 
work to eliminate illegal use through compliance and enforcement of Oregon 

Increased monitoring capabilities will support 
water distribution and regulation activities on 
behalf of water rights, including instream water 
rights. These additional data may also support 

Funding for staff and monitoring capabilities has been 
unstable and declining.  The 2007-2009 budget provides 
funding to add monitoring and distribution capacity. The 
junior status of some instream water rights may limit their 
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Program Program Description Modifications Needed Opportunities/Constraints 

water law. evaluation of incremental changes to flow and the 
sufficiency of those flows during critical periods. 

flow benefit in some areas.  In these instances, voluntary 
restoration measures are key to achieving recovery goals 
as they relate to flow. 

Water Supply and 
Conservation 
Planning 

OWRD Staff work with water rights holders to address water supply through the 
development of water management and conservation plans.  The development 
of these plans for new and extended municipal rights and through voluntary 
participation of irrigation districts must identify conservation measures that will 
be pursued.  Municipal plans must also include five-year benchmarks for 
implementation of conservation activities. 
 

The Agricultural Water Management and 
Conservation Plan program would benefit from 
expanded outreach/education. OWRD is currently 
developing a guidebook to assist agricultural 
water suppliers to prepare plans that meet Oregon 
and Federal requirements.  This guidebook will 
help them describe their water systems and 
needs, identify their water sources, and identify 
ways to manage/conserve supplies to meet 
present and future needs.  

Water supply and conservation planning is constrained by 
limited funding and resources for outreach, education, and 
program development.  The 2007-2009 agency budget 
includes the majority of funding requested for the Water 
Supply and Conservation Initiative.  The initiative will strive 
to address statewide water supply needs through a 
statewide water needs assessment, inventory of potential 
above and below ground water storage sites, analyses of 
water conservation opportunities, investigation of basin 
yield estimates, and match funding for community-based 
and regional water supply planning. 

Water Use 
Measurement 
Strategy 

Federal and state agencies, cities, counties, schools, irrigation districts and 
other special districts are required to report water use on an annual basis.  
Since 1990, many new permits have required water meters to be installed and 
annual reports to be submitted to the state. In addition, the Water Resource 
Commission considered water use measurement in 2000 and adopted a 
strategy for improving water measurement statewide.  The strategy includes a 
program to inventory and complete field assessments of significant points of 
diversion and to look for opportunities to increase measurement at those 
diversions by ensuring compliance and promoting voluntary measurement via 
cost-share programs.  Significant diversions are characterized as those 
required to measure through a water right condition, or those diversions without 
a measurement condition that are greater than 5 cfs, or greater than 10% of the 
lowest monthly 50% exceedance flow as defined in the water availability model, 
and greater than 0.25 cfs. 

No modifications to the design of this program are 
suggested.  Restoration of the Water Use 
Measurement and Reporting position and funding 
for the existing cost-share program for voluntary 
water use measurement and reporting will 
improve ongoing implementation of the water use 
measurement strategy. Restoration of county-
based Assistant Water masters would further aid 
this strategy. 

Ongoing implementation of the water use measurement 
strategy is constrained by available resources and staff. 

Oregon Watershed Enhancement Board (OWEB) Programs 
Conservation 
Reserve 
Enhancement 
Program (CREP) 

OWEB is the state cost share partner for CREP.  The program pays for riparian 
restoration and provides a 10-15 year conservation rental for maintenance of 
the plantings.  CREP has enrolled nearly 2,000 miles of stream since 1999. 

Increased capital and non-capital funds. Funding needed. 

Grant Program OWEB’s grant program supports voluntary efforts by Oregonians seeking to 
maintain and restore native fish and healthy watersheds.  Through the program 
OWEB funds projects that restore, maintain, and enhance the state's 
watersheds; supports the capacity of local watershed-based citizen groups to 
carry out various restoration projects; promotes citizen understanding of 
watershed needs and restoration ideas; provides technical skills to citizens 
working to restore urban and rural watershed; and monitors the effectiveness of 
investments in watershed restoration.  

Increased capital and non-capital funds.  Funds 
needed to provide technical assistance for project 
design and outreach, for project effectiveness 
monitoring, and to support local conservation 
capacity in watershed councils and soil and water 
conservation districts.   

Funding and focus for effort by land use category (forest, 
urban and agriculture). 

USDA Natural Resources Conservation Service (NRCS) 
Conservation 
Security Program 
(CSP) 

CSP is a voluntary program that provides financial and technical assistance to 
promote conservation and improvement of soil, water, air, energy, plant and 
animal life, and other conservation purposes on Tribal and private working 
lands. Working lands include cropland, grassland, prairie land, improved 
pasture, and range land, as well as forested land that is an incidental part of an 
agriculture operation. The program provides equitable access to benefits to all 

Increased Technical Assistance funding, 
additional specialized FTEs. 

Section 7 ESA and NHPA Consultations, as well as limited 
numbers of specialized FTE’s.  Projects are voluntary – 
there is no assurance that they will be implemented.  
Limited Technical Assistance funding limits the amount of 
outreach NRCS can facilitate.  Funding is subject to Farm 
Bill Appropriations. 
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Program Program Description Modifications Needed Opportunities/Constraints 

producers, regardless of size of operation, crops produced, or geographic 
location. 

Environmental 
Quality Incentives 
Program (EQIP) 

EQIP is a voluntary conservation program that provides assistance to 
agricultural producers in a manner that will promote agricultural production and 
environmental quality as compatible goals and optimize environmental benefits. 
Through EQIP, farmers may receive financial and technical assistance to 
implement structural and management conservation practices on agricultural 
land. 

Increased Technical Assistance funding, 
additional specialized FTEs. 

Section 7 ESA and NHPA Consultations, as well as limited 
numbers of specialized FTE’s.  Projects are voluntary – 
there is no assurance that they will be implemented.  
Limited Technical Assistance funding limits the amount of 
outreach NRCS can facilitate.  Funding is subject to Farm 
Bill Appropriations. 

Farm and Ranch 
Land Protection 
Program (FRPP) 

FRPP is a voluntary program that allows productive farm and ranch lands to 
remain in agricultural production under private ownership. FRPP assists states, 
tribes, local governments, or non-profit entities in the purchase of conservation 
easements or development rights on prime, unique or other productive 
farmland. The program also provides assistance for farms containing significant 
historical or archaeological resources. 

Increased Technical Assistance funding, 
additional specialized FTEs. 

Section 7 ESA and NHPA Consultations, as well as limited 
numbers of specialized FTE’s.  Projects are voluntary – 
there is no assurance that they will be implemented.  
Limited Technical Assistance funding limits the amount of 
outreach NRCS can facilitate.  Funding is subject to Farm 
Bill Appropriations. 

Grassland Reserve 
Program (GRP) 

GRP is a voluntary program offering landowners the opportunity to protect, 
restore, and enhance grasslands on their property. The Natural Resources 
Conservation Service, Farm Service Agency and Forest Service are 
coordinating implementation of GRP, which helps landowners restore and 
protect grassland, rangeland, pastureland, shrubland and certain other lands 
and provides assistance for rehabilitating grasslands. The program will 
conserve vulnerable grasslands from conversion to cropland or other uses and 
conserve valuable grasslands by helping maintain viable ranching operations. 

Increased Technical Assistance funding, 
additional specialized FTEs. 

Section 7 ESA and NHPA Consultations, as well as limited 
numbers of specialized FTE’s.  Projects are voluntary – 
there is no assurance that they will be implemented.  
Limited Technical Assistance funding limits the amount of 
outreach NRCS can facilitate.  Funding is subject to Farm 
Bill Appropriations. 

Wetlands Reserve 
Program (WRP) 

WRP is a voluntary program that provides technical and financial assistance to 
eligible landowners to restore, enhance, and protect wetlands. Landowners 
have the option of enrolling eligible lands through permanent easements, 30-
year easements, and restoration cost-share agreements. Landowners in 
Oregon have found that participating in WRP offers an excellent way to retain 
open space, respect private property rights, benefit fish and wildlife and remove 
unproductive or inappropriate cropland from cultivation. 

Increased Technical Assistance funding, 
additional specialized FTEs. 

Section 7 ESA and NHPA Consultations, as well as limited 
numbers of specialized FTE’s.  Projects are voluntary – 
there is no assurance that they will be implemented.  
Limited Technical Assistance funding limits the amount of 
outreach NRCS can facilitate.  Funding is subject to Farm 
Bill Appropriations. 

Wildlife Habitat 
Incentives Program 
(WHIP) 

WHIP is a voluntary program that provides both technical and financial 
assistance to non-federal landowners and tribes to create, restore, and 
enhance fish and wildlife habitats. WHIP is administered by the Natural 
Resources Conservation Service. 

Increased Technical Assistance funding, 
additional specialized FTEs. 

Section 7 ESA and NHPA Consultations, as well as limited 
numbers of specialized FTE’s.  Projects are voluntary – 
there is no assurance that they will be implemented.  
Limited Technical Assistance funding limits the amount of 
outreach NRCS can facilitate.  Funding is subject to Farm 
Bill Appropriations. 
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Foreword 
 

 
The Columbia River Chum Recovery Strategy (CRS) represents the first step in the State of Oregon’s 
plan for recovering chum salmon in tributaries located on the Oregon side of the Columbia River 
Evolutionarily Significant Unit (ESU).  This plan has been developed as a supplement to the Lower 
Columbia River Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead (LCR 
Recovery Plan (ODFW 2010)) and seeks to gather information and develop techniques that will provide 
the framework for establishment of viable chum populations on the Oregon side of the Lower Columbia 
River.  The over-arching goal of Oregon’s recovery strategy is to foster a science-based approach, 
utilizing the best available technical information to reduce risk and increase the probability of success.   
 
There has been very limited research conducted on chum salmon in Oregon.  As a result, little is known 
about their habitat use and movement in Oregon tributaries of the Columbia River.  While biological 
information on fall Chinook salmon in the Oregon tributaries of the Lower Columbia River is limited to a 
few areas (Clatskanie and Sandy), similar information for chum in Oregon is non-existent.  This 
significant constraint prevented us from identifying conservation gaps and recovery scenarios for any 
Oregon chum populations in the recovery plan.  Instead, we have chosen to develop this recovery 
strategy. 
 
Because of the lack of knowledge about Columbia River chum in Oregon, it was important to develop 
this recovery strategy in a systematic way – starting out at a small scale to test hypotheses and then 
applying proven techniques more broadly.  Oregon has decided to focus our initial recovery strategy in 
the Oregon portion of the Coastal stratum.  We believe the basins in the Coastal stratum have been altered 
to a lesser extent by human development than basins in the other strata, and provide the best opportunity 
with fewer constraints to testing hypotheses and re-establishing self-sustaining chum populations.  As a 
result, this strategy document focuses mostly on recovery efforts for the Coastal geographic stratum.  
Oregon intends to use results from this program to inform decision-making regarding recovery of chum 
salmon into the Cascade and Gorge geographic strata in the future.  What is learned about habitat use by 
chum through implementation of this strategy will not only inform efforts to improve or create habitat for 
chum throughout the Columbia River ESU, but will also be relevant to efforts to recover fall Chinook in 
these areas.  Efforts identified in the LCR Recovery Plan directed at restoring fall Chinook habitat will 
also benefit re-establishing chum in those habitats. 
 
Together, the LCR Recovery Plan and the CRS represent a suite of actions intended to: (1) identify and 
implement corrective measures to address primary and secondary limiting factors, (2) re-establish chum 
salmon into a portion of Oregon’s Coastal stratum tributaries of the Columbia River, and (3) monitor 
performance of the program to evaluate success and allow for adaptive management.  Because chum 
salmon are considered to be functionally extirpated from Oregon tributaries in the Columbia River 
(McElhany et al. 2007; ODFW 2005), a key element of this plan is to explore methods to re-establish 
chum into streams.  Two methods will initially be explored: (1) identify and improve spawning and 
rearing habitat to encourage recolonization, and (2) develop a local hatchery brood source that can be 
used for reintroduction into a targeted basin with adequate habitat.  Oregon’s strategy includes a suite of 
research, monitoring, and evaluation (RME) protocols that are designed to evaluate the effectiveness of 
actions taken and minimize adverse effects to existing chum stocks, as well as other salmon populations 
inhabiting the ESU. 
 
Oregon’s strategy also recognizes that successful recovery of chum salmon to Oregon waters is highly 
unlikely unless the factors for their decline are addressed concurrently, and as an integrated component of 
recolonization or hatchery supplementation.  As such, the artificial propagation component of the CRS is 
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viewed as a relatively short-term measure (12 years) aimed at ensuring the development of sustainable 
wild populations, while key limiting factors (i.e. Habitat, Harvest, Hydro) continue to be addressed over a 
much longer time period.  Limiting factors and management actions are covered comprehensively in the 
LCR Recovery Plan (ODFW 2010). 
 
Beyond identifying strategies to assess and improve chum habitat, this document focuses on specific 
strategies intended to restore chum populations with the broadest genetic base possible under current 
conditions.  It identifies specific risk-averse propagation strategies intended to reduce mortality in the 
hatchery environment, minimize domestication, and develop a hatchery product that has the highest 
probability of survival under existing environmental conditions.  While specific strategies have been 
identified in the CRS, specific details to implement some parts of these strategies have not.  A Chum 
Recovery Workgroup will be formed to determine the specific actions that will ensure successful 
implementation of these strategies, and help guide the adaptive management component of the CRS to 
achieve recovery of chum in the Oregon portion of the Columbia River. 
 
The information gathered during the implementation and evaluation of the strategies put forward in this 
document will not only provide guidance on restoring chum into other areas of the Columbia River, but 
may be useful in recovering fall Chinook populations, if necessary, in Oregon streams of the Lower 
Columbia River.  Whether the recovery strategies from the CRS will need to be implemented will depend 
on the results from RME for fall Chinook identified in the LCR Recovery Plan. 
 
This recovery strategy is presented in four parts:  Part One describes the history and conservation status of 
Oregon Coastal stratum chum populations and provides the context for recovery;  Part Two establishes 
the framework for the recovery strategy based on a review and evaluation of scientific guidance;  Part 
Three describes specific components of Oregon’s chum salmon recovery strategy; and Part Four describes 
key RME elements needed to evaluate the success of the strategy and guide adaptive management into the 
future.  
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Part One: History and Conservation Status 
 

1.1.  Introduction 
This section describes the history and current conservation status of chum salmon within the Columbia 
River ESU with an emphasis on Oregon’s Coastal stratum populations (Young’s Bay, Big Creek, 
Clatskanie, and Scappoose).  The Coastal stratum is the first area of focus for chum recovery because 
Oregon believes it has the highest potential for successful recovery.  Oregon intends to pursue recovery in 
the Cascade and Gorge strata after developing successful techniques in the Coastal stratum.  Oregon 
recognizes that successful recovery within the Oregon Coastal stratum is largely dependent upon current 
and continued viability of populations located on the Washington side of the lower Columbia River.  
These are the populations from which chum salmon broodstock will originate for recolonization or use in 
any chum reintroduction programs in the Columbia River ESU.  Conversely, successful re-establishment 
of chum populations in Oregon will confer reduction of risks related to catastrophic loss of genetic 
resources in adjacent populations located on the Washington side of the river. 
 
1.2. Columbia River Chum Salmon ESU  
The National Marine Fisheries Service (NMFS) listed Columbia River chum salmon (Oncorhynchus keta) 
as Threatened under the Endangered Species Act (ESA) in March of 1999 (64 FR 14508 March 25, 
1999).  This listing was reaffirmed by NMFS in June of 2005 (70 FR 37160 June 28, 2005).  The 
Columbia River chum salmon Evolutionarily Significant Unit (ESU) comprises one of 13 salmonid 
ESU’s currently identified by NMFS as Threatened or Endangered in the Columbia River Basin.  
Columbia River chum are the only chum ESU in the Columbia River basin and includes all naturally 
spawned populations of chum salmon in the Columbia River and its tributaries in Washington and 
Oregon, as well as two artificial propagation programs in Washington State: the Grays River, and 
Washougal River/Duncan Creek chum hatchery programs.  In total, the NOAA Technical Review Team 
(TRT) identified 16 historical chum populations in the Columbia River (Figure I.1-1) [McElhany et al. 
2004]; nearly 90% of which are considered to be extirpated, or nearly so (Myers et al. 2006).  The 
populations occur in three geographic strata (Coastal, Cascade, and Gorge) which extend from the mouth 
of the Columbia River upstream past Bonneville Dam.  Population designations for each geographic 
stratum are identified in Table 1.2.1.  Current distribution is limited to just a few population centers 
located in the Grays River population (Washington portion of the Coastal stratum), Hardy/Hamilton/Ives 
Island population (Washington portion of the Gorge stratum), mainstem spawners at the mouth of 
Multnomah Falls and Horsetail Falls Creek (Oregon portion of the Gorge stratum), and the Interstate 205 
and Rivershore spawning aggregations (Washington portion of the Cascade stratum). 
 
The listing of Columbia River chum under the ESA was in response to declines in abundance over the 
past 60 years or more.  Historically, chum salmon were widely distributed in the Columbia River Basin 
and primarily spawned in mainstem and tributary habitats, possibly as far upstream as Celilo Falls at Rkm 
320 (Johnson et al. 1997; Meyers et al. 2006).  There are no historic run size data for the Columbia River 
chum; although it has been reported that historic run sizes exceeded a million or more adults prior to the 
precipitous decline observed since the 1930’s (McElhany et al. 2004).  Maximum historical commercial 
fishery landings during periods of contemporary peak abundance exceeded a half million adults in the 
1920’s, however by the 1950s, landings of chum salmon declined to below 10,000 fish (Myers et al. 
2006).  Currently, only a few hundred to several thousand fish return to spawn in the lower Columbia 
each year (McElhany et al. 2007), virtually all of which occurs on the Washington side of the Columbia 
River.  
 

Page 177 – Appendix I 

http://www.nwr.noaa.gov/Publications/FR-Notices/1999/upload/64FR14507.pdf
http://www.nwr.noaa.gov/Publications/FR-Notices/1999/upload/64FR14507.pdf
http://www.nwr.noaa.gov/Publications/FR-Notices/2005/upload/70FR37160.pdf
http://www.nwr.noaa.gov/ESA-Salmon-Listings/upload/snapshot0208.pdf
http://www.nwr.noaa.gov/ESA-Salmon-Listings/upload/snapshot0208.pdf


Lower Columbia River Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead 
FINAL DRAFT – August 6, 2010 

 
Figure I.1-1.  Chum salmon populations within the Columbia River ESU 
 
 
Table I.1-1  Populations of chum salmon within the Columbia River ESU 

 Population 
Stratum Washington Oregon 
Coastal Grays River Young’s Bay 
 Elochoman River Big Creek 
 Mill Creek Clatskanie River 
  Scappoose 
 
Cascade Cowlitz River Clackamas River 
 Kalama River Sandy River 
 Lewis River 
 Salmon Creek 
 Washougal River 
 
Gorgea Lower Gorge Lower Gorge 
 Upper Gorge Upper Gorge 

 a  Lower and upper gorge constitute individual populations shared by Oregon and Washington 
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1.2.1. Oregon Populations 
Based on the TRT analysis, the Oregon portion of the Columbia River chum ESU historically contained 8 
populations located within the Coastal, Cascade, and Gorge geographic strata (Figure I.1-1; Table I.1-1) 
(McElhany et al. 2004).  Coastal stratum populations include Young’s Bay, Big Creek, Clatskanie, and 
Scappoose; Cascade stratum populations include Clackamas and Sandy; and the Gorge stratum includes 
Lower and Upper Gorge populations which occupy both the Oregon and Washington sides of the 
Columbia and corresponding tributaries.  All of the historical Oregon populations are considered 
functionally extirpated (ODFW 2005; McElhany et al. 2007).  From 1999 through 2004 ODFW 
conducted chum spawning surveys throughout the Oregon portion of the ESU.  Close to 30 streams were 
surveyed for at least three years during this six-year period (ODFW unpublished data).  The most chum 
salmon seen during this period was a total of six fish distributed in three streams in 2003.  No chum were 
seen in any stream in 2001, 2002 and 2004.  Chum salmon are still occasionally captured at hatchery 
weirs (e.g. Big Creek Hatchery), but it is uncertain if these fish were produced in Oregon waters or if they 
are strays from the Grays River population in Washington (McElhany et al. 2007).   
 
All of the basins in the Oregon chum population areas have been altered by human development.  Most 
basins in the Oregon portion of the Gorge stratum were historically small coming out of the Columbia 
Gorge, and have been impacted by the construction of Bonneville Dam, Interstate 84 and a railroad line.  
Oregon chum streams in the Cascade stratum have been impacted by the Portland Metropolitan area and 
hydro-electric dams.  Streams in the Coastal stratum have been impacted by agricultural development and 
urbanization in some areas.  Of the three strata, Oregon believes the portion of streams historically used 
by chum in the Coastal stratum have been altered to a lesser extent by human development than basins in 
the other strata, and provide the best opportunity with fewer constraints to re-establish self-sustaining 
chum populations.  Status of individual Oregon Coastal stratum chum populations are described below. 
 
Young’s Bay Population:  Major tributaries within Young’s Bay subbasin include the Walluski River, 
Klaskanine River, Young’s River, and the Lewis and Clark River (Figure I.1-2).  Wallis (1963a) reported 
that in the Klaskanine River chum primarily used the south fork, and that observations in the north fork 
were rare.  The Walluski River, Young’s River, Klaskanine River, and lower Lewis and Clark River have 
all been identified in the literature as important spawning areas at one time (Howell et al. 1985; Maher et 
al. 2005).  According to ODFW’s 2005 Native Fish Status Report (ODFW 2006) and McElhany et al. 
(2007) chum salmon are now functionally extirpated in Young’s Bay.  
 
A few adult chum salmon still appear to enter Young’s Bay and have been incidentally caught in terminal 
commercial fisheries in recent years (Kostow 1995; North et al. 2006); however, observations in Oregon 
tributaries are currently rare.  One adult chum was observed in the South Fork Klaskanine during a chum 
survey conducted in 2000 (Muldoon et al. 2001), and another one was observed during ODFW random 
coho surveys conducted between 2002 and 2007 (ODFW unpublished data).  It is possible that adult 
chum salmon that have been observed within the subbasin were strays from the Grays River.  Juvenile 
chum have been capture by Astoria High School students during seining operations in Young’s Bay in 
recent years, but these too may have been strays from the Grays River (Tod Jones, personal 
communication).   
 

Page 179 – Appendix I 



Lower Columbia River Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead 
FINAL DRAFT – August 6, 2010 

 
Figure I.1-2.  Young’s Bay chum salmon population. 
 
 
Most of the historic chum spawning areas in Young’s Bay tributaries are considered to be accessible 
(ODFW 2005); however, rearing areas in estuarine habitat have been severely degraded through diking 
and filling (Bischoff et al. 2000a).  Diversion dams associated with ODFW’s North Fork Klaskanine 
Hatchery restricts passage to upstream habitat, but the amount and quality of the upstream habitat for 
chum salmon in the North Fork Klaskanine has not yet been thoroughly assessed.  More detailed 
information of North Fork Klaskanine Hatchery and the history of Young’s Bay chum hatchery programs 
are provided in Technical Review Report No. 1 [Attachment A]. 
 
Primary and secondary limiting factors and threats identified in Oregon’s recovery plan for Young’s Bay 
chum salmon include factors related to alteration of estuarine habitats and ecological conditions affecting 
juvenile rearing and survival, as well as excess fine sediments in spawning gravels.  While ODFW and 
others have conducted aquatic habitat inventories within many reaches of the Young’s Bay subbasin, 
most were done upstream of the presumed historic range of chum salmon.  Therefore, information on 
habitat conditions specific to chum habitat is generally lacking.  Where data are available, it appears that 
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most streams in the subbasin are characterized by a lack of large woody debris, and a heavy concentration 
of fine sediment in spawning areas (Boswell 2005).  
 
Predation on chum fry by hatchery coho is also identified as a potential limiting factor in Young’s Bay 
(ODFW 2010).  Hatchery coho programs have been conducted in this area since the early 1900’s.  In 
2007 alone, almost 1.3 million hatchery coho smolts were released into Young’s Bay as part of the Select 
Area Fishery (SAFE) program (Geoff Whisler, ODFW, personal communication).  The extent to which 
hatchery releases of coho salmon have affected chum salmon fry has not been evaluated.  
 
Big Creek Population:  Major tributaries within Big Creek population boundaries include Big Creek, 
Bear Creek, and Gnat Creek (Figure I.1-3).  According to ODFW’s 2005 Native Fish Status Report 
(ODFW 2006) and McElhany et al. (2007) chum salmon are functionally extirpated within the Big Creek 
population.  In 2006, 192 adult chum were captured in the Big Creek Hatchery trap; however in most 
recent years, less than a dozen chum have been observed (Figure 2.2.1 in Technical Review Report No. 1, 
Attachment A).  The origin of the fish that have been encountered at Big Creek Hatchery is currently 
unknown, but as of 2008, genetic samples are being collected from all adult chum entering the hatchery 
trap.  Information regarding chum hatchery programs in the Big Creek population area is provided in 
Technical Review Report No. 1 (Attachment A). 
 
Most of the historical chum spawning habitat within the Big Creek population boundary is considered to 
be accessible (ODFW 2005).  A weir located at Big Creek Hatchery (RM 3) may block access to some 
chum spawning habitat; however, it is not known if chum historically migrated above the moderate-
gradient gorge area located upstream of the hatchery.  Spawning surveys conducted for chum salmon in 
the late 1990’s observed very few adult chum salmon (Muldoon et al. 2001) in the Big Creek population 
area.  In random coho spawning surveys conducted between 2002 and 2007 only 3 adult chum salmon 
were observed.  Standard spawning surveys conducted for Chinook salmon in Big Creek streams have 
also observed very few chum in recent years (ODFW unpublished data).  Bear Creek, Big Creek, and 
Gnat Creek are identified by Howell et al. (1985) as streams that were once used by chum for spawning. 
 
Primary limiting factors and threats to Big Creek chum salmon identified in Oregon’s LCR Recovery 
Plan include alteration of estuarine habitats, as well as ecological conditions affecting juvenile rearing and 
survival, and excess fine sediments in spawning gravels.  Results from Bischoff et al. (2000b) confirm 
that rearing areas in estuarine habitat have been severely degraded through diking and filling.  Aquatic 
habitat inventories conducted in lower Big Creek in 2006 indicated that fine sediment was impacting 
some potential spawning areas (ODFW unpublished data).  Other tributaries within the Big Creek 
population have not been recently surveyed to determine the degree to which they may be impaired by 
fine sediment.  Large woody debris and side channel habitat in Big Creek is also considered to be below 
preferred levels for salmonids (Boswell 2007). 
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Figure I.1-3.  Big Creek chum salmon population. 
 
Predation on chum fry by hatchery coho is also identified as a potential limiting factor in the Big Creek 
subbasin (ODFW 2010).  Big Creek Hatchery releases approximately 535,000 yearling coho smolts (12 
fish/lb) directly into Big Creek from mid-April to early-June of each year.  Releases also occur in SAFE 
locations adjacent to the confluence of Big Creek and the Columbia River.  In 2007, approximately 
900,000 hatchery coho were released into the Blind Slough and Tongue Point SAFE areas.  The extent to 
which these releases of hatchery coho have directly impacted chum survival over the years has not been 
directly evaluated.  While there are currently no chum hatchery programs on the Oregon side of the lower 
Columbia, ecological interactions among hatchery-origin chum and naturally-produced chum likely 
occurred to some degree during the previous era of chum hatchery programs at Big Creek Hatchery 
(Technical Review Report No. 1, Attachment A). 
 
Clatskanie River Population:  The following streams within the Lower Columbia-Clatskanie population 
are listed by Kostow (1995) as having contained wild populations of chum salmon: Clatskanie River, 
Beaver Creek, Green Creek, Nice Creek, Fox Creek, Tide Creek, McBride Creek, Plympton Creek, and 
Hunt Creek (Figure I.1-4).  A report by Howell et al. (1985) also confirmed that chum were once present 
in the mainstem Clatskanie River.  According to ODFW’s 2005 Native Fish Status Report (ODFW 2006) 
and (McElhany et al. 2007) chum salmon in the Clatskanie population are considered to be functionally 
extirpated; although a few are occasionally encountered during spawning surveys for other species 
(ODFW unpublished data).  The Oregon Fish Commission in 1951 reported runs of 100 chum salmon in 
the Clatskanie River annually and excellent runs in Tide Creek prior to the construction of a tide gate at 
the mouth of this stream (Rule and Maser 2002).  Goble Creek also had reports of spawning chum 
salmon, although they were probably very small numbers (Rule and Maser 2002).  Lauman et al. (1972) 
estimated the number of adult chum salmon spawning in the Clatskanie River to be 50 fish, but this was 
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during a period well past their historic peak abundance levels.  There is no documentation of hatchery 
releases of chum into the Clatskanie River or its adjacent tributaries. 
 
The ODFW Native Fish Status Report (ODFW 2006) reported that most of the historical habitat was 
accessible but the quality of the habitat has been greatly reduced.  Rule and Maser (2007) reported that 
most of the migration barriers in the Clatskanie basin occur within the historic floodplains along the 
Columbia River.  As with elsewhere in the Columbia River estuary, these barriers are likely in the form of 
tidegates, dikes, or other habitat modifications that limit access to areas previously occupied by chum 
salmon.  Rule and Maser (2007) also identified stream migration barriers as a critical data gap and 
recommended further assessment regarding their impact on chum and other salmonids.   
 
Primary limiting factors and threats to Clatskanie chum salmon identified in Oregon’s Recovery Plan 
include alteration of estuarine habitats and ecological conditions affecting juvenile rearing and survival, 
as well as excess fine sediments in spawning gravels.  In their assessment of habitat conditions within the 
population areas (Rule and Maser 2007) reported that only three stream surveys counted an adequate 
number and volume of LWD within the stream channel.  This included many stream reaches within the 
historic range of chum salmon.  The mainstem Clatskanie River was among the streams reported to be 
low in LWD density.  Future LWD recruitment potential was also considered to be low with very few 
stream reaches containing conifers with diameters greater than 20-inches dbh.  Similarly (Rule and Maser 
2007) reported that many riffle habitats were impaired, and that impairment was continuing to occur in 
recent years.  For example, in the 1990 survey of Carcass Creek, riffle habitats were rated good in the 
reach below the falls.  However, the 1998 survey, which overlapped part of one of the reaches surveyed in 
1990, rated riffle habitats as only fair.  The most commonly observed problem with riffle habitats among 
all the stream reaches that have been surveyed in the basin is excess of fine sediments in spawning areas.  
The Carcass Creek survey of 1990 is the only stream survey that consistently found desirably low levels 
of fine sediments within riffle habitats.  It should be noted that habitat surveys in the Clatskanie basin are 
on the order of 10 to 20 years old, and there are many reaches that have never been properly surveyed.   
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Figure I.1-4.  Clatskanie chum salmon population. 
 
 
Predation on chum fry by hatchery coho is also identified as a potential limiting factor in the Clatskanie 
subbasin (ODFW 2009).  There have been no hatchery releases of coho into the Clatskanie subbasin since 
at least 1990.  Although other fish species, such as winter steelhead smolts that could potentially prey on 
naturally-produced chum were released as recently as 1998.  The majority of the fish stocked within the 
subbasin came from Big Creek and Klaskanine River hatcheries.  Occasionally, fish were also stocked 
from the Sandy River and Bonneville hatcheries.  Predation could be occurring in the Columbia River 
estuary from hatchery coho releases occurring elsewhere in the Columbia basin.  The extent to which 
previous releases of hatchery coho or predation in the estuary impacted chum survival over the years has 
not been directly evaluated. 
 
Scappoose Creek Population:  Major tributaries within Scappoose Creek population boundaries include 
Tide Creek, Goble Creek, Milton Creek, McNulty Creek, Raymond Creek, and Scappoose Creek (Figure 
I.1-5).  A report by Howell et al. (1985) also confirmed that chum were historically present in Milton 
Creek.  Willis et al. (1960) reported that the Milton Creek chum run was about 200 fish, but the exact 
locations used for spawning at that time remain unknown.  Recent surveys indicate few if any adult chum 
salmon return to the Scappoose subbasin (Muldoon et al. 2001; ODFW unpublished data). 
 
The ODFW Native Fish Status Report (ODFW 2006) reported that most of the historical chum habitat 
was accessible but the quality of the habitat has been greatly reduced.  David Evans and Associates 
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(2000) reported that most of the artificial migration barriers in the watershed were above the historic 
range of chum salmon and affected primarily coastal cutthroat trout. 
 
Primary limiting factors and threats to Scappoose chum salmon identified in Oregon’s Recovery Plan 
include alteration of estuarine habitats and ecological conditions affecting juvenile rearing and survival, 
as well as excess fine sediments in spawning gravels.  Aquatic habitat was surveyed by ODFW in 1999 
(ODFW unpublished data).  However, these surveys covered only a small portion of the total watershed 
and were generally not within the historic range of chum salmon.  The survey information that is available 
suggests that most reaches within the subbasin were characterized by a lack of suitable spawning gravel 
and marginal channel complexity (David Evan and Associates 2000). 
 
Predation on chum fry by hatchery coho is also identified as a potential limiting factor for chum salmon in 
the Scappoose subbasin.  This predation impact would occur primarily in the Columbia River estuary 
from hatchery coho releases occurring elsewhere in the Columbia basin.  There have been no hatchery 
releases of coho into the Scappoose subbasin since 1987.  The majority of hatchery coho released within 
the subbasin between 1980 and 1987 came from ODFW’s Sandy Hatchery, with occasional releases from 
Bonneville and Cascade hatcheries occurring in some years.  The extent to which previous releases of 
hatchery coho or predation in the estuary impacted chum survival over the years has not been directly 
evaluated. 
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Figure I.1-5.  Scappoose chum salmon population. 
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Part Two: Strategy Development Part Two: Strategy Development 
  

2.1.  Introduction 2.1.  Introduction 
The over-arching goal of Oregon’s recovery strategy is to develop a science-based approach utilizing the 
best available technical information to reduce risk, ensure success, and inform adaptive management.  To 
increase the likelihood for success, Oregon has conducted an extensive review of existing scientific 
literature, incorporated recommendations from the Hatchery Scientific Review Group (HSRG), and 
evaluated and discussed various aspects of habitat requirements, reintroduction, artificial propagation, and 
population dynamics with fishery managers with expertise in these fields.  We focused the scope of our 
technical review based on eight key elements that served as the foundation for development of the CRS:  

The over-arching goal of Oregon’s recovery strategy is to develop a science-based approach utilizing the 
best available technical information to reduce risk, ensure success, and inform adaptive management.  To 
increase the likelihood for success, Oregon has conducted an extensive review of existing scientific 
literature, incorporated recommendations from the Hatchery Scientific Review Group (HSRG), and 
evaluated and discussed various aspects of habitat requirements, reintroduction, artificial propagation, and 
population dynamics with fishery managers with expertise in these fields.  We focused the scope of our 
technical review based on eight key elements that served as the foundation for development of the CRS:  
  
  

Framework for CRS Development 
 

1. Identify Methods for Re-Establishing Chum Populations 
 

2. Identify Target Populations  
 

3. Identify Habitat Suitable for Chum 
 

4. Identify and Obtain Brood Source for Use in Reintroduction 
 

5. Identify Facilities for use in Conservation Hatchery Program 
 

6.  Identify Production Goals and Program Duration 
 

7. Identify Artificial Production Techniques 
 

8. Identify Release Strategies for Reintroduction Program 
 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
Results from our technical review are presented as discussion items within each of the framework 
elements and in Attachment A; however, many of the Technical Review Reports that will be needed to 
implement the CRS are still in preparation or have been identified as action items within Parts Three

Results from our technical review are presented as discussion items within each of the framework 
elements and in Attachment A; however, many of the Technical Review Reports that will be needed to 
implement the CRS are still in preparation or have been identified as action items within Parts Three and 
Four of this report.  In this section of the CRS, we provide a summary of key findings and conclusions 
from our initial technical review as they relate to each of the eight framework elements identified above.  
To further guide the decision making process, we also evaluated the relationship among each of the 
framework elements to chum salmon limiting factors and threats that were identified by the Planning 
Team.  Finally, for each framework element we make recommendations to guide development of strategic 
actions that are presented in Part Three.  Key research, monitoring, and evaluation (RME) components for 
each of the strategies are addressed in Part Four of the report. 
 
2.2.  Chum Recovery Strategy Framework Elements 
Chum Recovery Workgroup 
The recommendations made for each framework element below do not include all of the necessary detail 
to begin implementing on-the-ground actions for chum recovery.  More information needs to be gathered 
and considered to make decisions such as which population will receive hatchery supplementation, where 
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a chum hatchery program should be located, which release strategies will be used, and what the study 
design should be to evaluate reintroduction.  These details will be developed and decisions will be made 
by the Chum Recovery Workgroup (CRW).  The CRW will be formed in June, 2010 and will be 
comprised of ODFW staff (Fish Division biologists, local biologists and hatchery managers) and 
appropriate NOAA staff.  The workgroup will also rely on input from biologists with experience in chum 
recovery and researchers to ensure that the most appropriate methods are being employed that provide the 
highest likelihood of success.  The CRW will provide details pertaining to many of the framework 
elements and will oversee implementation of the Chum Recovery Strategy – including any adaptive 
management needed to ensure success.  The goal of the CRW will be to begin chum broodstock 
development in Oregon in the fall of 2010 and begin reintroduction of chum, or restoration of chum 
habitat, by the fall of 2014.  As part of the annual status reports called for in the Oregon LCR Recovery 
and Conservation Plan, the CRW will provide an annual update on progress towards implementing this 
chum recovery strategy. 
 
Framework Element 1:  Identify Methods for Re-establishing Chum Populations 
 
Summary of Technical Review Process 
ODFW has identified two methods of re-establishing chum salmon in Oregon tributaries of the Coastal 
stratum – re-colonization and reintroduction.  It is uncertain whether chum salmon are not currently 
present in Oregon tributaries because the factors that led to their extirpation still exist, or whether the 
populations in the entire ESU declined to such a point before those factors were reduced that it is 
impossible for populations to be re-established through re-colonization.  For either method to be 
successful the factors that led to extirpation will need to have been addressed.  Re-colonization is the 
normal process of fish from other populations straying into a basin that leads to the establishment of self-
sustaining, locally adapted populations in a natural system.  Because this natural process leads to the 
establishment of fish populations that are well-adapted to the local environment, this natural form of re-
establishing chum in Oregon tributaries has the higher likelihood of being successful.  However, if chum 
abundances are so low that re-colonization cannot occur, reintroduction will have a higher likelihood of 
re-establishing chum.  Reintroduction involves taking chum from another population and releasing them 
in the target basin.  This can either be done with wild fish or hatchery fish and could involve any life-
stage from egg to adult.  Because of the uncertainty surrounding the ability of chum to re-colonize Oregon 
tributaries, utilizing both methods (re-colonization and reintroduction) to re-establish chum salmon 
appears to be the approach that increases the likelihood of being successful in re-establishing chum in 
Oregon tributaries of the Coastal stratum.   
 
Recommendations 
The successful techniques used in the Coastal chum stratum to re-establish chum populations will be 
utilized in the Cascade and Gorge strata to re-establish populations.  Exploring more than one method to 
re-establish chum will allow us to have potentially more tools in our toolbox when we begin efforts in the 
other strata.  We recommend evaluating both re-colonization and reintroduction as methods to re-establish 
chum in the Coastal stratum.  Reintroduction will require the establishment of a chum conservation 
hatchery program that will develop a perpetually returning broodstock of hatchery fish that can provide 
eggs, juveniles, or adults for release into areas where re-establishing chum is desired.  To allow for an 
adequate evaluation of each method we also recommend that one method be implemented in one 
population and the other method be implemented in a different population.  This will lessen the chance 
that erroneous conclusions might be drawn due to one method influencing the success of the other if they 
were implemented within the same population.  It is recommended that the Chum Recovery Workgroup 
determine which population area should be the target of re-colonization and which should be targeted for 
reintroduction. 
 
Framework Element 2:  Identify Target Populations 
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Summary of Technical Review Process 
In their review of chum salmon populations on the Oregon side of the Lower Columbia River, the HSRG 
recommended that up to two chum hatchery conservation programs be initiated within each geographic 
stratum (HSRG Report, Attachment B).  The Oregon Coastal geographic stratum (the focus of the CRS) 
includes Young’s Bay, Big Creek, Clatskanie, and Scappoose populations.  As such, the goal of our 
technical review was to select two Coastal stratum populations (per HSRG recommendations) for the 
recovery program based upon our review of the relationship between site selection and known limiting 
factors and threats as identified in the Oregon LCR Recovery Plan.   
 
Relationship to Limiting Factors and Threats:  Primary limiting factors and threats to chum salmon in 
Coastal stratum populations identified in Oregon’s LCR Recovery Plan include alteration of estuarine 
habitats and ecological conditions affecting juvenile rearing and survival, excess fine sediments in 
spawning gravels, and predation on chum fry by hatchery fish - primarily coho smolts.  Based upon our 
initial review of available habitat information (Section 1.2.1), we hypothesize that all four Coastal stratum 
populations are likely similarly impaired in the context of freshwater physical habitat, although it is clear 
that more habitat surveys are needed.  As such, selection of basins for targeted reintroduction cannot at 
this point be made on the basis of existing habitat quality alone. 
 
The most profound difference among Coastal stratum populations related to potential limiting factors and 
threats to chum salmon is in the release of hatchery coho and associated commercial gillnet fisheries 
among population areas.  With direct releases of hatchery coho salmon into Young’s Bay and Big Creek 
each exceeding 1 million fish annually, and potentially increasing in future years, we believe that the 
predation threat in Young’s Bay and Big Creek may be greater than it is for the Clatskanie and Scappoose 
population areas where there are no direct releases of hatchery-origin coho (or any other hatchery-origin 
fish).  This is supported by Johnson et al. (1997) who described predation by hatchery coho as potentially 
a significant source of mortality for juvenile chum salmon.  While hatchery coho are released as full-term 
yearling smolts that are expected to migrate quickly to the ocean, large concentrations of hatchery coho 
could significantly affect chum survival even during relatively short periods of estuarine residency.  
These hatchery-origin coho are generally of a sufficient size (13-16cm) to prey on chum salmon fry, 
particularly when they are less than 5 cm long (Steve Schroder, WDFW, personal communication). 
 
Intense gillnet (SAFE) fisheries in Young’s Bay and Big Creek that are supported by hatchery coho 
releases also create an additional threat to adult chum salmon that may enter the Columbia River as early 
as October.  While incidental catch of adult chum in these fisheries is currently low (North et al. 2006), it 
will almost certainly increase once chum are re-established and greater numbers return.  Establishing 
areas to re-establish chum populations outside the areas of SAFE fisheries will decrease the potential 
harvest mortality on program-origin chum. 
 
Concerns regarding hatchery fish predation threats and harvest in fisheries are a philosophy that is 
consistent with concerns identified by the HSRG in their report (Attachment B).  We do recognize that if 
chum were reintroduced to the Clatskanie and Scappoose population areas, juvenile outmigrants could be 
exposed over a longer duration in the mainstem Columbia to the hatchery predation threat simply as a 
function of the greater travel time to the ocean and proximity to some of the hatchery release sites along 
the way.  This subject should be addressed as part of the RME program for this plan. 
 
Recommendations:  Based upon our initial technical review and evaluation, we recommend that initial 
efforts for recovery into Coastal stratum populations in the ESU occur within the Clatskanie and 
Scappoose population areas.  This is consistent with recommendations from the HSRG who indicated that 
ODFW should implement a conservation program in these areas using locally available chum broodstock 
or other suitable donor populations.  These populations each contain a considerable amount of high 
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intrinsic potential (HIP) spawning habitat (see Framework Element 3 below) and our evaluation indicates 
that critical risks such as predation by hatchery fish and harvest in lower river commercial fisheries could 
be smaller relative to other areas. 
 
Framework Element 3:  Identify Habitat Suitable for Chum 
 
Summary of Technical Review Process 
Any attempt to re-establish self-sustaining chum salmon populations must begin with habitat that is of 
adequate quality and quantity to support a self-sustaining population.  As reported in Section 1.2.1., chum 
salmon in these populations are considered to be functionally extirpated; therefore, presence of spawning 
adults could not be used as an indicator of favorable habitat conditions or for determining priority areas 
for our recovery experiment.  To gain some insight into the quantity and quality of chum habitat available 
in the Clatskanie and Scappoose populations, we investigated: (1) existing information regarding the 
quality and quantity of existing chum habitat; and (2) potential chum freshwater high intrinsic potential 
habitat based on geomorphic and landscape features.   
 
Existing Spawning and Rearing Habitat:  Information on physical habitat conditions within Oregon 
Coastal stratum populations is very limited, has often not focused on stream reaches historically used by 
chum salmon, and does not include some of the key metrics needed to determine the quality and quantity 
of chum habitat.  Our review of the available existing physical habitat information (summarized in 
Section 1.2 of this report) suggests that although many more surveys are needed, most basins within the 
Coastal stratum are likely similarly impaired by fine sediment and lack of suitable spawning gravel within 
the potential range of chum salmon.  There is no indication from our review of available data that any one 
sub-basin is in any better condition than the others.  The extent to which these impairments are a result of 
land use legacy effects remains uncertain.  In our view, the almost universal deficiency of large woody 
debris in Coastal stratum tributaries suggests this may be a contributing factor to the inability of 
individual stream systems to sort and store gravel suitable for use by chum salmon.   
 
Potential Spawning and Rearing Habitat:  To identify areas of HIP chum habitat within the Clatskanie 
and Scappoose population areas, the current known chum salmon distribution was first queried using 
StreamNet.  As expected, this distribution layer did not show any chum salmon spawning in any of the 
tributaries of the Columbia River in Oregon.  Stream segments with historic chum observations were then 
identified from field surveys conducted by the Oregon Adult Salmonid Inventory and Sampling Project 
(OASIS) (ODFW unpublished data).  One reach, Clatskanie River between Perkins Creek and Keystone 
Creek, with an observation of chum was identified.  Base maps for the basin were then queried to include 
only streams with a contiguous gradient (from the mouth upstream) of less than or equal to one percent.  
Streams with gradient breaks over 1 percent or natural barriers were excluded from the analysis (Note: 
While chum may migrate through stream gradients of greater than 1%, this was considered a conservative 
approach until field verification and habitat analysis could be initiated).  The resulting stream layer was 
considered to be a conservative estimate of HIP habitat for chum.  Total chum HIP miles for the 
Clatskanie and Scappoose populations are 59, and 73 miles, respectively (Figure I.2-1). 
 
Recommendations: Assessments of habitat quality and quantity specifically for chum salmon in Oregon 
streams have not been completed.  Due to the lack of information on existing physical habitat conditions, 
we recommend that physical habitat surveys be initiated as soon as possible to determine the quality and 
quantity of chum spawning habitat within HIP areas of the Scappoose and Clatskanie subbasins.  If 
funding is available, habitat surveys should be conducted for the entire range of chum on the Oregon side 
of the ESU.  Highest priority will be to conduct the surveys in the Clatskanie and Scappoose population 
areas.  Survey methodology specific to the spawning habitat requirements of chum will need to be 
developed and included as part of a CRS technical report.  This report should focus primarily on chum 
spawning habitat requirements because metrics for other stream habitat parameters that relate directly or 
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indirectly to spawning habitat conditions (i.e. LWD density, riffle frequency, riparian condition, etc.) are 
already well founded in Aquatic Habitat Inventory (AQI) methodology developed by ODFW (Moore et 
al. 2007).  While the AQI methodology includes a visual estimate of the percent of fines (silt, sands, 
organics) in spawning gravel, it does not provide a measure of the depth of embeddedness, nor does it 
provide a metric for presence of hyporheic flow, vertical hydraulic gradient (i.e. upwelling), and water 
quality conditions (temperature, dissolved oxygen, etc.).  These characteristics have been the subject for 
considerable scientific evaluation and should be considered as part of a thorough evaluation of chum 
salmon freshwater habitat.  Identifying the quality and quantity of chum habitat in freshwater streams will 
help inform decision-making regarding where (and how) to prioritize stream reaches for restoration 
activities and where to begin reintroduction efforts in the targeted sub-basins.  Before any actions are 
taken to re-establish chum in either the Clatskanie or Scappoose populations, this type of assessment must 
be completed and a determination that adequate habitat exists.  If a substantial portion of the HIP 
spawning habitat is found to be impaired by fine sediment, we also recommend that a sediment source 
study be initiated to determine if existing conditions are of legacy origin or are a product of contemporary 
land use impacts. Based on the results of the analyses recommended above, sites should be selected for 
reintroduction that appear to have adequate spawning habitat for chum salmon.  If the amount of adequate 
spawning gravel cannot be found in any part of either population area, restoration projects should be 
implemented to increase the amount of spawning habitat.  All efforts should be made to have comparable 
quantities of adequate chum spawning habitat in both the Clatskanie and Scappoose population areas.  
This will ensure that the success or failure of either recovery strategy (recolonization or reintroduction) 
was not influenced by having more or less habitat than in the other population. 
 
 
Framework Element 4: Identify and Obtain Brood Source for Use in Reintroduction 
 
Summary of Technical Review Process 
The HSRG recommended that broodstock used in reintroduction programs in the Columbia River be from 
the most suitable available population (Attachment B).  The HSRG further recommended that releases 
from a conservation hatchery program into areas where chum are thought to be capable of re-establishing 
be initiated for a period of three generations of chum salmon (i.e. 12 years).  This is in addition to the time 
it will take to develop an Oregon chum broodstock (four to five years) for the conservation hatchery 
program to utilize surplus eggs/juveniles/adults for reintroduction.  As indicated in Section 1.1.3, the only 
potentially available viable chum population in the Columbia River Coastal stratum is the Grays River 
population which was recommended by the HRSG to be used to start broodstock populations elsewhere.  
To determine the suitability of this population for use in reintroduction in Oregon we focused our 
technical review on: (1) a review of LCR chum genetic structure; (2) life history and demographic aspects 
of Grays River chum; and (3) the availability of surplus gametes from the Grays River. 
 
Lower Columbia River Chum Salmon Genetics:  Selection of appropriate broodstock for use in 
reintroduction depends on an understanding of the genetic diversity among geographic strata within the 
Lower Columbia ESU.  Like other Pacific salmon, strong homing instincts of chum salmon coupled with 
differences in geology among freshwater habitats and differences in spawn timing, all contribute to 
genetic structuring of chum salmon populations (Phelps et al. 1994).  In their review, the NOAA 
Biological Review Team concluded that based upon the genetic and ecological data available, chum 
salmon in the Columbia River were different from other populations in nearby coastal river systems in 
Oregon and Washington (Johnson et al. 1997).  Within the Columbia River, chum salmon genetic 
structure has been examined by Small et al. (2004; 2006).  This research examined genetic samples 
among extant populations in the lower Columbia River (Washington side) and confirmed that populations 
among Coastal, Cascade, and Gorge strata remain genetically distinct (Small 2006).  Washington 
Department of Fish and Wildlife’s geneticist concurs that Grays River chum salmon would be the most 
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genetically appropriate broodstock for use into Oregon’s coast stratum tributaries (Maureen Small, 
WDFW, personal communication on 11/18/08). 
 

 
Figure I.2-1.  Areas of High Intrinsic Potential chum habitat in Clatskanie and Scappoose subbasins. 
 
 
Grays River Chum Salmon Life History and Demographics:  Information on Grays River chum 
salmon is presented in Technical Report Number 2 (Attachment A).  In general, Grays River chum exhibit 
life history and habitat preference characteristics that are similar to what is known about historic chum 
populations in Oregon’s Coastal stratum.  Run timing, age-structure, sex ratios all appear to be consistent 
with those reported for chum on the Oregon side of the river.   
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Stock Availability:  The availability of Grays River stock for use in reintroduction is dependent upon 
continued strong returns to the basin.  According to WDFW, based upon current status and trends in adult 
returns, there are excess broodstock available for use in Oregon’s chum reintroduction strategy.  
Information regarding estimated annual adult abundance is provided in Technical Review Report Number 
2 (Attachment A)  
 
Relationship to Limiting Factors and Threats:  The selection of broodstock does not relate directly to 
any of the limiting factors and threats currently identified for chum salmon in the Lower Columbia River 
ESU. 
 
Recommendations:  Based upon our technical review and evaluation we conclude that Grays River 
origin chum salmon should be used as broodstock for reintroduction of chum salmon into Oregon’s 
Coastal stratum tributaries.  Grays River chum should be used as broodstock for at least four years (one 
generation), but should include an additional year as a genetic safeguard and as an opportunity to include 
some brood from 5-year-old age class if it is available.  WDFW has agreed in principle to supplying chum 
broodstock to ODFW to begin conservation hatchery programs, but this agreement needs to be formalized 
upon approval of the CRS.  Washington Department of Fish and Wildlife recognizes the mutual benefit of 
establishing viable populations in Oregon waters as a safe guard against potential catastrophic losses in 
Washington. 
 
 
Framework Element 5: Identify Facilities for use in Conservation Hatchery Program 
 
Summary of Technical Review Elements 
 
Existing ODFW Facility 
The HSRG recommended that existing ODFW facilities be used for the development of conservation 
hatchery programs for chum salmon (Attachment B).  The Oregon Department of Fish and Wildlife 
currently operates three hatchery production facilities within the Coastal stratum area; North Fork 
Klaskanine Hatchery, Big Creek Hatchery, and Gnat Creek Hatchery (Figures 1.2.2 and 1.2.3).  Each of 
these facilities has the infrastructure to rear chum salmon, but only North Fork Klaskanine and Big Creek 
hatcheries have existing facilities to handle, sort, and hold returning adults for use as broodstock.  Adding 
such adult facilities to Gnat Creek Hatchery would require dedicated funds and additional time to build, 
and was therefore considered a reason to eliminate this facility from consideration.  To determine the 
most suitable ODFW location for development of a conservation hatchery program among the two 
remaining facilities, we focused our technical review strictly on the relationship between hatchery site 
selection (North Fork Klaskanine or Big Creek) and risks associated with release of hatchery coho and 
presence of commercial fisheries in the area.   
 
Relationship to Hatchery and Harvest Risks:  ODFW’s North Fork Klaskanine Hatchery is located in 
the Young’s Bay population area approximately 12 miles southeast of Astoria on the North Fork 
Klaskanine River.  As of the 2006 brood year, coho production out of North Fork Klaskanine Hatchery 
was 232,455 fish.  Recent changes will increase production to approximately 500,000 fish.  An additional 
1.05 million hatchery coho are released each year into Young’s Bay as part of the Select Area Fishery 
(SAFE) program.  These hatchery releases support intense commercial gillnet fisheries in Young’s Bay 
from August through October of each year.   
 
ODFW’s Big Creek Hatchery is located within the Big Creek population area 16 miles east of Astoria and 
is approximately 3 miles upstream from Big Creek’s confluence with the Columbia River.  Big Creek 
Hatchery releases 535,000 hatchery coho directly into Big Creek annually.  An additional, 0.91 million 
hatchery coho are released into areas adjacent to the confluence of Big Creek and the Columbia River (i.e. 
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Blind Slough and Tongue Point) as part of the SAFE program.  These releases also support intense gillnet 
fisheries from August through the end of October. 
 
Risks related to establishing a chum broodstock program at either North Fork Klaskanine or Big Creek 
hatchery would include predation by hatchery released coho or winter steelhead that occur within these 
basins.  This has been identified in the Oregon LCR Recovery Plan (ODFW 2010) as a potential limiting 
factor for chum salmon.  Risk aversion measures could be employed through timing of chum releases to 
avoid hatchery concentrations.  This would include releasing chum prior to hatchery coho and steelhead, 
as well as employing night release strategies on receding tides as done for hatchery chum in the Grays 
River (WDFW 2004).  Monitoring of temporal and spatial distribution, as well as predation rates would 
be part of a comprehensive monitoring plan. 
 
Risk from incidental gillnet harvest of returning chum adults is possible given that chum may be entering 
the river by late October.  Because a small amount of incidental harvest of chum in SAFE gillnet fisheries 
has been reported in the past (North et al. 2006), continued monitoring of harvest impacts will be needed.  
 
New Hatchery Facility 
To avoid the concerns of establishing a chum broodstock program where large hatchery coho and 
steelhead releases occur and terminal-type fisheries are in place, new locations for a chum hatchery 
facility should be considered.  Any new facility would fall under the oversight of ODFW’s Salmon Trout 
Enhancement Program (STEP) and would be managed as a state-run facility by volunteers under the 
supervision of a local STEP biologist and consistent with the Native Fish Conservation and Hatchery 
Management Policies.  Developing a facility that is removed from the hatchery releases that occur at the 
ODFW hatcheries in the Lower Columbia would reduce the risk of juvenile hatchery chum being eaten by 
hatchery juveniles and lessen the chance that returning hatchery chum would be incidentally caught in 
SAFE area fisheries.  Such a STEP facility would also provide volunteer support for the reintroduction of 
chum in the surrounding Coastal stratum area.  The location for a chum hatchery would not only need to 
be away from the current ODFW hatchery releases and SAFE fisheries areas, but would also need to be 
along a stream in the Coastal stratum that has adequate flow to attract chum during their spawning run.  
The ability to gain long-term (15 to 30 years) access to a location and develop the site as a chum hatchery 
must also be considered, along with the impact that a chum hatchery facility might have on the native fish 
populations in the stream - including the impact of returning hatchery adults potentially spawning in the 
stream, incidentally capturing other fish while collecting returning hatchery adults, and hatchery juveniles 
potentially competing for food and habitat.  A search for locations to site a chum hatchery facility has 
been initiated with the above considerations incorporated into the search process. 
 
One location has been identified in the search for a chum hatchery facility that appears to meet most of 
the requirements identified above.  Hunt Creek is a moderately sized stream that flows into the Columbia 
River approximately eight miles east, or upstream, of the SAFE fisheries areas and Big Creek, and is 
within the Clatskanie population area.  A barrier falls occurs in Hunt Creek a short distance above 
tidewater, suggesting that there is little habitat potential for fish populations.  Further investigation is 
necessary to assess any potential impact to native fish populations in Hunt Creek. 
 
Recommendations:  There are no existing hatchery facilities in Oregon that are ideal for siting a chum 
conservation hatchery program in the Coastal stratum of the Lower Columbia.  Current ODFW hatchery 
facilities in the Lower Columbia either do not have the ability to capture returning chum adults, or have 
sizable releases of hatchery coho smolts and are located near SAFE gillnet fisheries sites that pose threats 
to the success of establishing a hatchery chum broodstock to use in reintroduction efforts.  Utilizing an 
existing ODFW hatchery to house the chum broodstock program has the advantage of having trained fish 
propagation professionals living on-site and facilities already in place to begin rearing and releasing 
hatchery chum almost immediately.  Developing a hatchery facility in a new location removed from 
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releases of hatchery coho and gillnet fisheries would have the advantage of lowering the threats to the 
survival of hatchery chum, but has uncertainty related to developing the infrastructure to house a chum 
conservation hatchery program and staffing the facility during adult chum returns and egg incubation and 
rearing.  There may also be benefits to having two locations where conservation hatchery broodstocks are 
maintained. 
 
More information is needed to determine which approach (using an existing hatchery, developing a new 
facility, or both) will provide the greatest likelihood of producing and maintaining a chum conservation 
hatchery program.  Other considerations besides those described above should be incorporated into a 
decision on where to site a chum hatchery facility and what that facility should look like.  Details 
pertaining to how releases of hatchery fish will occur for reintroduction, and what the study design will be 
for assessing which methods are the most successful will factor into what type of marking will occur at 
the hatchery and how complex the rearing activities will be at the facility.  These details also will 
determine the types of infrastructure (buildings, adult trapping, rearing containers, incubators, pumps, 
electrical supply/backup) that will be needed at the hatchery facility.  Sites will also need to be evaluated 
as to their susceptibility to flooding and ease of access, along with the need for “24/7” or “on-call” 
staffing. 
 
The Chum Recovery Workgroup (described above) will gather the necessary information, develop the 
missing details outlined above, and make a decision on where the chum conservation hatchery program 
should be located.  It is our intent to form this group and have them make a decision in time for the first 
releases of chum in early 2011. 
 
 
Framework Element 6: Identify Hatchery Production Goals and Program Duration 
 
Summary of Technical Review Elements 
The HSRG recommended that initial hatchery programs be sized at 100,000 to 200,000 fry releases 
(Attachment B).  In our technical review we focused on determining: (1) production goals needed initially 
to establish the base hatchery program broodstock needs and (2) production goals needed to provide 
excess production for future out-planting needs. 
 
Production Goals for Base Hatchery Program:  A Chum Salmon Hatchery Genetic Management Plan 
(to be developed) will provide the technical basis and guidance for development of a chum conservation 
hatchery broodstock program at the chum hatchery facility.  To maintain genetic diversity, the goal of the 
initial broodstock program should be to use a minimum of 50 pairs of Grays River chum collected 
throughout the return period (Steve Schroder, WDFW, personal communication).  Fifty pairs represent 
the minimum number needed to establish a 100,000 fry program at the chum hatchery facility.  Based on 
an estimated average fry-to-adult survival of 0.5-1.0%, returning adults from a 100k fry release should 
range between 500-1,000 fish by the fourth year of the program provided that homing fidelity is strong 
and fish enter the hatchery trap as expected.  If excess production is available in the Grays River, the 
program should be expanded to up to 100 pairs (200k total production) to enhance genetic diversity. 
 
Production Goals for Outplanting Program:  Production in excess of broodstock needs will be used for 
reintroduction into other basins.  This cannot occur until after the Oregon chum broodstock has been 
developed (four to five years) and the broodstock is of a sufficient size to maintain itself.  The Chum 
Salmon Hatchery Genetic Management Plan will provide additional technical basis and guidance 
regarding future production levels.  To maintain sufficient within-basin genetic diversity we anticipate 
that release numbers at a sub-basin level will likely be at least 100,000 fish.  However, establishing final 
production numbers to meet out-planting needs is dependent upon completion of habitat assessments to 
determine the freshwater carrying capacity of each sub-basin.  Habitat assessments should be initiated 
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prior to or concurrently with development of the base broodstock program at the chum hatchery facility.  
Strategies for these assessments are presented in Parts Three and Four of this report. 
 
Relationship to Limiting Factors and Threats:  The selection of production goals and program duration 
does not relate directly to any of the limiting factors and threats currently identified for chum salmon in 
the ESU.  Hatchery-origin chum may however compete with wild ocean-type Chinook for food and 
cover. 
 
Recommendations:  Initial production goals for establishment of broodstock programs at the chum 
hatchery facility should be between 100k and 200k to maintain genetic diversity and to provide rapid 
implementation of reintroduction programs.  Eyed-eggs from Grays River Hatchery will serve as the basis 
for broodstock establishment in Oregon.  Transfer of eyed-eggs from Grays River Hatchery should occur 
over at least one complete generation (4 years).   
 
Framework Element 7: Identify Artificial Production Techniques 
 
Summary of Technical Review Elements 
More chum salmon are artificially produced and released into the Pacific Ocean than any other species of 
Pacific salmon (Johnson et al. 1997).  In 2006, almost 3 billion chum were released into the Pacific Ocean 
with about one half of those originating from Japanese waters (North Pacific Anadromous Fish 
Commission 2007).  Hidden Falls Fish Hatchery located in Alaska is the largest chum producing facility 
in North America with releases averaging 88 million fry over the past several years.  In contrast, only 
147,609 hatchery chum salmon were released into the Columbia River in 2008; all from the Grays River 
Hatchery (Tod Hilson, WDFW, personal communication). 
 
Artificial production techniques for chum salmon have evolved significantly since they were first 
produced in Japanese waters in the early 1800’s (Kaeriyama 1989).  In Washington State, there are 
currently several chum reintroduction or supplementation programs underway that have utilized the best 
available science for establishing artificial production techniques.  These programs include the Summer 
Chum Salmon Conservation Initiative (Ames et al. 2000; Schroder and Ames 2004)), the Duncan Creek 
reintroduction program (Hilson 2003; 2004; 2007), and the Grays River supplementation program 
(WDFW 2004).  As part of our technical review process, we will incorporate artificial propagation 
techniques used in these and other programs into the Chum Salmon Hatchery Genetic Management Plan 
(HGMP) for the chum conservation hatchery program.  As such, this HGMP will serve as the summary of 
our technical review process. 
 
Relationship to Limiting Factors and Threats:  Development of artificial propagation techniques does 
not relate directly to any limiting factor or threat identified for chum salmon in the Columbia River. 
 
Recommendations:  Artificial production techniques should comply with ODFW’s Fish Hatchery 
Management Policy, ODFW’s Fish Health Management Policy, and Integrated Hatchery Operations 
Team (IHOT) fish health document using established protocol developed for chum reintroduction and 
supplementation programs in Washington State and elsewhere.  Protocols for spawning, rearing, marking, 
and release have been evaluated and will be addressed in the HGMP for this conservation program.  Upon 
final approval of the CRS, the draft HGMP should be finalized and submitted to NOAA for approval.  All 
elements of artificial production should be monitored under the integrated monitoring program presented 
in Part Four of this report. 
 
Framework Element 8: Identify Release Strategies for Reintroduction Program  
 
Summary of Technical Review Elements 
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Releases of chum salmon into Columbia River Coastal stratum tributaries will begin once suitable 
freshwater habitat has been identified and once excess production is available from the chum conservation 
hatchery program.  Framework Element 3 described the need for identifying the quality and quantity of 
chum spawning habitat to determine specific release locations.  Once these release locations have been 
identified through comprehensive habitat assessments, the next step is to identify specific release 
strategies that will be used to optimize freshwater survival and encourage homing of released fish.   
 
Release strategies generally refer to the life stage (e.g. eyed-egg, unfed fry, fed fry, etc.), size, and timing 
of release, but also relate to intermediate steps such as acclimation, intra-gravel incubation in natural or 
artificial channels, and stream side incubation techniques.  For chum salmon, there is an extensive history 
of utilizing a variety of release strategies to either achieve survival and homing advantages, or to achieve 
cost savings and simplification of operations.  For purposes of the CRS, we focused our initial technical 
review on methodologies used successfully for chum programs in other areas.  While we identify 
strategies that we believe will meet our needs, we also recognize that reintroduction will likely not occur 
for at least four years after hatchery broodstock programs have been established.  Given that several chum 
reintroduction and supplementation programs are ongoing in other areas, the state of the science regarding 
chum reintroduction programs is likely to change to some extent, allowing the opportunity for course 
corrections as needed.  Below we have summarized some of the specific release strategies that have been 
used in chum programs in other areas.  Where applicable we identify specific techniques for use in the 
CRS. 
 
Egg Planting:  Artificially spawning fish and planting the fertilized eggs in natural streambeds has been a 
technique used to propagate salmonids since at least the 1910’s (Harrison 1923), but most likely much 
longer (Bams 1985).  Egg planting has been used to propagate chum salmon (Scrivner 1988), pink (Jones 
et al. 1977), Chinook (Stockley 1954) sockeye (Harrison 1923; Robertson 1937; White 1980), coho 
(Bams 1985), as well as several species of trout (Harshbarger and Porter 1982).  Fishery managers have 
considered the use of egg planting for several reasons: (1) eggs can be transported more easily and over 
longer distances than hatchery fish (Foerster 1934); (2) planting eggs can reduce behavioral differences 
(i.e. domestication) associated with rearing in a hatchery environment; and (3) potential for improved 
imprinting to the natal stream.  Egg planting techniques have ranged from using dynamite to loosen 
gravel (Stockley 1954) to the digging of trenches with shovels or back hoes for eventual planting of eggs 
in gravel or artificial boxes or baskets. 
 
While egg planting has been used widely for a variety of salmonid fishes, Solazzi et al. (1999) reported 
that egg-to-fry survival rates are generally not considered to be a limiting factor for most salmonid fishes 
that rear for extended periods in freshwater (coho, steelhead, cutthroat and some Chinook stocks).  For 
those species, factors other than egg to fry survival rate are probably more important in determining adult 
production levels.  Sollazi et al. (1999) suggests that one exception to this may be with chum salmon, 
which migrate into salt-water almost immediately after emerging from the gravel.  The two general 
approaches to egg planting are discussed below. 
 
Box and Cage-Type:  Several box-type or cage incubators have been used and evaluated over the years.  
The most frequently referenced in literature include the Whitlock-Vibert boxes (Harshbarger and Porter 
1982), Harrison Box (Harrison 1923) shallow, deep matrix incubators (Bams 1985) and several other 
varieties that were never formally named.  Embryo survival and fry emergence were shown to be lower 
for Whitlock-Vibert boxes than direct plantings of eggs in gravel (Harshbarger and Porter 1982).  The 
most common source of mortality on box-type incubators has been accumulation of fine sediment and 
excess fungus (Bams 1985; Harshbarger and Porter 1982).  Fungus has been treated using direct instream 
treatments of malachite green (Stockley 1954), but this is not a practice that would be permissible today.  
The propensity for box and cage type incubators to accumulate fine sediment make them poorly suited for 
use as a CRS release strategy. 
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Direct Planting: Direct planting of eggs involves depositing eggs in natural or artificial spawning 
channels without the use of an artificial device to hold the eggs during the period of incubation and 
emergence.  A number of different methods have been employed to facilitate the placement of eggs in 
gravel.  The first method described in available literature is referred to as the shovel method.  As the name 
suggests, the shovel method simply involves the use of a shovel to excavate the “redd”.  The eggs are then 
planted into the bottom of the redd and gravel is placed over the top.  The shovel method is very labor 
intensive and has shown only marginal results in terms of egg to fry survival. 
 
Another technique used to plant eggs directly in gravel is the Salmon Egg Planting Device (SEPD) 
described by Jones et al. (1977) and White (1980).  The SEPD consists of a PVC pipe with a probe end 
that first uses hydraulic pressure to displace fine sediment from deep (25 cm) within the gravel and then 
injects eyed-eggs into interstitial spaces.  Jones et al. (1977) reported that the device could effectively 
seed 3,200 eggs per meter.  This device has been used for both pink and chum (White 1980) and has 
shown favorable results.  Use of the SEPD as a potential release strategy in the CRS will be dependent 
upon a final evaluation by ODFW. 
 
Remote Site Incubator:  The remote site incubators (RSI) is an out-of-stream incubation and rearing 
device that was developed by WDFW in the mid 1980’s as a tool for increasing egg-to-fry survival in 
remote stream locations (Wampler and Manuel 1992).  The RSI consists of a barrel container with an 
inflow pipe at the bottom and a discharge pipe located near the top.  A water diffuser assembly located at 
the bottom of the barrel directs flow vertically (presumably from an upstream spring source) through a 
pea-gravel/coarse material substrate that is used for rearing following hatching. The egg tray is located 
near the top of the assembly and has sufficient screen diameter to allow newly emerged yolk-sac alevins 
to pass downward into the rearing substrate.  Out flow pipes are typically not screened thus allowing fry 
to exit the RSI on their own volition. 
 
RSI’s have been used to incubate embryos from a variety of salmonid species although published 
literature regarding their use is somewhat sparse (Keading and Boltz 2004).  Available information 
suggests that alevin emergence rates have often exceeded 90% (Keading and Boltz 2004) provided that 
catastrophic losses from excess siltation or loss of water supply can be avoided.  Remote site incubators 
are currently used as part of the Hood Canal Summer Chum Salmon Conservation Initiative (SCSCI), but 
only as an intermediate propagation device where emergent fry from the RSI are ponded and released as 
fed fry (450 fpp) at a later time.  Ponding and feeding of fry is believed to promote a survival advantage 
over releasing unfed fry (Whitmus 1985; Sakuramoto and Yamada 1980).  
 
As with direct planting of eggs in gravel, use of RSI’s allow for imprinting to occur at an early 
developmental stage.  Another advantage of the RSI is that risk associated with intra-gravel 
sedimentation, predation of embryos, and loss from flood events may be reduced over direct planting 
methods.  Use of RSI’s in the CRS could be a viable alternative, particularly if fry were ponded and fed to 
a sufficient size to achieve a survival advantage.  Suitable sites with an adjacent water source (preferably 
spring water) and out of the active floodplain would need to be located in target basins.  
 
Fed Fry/Smolt Release:  The rearing and release of fed fry at the smolt stage is the most widely used 
chum release strategy in use today.  All of the chum salmon recovery projects currently taking place in 
Washington State employ a short-term rearing period before fish liberation.  Schroder (2000) reported 
that survival studies conducted by Whitmus (1985) on Hood Canal chum, found that chum salmon 
released at 53 mm survived almost four times higher than those measuring 45 mm when both groups were 
released together.  Schroder (2000) further cautioned that while it is possible to culture chum in 
freshwater for extended periods of time, research suggests that osmo-regulatory competence (ability to 
function in salt-water) in chum salmon will decline as they increase in size. 
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Most chum programs recognize that incubation and early rearing should occur in the basin targeted for 
release to promote fidelity to the streams upon return as adults.  The Hood Canal Summer Chum Salmon 
Conservation Initiative (SCSCI) (Ames et al. 2000) and the Grays River chum program (WDFW 2004) 
use a suite of fed fry release strategies that would work well for use in the CRS.  Release procedures used 
in the SCSCI were designed to mimic natural migrational characteristics for the life stage at release, 
including release location, nocturnal timing, and seasonal timing. Key elements of each of these programs 
are as follows: 
 

 Assess the fish health status of all groups prior to release to ensure that their quality and 
likelihood for survival is high. 

 
 Release fish as fed fry at a size that promotes the highest smolt to adult survival rates, that 

reduces ecological interactions, and that fosters rapid seaward migration. 
 

 Match fish release dates with the time period when naturally-produced fish are known to be 
present as migrants in the estuary. 

 
 Assess estuarine productivity conditions to match releases with the onset of spring-time plankton 

blooms in the estuary occurring during the out migration period. 
 

 Releases should be made as close to the estuary as is feasible to mimic lower river migrational 
distances experienced by natural fish. This objective should be balanced against the need to 
spread spawners homing to the stream of release across all available habitats. 

 
 Releases should be timed to occur after dusk, but before mid-night to mimic the natural stream 

emigration period exhibited by natural chum fry. 
 

 If released close to the estuary, fry should be released to coincide with periods of receding tide to 
encourage rapid dispersal and outmigration. 

 
 Fish reintroduced into stream where the indigenous population has been extinguished should be 

reared in, and acclimated to, the recipient location prior to liberation. 
 
 
Artificial Spawning Channels:  Artificial spawning and incubation channels have been used throughout 
the range of chum salmon since at least the 1950’s (Fraser et al. 1983).  Artificial spawning channels 
consist of either: (1) channels constructed entirely from upland with introduced flow, or flow captured as 
groundwater sources are exposed, or (2) modification and enhancement of existing natural stream 
channels.  The primary purpose of constructing artificial spawning channels has been to increase 
freshwater production capacity through artificial enhancement of spawning substrate and/or flow 
characteristics.  Attempts to increase freshwater survival through planting of chum eggs in control-flow 
channels have been conducted throughout the range of chum (Fraser et al.  1983; Fraser and Fedorenko 
1983; Hilborn 1992).  Most recently in Washington State, artificial spawning channels have been created 
in natural channel areas such as Gorley Springs on the Grays River (WDFW 2004) and Duncan Creek a 
Columbia River tributary located on the Washington side below Bonneville Dam (Hilson 2003; 2004; and 
2007).    
 
Because of the high cost associated with developing and maintaining entirely artificial spawning channels 
and the questionable cost-benefit ratio, it is recommended that they not be pursued as an alternative in the 
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CRS.  Rather, the enhancement or restoration of existing side-channel habitat should be investigated in 
streams targeted for re-introduction.   
 
Relationship to Limiting Factors and Threats:  Size and timing of release relate directly to the threat of 
predation by hatchery fish on juvenile chum.  Direct plant egg release has the potential to produce 
outmigrating fry that are more vulnerable to predation because of their small size relative to fed fry 
releases. 
 
Recommendations:  There are a suite of potential release strategies that appear to be well suited for use 
in the CRS.  We recommend that a core element of the release strategy include release of fed fry at an 
average size of 1.0-1.5 grams each.  Ideally, chum eyed-eggs would be incubated, ponded and fed within 
the basin targeted for reintroduction.  The artificial planting of fertilized chum eggs in natural spawning 
habitat may offer a reduction of the domestication risks associated with 100% hatchery rearing.  The 
scientific literature offers little compelling evidence that any intra-gravel planting method other than 
direct planting of eggs in gravels confers survival advantages through the alevin stage.  Evaluation of egg 
boxes and cages has shown in many instances that excessive sedimentation or fungal outbreaks can result 
in high mortality.  Use of direct egg planting techniques, such as the Salmon Egg Planting Device 
(SEPD), can be used to efficiently seed suitable chum habitat, promote homing, and decrease catastrophic 
risks associated with rearing 100% of the eggs in a single hatchery environment.  Regardless of the 
release strategy employed, careful monitoring will be needed to determine life stage specific survival 
rates (i.e. egg to fry, fry-smolt, etc.), as well as to identify water quality and physical habitat conditions.  
Among the unknowns in the Clatskanie and Scappoose subbasins is the degree to which scour and fill 
may affect survival of incubating eggs.  As such, one element of monitoring should include use of scour 
chains (Nawa and Frissel 1993), or other methods to determine potential for scouring and filling of redds, 
particularly at locations used for egg planting.  All chum released, both eyed-egg and fry, should be 
otolith marked following the methodology described by Volk et al. (1994) for later identification. 
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Part Three: Oregon’s Recovery Strategy Part Three: Oregon’s Recovery Strategy 
  

3.1  Introduction 3.1  Introduction 
The previous section of the CRS identified the elements of the planning framework and summarized 
recommendations based upon our technical review process.  In this section we identify the key elements 
of the plan in three program areas:  Habitat, Artificial Propagation and Broodstock Development, and 
Artificial Propagation and Reintroduction/Out-Planting.  For each of these programs we: (1) identify 
specific plan objectives; (2) include a brief description of the objective; (3) include the rationale for 
choosing the objective; (4) assess risks, benefits, and critical uncertainties associated with the objective; 
and (5) provide a description of the actions needed to implement the objective.  For each identified action 
item, we apply a priority ranking (High, Medium, or Low) to the action.  Because of uncertainties 
associated with identifying and obtaining funding, we recognize that it is possible that not all action items 
will be implemented under the established timelines.  As such, priority rankings for action items are 
meant to provide guidance regarding which actions should be implemented first.  In some cases, specific 
action items related to filling data gaps or completing administrative processes have been identified.  
Most of these will need to be completed prior to full implementation of the CRS.  In Part Four

The previous section of the CRS identified the elements of the planning framework and summarized 
recommendations based upon our technical review process.  In this section we identify the key elements 
of the plan in three program areas:  Habitat, Artificial Propagation and Broodstock Development, and 
Artificial Propagation and Reintroduction/Out-Planting.  For each of these programs we: (1) identify 
specific plan objectives; (2) include a brief description of the objective; (3) include the rationale for 
choosing the objective; (4) assess risks, benefits, and critical uncertainties associated with the objective; 
and (5) provide a description of the actions needed to implement the objective.  For each identified action 
item, we apply a priority ranking (High, Medium, or Low) to the action.  Because of uncertainties 
associated with identifying and obtaining funding, we recognize that it is possible that not all action items 
will be implemented under the established timelines.  As such, priority rankings for action items are 
meant to provide guidance regarding which actions should be implemented first.  In some cases, specific 
action items related to filling data gaps or completing administrative processes have been identified.  
Most of these will need to be completed prior to full implementation of the CRS.  In Part Four, we 
identify research, monitoring, and evaluation plans that will be used to fill additional data gaps, evaluate 
success, and provide for long-term adaptive management. 
 
 
3.2  Habitat Objective 
 
Objective 3.2.1 
Develop sampling protocol and evaluate physical habitat and water quality conditions in all historical 
chum habitat in the Oregon portion of the Columbia River chum ESU (priority to assess Clatskanie 
and Scappoose population areas) to identify suitability for chum re-establishment and identify areas in 
need of restoration. 
 
Description:  This objective develops technical guidance for assessing the physical characteristics of 
chum salmon freshwater habitat using available literature and methodologies employed in areas such as 
Duncan Creek (Hilson 2003;\2004; and 2007) and Hood Canal (Ames et al. 2000) in Washington State.  
This methodology should focus primarily on the quality and quantity of spawning habitats using direct 
measures of gravel quality such as a Fredle Index (Sowden and Power 1985) and upwelling conditions 
using piezometers and other appropriate instrumentation.  Other types of environmental parameters to be 
measured should include velocity, depth, flow, temperature, suspended sediments, and dissolved oxygen 
levels.  Once the technical guidance is completed, this survey methodology should be utilized throughout 
the potential historic range of chum in the Oregon portion of the ESU.  A priority will be to conduct these 
surveys in the Clatskanie and Scappoose sub-basins. 
 
Rationale:  Success of this recovery program is largely dependent upon the quality and quantity of 
habitat in basins targeted for re-establishment of salmon populations.  In the case of chum salmon, this is 
particularly true in regards to spawning and incubation habitat.  Chum salmon, like other Pacific salmon, 
utilize two interconnected zones in streams, a surface water area where spawning and juvenile life takes 
place and the hyporheic zone or intra-gravel area where incubation occurs (Schroder 2000).  Because 
chum salmon spend most of their freshwater residency as incubating eggs in intra-gravel areas, the quality 
of substrate for spawning and incubation takes on additional importance relative to their freshwater 
survival.  Preference of chum salmon for areas of upwelling flows further suggests that habitat surveys 
need to go beyond visual observations of surface substrate as a measure of spawning gravel quality.  Our 
review of the limited habitat data available for Oregon’s Coastal stratum tributaries (Section 1.2.1) 
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suggests that spawning habitats for chum salmon may remain significantly impaired; however, it is clear 
that more intensive surveys are needed. 
 
Benefits: 

1. Establishes baseline habitat conditions and identifies if any stream reaches would currently 
support chum salmon spawning and early rearing. 

2. Assists with identifying priority areas for habitat protection and restoration. 
 
Risks: 

1. Habitat and water quality conditions are dynamic and may change from year to year. 
 
Critical Uncertainties: 

1. Access to private land may be difficult if landowners do not grant permission for access.  
2. Funding for surveys has not been identified. 

 
 
Action 3.2.1(a):  Develop a chum habitat survey methodology with a focus on assessment of spawning 
gravel quality and presence of hyporheic flow and upwelling.  This survey methodology should be 
developed and included as a CRS Technical Report. 
 

Priority: High 
 
Action 3.2.1(b):  Initiate an evaluation of existing chum habitat conditions throughout the Oregon portion 
of the ESU with a focus on spawning gravel quality in the Clatskanie and Scappoose population areas.  
Use existing HIP distribution and chum habitat survey methodology (Action 3.2.1[a]) as technical 
guidance. 
 

Priority: High 
 
Action 3.2.1(c):  Use information collected in Action 3.2.1(b) to identify areas within each population 
area (with a focus on the Clatskanie and Scappoose populations) where high quality chum habitat is 
present or to identify areas for immediate restoration.  This information should be used to establish 
technical guidance on where to begin reintroduction and habitat restoration efforts in these basins. 
 

Priority: High 
 
Action 3.2.1(d):  Use information collected in Action 3.2.1(b) to develop a predictive model to estimate 
juvenile and adult chum salmon carrying capacity under existing environmental conditions.  This 
information should be used to establish technical guidance regarding outplanting densities and quantity of 
habitat in need of restoration to maintain base population levels above 100 chum spawners. 
 

Priority: High 
 
Action 3.2.1(e):  Evaluate results from Action 3.2.1(b) to determine need for, and implement as 
necessary, sediment source study in basins targeted for potential reintroduction.  A sediment source study 
should be implemented primarily where it is determined that excess fine sediment concentrations are from 
contemporary sources. 
 

Priority: Medium 
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Action 3.2.1(f):  Implement habitat restoration projects in high priority areas identified in Action 3.2.1(c). 
 

Priority:  High 
 
3.3  Artificial Propagation and Broodstock Development Strategies 
 
Objective 3.3.1 
Obtain chum salmon eyed-eggs from Grays River, Washington and establish Oregon broodstock for 
eventual use in re-introduction of chum salmon to Coastal stratum tributaries 

 
Description:  Obtain approximately 100,000 to 300,000 thermally marked eyed-eggs annually for a 
period of five years from Grays River Hatchery for final rearing to fry size at the chum hatchery facility.  
The number of adult fish produced from this level of production, will be affected by the condition and 
size of the fry at time of release, number and size of the fry released and the post-release environmental 
conditions the fish encounter.  The Grays River supplementation effort (WDFW 2004) calls for the 
release of 150,000 to 450,000 fry reared to about 1.0 to 1.5 grams. This would be the target size for 
release in this program.  Once adult returns begin at the chum hatchery facility, base production needs 
should be 200,000 fed-fry to maintain broodstock needs.  Production in excess of 200,000 fed fry will be 
used for reintroduction into other basins.  Details of the proposed program including incubation, rearing, 
release, and broodstock collection will be described in the draft Chum Salmon HGMP to be developed. 

 
Rationale:  There are no viable populations of chum salmon in Oregon and natural re-colonization from 
Washington chum populations has not been documented.  Hatchery supplementation of chum salmon has 
been effective in bolstering populations in Washington State and elsewhere.  Establishing a local brood 
source in Oregon using artificial production will provide eggs and fry for within-stratum hatchery 
conservation programs and also provide a genetic safeguard against catastrophic losses of chum salmon in 
Washington.  Chum salmon are easily propagated in a hatchery environment and effects of domestication 
on artificially propagated chum salmon are considered to be minor when compared to other species.  
Grays River stock represents the most genetically appropriate stock available given the proximity of the 
two areas and similarities in geography and climate.  The chum hatchery facility will be fully equipped 
for broodstock collection, rearing, and release and will lie within the same geographic stratum targeted for 
reintroduction.   
 
Benefits: 

1. Creates brood source for eventual use in reintroduction 
2. May reduce short-term extinction risk in Grays River 
3. Initiates broodstock program while factors for decline are being addressed 

 
Risks: 

1. Total or partial loss of fish in hatchery environment 
2. Ecological effects from competition or disease transfer 
3. Genetic effect from loss of variability (Grays River) 
4. Effects from reducing population size of donor stock  

 
Critical Uncertainties: 

1. Availability of Grays River Broodstock during periods of low abundance  
2. Suitability and adaptive capacity of chum to re-colonize Oregon tributaries  
3. Fry-to-adult survival of Oregon hatchery chum 
4. Predation rates of hatchery fish from Big Creek and other facilities on chum fry 
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Action 3.3.1(a):  Develop inter-governmental agreement between Washington Department of Fish and 
Wildlife and ODFW for use of Grays River Broodstock to establish a conservation hatchery program in 
Oregon.  The duration of this agreement should be for a period of 12 years.  

 
Priority: High 
 

Action 3.3.1(b):  Identify location of chum conservation hatchery facility. 
 

Priority: High 
 
Action 3.3.1(c):  Finalize (Grays Stock) Chum HGMP and submit to NOAA Fisheries for approval. 
 

Priority: High 
 
Action 3.3.1(d):  Update or develop new ODFW Hatchery Management Plan to reflect new chum 
broodstock program. 
 

Priority: High 
 
Action 3.3.1(e):  Beginning as soon as possible and for the following 5 brood years coordinate with 
WDFW hatchery staff and provide ODFW personnel as needed to assist with trap, capture, and spawning 
of chum broodstock in the Grays River (October through December). 
 

Priority: High 
 
Action 3.3.1(f):  Transfer approximately 100,000 to 300,000 thermally marked eyed-eggs annually for a 
period of no less than 5 years from Grays River Hatchery to the chum hatchery facility for final rearing 
and release. 
 

Priority: High 
 

Action 3.3.1(g):  Develop and implement facilities development/modification plan to prepare facility for 
transition from Grays production to Oregon production including all elements of adult returns, broodstock 
collection, spawning, incubation, rearing, and release.  Facilities added/upgraded should include capacity 
for thermally-marking otoliths at eyed-egg stage.   
 

Priority: High 
 

3.4  Artificial Propagation and Reintroduction/Out-Planting Strategies 
 
Objective 3.4.1 
Determine which population (Clatskanie or Scappoose) will be the target of reintroduction efforts. 
 
Description:  This objective considers many variables to determine which of the two populations will be 
targeted for the reintroduction of chum.  The other population will be monitored to determine if re-
colonization is occurring. 
 
Rationale:  Oregon is using a scientific approach to re-establishing chum populations in the Coastal 
stratum.  As part of the scientific approach, we will be determining that adequate spawning and rearing 
habitat is available in streams of both the Clatskanie and Scappoose populations to support self-sustaining 
populations of chum.  To explore whether habitat conditions have prevented chum from re-colonizing 
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these areas, we propose to monitor one population to discern whether re-colonization is occurring.  In the 
other population, we will proactively reintroduce chum into appropriate habitats and monitor to see if 
chum become self-sustaining. 
 
Benefits: 

1. Seeks to ensure the best opportunity to successfully re-establish chum 
2. Allows logistics of reintroduction to be considered in decision 

 
Risks: 

1. Process will not select the population with the best opportunity for reintroduction 
 
Critical Uncertainties: 

1. All limiting factors have been addressed  
 
 
Action 3.4.1(a):  Compile information necessary to make a decision as to which population should have 
chum reintroduced.  Information should include, but is not limited to: 

 habitat quality and quantity in the Clatskanie and Scappoose 
 potential sites for the various reintroduction methods proposed 
 landowner or other constraints 
 distances and obstacles (direct or indirect) from known chum spawning aggregations 
 occurrence and level of hatchery fall Chinook spawners 

 
Priority:  Medium 
 
 
Action 3.4.1(b):  Convene a technical committee to review the available information compiled in Action 
3.4.1(a) to determine which population should be proposed for reintroduction of chum. 
 
Priority:  Medium 

 
Objective 3.4.2 
Once sufficient adult returns are established through the chum conservation hatchery program to 
provide excess production, out-plant chum into high quality stream habitats within Scappoose or 
Clatskanie population areas for 12 years (three chum generations). 
 
Description:  This objective implements reintroduction of chum salmon into targeted basins once excess 
production is available from the chum conservation hatchery program.  Per HSRG recommendations, 
reintroduction efforts will occur for three generations (12 years).  Success of this strategy depends upon 
the successful implementation of strategies and actions identified in Sections 3.2 and 3.3.  In Section 3.2 
we identified the areas where reintroduction efforts will begin based upon habitat conditions, and also 
provided guidance regarding the relationship between release numbers and habitat carrying capacity.  In 
Section 3.3 we established the artificial production component that leads to surplus production for use in 
out-planting.  In Planning Framework Element 8 (Part Two) we described potential release techniques 
that could be employed as part of the out-planting strategy.  These include a primary component of 
releases of fed fry that were incubated within basins targeted for release from the eyed-egg stage, as well 
as direct egg planting using the Salmon Egg Planting Device (SEPD).  Both of these techniques would 
utilize otolith marks to identify individual release groups.  
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Rationale:  Reintroduction will only be effective in basins where suitable habitat for spawning, 
incubation, and rearing are present and accessible.  Under ideal conditions, reintroduction would occur in 
all Coastal stratum populations (Young’s Bay, Big Creek, Scappoose, and Clatskanie); however, Young’s 
Bay and Big Creek populations are not targeted for active reintroduction under this plan because fisheries 
and hatchery programs in the Young’s Bay and Big Creek confer anthropogenic and ecological risks that 
make successful reintroduction unlikely.  It should be noted that while these areas (i.e. Big Creek and 
Young’s Bay) are not actively targeted for reintroduction, it is anticipated that there will be some level of 
natural straying to adjacent habitat within the Big Creek subbasin, as well as into the downstream 
Young’s Bay population as a result of implementing broodstock programs in Oregon.  Straying may 
inadvertently “jump-start” re-colonization in areas not targeted for active reintroduction.  Likewise, not 
all streams within the Clatskanie or Scappoose population areas will be seeded with hatchery-produced 
chum salmon once reintroduction efforts begin.  As such, there will also be an opportunity for natural 
straying to occur within these areas and the potential for natural re-colonization as well. 
 
 
Benefits: 

1. Provides mechanism for reintroduction 
2. Provides opportunity for straying and natural re-colonization of vacated habitats 
3. Opportunity to engage landowners and volunteers 
4. Returning adults will provide nutrient enrichment to freshwater habitats 

 
Risks: 

1. Competition with wild fish for food and space 
 
Critical Uncertainties: 

1. Unknown survival rates 
2. Unknown if sufficient habitat capacity can be achieved to support sustainable chum numbers in 

targeted basins. 
 
 
Action 3.4.1.(a):  Use information collected in Action 3.2.1(d) to develop a hatchery production schedule 
to determine out-planting needs based on estimates of habitat carrying capacity. 
 

Priority:  Medium 
 
Action 3.4.1(b):  Conduct site evaluations to identify locations for release of fed fry.   
 

Priority:  Medium 
 
Action 3.4.1(c):  Conduct site evaluations to identify locations for use of in-basin incubation, rearing, and 
release facilities.  Number of facilities/locations will depend upon production needs identified in Action 
3.4.1(a).  Secure lease or access agreements as necessary. 
 

Priority:  Medium 
 
Action 3.4.1(d):  Use information collected in Action 3.2.1(c) to determine release locations for direct 
planting of eyed-eggs using SEPD. 
 

Priority:  Medium 
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Part Four: Research, Monitoring, and Evaluation 
 

4.1  Introduction 
Another goal of the CRS is to integrate research, monitoring, and evaluation into each of the plan 
elements to evaluate successes and failures and to allow for adaptive management when necessary.  In 
this section of the CRS, we describe RME needs under three broad program areas: Habitat and Biological 
Data Programs, Artificial Propagation (Broodstock Programs), and Reintroduction/Out-planting 
Programs.  For each of these programs we: (1) describe our RME strategy(s); (2) summarize benefits, 
risks, and critical uncertainties associated with the strategy; and (3) describe specific actions needed to 
implement the strategy.  For each identified action item, we apply a priority ranking (High, Medium, or 
Low) to the action.  Priority rankings are intended to guide RME program implementation should funding 
shortfalls occur. 
 
 
4.2  Habitat and Biological Data Program 
 
Strategy 4.2.1 
Conduct systematic spawning surveys of Lower Columbia River tributaries (with emphasis on the 
Coastal Stratum populations) to identify presence of chum salmon and establish baseline for recovery 
efforts. 

 
Description and Rationale:  Chum salmon populations in Oregon tributaries to the Columbia River are 
considered to be functionally extirpated yet adults have been observed occasionally in some years.  
Conducting surveys within the range of chum High Intrinsic Potential (HIP) habitat within Oregon 
tributaries will further verify baseline abundance and provide an opportunity to collect genetic samples 
and other biological data from the few fish that may be encountered.  Information from throughout the 
Chum ESU is preferred, but emphasis should focus on the Coastal stratum populations if funding is 
limited.  Surveys should be conducted either to provide a complete census or by using EMAP protocols if 
funding limitations require a subsample approach.  Surveyors should use GPS technology and maps to 
indicate where chum salmon spawn in each surveyed basin.  Surveyors should also measure specific 
habitat characteristics associated with each redd location.  These habitat parameters are described in 
Objective 3.2.1. 
 
Benefits: 

1. Provides verification of baseline abundance 
2. Opportunity to identify strays, stock of origin from other areas 
3. Provides further opportunity to evaluate habitat conditions 
4. Identifies use of habitats by other adult spawners (i.e. Chinook, coho) 

 
Risks: 

1. None identified 
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Critical Uncertainties: 
1. Funding 

 
 
Action 4.2.1(a):  Develop chum spawning survey sampling plan consistent with spawning survey 
methodology identified in (ODFW 2007).  Include methodology for otolith collection and DNA sampling. 
 

Priority: High 
 
Action 4.2.1(b):  Implement chum salmon spawning surveys in lower Columbia River tributaries to 
document occurrence, distribution, abundance (peak counts), stock of origin, age structure, and other 
biological data. 
 

Priority: High 
 
 
Strategy 4.2.2 
Evaluate ecological interactions, particularly predation impacts, associated with reintroduction of 
chum salmon into Columbia River Coastal stratum tributaries.  
 
Description and Rationale:  Ecological interactions between reintroduced chum salmon and other 
organisms may include adverse impacts through competition for food and space, disease, and predation.  
Ecological affects may also be beneficial, such as a contribution of marine-derived nutrients from adult 
chum returning to freshwater.  Because artificial production levels will be relatively small and chum are 
released at a small size, we believe there is little likelihood that artificially produced chum will adversely 
impact other species at the juvenile life stage.  Competition on the spawning grounds for high quality 
spawning habitats may occur given that high quality spawning habitats are limited.  It is most likely that 
ecological interactions associated with the reintroduction of chum salmon will result in adverse impacts 
on the chum themselves and not to other species.  Among the greatest risks is predation on chum 
juveniles by other juvenile hatchery fish such as coho and steelhead.  Predation risks associated with large 
releases of hatchery smolts are described in Section 1.2 of this report.  Because predation risks cannot be 
completely avoided through timing and location of hatchery releases it will be important to evaluate post 
release survival of broodstock program and outplanting program releases to accurately determine sources 
of juvenile mortality.  
 
Benefits: 

1. Identifies sources of juvenile mortality and allows for modifications to hatchery programs and 
release strategies to reduce predation-related mortality if it is above acceptable levels. 

2. Allows for tracking of program performance and measures for success. 
 
Risks: 

1. None 
 
Critical Uncertainties: 

1. Funding 
 
Action 4.2.2(a):  Develop monitoring protocol to assess outmigration distribution and timing of chum fry 
released from the chum hatchery facility to determine if they occur in freshwater and estuarine areas 
concurrent with concentrations of other hatchery origin fish, particularly coho and winter steelhead. 
 

Priority: Medium 
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Action 4.2.2(b):  As a result of, or concurrent with Action 4.2.2(a), develop a monitoring protocol to 
assess predation rates of hatchery-origin coho and winter steelhead on chum fry following releases from 
the chum hatchery facility.  Consider evaluating differential mortalities among multiple release strategies 
varied spatially and temporally. 
 

Priority: Medium 
 
Action 4.2.2(c):  Use information collected in Action 4.2.1(b), and existing spawning surveys for other 
species, to describe the potential for competition among adult chum, Chinook, and coho for spawning 
habitat in Clatskanie and Scappoose sub-basins once return of chum adults begin.  Include assessment of 
potential for redd superimposition (e.g. chum on fall Chinook) and direct competition for space (e.g. 
chum vs. fall Chinook; chum vs. coho). 
 

Priority: Low 
 
 
Strategy 4.2.3 
As a continuance of Strategy 3.2.1 use CRS Habitat Assessment sampling protocol to evaluate long-
term trends in physical habitat and water quality conditions in Clatskanie and Scappoose population 
areas. 
 
Description and Rationale:  In Objective 3.2.1 we outlined the needs for implementing habitat 
assessments to identify areas for chum salmon reintroduction, estimate habitat carrying capacity, and 
identify areas in need of immediate restoration to meet minimum abundance goals.  Objective 3.2.1 is 
designed to be a spatially comprehensive but relatively short-term measure designed to inform decision-
making regarding implementation of the CRS.  In contrast, this strategy (4.2.3) provides for long-term 
monitoring of habitat and water quality attributes in the Clatskanie and Scappoose population areas.  
Long-term monitoring is a critical component of both the CRS and the Lower Columbia River 
Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead as a tool to 
measure the response of habitat and water quality to recovery actions.  Long-term monitoring should be 
spatially and temporally balanced using EMAP or compatible sampling protocols, but should also 
incorporate sufficient flexibility for use as a tool for post-project effectiveness monitoring.  This strategy 
will also allow for adjustments in chum artificial production targets through the reintroduction phase of 
the program. 
 
Benefits: 

1. Identifies response of habitat and water quality to recovery actions 
2. Provides information for recalculation of chum production and release targets based upon long-

term changes in habitat conditions. 
 
Risks: 

1. None Identified 
 
Critical Uncertainties: 

1. Funding 
2. Ability to implement sufficient recovery actions to detect habitat or water quality response. 

 
Action 4.2.3(a):  Initiate a long-term evaluation of chum habitat conditions in Clatskanie and Scappoose 
sub-basins using the habitat assessment methodology established in Action 3.2.1(a). 
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Priority: High 
 
Action 4.2.3(b):  Use habitat information collected in Action 4.2.3(a) and spawning survey information 
collected in Action 4.4.2(a) to update habitat carrying capacity model [Action 3.2.1(d)] and make 
adjustments to out-planting production schedules as needed. 
 
Priority: Medium 
 
 
4.3  Artificial Propagation (Broodstock Programs) 
 
Strategy 4.3.1 
Monitor in-hatchery performance and adult returns at the chum hatchery facility as directed by 
standards identified in Section 11 of the HGMP for this program. 

 
Description and Rationale:  The draft Chum Salmon HGMP will be developed to provide specific 
technical guidance for the artificial propagation component of the CRS.  The HGMP will also describe 
specific monitoring standards that will be used to evaluate adult returns and in-hatchery performance 
across all life stages.  Much of the information will be collected by hatchery staff or volunteers and stored 
on the ODFW main frame computer in the Hatchery Management Information System (HMIS) database.  
Additional information will be collected by research personnel and summarized in annual CRS program 
reports.  
 
Benefits: 

1. Identifies sources of mortality or program inefficiencies and allows for corrective measures to be 
implemented. 

2. Allows for tracking of program performance and measures success. 
 
Risks:   

1. Collection, handling and sorting of fish for RME needs may result in additional mortality. 
 
Critical Uncertainties: 

1. None identified  
 
Action 4.3.1(a):  Monitor attributes and performance of adult chum collected and spawned at the chum 
hatchery facility by stock of origin (Grays River or Oregon) as described below: 

 The number of female and male chum salmon collected at adult trap. 

 Age structure of adult returns as determined by scale analysis. 

 Origin of adult returns as determined by otolith and genetic analysis. 

 Number of observed pre-spawn mortalities of chum salmon. 

 Date of entry of chum salmon into hatchery trap (or collected by other means). 

 Dates of chum salmon spawning.  

 The number of male and female chum salmon spawned. 

 Length and weight of females spawned. 

 Fecundity of females spawned. 

 Disposition (spawned, stream enrichment, etc.) of adult chum salmon collected. 
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Priority: High 
 
Action 4.3.1(b):  Monitor attributes and performance of incubating eggs and juvenile chum at the chum 
hatchery facility (including Grays Stock) as described below: 

 Monthly number of chum salmon eggs/fish on hand, mortality, feeding rate, and growth. 

 Results of fish health checks and any incidence of disease occurrence. 

 Results of water quality sampling. 

 Collect otolith voucher samples to verify marks. 

 
Priority: High 

 
Action 4.3.1(c):  Monitor releases of juvenile chum from the chum hatchery facility by stock of origin as 
described below: 

 Number of chum salmon released by date. 

 Fish size at release, average weight, and length frequency distribution. 

 Location of releases. 

 Date releases started and ended. 

 
Priority: High 

 
Action 4.3.1(d):  Use information collected in Actions 4.3.1(a), 4.3.1(c), and 4.2.1(b) to determine fry-to-
adult survival rates from broodstock program release groups at the chum hatchery facility. 

 
Priority: High 
 

4.4  Reintroduction/Out-Planting Program 
 
Strategy 4.4.1 
Monitor freshwater survival and performance of hatchery fed-fry, direct planted eyed-eggs, and 

natural production following reintroduction of chum salmon into targeted subbasins. 
 
Description and Rationale:  Chum released as part of the CRS out-planting program will consist 
primarily of fed fry but will also include an element of direct planting of eyed eggs into the natural 
streambed.  The objective of the fed fry program will be to incubate eyed eggs in the sub-basins targeted 
for eventual release.  While there is a general expectation that fed fry will migrate quickly to estuary 
following release, monitoring should be conducted over the first two years of the program to verify this 
hypothesis.  Failure of fry to outmigrate quickly may suggest that releases occurred prematurely or that 
mortality from predation or other sources prevented outmigration altogether.  The planting of eyed eggs 
as a release strategy will require significantly more monitoring to document performance.  Survival from 
the eyed egg stage to emergence using emergent traps will be a necessary component of the evaluation.  
Physical and biological attributes affecting survival at this stage such as sedimentation, intragravel 
predation, and stream scour and fill will also need to be evaluated.  Evaluating natural production and 
egg-to-fry survival rates from this program once adult returns begin will require estimates of the number 
of natural spawners, sex ratio, and fecundity as estimated from Objective 4.4.2 (below).  Inherent in this 
monitoring strategy is the use of thermally-marked otoliths to track performance of release groups. 
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Benefits: 
1. Verifies hypothesis of rapid outmigration and high survival in freshwater following release of 

hatchery-origin fed fry. 
2. Documents performance of specific release strategies and identifies sources of unacceptable 

freshwater mortality. 
3. Provides estimate of fry production from natural spawners 

 
Risks: 

1. Additional mortality resulting from handling chum fry at trap sites 
 
Critical Uncertainties: 

1. Funding 
2. Ability to capture and enumerate chum fry at traps following release. 

 
Action 4.4.1(a):  Develop and implement sampling protocol to monitor freshwater performance, 
outmigration rates, and life stage specific survival of hatchery and natural origin juvenile chum in basins 
where reintroduction/outplanting occurs. 
 

Priority: High 
 
 
Strategy 4.4.2 
As a continuance of Strategy 4.3.1 continue to conduct spawning ground surveys with additional 

emphasis of survey effort on sub-basins targeted for recovery (i.e. Clatskanie and Scappoose). 
 
Description and Rationale:  Chum salmon adults returning to Coastal stratum streams should be 
surveyed to determine abundance, distribution, stock composition, and stray rates.  Sampling fish on the 
spawning ground for lengths, marks (otolith), sex, scales and genetic samples will allow identification of 
natural-origin and reintroduction-origin returns, as well as an evaluation of straying rates.  This 
information will allow for estimates of egg/fry-to-adult survival rates by sub-basin and release strategy 
and allow a means for tracking population age structure and productivity.  Target sample sizes will need 
to be developed to allow for statistical certainty in the analysis 
 
Benefits: 

1. Provides biological data necessary for estimating program performance 
 
Risks: 

1. None identified 
 
Critical Uncertainties: 

1. Funding 
 
Action 4.4.2(a):  Develop and implement spawning ground survey sampling protocol to monitor adult 
returns and track biological parameters.  Consider use of mark-and-recapture of adults as needed to 
estimate total abundance.  Assess population parameters in conjunction with results from related actions 
(e.g. 4.4.1[a]). 
 

Priority: High 
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Strategy 4.4.3 
In conjunction with existing harvest evaluation programs in the Lower Columbia River, monitor 
commercial gillnet fisheries for incidental harvest of chum salmon, identify harvest rates, and stock of 
origin. 
 
Description and Rationale:  While commercial gillnet fisheries in the lower Columbia River have 
concluded by the end of October, there remains the potential that some chum from the beginning of the 
adult return period could be incidentally harvested.  Incidental harvest of chum in SAFE areas has been 
minimal in recent years, but this is likely related to the low overall abundance currently observed.  Once 
chum broodstock and reintroduction releases are implemented as part of the CRS, it is expected that 
incidental catch rates may increase.  Sampling of gillnet fisheries and collection of biological data from 
incidental catch will be a necessary component of tracking sources of chum mortality.  
 
Benefits: 

1. Identifies extent of adult mortality from freshwater harvest. 
 
Risks: 

1. None identified 
 
Critical Uncertainties: 

1. Mortality associated with gillnet drop off rate. 
 
 
Action 4.4.3(a):  In conjunction with existing sampling of commercial gillnet fisheries, sample 
incidentally caught chum for length, scales, otoliths, genetics, area of capture, and date of capture. 
 

Priority: Medium 
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Columbia River Chum Recovery Strategy 
Technical Review Report, No. 1 

Artificial Production of Chum Salmon in Oregon 
 
1.1.  Introduction 
The use of hatcheries to artificially produce chum salmon dates back to the late 1800’s when the first 
chum hatchery was constructed in Japan (Kaeriyama 1989).  Currently, more chum salmon are released 
from hatcheries annually into the Pacific Ocean than are any other salmonid species (Johnson et al. 1997).  
In 2006, almost 3 billion chum were released into the Pacific Ocean with about one half of those 
originating from Japanese waters (North Pacific Anadromous Fish Commission website 2007).  Hidden 
Falls Fish Hatchery located in Alaska is the largest chum producing facility in North America with 
releases averaging 88 million fry over the past several years.  In contrast, only 147,609 hatchery chum 
salmon were released into the Columbia River in 2008 with all of those originating from Grays River 
Hatchery (Todd Hilson, WDFW, personal communication). 
 
Artificial propagation of chum salmon did not begin in the Columbia basin until the late 1920’s (Johnson 
et al. 1997), and compared to other river systems within their range, the Columbia has received very little 
artificial propagation of chum salmon.  From 1930 to 1991 an average of only 485,000 chum salmon fry 
were released annually into the Columbia River (Johnson et al. 1997).  Oregon has never had a large 
chum hatchery (Kostow 1995), but they have been reared at several Columbia River facilities such as 
Bonneville, Big Creek, and North Fork Klaskanine hatcheries.  Big Creek and the North Fork Klaskanine 
hatcheries are the only facilities that have received significant numbers of hatchery chum salmon, and in 
both cases, mostly local fish were used for broodstock (Wallis 1963a; Wallis 1963b).  Today, chum 
propagation occurs in Washington State at the Grays River Hatchery and Washougal Hatchery only.  
There are no artificial propagation programs for chum occurring in Oregon.   
 
 
2.1  History of Chum Salmon Artificial Production in Oregon 
 
2.1.1 Young’s Bay 
The history of hatchery releases of chum salmon into Young’s Bay is somewhat unclear, but available 
records indicate that some chum production occurred from ODFW’s North Fork Klaskanine Hatchery.  
North Fork Klaskanine Hatchery, established in 1911, was first operated with eggs of various stocks 
(potentially including chum) transferred in from other state hatcheries (Wallis 1963a); no eggs from any 
stock were collected at the hatchery until 1924.  The first reported take of chum eggs occurred in 1937, 
with egg takes occurring in only five other years (1939-1943) [Table 2.1.1].  Hatchery records indicate 
that there was one release of chum fry from the 1928 brood, but it is unclear where these fish originated 
from.  Collection of broodstock appeared to be from a rack placed at the confluence of the north fork and 
south fork of the Klaskanine River (Wallis 1963a).  This rack was operated through 1955 and likely 
blocked all chum salmon access to spawning areas in the Klaskanine basin. 
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Table 2.1.1.  Number of chum salmon egg collection and fry releases at North Fork Klaskanine Fish 
Hatchery.  Data are from Wallis (1963a), hatchery records, and ODFW’s Hatchery Management Information 
System.  Records may be incomplete. Note:  Fry releases often exceed total egg collection numbers.  It is not 
clear which values are more accurate. 
Brood Eggs  Number Release Release Release 
Year Collecteda Released Date Size  Location 
1928b 0 500,000 2/29 -- NF Klaskanine 
  292,700 4/29 3.00 in. NF Klaskanine 
      
1937 200,000 107,645 2/38 1.00 in. NF Klaskanine 
      
1939 350,000 75,500 1/40 1.25 in. NF Klaskanine 
  100,000 3/40 1.00 in. NF Klaskanine 
  75,500 12/39 1.25 in. SF Klaskanine 
  49,169 2/40 1.00 in. SF Klaskanine 
      
1940 1,500,000 500,000 2/41 1.00 in. NF Klaskanine 
  799,720 3/41 1.50 in. NF Klaskanine 
  139,000 4/41 2.50 in. NF Klaskanine 
      
1941 750,000 90,000 3/42 1.63 in. NF Klaskanine 
  249,000 4/42 1.13 in. NF Klaskanine 
  499,500 5/42 3.00 in. NF Klaskanine 
      
1942 900,000 1,000,000 3/43 1.50 in. NF Klaskanine 
  750,000 4/43 1.75 in. NF Klaskanine 
  605,000 5/43 2.50 in. NF Klaskanine 
      
1943 100,000 72,500 6/44 2.75 in. NF Klaskanine 
 
1978c  913,887 4/79 378/lb. NF Klaskanine 
 
1979c  755,210 4/80 511/lb. NF Klaskanine 
 
1983d  5,184 5/84 216/lb. SF Klaskanine 
  10,010 6/84 143/lb. Young’s River 
 
 
a  Egg collection numbers were estimated from bar graph presented in Wallis (1963a). 
b  Eggs may have been transferred to Klaskanine Hatchery in 1928. 
c  Carson/Cowlitz Stock 72 
d  NF Klaskanine Stock 15 for CEDC 
 
2.1.2  Big Creek: 
Big Creek Hatchery first became operational as an Oregon Fish Commission hatchery in 1938 with the 
first egg take from chum salmon occurring the following year (Table 2.1.2).  Chum salmon were 
produced regularly at Big Creek Hatchery from 1939 through 1983, but records are missing or incomplete 
(Wallis 1963b).  All releases of juveniles were directly into Big Creek and many releases in the early 
years of the program consisted of unfed fry only (Wallis 1963b).  By the mid 1960’s fish were being 
reared until April or May.  Eggs were incubated in 47 degree F spring water (Howell 1985).  Eggs 
incubated for approximately 38 days before eye-up.  Eyed eggs incubated for 22 days before hatching.  
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Alevins incubated for 33 days before emerging (Howell 1985).  Howell (1985) reported that there were 
no major disease problems affecting chum reared at Big Creek Hatchery; however, ectoparasites, cold-
water disease, and miscellaneous bacteria were noted in some years. 
 
Most of the chum production at Big Creek Hatchery was from Big Creek origin stock.  However, in 1984, 
out-of-basin broodstock were transferred to Big Creek Hatchery and offspring were released the 
following spring into Tucker Creek located in the Young’s Bay population.  Howell et al. (1985) reports 
that these fish were of Hood Canal origin, but ODFW’s Hatchery Management Information System 
(HMIS) identifies these as Cowlitz stock.  Because of the intermittent nature of chum propagation and 
poor hatchery record keeping, Wallis (1963b) was unable to relate abundance of adult chum returning to 
the hatchery weir with prior hatchery releases.  In his report to the Oregon Fish Commission, Wallis 
(1963b) recommended that hatchery personnel “take all available eggs from chum salmon which enter the 
adult holding area at the hatchery”.  The extent to which this recommendation was implemented remains 
unknown.  
 
Collection of chum broodstock was from a full spanning weir and trap located at the hatchery facility.  
This weir and trap continues to operate today but only a few adult chum salmon are usually captured each 
year (Figure 2.1.1).  However, in 1996, almost 200 adult chum were captured at the Big Creek trap.  
Origin of these fish was not determined although it is possible they were originally from healthier stocks 
located in the Grays River. 
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Figure 2.1.1.  Number of adult chum salmon collected at the ODFW Big Creek 
Hatchery trap 1984-2007.  (Data from ODFW’s Hatchery Management 
Information System) 

 
 
2.1.3.  Bonneville Hatchery:  Bonneville Hatchery began operation in 1909 and has operated 
continuously since.  On-site egg takes reportedly occurred from chum salmon captured in Tanner Creek in 
1939 and 1944 only (Wallis 1964) [Table 2.1.3].  There were transfers of chum eggs to Bonneville 
Hatchery in 1929, 1931, and 1942.  The 1942 egg transfers were reportedly from Big Creek stock; 
however, the origin of the other egg transfers is not clear.  There is no evidence that any of these releases 
resulted in returning adults to Bonneville Hatchery and only a few adult chum have been encountered at 
the hatchery trap in past 10 years (ODFW unpublished data). 
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Table 2.1.2.  Chum salmon egg collection and fry releases, Big Creek Hatchery.  Data are from Wallis (1963a) 
and ODFW (HMIS).  Records may be incomplete.  Unk.=Unknown (data is missing).  Note:  Fry releases often 
exceed total egg collection numbers.  It is not clear which values are more accurate. 
Brood Eggs  Number Release Release Release 
Year Collected Released Date Size/Stage  Location 
1939 72,000 70,900 5/40 3 inch Big Creek 
1940 1,450,720 1,417,500 3/41 1 inch Big Creek 
1941a 2,525,000 2,235,000 1/42 Fry Big Creek 
1942b 6,316,000 2,798,000 1/43 Fry Big Creek 
1943 1,240,000 1,230,000 1/44 Fry Big Creek 
1944 150,000 149,000 1/45 Fry Big Creek 
1945 360,000 353,454 1/46 Fry Big Creek 
1946 1,118,208 1,048,000 1/47 Fry Big Creek 
1947 0 0 -- -- -- 
1948 259,200 251,450 1/49 Fry Big Creek 
1949 0 0 -- -- -- 
1950 585,784 550,112 2/51-3/51 Unk. Big Creek 
1951 0 0 -- -- -- 
1952 0 0 -- -- -- 
1953 160,000 Unk. Unk. Unk. Unk. 
1954 407,400 411,614 5/55 118/lb Big Creek 
1955 516,572 478,500 4/56 248/lb Big Creek 
1956 102,144 98,840 3/57 Unk. Big Creek 
1957 249,450 91,893 2/58 1200/lb Big Creek 
  133,640 3/58 1200/lb Big Creek 
1958 1,680,604 1,463,091 2/59 Fry Big Creek 
  526,560 3/59 Fry Big Creek 
  365,019 4/59 698/lb Big Creek 
1959 1,302,921 1,231,943 2/60-3/60 Fry Big Creek 
1960 232,064 218,926 2/61 1140/lb Big Creek 
1961 418,041 314,577 4/62 549/lb Big Creek 
1962 330,720 280,894 3/63 640/lb Big Creek 
1963 329,272 319,464 2/64-3/64 Unk. Big Creek 
1964 256,704 173,866 2/65-3/65 1200/lb Big Creek 
1965 359,694 315,367 5/66 154/lb Big Creek 
1966 429,209 371,971 5/67 134/lb Big Creek 
1967 163,618 135,038 4/68 251/lb Big Creek 
1968 93,307 82,641 4/69 344/lb Big Creek 
1977 Unk. 41,009  320/lb. Big Creek 
1978 Unk. 6,478  360/lb. Big Creek 
1980 Unk. 13,146 3/81 381/lb. Big Creek 
  21,768 3/81 336/lb. Big Creek 
  9,550 4/81 382/lb. Big Creek 
1981 Unk. 9,704 2/82 1,213/lb. Big Creek 
  20,640 3/82 1,376/lb. Big Creek 
  3,492 3/82 1,164/lb Big Creek 
1982 Unk. 5,285 2/83 1,057/lb. Big Creek 
  9,544 2/83 1,193/lb. Big Creek 
  66,150 3/83 630/lb. Mill Creek 
  23,200d 4/83 200/lb. Young’s River 
1983 84,879 69,365 4/84 357/lb. Big Creek 
1984c  953,420 5/85 380/lb. Tucker Creek 
a  222,000 eggs transferred to Klaskanine Hatchery. 
b  3,436,000 eggs transferred to Klaskanine Hatchery.  Wallis (1964) states that 400,000 eggs from this brood was transferred to 

Bonneville Hatchery. 
c  Carson/Cowlitz Stock 72 for CEDC 

Page 222 – Appendix I 



Lower Columbia River Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead 
FINAL DRAFT – August 6, 2010 

 
 
Table 2.1.3.  Number of chum salmon egg collection and fry releases at Bonneville Hatchery.  Data are from Wallis 
(1964). 
Brood Eggs  Number Release Release Release 
Year Collecteda Released Date Size/Stage Location 
1929a 30,000 26,688 7/30 4.00 in. Tanner Creek 
1931a 400,360 264,900 6/32 2.75 in. Tanner Creek 
1939 61,000 54,400 4/40 Fry Tanner Creek 
1942 b 400,000 390,810 4/43 Fry Tanner Creek 
1944 60,000 59,624 4/45 Fry Tanner Creek 

a  Eggs were transferred from unknown basin 
b  Eggs were transferred from Big Creek Hatchery 
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Columbia River Chum Recovery Strategy 
Technical Review Report, No. 2 

Coastal Stratum Chum Life History Characteristics 
 
1.1.  Introduction 
Goals of broodstock selection for a reintroduction or supplementation program have typically been to 
assure that fish selected for spawning are representative of wild populations (Schroder and Ames 2004).  
In the case of supplementation programs, the attributes of the existing wild population (i.e. the population 
to be supplemented) has been used as the measure of desired stock-specific traits in the artificially 
produced stock (Schroder and Ames 2004).  Broodstock selection for a reintroduction program, (i.e. 
where the indigenous stock has been extirpated) is more cumbersome, and ideally would rely both on 
knowledge of attributes of the extirpated stock and information on attributes of potential candidate stocks 
for use in the program.  Altukhov and Salmenkova (1987; 1990) suggested that the creation of a new 
chum population where one has been extirpated can likely only be done with fish that are similar in origin 
or are genetically similar. 
 
The purpose of this report is to summarize life history characteristics and population demographics for 
chum salmon in the coast stratum populations of the lower Columbia River.  This review is primarily 
designed to affirm decision-making regarding the selection of Grays River chum broodstock for use in a 
reintroduction program in coast stratum tributaries, but will also serve as a biological baseline from which 
population characteristics can be tracked once reintroduction occurs.  The use of Grays River chum 
broodstock for use in a conservation hatchery program is intuitive, as it is the only viable chum 
population within the coastal geographic stratum.  Information regarding Grays River chum salmon is 
relatively abundant as this stock has been the focal point of a conservation hatchery program in the Grays 
and Chinook basins for a number of years (WDFW 2004). In contrast, information regarding historic 
chum populations in Oregon coastal tributaries can only be obtained by reviewing reports in ODFW files 
or through summaries of historic information developed more recently by others.  Unfortunately, this 
information is very limited and in many instances, no information was available. 
 
1.2 Abundance 
Grays River Subbasin:  The Grays River historically supported a chum population that ranged between 
8,000 and 14,000 fish (Lower Columbia Fish Recovery Board 2004).  Bryant (1949) reported that in 1936 
over 7,600 adult chum were counted in the lower twenty-one kilometers of the Grays River alone.  Peak 
counts of chum salmon on spawning ground surveys conducted in the basin between 1987 and 2000 
ranged from a low of 333 fish in 1989 to a high of 2,490 in 1993 (Roler 2002) [Table 1.2.1].  Returns in 
the last few years (2004-2007) were based on mark-recapture estimates and have ranged from 
approximately 3,600 fish in 2007 to approximately 14,000 fish in 2004 (Todd Hilson, WDFW, 
unpublished data).  Current returns are considered to be predominately from natural production although 
chum produced from Grays River Hatchery have been returning since 2001 (WDFW 2004).  
 
Oregon Coastal Stratum:  There is no information available that adequately describes historic 
abundance of chum salmon in Oregon’s coast stratum tributaries.  Myers et al. (2006) summarized 
historic reports of adult chum salmon observations in Oregon tributaries from Parkhurst et al. (1950), as 
well as from observation from lower river hatcheries (Wallis 1963a; Wallis 1963b), and could only 
conclude that chum salmon were present in most Lower Columbia River tributaries.  The lack of 
historical information on abundance of chum salmon in Oregon Coastal Stratum tributaries is not 
restricted to chum alone, as accounts of other salmonid species (i.e. Chinook, coho, and steelhead) are 
also poorly documented. 
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Table 1.2.1.  Peak counts of live and dead chum salmon in the Grays River subbasin, 1987-2000 (Taken from 
Roler 2002), 

Year Mainstem 
West 
Fork 

Crazy 
Johnson Gorley Fossil Hull Klints Total 

1987 711 42 2 3 0 NC NC 758 
1988 342 27 289 712 NC NC NC 1,370 
1989 176 16 120 21 NC NC NC 333 
1990 166 0 100 405 2 NC NC 673 
1991 93 13 204 219 NC NC NC 529 
1992 1,269 289 320 611 1 NC NC 2,490 
1993 704 39 78 256 1 NC NC 1,078 
1994 41 18 90 75 0 NC NC 224 
1995 66 0 413 293 NC NC NC 772 
1996 415 160 396 348 0 0 NC 1,319 
1997 79 55 485 185 NC NC NC 804 
1998 154 214 145 430 0 0 0 943 
1999 69 100 927 496 0 6 NC 1,598 
2000 1,124 833 249 NA NC NC 0 2,206 

 
 
1.3 Run Timing 
Grays River Subbasin:  Chum enter the mouth of the Columbia River from mid-October through 
November (Howell 1985) which is similar to run timing of chum salmon in rivers along the Washington 
coast (Johnson et al. 1997).  Grays River chum salmon do not reach the Grays River until late October to 
early December (Lower Columbia Fish Recovery Board 2004). 
 
Oregon Coastal Stratum:  Information regarding historic run timing can only be gleaned through 
observed returns to hatchery facilities located in the Young’s Bay and Big Creek areas.  During periods of 
chum hatchery programs in Oregon at Big Creek and North Fork Klaskanine hatcheries (which primarily 
used local chum for broodstock), Howell (1985) described run timing as occurring from November to 
December.  Of the few fish that have entered the hatchery trap at Big Creek in recent years (Figure 2.2.1; 
CRS Technical Report No. 1; Attachment A), run timing has been primarily from late October to early 
December (ODFW unpublished data).  It should be noted that it is unclear if these fish are of Big Creek 
origin or if they are strays from healthier stocks on the Washington side of the Columbia River. 
 
 
1.4 Spawn Timing and Emergence 
Grays River Subbasin:  Spawning of chum salmon in the Grays River occurs from November to early 
December with peak spawning occurring in early November of most years (WDFW 2004).  Juveniles 
emerge in the early spring and migrate to the Columbia after a short rearing period (Lower Columbia Fish 
Recovery Board 2004). 
 
Oregon Coastal Stratum:  There is no information in the literature that we reviewed to indicate the 
historic spawn timing and emergence of naturally produced chum in Oregon’s Coastal Stratum tributaries.  
Back-calculating from release date of hatchery-origin un-fed fry produced during the initial years 
(1940’s) at Big Creek and North Fork Klaskanine Hatchery (Wallis 1963a and 1963b), suggests that 
spawn timing of chum captured in hatchery traps ranged from early November to mid-December.  It is 
unclear if this is representative of historic natural spawn timing during that period, but is similar to the 
period reported by Howell et al. (1985) for chum at Big Creek and Klaskanine hatcheries during the early 
1980’s. 
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1.5 Fecundity 
Grays River Subbasin:  At Sea Resources Hatchery, average fecundity ranged between 2,028 and 2,534 
eggs per female during 1980-1984 (Howell 1985).   
 
Oregon Coastal Stratum:  Average fecundity of hatchery chum in Big Creek between 1978 and 1983 
ranged between 2,425 and 2,900 eggs/female.  Average fecundity of chum at North Fork Klaskanine 
Hatchery in 1981 was 1,667 eggs/female (Howell 1985).  It is unclear if this is representative of historic 
fecundity of natural spawners. 
 
 
1.6 Age Structure 
Grays River Subbasin:  Scale analysis conducted by WDFW indicates that 3- and 4-year-old fish are the 
dominant age classes, but a small percentage of 5-year-old return each year (WDFW 2004). 
 
Oregon Coastal Stratum:  We were unable to locate any information describing the historic age 
structure of chum in Coastal Stratum tributaries.  
 
 
1.7 Adult Size 
Oregon Coastal Stratum:  Howell (1985) reported lengths and weights of chum salmon caught in the 
commercial gillnet fishery in 1981.  Fork length ranged from 65 cm up to 85 cm.  Weights ranged from 
7.5 pounds up to 19 pounds.  In 1980, fork lengths of carcasses recovered on the spawning grounds 
ranged from 60-68 cm (Howell 1985) 
 
 
1.8 Sex Ratio 
Grays River Subbasin:  Based on spawning ground surveys conducted in 1981 and 1982 in the Grays 
River, Hardy, and Hamilton Creek, about 44% of the age 3 and 4-year old were male (Howell 1985). 
 
Oregon Coastal Stratum:  We were unable to locate any information describing the historic sex ratio of 
chum in Coastal Stratum tributaries.  
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Attachment B: 
Hatchery Scientific Review Group Preliminary Recommendations for 

Columbia River Chum Salmon 
 

The following text was taken from the March 11, 2008 initial findings of the Hatchery Scientific Review 
Group regarding Columbia River chum salmon.  Tables and figures have not been included: 
 
The Congressionally-established Hatchery and Scientific Review Group (HSRG) developed a foundation 
of salmon hatchery reform principles that should aid Pacific Northwest hatchery managers in meeting 

conservation and sustainable harvest goals in the 21
st 

century.  The HSRG process has established 
principles for goal setting, scientific defensibility, and adaptive management of hatchery programs. Tools 
to determine outcomes of proposed management actions have been developed and include a scientific 
framework for artificial propagation of salmon and steelhead, a benefit/risk assessment tool, hatchery 
operational guidelines, and monitoring and evaluation criteria.  
 
Hatchery stocks need to be managed as either genetically segregated from naturally spawning populations 
or as genetically integrated with natural populations. In addition, hatcheries must be managed on an 
ecosystem basis that considers a multitude of factors, including tribal trust responsibilities; genetic, 
demographic, and ecological health; endangered species concerns; mitigation responsibilities; and 
sustainable fisheries.  
 
This report represents preliminary findings for lower Columbia River and Gorge chum salmon 
populations. Final recommendations will be published once the HSRG has completed its review of all 
Columbia Basin regions.  
 
The managers’ objectives for chum are primarily focused on conservation, as the Lower Columbia River 
Chum ESU is ESA-listed as threatened. While there are no current harvest goals or expectations for chum 
salmon, there is concern about the effects of incidental harvest of chum salmon in commercial coho 
fisheries. The issue for HSRG consideration was therefore whether a hatchery program should be a part of 
the conservation strategy for chum salmon.  
 
Many chum populations are severely depressed and the status of many other populations is unknown. The 
Lower Columbia/Willamette Technical Recovery Team (TRT) has organized the Columbia River chum 
ESU into three geographic strata. All populations of the ESU are either at high or very high risk of 
extinction. The TRT also established population recovery designations for the chum salmon ESU. 
The framework for a conservation strategy is defined through recent state and federal recovery planning 
efforts. The managers want at least two chum populations within each stratum to meet the standards of a 
Primary population.  
 
The HSRG reviewed options for chum conservation in the lower Columbia River in the context of 
conservation goals for other salmon and steelhead ESUs as well as the objectives of fisheries managers 
for Chinook and coho harvest. Based on this broader context, the HSRG notes that conservation goals for 
the chum population in the Young’s Bay tributaries (as a Primary population) may be in conflict with 
conservation and harvest goals for coho salmon in this area. Timing of intensive gill-net fisheries in 
Young’s Bay to fully harvest hatchery-origin coho overlaps with the return of adult chum salmon. 
Furthermore, the release of large numbers of juvenile Chinook and coho salmon from net pens in this area 
may also cause excessive predation on migrant chum fry. Other chum populations in the Coast stratum 
are more likely to achieve the status of a Primary population in a manner that is compatible with the 
managers’ goals for Chinook and coho.  
 

Page 228 – Appendix I 



Lower Columbia River Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead 
FINAL DRAFT – August 6, 2010 

Harvest of chum salmon is incidental, occurring primarily in the lower Columbia River commercial coho 
fishery. Sport harvest of chum in the Columbia River and tributaries has been closed since 1992 in 
Oregon and 1995 in Washington. The presumption is that chum salmon are not harvested in the ocean or 
in the Columbia River above Bonneville Dam. Fishery managers set a 5% maximum incidental harvest 
mortality on Columbia River chum. Recent harvest rates are reported to have averaged about 1.6% 
annually (FCRPS BiOp). Because of the potential for misidentification of chum caught in intensive coho 
fisheries, the HSRG recommends field confirmation of this harvest rate.  
 
Chum hatchery programs have been associated with increased abundance of natural chum populations, 
most notably summer chum in Puget Sound. Hatchery chum populations are less likely to be affected by 
domestication given their short-term culture. There are currently two hatchery conservation programs for 
chum salmon in the Columbia Basin, Grays River/Chinook River (WA) in the Coast stratum, and Duncan 
Creek (WA) in the Gorge stratum.  
 
The HSRG notes that 13 of 16 historical populations of Columbia River chum salmon are severely 
depressed even though Washington’s Lower Columbia River Recovery Plan indicates habitat is available 
to support much larger populations. Under current habitat conditions, managers estimate an ESU 
abundance of 24,000 chum salmon can be supported. With habitat improvements to tributaries, an 
estimated ESU abundance of 115,000 chum salmon is possible.  
 
Hatchery intervention can reduce demographic risk by boosting abundance. Additional conservation 
propagation programs should be promptly initiated within each of the ESU’s three geographic strata to 
reduce this risk. Existing and candidate populations for hatchery conservation programs are identified in 
Table 4 [Editors note:  This table was not included here, but the HSRG identifies Big Creek and 
Clatskanie as candidates for conservation hatchery programs]. Chum conservation programs can be 
rapidly implemented at existing facilities at modest cost. Programs should be sized at 100,000 to 200,000 
fry releases. These programs should last up to three generations. Broodstock should be selected from the 
target population, or in the case of reintroductions, from the most suitable available population.  
The need for hatchery intervention has been recognized by others and funding appears to be available to 
pursue chum hatchery programs following more detailed planning. We recommend planning be 
immediately initiated leading to one or two programs for initial implementation in each stratum. The 
planning process should also include the development of a set of hypotheses regarding the likely causes of 
the decline of chum. Based on these hypotheses, the role and objectives of conservation hatcheries in a 
comprehensive recovery plan should be defined. Additional reintroduction or other conservation 
programs could then be considered based on monitoring and evaluation results.  
 
In summary, the use of chum conservation programs should be viewed as an important short-term risk 
management strategy to preserve the genetic legacy of depressed chum  
 
Conclusions  
The HSRG recommends the fishery managers implement the following actions to achieve their chum 
conservation goals as part of a plan to achieve conservation and harvest goals for all species of salmon in 
the Columbia River Basin:  
 
1 Intensify enumeration of incidental chum harvest in the commercial coho fishery.  
2 Continue current chum conservation programs in Grays River and Duncan Creek.  
3 Promptly plan, develop and implement at least one additional chum reintroduction or conservation 

program in both the Coast and Gorge strata and at least two programs in the Cascade stratum.  
4 Programs should include a sunset clause that would suspend the hatchery program after three 

generations, unless evidence suggests suspending releases earlier or extending the program beyond 
three generations would benefit the populations.  
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5 All hatchery-origin fish should be marked and the proportion of hatchery fish on the spawning 
grounds monitored.  

6 Investigate ecological variables that might be constraining the viability of the chum salmon in the 
Columbia River and develop one or more plausible hypothesis.  

7 Based on results of the initial propagation programs and the plausible hypotheses about the cause of 
decline, consider additional reintroduction programs to achieve, at a minimum, preservation of the 
genetic identity and reduction of demographic extinction risks.  
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Current Monitoring for VSP Parameters in the Oregon Portion of 
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Appendix J.  Current monitoring for VSP parameters in the Oregon portion of the LCR. 
Youngs Bay 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall 
Chinook 

In the fall of 2009, ODFW may begin implementing 
GRTS-based spawning ground surveys for fall Chinook 
in the Youngs Bay population unit. If it is deemed that 
these surveys are warranted (Youngs Bay fall Chinook 
are not targeted for a change in extinction risk in the 
LCR recovery plan), walking surveys will be conducted 
every 10 days throughout the spawning season.  Live 
fish counts will be expanded to total abundance using 
area-under-the-curve estimation.  Target sample sizes 
are 30 sample sites (each approximately 1 mile long) or 
enough sites to survey approximately 30% of available 
spawning habitat (whichever comes first).  Another 
source of abundance information is available from 
spawning ground surveys in Youngs River and Lewis 
and Clark River conducted during what is believed to be 
peak fall Chinook spawning time.  These surveys count 
live and dead fish and redds. 

The survey design used for this monitoring will provide 
for estimates of known precision.  Bias due to observer 
error and erroneous assumptions (e.g. longevity of fish 
on redds) will be more difficult to describe.  Information 
on bias of this type of monitoring approach is available 
from select coastal Oregon streams.  It is unknown if the 
results of this coastal research (i.e. comparison to mark-
recapture estimates) are applicable to Youngs Bay.  
Index surveys only provide an index of abundance (i.e. 
peak counts) in two selected areas of Youngs Bay.  No 
estimate of precision or bias is available for these 
surveys. 

Determine if GRTS-based surveys are 
warranted.  Sample sizes may need to be 
adjusted after a few years of monitoring if 
precision requirements are not met.  May need 
to conduct a mark-recapture study to evaluate 
bias or conduct sub-studies in three hatchery 
fish exclusion areas proposed for the Youngs 
Bay population area (i.e. compare GRTS-
based survey results to weir counts.  Mass 
marking of fall Chinook in adjacent basins 
began recently.  Once marked fish from all 
broodlines return, ODFW may begin to pass 
unmarked fall Chinook above the NF 
Klaskanine hatchery, thereby allowing for 
enumeration of natural origin fall Chinook 
passed above the hatchery.  

GRTS-based 
Spawner Surveys 
- Oregon Lottery 
Adult Trapping -       
Mitchell Act              
Index Surveys -        
BPA 

GRTS-based 
Spawner Surveys 
-Mark Lewis 
(ODFW)                   
Adult Trapping -       
Bill Otto (ODFW)      
Index Surveys -        
Tanna Takata 
(ODFW) 

Coho 

Since 2002 ODFW has implemented GRTS-based 
spawning ground surveys for coho in the Youngs Bay 
population unit.  Walking surveys are conducted every 
10 days throughout the spawning season.  Live fish 
counts are expanded to total abundance using area-
under-the-curve estimation.  Target sample sizes are 30 
sample sites (each approximately 1 mile long) or 
enough sites to survey approximately 30% of available 
spawning habitat (whichever comes first).  ODFW also 
operates an adult fish trap at North Fork Klaskanine 
Hatchery.  All unmarked coho are counted and passed 
above the trap to spawn naturally.   

The survey design used for this monitoring will provide 
for estimates of known precision.  Bias due to observer 
error and erroneous assumptions (e.g. longevity of fish 
on redds) will be more difficult to describe.  Information 
on bias of this type of monitoring approach is available 
from select coastal Oregon streams.  It is unknown if the 
results of this coastal research (i.e. comparison to mark-
recapture estimates) are applicable to Youngs Bay.  
Counts of unmarked coho passed above the North Fork 
hatchery weir are highly accurate but do not represent 
abundance to in the entire Youngs Bay population area. 

Determine if continuation of GRTS-base 
surveys is warranted.  May need to conduct a 
mark-recapture study to evaluate bias or 
conduct sub-studies in three hatchery fish 
exclusion areas proposed for the Youngs Bay 
population area (i.e. compare GRTS-based 
survey results to weir counts. 

GRTS-based 
Spawner Surveys 
- Oregon Lottery 
Adult Trapping -       
Mitchell Act 

GRTS-based 
Spawner Surveys 
-Mark Lewis 
(ODFW)                   
Adult Trapping -       
Bill Otto (ODFW) 

Adult 
Abundance 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys 

None None 
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Youngs Bay 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Winter 
Steelhead 

Corvallis Research has a Vaki infrared fish counter on 
the Fish ladder at Lewis and Clark falls where the 
monitor passage of winter steelhead.  This has been in 
place for 11 years.  ODFW also operates an adult fish 
trap at North Fork Klaskanine Hatchery.  All unmarked 
winter steelhead are counted and passed above the trap 
to spawn naturally.   

Vaki counter appears to provide a good estimate of 
steelhead abundance above the fish ladder at Lewis 
and Clark falls but does not provide information on the 
Youngs Bay population area as a whole.  Counts of 
unmarked winter steelhead passed above the North 
Fork hatchery weir are highly accurate but do not 
represent abundance to in the entire Youngs Bay 
population area. 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias or conduct sub-studies in three 
hatchery fish exclusion areas in the Youngs 
Bay population area (i.e. compare GRTS-
based survey results to weir counts. 

Oregon Lottery Eric Suring 

Fall 
Chinook 

If warranted, beginning in the fall of 2009, spawner 
abundance estimates obtained from the GRTS-based 
surveys can be combined with estimates of fishery 
mortality to obtain estimates of productivity. 

Precision and bias of fishery mortality estimates is 
unknown.  Because 2009 will be the first year of GRTS-
based spawner estimates, we do not know the precision 
and bias of these estimates.  Until runs are re-
established above, low runs probably preclude 
meaningful estimates of productivity from weir counts. 

 Determine precision and bias of fishery 
mortality estimates.  Determine if GRTS-based 
surveys are warranted.  Sample sizes for 
GRTS-based spawning surveys may need to 
be adjusted after a few years.  May need to 
conduct a mark-recapture study to evaluate 
bias or conduct sub-studies in three hatchery 
fish exclusion areas in the Youngs Bay 
population area (i.e. compare GRTS-based 
survey results to weir counts.  Once marked 
fish from all broodlines return, ODFW may 
begin to pass unmarked fall Chinook above 
the NF Klaskanine hatchery, thereby allowing 
for enumeration of natural origin fall Chinook 
passed above the hatchery. 

Spawning Surveys 
- Mitchell Act            
Fishery Mortality -    
?                              
Adult Trapping -       
Mitchell Act        

Fishery Mortality - 
John North  
(ODFW)         
Spawning Surveys 
- Mark Lewis 
(ODFW)       Adult 
Trapping -          
Bill Otto 

Coho 

Spawner abundance estimates obtained from the 
GRTS-based surveys can be combined with estimates 
of fishery mortality to obtain estimates of productivity.  
Counts of natural origin coho passed above the North 
Fork Klaskanine hatchery weir can also be combined 
with fishery mortality estimates to provide information on 
productivity of coho in the North Fork Klaskanine above 
the hatchery. 

Precision and bias of fishery mortality estimates is 
unknown. Bias associated with erroneous assumptions 
(longevity of fish on redds) may contribute to accuracy 
concerns for spawner abundance data from the GRTS-
based surveys. Counts of unmarked coho passed above 
the North Fork hatchery weir are highly accurate but do 
not represent abundance to in the entire Youngs Bay 
population area.  Until runs are re-established above (or 
below) the hatchery, low runs probably preclude 
meaningful estimates of productivity from weir counts. 

Determine precision and bias of fishery 
mortality estimates.  Determine if GRTS-based 
surveys are warranted.  May need to conduct 
a mark-recapture study to evaluate bias or 
conduct sub-studies in three hatchery fish 
exclusion areas in the Youngs Bay population 
area (i.e. compare GRTS-based survey results 
to weir counts. 

Spawning Surveys 
- Oregon Lottery      
Fishery Mortality -    
?                              
Adult Trapping -       
Mitchell Act              

Fishery Mortality - 
John North  
(ODFW)         
Spawning Surveys 
- Mark Lewis 
(ODFW)       Adult 
Trapping -          
Bill Otto 

Adult 
Productivity 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys 

None None 
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Youngs Bay 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Winter 
Steelhead 

ODFW generates estimates of fishery mortality.  These 
can be combined with counts of natural origin winter 
steelhead passed above the NF Klaskanine hatchery for 
estimates of winter steelhead productivity above the 
hatchery.  In addition, counts of adults passing over 
Lewis and Clark fish ladder could be used to estimate 
productivity of fish above fish ladder. 

Precision and bias of fishery mortality estimates is 
unknown.  Counts of unmarked coho passed above the 
North Fork hatchery weir and from the Vaki counter at 
the Lewis and Clark fish ladder are highly accurate but 
do not represent abundance to in the entire Youngs Bay 
population area.  Until runs are re-established above (or 
below) the hatchery, low runs probably preclude 
meaningful estimates of productivity from weir counts. 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias or conduct sub-studies in three 
hatchery fish exclusion areas in the Youngs 
Bay population area (i.e. compare GRTS-
based survey results to weir counts.  
Determine precision and bias of fishery 
mortality estimates.  

Vaki Counter - 
Oregon Lottery         
Fishery Mortality -    
?                              
Adult Trapping -       
Mitchell Act              

Fishery Mortality - 
John North  
(ODFW)         Vaki 
Counter - Erik 
Suring (ODFW)       
Adult Trapping -       
Bill Otto 

Fall 
Chinook None NA 

Possible to implement JOM trapping for fish 
migrating out of hatchery fish exclusion areas None None 

Coho None NA 
Possible to implement JOM trapping for fish 
migrating out of hatchery fish exclusion areas None None 

Chum None NA 
Possible to implement JOM trapping for fish 
migrating out of hatchery fish exclusion areas 

None None 

Juvenile 
Productivity 

Winter 
Steelhead None NA 

Possible to implement JOM trapping for fish 
migrating out of hatchery fish exclusion areas None None 

Fall 
Chinook 

If warranted and implemented, GRTS-based spawning 
surveys provide annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive 
to providing good "snapshot" of spatial structure.  The 
relatively small size of the streams in the Youngs Bay 
should result in highly accurate presence/absence data 
from the GRTS-based surveys. 

Determine if GRTS-based surveys are 
warranted. Mitchell Act 

Mark Lewis 
(ODFW) 

Coho 
If warranted and continue, GRTS-based spawning 
surveys provide annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive 
to providing good "snapshot" of spatial structure.  The 
relatively small size of the streams in the Youngs Bay 
should result in highly accurate presence/absence data 
from the GRTS-based surveys. 

Determine if GRTS-based surveys are 
warranted. Oregon Lottery 

Mark Lewis 
(ODFW) 

Chum 
GRTS-surveys for other species may document 
presence of chum 

Survey timing and location may not be sufficient to 
determine distribution and abundance Develop chum survey None None 

Spatial 
Structure 

Winter 
Steelhead None NA Implement GRTS-based redd surveys None None 
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Youngs Bay 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall 
Chinook 

If warranted and implemented, GRTS-based spawning 
surveys beginning in 2009 will provide information on 
marked/unmarked ratios, run timing, sex ratios, age, 
and size.  Another source of diversity information is 
available from spawning ground surveys in Youngs 
River and Lewis and Clark River conducted during what 
is believed to be peak fall Chinook spawning time.  
These surveys count live and dead fish and redds.  
Scales and other biological information are collected 
and fin clipped fish are scanned for coded wire tags. 

High quality data for both GRTS-based surveys and 
index surveys with regards to data collected from 
carcasses.  Index surveys may not represent all of 
Youngs Bay population area. 

Determine if GRTS-based surveys are 
warranted. 

GRTS-based 
Surveys - Mitchell 
Act                     
Index Surveys -        
BPA 

GRTS-based 
Surveys - Mark 
Lewis (ODFW)       
Index Surveys -        
Tanna Takata 
(ODFW) 

Coho 

If warranted and continued, GRTS-based spawning 
surveys provide information on the occurrence of 
hatchery origin coho on the spawning grounds, run 
timing, sex ratios, age, and size.  Another source of 
diversity information is available from spawning ground 
surveys in Youngs River and Lewis and Clark River 
conducted during what is believed to be peak fall 
Chinook spawning time.  These surveys count live and 
dead fish and redds.  Scales and other biological 
information are collected and fin clipped fish are 
scanned for coded wire tags. 

Low run years and resulting low recovery rates of coho 
carcasses can make it difficult to establish accurate 
hatchery/wild ratios in the GRTS-based surveys.  Index 
surveys may not represent all of Youngs Bay population 
area and may miss portions of the coho run because 
they are conducted during peak spawning time for fall 
Chinook 

Determine if GRTS-based surveys are 
warranted. Investigate conducting 
supplemental surveys to obtain additional 
carcass samples in low run years 

GRTS-based 
Surveys -  Oregon 
Lottery                    
Index Surveys -        
BPA 

GRTS-based 
Surveys - Mark 
Lewis (ODFW)       
Index Surveys -        
Tanna Takata 
(ODFW) 

Chum 

A source of diversity information is available from 
spawning ground surveys in Youngs River and Lewis 
and Clark River conducted during what is believed to be 
peak fall Chinook spawning time.  These surveys count 
live and dead fish and redds.  Scales and other 
biological information are collected and fin clipped fish 
are scanned for coded wire tags. 

Index surveys may not represent all of Youngs Bay 
population area and may miss portions of the chum run 
because they are conducted during peak spawning time 
for fall Chinook 

Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys 

Index Surveys -        
BPA 

Index Surveys -        
Tanna Takata 
(ODFW) 

Diversity 
(including 
% Natural 

Origin) 

Winter 
Steelhead 

None NA 

Implement GRTS-based redd surveys and 
decide if diversity metrics that require handling 
fish are important enough to include live 
capture techniques in field protocols. 

None None 
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Big Creek 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall 
Chinook 

 Beginning in the fall of 2009, there is a potential 
for ODFW to implement GRTS-based spawning 
surveys for fall Chinook in the Big Creek 
population area.  A decision has to be made as 
to whether or not these surveys are necessary 
given that Big Creek fall Chinook are not 
targeted for sign cant reductions in extinction 
risk in the LCR recovery plan.  Another source 
of abundance information is available from 
spawning ground surveys in Big Creek, Bear 
Creek, and Gnat Creek conducted during what 
is believed to be peak fall Chinook spawning 
time.  These surveys count live and dead fish 
and redds. 

Counts of returning natural origin fall Chinook passed over the 
Big Creek hatchery weir are highly accurate but do not provide 
information on the fish that spawn below the weir.  If GRTS-
based surveys are implemented to for fish below the weir, the 
survey design will provide for estimates of known precision.  
Bias due to observer error and erroneous assumptions (e.g. 
longevity of fish on redds) will need to be assessed.  
Information on bias of this type of monitoring approach is 
available from select coastal Oregon streams.  It is unknown if 
the results of this coastal research (i.e. comparison to mark-
recapture estimates) are applicable to Big Creek.  Index 
surveys only provide an index of abundance (i.e. peak counts) 
in three selected areas of Big Creek.  No estimate of precision 
or bias is available for these surveys. 

Determine if GRTS-based surveys are 
warranted.  If they are, sample sizes may 
need to be adjusted after a few years of 
monitoring if precision requirements are not 
met.  May need to conduct a mark-recapture 
study to evaluate bias or conduct sub-study in 
the hatchery fish exclusion area above the Big 
Creek hatchery weir (i.e. compare GRTS-
based survey results to weir counts.  Once 
marked fish from all broodlines return, ODFW 
may begin to pass unmarked fall Chinook 
above Big Creek hatchery, thereby allowing 
for enumeration of natural origin fall Chinook 
passed above the hatchery. 

GRTS-based 
Spawner Surveys 
- Oregon Lottery 
Adult Trapping -       
Mitchell Act              
Index Surveys -       
BPA 

GRTS-based 
Spawner Surveys 
-Mark Lewis 
(ODFW)                   
Adult Trapping -       
Bill Otto (ODFW)     
Index Surveys -       
Tanna Takata 
(ODFW) 

Adult 
Abundance 

Coho 

Since 2002 ODFW has implemented GRTS-
based spawning ground surveys for coho in the 
Big Creek population unit.  Walking surveys are 
conducted every 10 days throughout the 
spawning season.  Live fish counts are 
expanded to total abundance using area-under-
the-curve estimation.  Target sample sizes are 
30 sample sites (each approximately 1 mile 
long) or enough sites to survey approximately 
30% of available spawning habitat (whichever 
comes first).  May want to reassess the need for 
these surveys given that no significant change 
in extinction risk is identified in the LCR 
recovery plan.  Counts of natural origin 
spawners passed above the Big Creek hatchery 
weir are available for the hatchery fish exclusion 
area. 

The survey design used for this monitoring will provide for 
estimates of known precision.  Bias due to observer error and 
erroneous assumptions (e.g. longevity of fish on redds) will be 
more difficult to describe.  Information on bias of this type of 
monitoring approach is available from select coastal Oregon 
streams.  It is unknown if the results of this coastal research 
(i.e. comparison to mark-recapture estimates) are applicable 
to Big Creek.  Weir counts of fish passed into the hatchery fish 
exclusion area are highly accurate. 

Determine if continued GRTS-based surveys 
are warranted.  May need to conduct a mark-
recapture study to evaluate bias or conduct 
sub-studies in three hatchery fish exclusion 
areas proposed for the Big Creek population 
area (i.e. compare GRTS-based survey 
results to weir counts. 

GRTS-based 
surveys -Oregon 
Lottery                   
Big Creek 
Hatchery Weir 
Counts -     
Mitchell Act 

GRTS-based 
surveys -Mark 
Lewis (ODFW)         
Big Creek 
Hatchery Weir 
Counts -   Bill Otto   
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Big Creek 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Chum None NA 

Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys.  
May also be possible to obtain abundance 
estimate for area above Big Creek hatchery 
weir if and when natural origin chum are 
passed above the hatchery. 

None None 

Winter 
Steelhead 

Counts of steelhead passed over the Big Creek 
hatchery weir provide abundance estimates for 
the hatchery fish exclusion area. 

Weir counts provide highly accurate data for the hatchery 
exclusion data but do not provide information on winter 
steelhead abundance below the hatchery weir. 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias or conduct sub-studies in three 
hatchery fish exclusion areas in the Big Creek 
population area (i.e. compare GRTS-based 
survey results to weir counts. 

Big Creek 
Hatchery Weir 
Counts -     Bill 
Otto 

Big Creek 
Hatchery Weir 
Counts -   Bill Otto   

Fall 
Chinook 

If implementation is warranted, abundance 
estimates obtained from the GRTS-based 
surveys can be combined with estimates of 
fishery mortality to obtain estimates of 
productivity.  Alternatively, counts of fall Chinook 
passed over the Big Creek hatchery weir can be 
used to estimate productivity of fish spawning in 
the hatchery fish exclusion area. 

Precision and bias of fishery mortality estimates is unknown.  
Because 2009 will be the first year of GRTS-based spawner 
estimates (if warranted), we do not know the precision and 
bias of these estimates.  Counts of fish passed above the Big 
Creek hatchery weir are highly accurate but do not provide 
estimates outside of the hatchery fish exclusion area. 

 Determine precision and bias of fishery 
mortality estimates.  Determine if GRTS-
based surveys are warranted.  Sample sizes 
for GRTS-based spawning surveys may need 
to be adjusted after a few years. May need to 
conduct a mark-recapture study to evaluate 
bias or conduct sub-studies in three hatchery 
fish exclusion areas in the Big Creek 
population area (i.e. compare GRTS-based 
survey results to weir counts.  Once marked 
fish from all broodlines return, ODFW may 
begin to pass unmarked fall Chinook above 
Big Creek hatchery, thereby allowing for 
enumeration of natural origin fall Chinook 
passed above the hatchery. 

GRTS-based 
surveys -Mitchell 
Act                    
Big Creek 
Hatchery Weir 
Counts - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW)       
Big Creek 
Hatchery Weir 
Counts -   Bill Otto 

Adult 
Productivity 

Coho 

Spawner abundance estimates obtained from 
the GRTS-based surveys can be combined with 
estimates of fishery mortality to obtain estimates 
of productivity. 

Precision and bias of fishery mortality estimates is unknown. 
Bias associated with erroneous assumptions (longevity of fish 
on redds) may contribute to accuracy concerns for spawner 
abundance data from the GRTS-based surveys. Counts of fish 
passed above the Big Creek hatchery weir are highly accurate 
but do not provide estimates outside of the hatchery fish 
exclusion area. 

Determine precision and bias of fishery 
mortality estimates.  May need to conduct a 
mark-recapture study to evaluate bias or 
conduct sub-studies in three hatchery fish 
exclusion areas in the Big Creek population 
area (i.e. compare GRTS-based survey 
results to weir counts. 

GRTS-based 
surveys -Mitchell 
Act                    
Big Creek 
Hatchery Weir 
Counts - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW)       
Big Creek 
Hatchery Weir 
Counts -   Bill Otto 
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Big Creek 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Chum None NA 

Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys.  
May also be possible to obtain abundance 
estimate for area above Big Creek hatchery 
weir if and when natural origin chum are 
passed above the hatchery. 

None None 

Winter 
Steelhead 

Hatchery weir counts can be combined with 
estimates of fishery mortality to estimate 
productivity of fish spawning above the Big 
Creek hatchery weir. 

Precision and bias of fishery mortality estimates is unknown. 
Counts of fish passed above the Big Creek hatchery weir are 
highly accurate but do not provide estimates outside of the 
hatchery fish exclusion area. 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias or conduct sub-studies in three 
hatchery fish exclusion areas in the Big Creek 
population area (i.e. compare GRTS-based 
survey results to weir counts.  Determine 
precision and bias of fishery mortality 
estimates.  

Big Creek 
Hatchery Weir 
Counts - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)             
Big Creek 
Hatchery Weir 
Counts -   Bill Otto 

Fall 
Chinook None NA 

Possible to implement JOM trapping for fish 
migrating out of hatchery fish exclusion area None None 

Coho None NA 
Possible to implement JOM trapping for fish 
migrating out of hatchery fish exclusion area None None 

Chum None NA 
Possible to implement JOM trapping for fish 
migrating out of hatchery fish exclusion area 

None None 

Juvenile 
Productivity 

Winter 
Steelhead None NA 

Possible to implement JOM trapping for fish 
migrating out of hatchery fish exclusion area None None 

Fall 
Chinook 

GRTS-based spawning surveys provide annual 
snapshot of spatial structure (if warranted and 
implemented) 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure.  The relatively 
small size of the streams in the Big Creek should result in 
highly accurate presence/absence data from the GRTS-based 
s 

Decide if GRTS-based surveys are warranted. Mitchell Act 
Mark Lewis 
(ODFW) 

Coho 
GRTS-based spawning surveys provide annual 
snapshot of spatial structure (if warranted) 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure.  The relatively 
small size of the streams in the Big Creek should result in 
highly accurate presence/absence data from the GRTS-based 
surveys. 

Decide if GRTS-based surveys are warranted. Oregon Lottery 
Mark Lewis 
(ODFW) 

Spatial 
Structure 

Chum 
GRTS-surveys for other species may document 
presence of chum 

Survey timing and location may not be sufficient to determine 
distribution and abundance Develop chum survey None None 
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Big Creek 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 
Winter 

Steelhead 
None NA Implement GRTS-based redd surveys. None None 

Fall 
Chinook 

Run timing, age, size, and sex information can 
be collected from all natural origin fish passed 
over the Big Creek hatchery weir.  Similar 
information can be collected in areas outside of 
the hatchery fish exclusion area if GRTS-based 
spawning surveys are deemed to be warranted 
and implemented.  Another source of 
abundance information is available from 
spawning ground surveys in Big Creek, Bear 
Creek, and Gnat Creek conducted during what 
is believed to be peak fall Chinook spawning 
time.  These surveys count live and dead fish 
and redds. 

Very high for fish passed into hatchery fish exclusion area.  
High quality data for both GRTS-based surveys and index 
surveys with regards to data collected from carcasses.  Index 
surveys may not represent all of Big Creek population area. 

Decide if GRTS-based surveys are warranted. 

GRTS-based 
surveys -Mitchell 
Act                    
Big Creek 
Hatchery Weir 
Counts -               
Mitchell Act              
Index Surveys -       
BPA 

GRTS-based 
surveys -Mark 
Lewis (ODFW)         
Big Creek 
Hatchery Weir 
Counts -   Bill Otto   
Index Surveys -       
Tanna Takata 
(ODFW)                   

Coho 

Run timing, age, size, and sex information can 
be collected from all natural origin fish passed 
over the Big Creek hatchery weir.  Similar 
information can be collected in areas outside of 
the hatchery fish exclusion area if GRTS-based 
spawning surveys are deemed to be warranted 
and implemented.  Another source of 
abundance information is available from 
spawning ground surveys in Big Creek, Bear 
Creek, and Gnat Creek conducted during what 
is believed to be peak fall Chinook spawning 
time.  These surveys count live and dead fish 
and redds. 

Very high for fish passed into hatchery fish exclusion area.  
Low run years and resulting low recovery rates of coho 
carcasses can make it difficult to establish accurate 
hatchery/wild ratios in the GRTS-based surveys.  Index 
surveys may not represent all of Big Creek population area 
and may miss portions of the coho run because they are 
conducted during peak spawning time for fall Chinook 

Decide if GRTS-based surveys are warranted.  
Investigate conducting supplemental surveys 
to obtain additional carcass samples in low 
run years 

GRTS-based 
surveys -Mitchell 
Act                    
Big Creek 
Hatchery Weir 
Counts -               
Mitchell Act              
Index Surveys -       
BPA 

GRTS-based 
surveys -Mark 
Lewis (ODFW)         
Big Creek 
Hatchery Weir 
Counts -   Bill Otto   
Index Surveys -       
Tanna Takata 
(ODFW)                   

Diversity 
(including % 

Natural 
Origin) 

Chum 

A source of abundance information is available 
from spawning ground surveys in Big Creek, 
Bear Creek, and Gnat Creek conducted during 
what is believed to be peak fall Chinook 
spawning time.  These surveys count live and 
dead fish and redds. 

Index surveys may not represent all of Big Creek population 
area and may miss portions of the chum run because they are 
conducted during peak spawning time for fall Chinook 

Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

Index Surveys -       
BPA 

Index Surveys -       
Tanna Takata 
(ODFW) 
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Big Creek 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Winter 
Steelhead 

Run timing, age, size, and sex information can 
be collected from all natural origin fish passed 
over the Big Creek hatchery weir. 

Very high for fish passed into hatchery fish exclusion area.  
But missing information for fish spawning outside of these 
areas. 

Implement GRTS-based redd surveys and 
decide if diversity metrics that require handling 
fish are important enough to include live 
capture techniques in field protocols. 

None None 
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Clatskanie 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 

In the fall of 2009, ODFW will begin implementing 
GRTS-based spawning ground surveys for fall 
Chinook in the Clatskanie population unit. Walking 
surveys will be conducted every 10 days 
throughout the spawning season.  Live fish counts 
will be expanded to total abundance using area-
under-the-curve estimation.  Target sample sizes 
are 30 sample sites (each approximately 1 mile 
long) or enough sites to survey approximately 30% 
of available spawning habitat (whichever comes 
first).  Another source of abundance information is 
available from spawning ground surveys 
conducted at index areas during what is believed 
to be peak fall Chinook spawning time.  These 
surveys count live and dead fish and redds. 

The survey design used for this monitoring will provide 
for estimates of known precision.  Bias due to observer 
error and erroneous assumptions (e.g. longevity of fish 
on redds) will be more difficult to describe.  Information 
on bias of this type of monitoring approach is available 
from select coastal Oregon streams.  It is unknown if the 
results of this coastal research (i.e. comparison to mark-
recapture estimates) are applicable to Clatskanie.   Index 
surveys only provide an index of abundance (i.e. peak 
counts) in selected areas of the Clatskanie population 
area.  No estimate of precision or bias is available for 
these surveys. 

Sample sizes may need to be adjusted after a 
few years of monitoring if precision 
requirements are not met.  May need to 
conduct a mark-recapture study to evaluate 
bias or conduct sub-study by trapping adults 
at fish trap that could be installed on a fish 
ladder located approximately at rm 10. 

GRTS-based 
Spawner Surveys 
- Oregon Lottery      
Index Surveys -       
BPA 

GRTS-based 
Spawner Surveys 
-Mark Lewis 
(ODFW)                   
Index Surveys -       
Tanna Takata 
(ODFW) 

Coho 

Since 2002 ODFW has implemented GRTS-based 
spawning ground surveys for coho in the 
Clatskanie population unit.  Walking surveys are 
conducted every 10 days throughout the spawning 
season.  Live fish counts are expanded to total 
abundance using area-under-the-curve estimation.  
Target sample sizes are 30 sample sites (each 
approximately 1 mile long) or enough sites to 
survey approximately 30% of available spawning 
habitat (whichever comes first). 

The survey design used for this monitoring will provide 
for estimates of known precision.  Bias due to observer 
error and erroneous assumptions (e.g. longevity of fish 
on redds) will be more difficult to describe.  Information 
on bias of this type of monitoring approach is available 
from select coastal Oregon streams.  It is unknown if the 
results of this coastal research (i.e. comparison to mark-
recapture estimates) are applicable to Clatskanie 

May need to conduct a mark-recapture study 
to evaluate bias or conduct sub-study by 
trapping adults at fish trap that could be 
installed on a fish ladder located 
approximately at rm 10. 

Oregon Lottery 
Mark Lewis 
(ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Adult 
Abundance 

Winter 
Steelhead 

None NA 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias or conduct sub-study by 
trapping adults at fish trap that could be 
installed on a fish ladder located 
approximately at rm 10. 

None None 
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Clatskanie 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 

Beginning in the fall of 2009, spawner abundance 
estimates obtained from the GRTS-based surveys 
can be combined with estimates of fishery 
mortality to obtain estimates of productivity. 

Precision and bias of fishery mortality estimates is 
unknown.  Because 2009 will be the first year of GRTS-
based spawner estimates, we do not know the precision 
and bias of these estimates.  

 Determine precision and bias of fishery 
mortality estimates.  Sample sizes for GRTS-
based spawning surveys may need to be 
adjusted after a few years.  May need to 
conduct a mark-recapture study to evaluate 
bias or conduct sub-study by trapping adults 
at fish trap that could be installed on a fish 
ladder located approximately at rm 10. 

Spawning 
Surveys - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 

Coho 

Spawner abundance estimates obtained from the 
GRTS-based surveys can be combined with 
estimates of fishery mortality to obtain estimates of 
productivity. 

Precision and bias of fishery mortality estimates is 
unknown. Bias associated with erroneous assumptions 
(longevity of fish on redds) may contribute to accuracy 
concerns for spawner abundance data from the GRTS-
based surveys. 

Determine precision and bias of fishery 
mortality estimates.  May need to conduct a 
mark-recapture study to evaluate bias or 
conduct sub-study by trapping adults at fish 
trap that could be installed on a fish ladder 
located approximately at rm 10. 

Spawning 
Surveys - Oregon 
Lottery                     
Fishery Mortality -    
?                              

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW)        

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Adult 
Productivity 

Winter 
Steelhead 

ODFW generates estimates of fishery mortality. Precision and bias of fishery mortality estimates is 
unknown. 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias or conduct sub-study by 
trapping adults at fish trap that could be 
installed on a fish ladder located 
approximately at rm 10.re GRTS-based 
survey results to weir counts.  Determine 
precision and bias of fishery mortality 
estimates.  

None None 

Fall Chinook None NA 
May be possible to implement JOM trapping 
near fish ladder at rm 10.  None None 

Coho None NA 
May be possible to implement JOM trapping 
near fish ladder at rm 10.  

None None 

Chum None NA 
May be possible to implement JOM trapping 
near fish ladder at rm 10.  None None 

Juvenile 
Productivity 

Winter 
Steelhead None NA 

May be possible to implement JOM trapping 
near fish ladder at rm 10.  None None 
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Clatskanie 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 
GRTS-based spawning surveys provide annual 
snapshot of spatial structure 

The GRTS-based survey design is inherently conducive 
to providing good "snapshot" of spatial structure.  The 
relatively small size of the streams in the Clatskanie 
should result in highly accurate presence/absence data 
from the GRTS-based surveys. 

None Mitchell Act 
Mark Lewis 
(ODFW) 

Coho 
GRTS-based spawning surveys provide annual 
snapshot of spatial structure 

The GRTS-based survey design is inherently conducive 
to providing good "snapshot" of spatial structure.  The 
relatively small size of the streams in the Clatskanie 
should result in highly accurate presence/absence data 
from the GRTS-based surveys. 

None Oregon Lottery 
Mark Lewis 
(ODFW) 

Chum 
GRTS-surveys for other species may document 
presence of chum 

Survey timing and location may not be sufficient to 
determine distribution and abundance Develop chum survey None None 

Spatial 
Structure 

Winter 
Steelhead None NA Implement GRTS-based redd surveys None None 

Fall Chinook 

GRTS-based spawning surveys beginning in 2009 
will provide information on marked/unmarked 
ratios, run timing, sex ratios, age, and size.  
Another source of abundance information is 
available from spawning ground surveys in select 
areas of the Clatskanie conducted during what is 
believed to be peak fall Chinook spawning time.  
These surveys count live and dead fish and redds. 

High quality data for both GRTS-based surveys and 
index surveys with regards to data collected from 
carcasses.  Index surveys may not represent all of the 
Clatskanie population area. 

May also be possible to obtain diversity 
information by installing an adult trap at the 
fish ladder at rm 10. 

GRTS-based 
surveys -Mitchell 
Act                           
Index Surveys -       
BPA 

GRTS-based 
surveys -Mark 
Lewis (ODFW)         
Index Surveys -       
Tanna Takata 
(ODFW)                   

Diversity 
(including % 

Natural 
Origin) 

Coho 

GRTS-based spawning surveys provide 
information on the occurrence of hatchery origin 
coho on the spawning grounds, run timing, sex 
ratios, age, and size.  Another source of 
abundance information is available from spawning 
ground surveys in select areas of the Clatskanie 
conducted during what is believed to be peak fall 
Chinook spawning time.  These surveys count live 
and dead fish and redds. 

Low run years and resulting low recovery rates of coho 
carcasses can make it difficult to establish accurate 
hatchery/wild ratios in the GRTS-based surveys.  Index 
surveys may not represent all of the Clatskanie 
population area and may miss portions of the coho run 
because they are conducted during peak spawning time 
for fall Chinook 

Investigate conducting supplemental surveys 
to obtain additional carcass samples in low 
run years.  May also be possible to obtain 
diversity information by installing an adult trap 
at the fish ladder at rm 10. 

GRTS-based 
surveys -Mitchell 
Act                           
Index Surveys -       
BPA 

GRTS-based 
surveys -Mark 
Lewis (ODFW)         
Index Surveys -       
Tanna Takata 
(ODFW)                   
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Clatskanie 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Chum 

A source of abundance information is available 
from select spawning ground surveys in the 
Clatskanie conducted during what is believed to be 
peak fall Chinook spawning time.  These surveys 
count live and dead fish and redds. 

Index surveys may not represent all of the Clatskanie 
population area and may miss portions of the chum run 
because they are conducted during peak spawning time 
for fall Chinook 

Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

Index Surveys -       
BPA 

Index Surveys -       
Tanna Takata 
(ODFW) 

Winter 
Steelhead 

None NA 

Implement GRTS-based redd surveys and 
decide if diversity metrics that require handling 
fish are important enough to include live 
capture techniques in field protocols.  May 
also be possible to obtain diversity information 
by installing an adult trap at the fish ladder at 
rm 10. 

None None 
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Scappoose 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 

In the fall of 2009, ODFW will begin implementing 
GRTS-based spawning ground surveys for fall 
Chinook in the Scappoose population unit. 
Walking surveys will be conducted every 10 days 
throughout the spawning season.  Live fish counts 
will be expanded to total abundance using area-
under-the-curve estimation.  Target sample sizes 
are 30 sample sites (each approximately 1 mile 
long) or enough sites to survey approximately 30% 
of available spawning habitat (whichever comes 
first). 

The survey design used for this monitoring will provide 
for estimates of known precision.  Bias due to observer 
error and erroneous assumptions (e.g. longevity of fish 
on redds) will be more difficult to describe.  Information 
on bias of this type of monitoring approach is available 
from select coastal Oregon streams.  It is unknown if the 
results of this coastal research (i.e. comparison to mark-
recapture estimates) are applicable to Scappoose 

Sample sizes may need to be adjusted after a 
few years of monitoring if precision 
requirements are not met.  May need to 
conduct a mark-recapture study to evaluate 
bias. 

Mitchell Act 
Mark Lewis 
(ODFW) 

Coho 

Since 2002 ODFW has implemented GRTS-based 
spawning ground surveys for coho in the 
Scappoose population unit.  Walking surveys are 
conducted every 10 days throughout the spawning 
season.  Live fish counts are expanded to total 
abundance using area-under-the-curve estimation.  
Target sample sizes are 30 sample sites (each 
approximately 1 mile long) or enough sites to 
survey approximately 30% of available spawning 
habitat (whichever comes first).  ODFW also 
operates a life cycle monitoring sites (i.e. adult and 
smolt trapping) in the NF Scappoose at Bonnie 
Falls. 

The GRTS-based survey design used for this monitoring 
will provide for estimates of known precision.  Bias due 
to observer error and erroneous assumptions (e.g. 
longevity of fish on redds) will be more difficult to 
describe.  Information on bias of this type of monitoring 
approach is available from select coastal Oregon 
streams.  It is unknown if the results of this coastal 
research (i.e. comparison to mark-recapture estimates) 
are applicable to Scappoose.  Adult counts at Bonnie 
Fall are highly accurate but only represent adult 
abundance in a portion of the Scappoose population 
area. 

May need to conduct a mark-recapture study 
to evaluate bias or conduct sub-study by 
comparing abundance of adults trapped at fish 
trap that ODFW operates on NF Scappoose at 
Bonnie Falls. 

Oregon Lottery        

GRTS-based 
spawning surveys 
-                 Mark 
Lewis (ODFW)       
Adult trapping -        
Erik Suring 
(ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Adult 
Abundance 

Winter 
Steelhead 

ODFW operates a life cycle monitoring sites (i.e. 
adult and smolt trapping) in the NF Scappoose at 
Bonnie Falls. 

Adult counts at Bonnie Fall are highly accurate but only 
represent adult abundance in a portion of the Scappoose 
population area. 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias or conduct sub-study by 
comparing abundance of adults trapped at fish 
trap that ODFW operates on NF Scappoose at 
Bonnie Falls. 

Oregon Lottery 
Adult trapping -        
Erik Suring 
(ODFW) 
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Scappoose 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 

Beginning in the fall of 2009, spawner abundance 
estimates obtained from the GRTS-based surveys 
can be combined with estimates of fishery 
mortality to obtain estimates of productivity. 

Precision and bias of fishery mortality estimates is 
unknown.  Because 2009 will be the first year of GRTS-
based spawner estimates, we do not know the precision 
and bias of these estimates.  

 Determine precision and bias of fishery 
mortality estimates.  Sample sizes for GRTS-
based spawning surveys may need to be 
adjusted after a few years.  May need to 
conduct a mark-recapture study to evaluate 
bias. 

Spawning 
Surveys - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 

Coho 

Spawner abundance estimates obtained from the 
GRTS-based surveys can be combined with 
estimates of fishery mortality to obtain estimates of 
productivity.  Adult trapping can be used to 
determine productivity in the NF Scappoose above 
Bonnie Falls. 

Precision and bias of fishery mortality estimates is 
unknown. Bias associated with erroneous assumptions 
(longevity of fish on redds) may contribute to accuracy 
concerns for spawner abundance data from the GRTS-
based surveys.  Adult counts at Bonnie Fall are highly 
accurate but only represent adult abundance in a portion 
of the Scappoose population area. 

Determine precision and bias of fishery 
mortality estimates.  May need to conduct a 
mark-recapture study to evaluate bias or 
conduct sub-study by comparing abundance 
of adults trapped at fish trap that ODFW 
operates on NF Scappoose at Bonnie Falls. 

Spawning 
Surveys & Adult 
Trapping - Oregon 
Lottery                     
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW)       
Adult Trapping -       
Erik Suring 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Adult 
Productivity 

Winter 
Steelhead 

Adult trapping can be used in conjunction with 
estimates of fishery mortality to determine 
productivity in the NF Scappoose above Bonnie 
Falls. 

Precision and bias of fishery mortality estimates is 
unknown. Adult counts at Bonnie Fall are highly accurate 
but only represent adult abundance in a portion of the 
Scappoose population area. 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias or conduct sub-study by 
comparing abundance of adults trapped at fish 
trap that ODFW operates on NF Scappoose at 
Bonnie Falls.  Determine precision and bias of 
fishery mortality estimates.  

Adult Trapping - 
Oregon Lottery        
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)               
Adult Trapping -       
Erik Suring 

Fall Chinook None NA None None None 

Coho JOM trapping at Bonnie Falls, NF Scappoose 
JOM trapping at Bonnie Falls yields data with relatively 
low bias and high precision but only represent juvenile 
productivity in NF Scappoose above Bonnie Falls. 

None None None 

Chum None NA None None None 

Juvenile 
Productivity 

Winter 
Steelhead 

JOM trapping at Bonnie Falls, NF Scappoose 
JOM trapping at Bonnie Falls yields data with relatively 
low bias and high precision but only represent juvenile 
productivity in NF Scappoose above Bonnie Falls. 

None None None 
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Scappoose 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 
GRTS-based spawning surveys provide annual 
snapshot of spatial structure 

The GRTS-based survey design is inherently conducive 
to providing good "snapshot" of spatial structure.  The 
relatively small size of the streams in the Scappoose 
should result in highly accurate presence/absence data 
from the GRTS-based surveys. 

None Mitchell Act 
Mark Lewis 
(ODFW) 

Coho 
GRTS-based spawning surveys provide annual 
snapshot of spatial structure 

The GRTS-based survey design is inherently conducive 
to providing good "snapshot" of spatial structure.  The 
relatively small size of the streams in the Scappoose 
should result in highly accurate presence/absence data 
from the GRTS-based surveys. 

None Oregon Lottery 
Mark Lewis 
(ODFW) 

Chum 
GRTS-surveys for other species may document 
presence of chum 

Survey timing and location may not be sufficient to 
determine distribution and abundance Develop chum survey None None 

Spatial 
Structure 

Winter 
Steelhead None NA Implement GRTS-based redd surveys None None 

Fall Chinook 
GRTS-based spawning surveys beginning in 2009 
will provide information on marked/unmarked 
ratios, run timing, sex ratios, age, and size. 

Potentially high None Mitchell Act Mark Lewis 
(ODFW) 

Coho 

GRTS-based spawning surveys provide 
information on the occurrence of hatchery origin 
coho on the spawning grounds, run timing, sex 
ratios, age, and size. 

Low run years and resulting low recovery rates of coho 
carcasses can make it difficult to establish accurate 
hatchery/wild ratios in the GRTS-based surveys. 

Investigate conducting supplemental surveys 
to obtain additional carcass samples in low 
run years 

Oregon Lottery 
Mark Lewis 
(ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Diversity 
(including % 

Natural 
Origin) 

Winter 
Steelhead 

None NA 

Implement GRTS-based redd surveys and 
decide if diversity metrics that require handling 
fish are important enough to include live 
capture techniques in field protocols. 

None None 
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Clackamas 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Spring 
Chinook 

Two monitoring programs.  One is a census 
of spawning redds above North Fork Dam 
conducted since 1996 as part of ODFW's 
research project on Willamette spring 
Chinook. Redd surveys are conducted three 
to six times over the course of the spawning 
season.  The other program, implemented by 
PGE since (19XX) counts adult spring 
Chinook as they pass over North Fork Dam. 

As with all visual surveys, the redd count monitoring precision 
and bias is subject to observer error.  Because water clarity is 
particularly poor below North Fork Dam, no attempt is made to 
survey redds below the dam.  Because of this, although 
relatively few spring Chinook are believed to spawn below the 
dam, the redd count monitoring cannot be considered a 
complete census.  In addition, assumptions need to be made 
regarding factors such as adults/redd and length of time redds 
are visible in order to convert redd counts to adults.  Dam 
counts, while providing very accurate estimates of adult spring 
Chinook passing upstream, represent pre-spawning 
abundance and also do not include spring Chinook that spawn 
below North Fork Dam. 

Analyze past data to evaluate whether or not 
North Fork Dam counts can be used to 
calibrate redd counts to obtain actual 
abundance estimates.  Investigate ways to 
reduce uncertainty in redd counts due to 
observer error (e.g. multiple surveys by 
different crews on the same day).  ALSO 
NOTE that because redd surveys are 
conducted as part of a research project, there 
is no guarantee that surveys will continue 
once the research project is completed (no 
completion date has been established). 

Redd surveys - 
Sport Fish 
Restoration Funds  
North Fork Dam 
Counts - PGE 

Redd surveys - 
Kirk Schroeder 
(ODFW)   North 
Fork Dam Counts 
- Doug Cramer 
(PGE) 

Fall Chinook 

In the fall of 2009, ODFW will begin 
implementing GRTS-based spawning ground 
surveys for fall Chinook in the Clackamas 
population unit.  Surveys (both boat and 
walking) will be conducted every 10 days 
throughout the spawning season.  Live fish 
counts will be expanded to total abundance 
using area-under-the-curve estimation.  
Target sample sizes are 30, approximately 1 
mile long surveys. 

The survey design used for this monitoring will provide for 
estimates of known precision.  Bias due to observer error and 
erroneous assumptions (e.g. longevity of fish on redds) will be 
more difficult to describe.  Information on bias of this type of 
monitoring approach is available from select coastal Oregon 
streams.  It is unclear if the results of this coastal research (i.e. 
comparison to mark-recapture estimates) are applicable to the 
Clackamas.   

Sample sizes may need to be adjusted after a 
few years of monitoring if precision 
requirements are not met.  May need to 
conduct a mark-recapture study to evaluate 
bias.   

Mitchell Act 
Mark Lewis 
(ODFW) 

Adult 
Abundance 

Coho Two monitoring programs.  The first, 
conducted by PGE since 19XX, involves 
counting adult coho as they pass over North 
Fork Dam.  The second, implemented by 
ODFW since 2002, involves GRTS-based 
spawning ground surveys for coho in the 
Clackamas population unit.  Walking surveys 
are conducted every 10 days throughout the 
spawning season.  Live fish counts are 
expanded to total abundance using area-
under-the-curve estimation.  Target sample 
sizes are 30, approximately 1 mile long 
surveys. 

Counts at North Fork Dam are highly accurate for returning 
adults but do not necessarily represent the number of 
spawning adults if there is significant pre-spawning mortality.  
Also, since many coho in the Clackamas spawn below North 
Fork Dam, dam counts do not represent a significant 
proportion of the population.  The survey design used for the 
GRTS-based monitoring will provide estimates of known 
precision.  Bias due to observer error and erroneous 
assumptions (e.g. longevity of fish on redds) will be more 
difficult to describe. Information on bias of this type of 
monitoring approach is available from select coastal Oregon 
streams.  It is unclear if the results of this coastal research (i.e. 
comparison to weir counts or mark-recapture estimates) are 

GRTS-based monitoring sample sizes may 
need to be adjusted after a few years of 
monitoring if precision requirements are not 
met.  May need to conduct a mark-recapture 
study to evaluate bias. 

Oregon Lottery Mark Lewis 
(ODFW) 
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Clackamas 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 
applicable to the Clackamas. 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Winter 
Steelhead 

Counts of returning adult winter steelhead 
passing over North Fork Dam have been 
conducted since 19XX.   

Dam counts, while providing very accurate estimates of the 
number of adult winter steelhead passing upstream, represent 
pre-spawning abundance and also do not include winter 
steelhead that spawn below North Fork Dam. 

Implement GRTS-based redd surveys for 
winter steelhead below North Fork Dam.  Also 
consider implement GRTS-based surveys 
above North Fork Dam to: a) provide 
information on spatial structure; and b) provide 
a case study on precision and bias of GRTS-
based surveys. 

PGE                         
Doug Cramer 
(PGE) 

Spring 
Chinook 

Adult counts over North Fork Dam can be 
combined with available estimates of fishery 
mortality to obtain estimates of productivity 

North Fork Dam counts are highly accurate.  An unknown (and 
presumably small) number of spring Chinook may spawn 
below North Fork Dam which may add to estimate bias.  
Precision and bias of fishery mortality estimates is unknown. 

Determine extent of spring Chinook spawning 
below North Fork Dam.  Determine precision 
and bias of fishery mortality estimates. 

North Fork Dam 
Counts - PGE          
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)         
North Fork Dam 
Counts - Doug 
Cramer (PGE) 

Adult 
Productivity 

Fall Chinook 

Beginning in the fall of 2009, spawner 
abundance estimates obtained from the 
GRTS-based surveys can be combined with 
estimates of fishery mortality to obtain 
estimates of productivity. 

Precision and bias of fishery mortality estimates is unknown.  
Because 2009 will be the first year of GRTS-based spawner 
estimates, we do not know the precision and bias of these 
estimates.   

 Determine precision and bias of fishery 
mortality estimates.  Sample sizes for GRTS-
based spawning surveys may need to be 
adjusted after a few years of monitoring if 
precision requirements are not met.  May 
need to conduct a mark-recapture study to 
evaluate bias.   

Spawning 
Surveys - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 
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Clackamas 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Coho 

Productivity can be estimated for coho 
spawning above North Fork Dam by 
combining North Fork Dam counts of 
returning adult coho with estimates of fishery 
mortality.  Productivity below North Fork Dam 
can be estimated by combining the GRTS-
based spawner abundance estimates with 
estimates of fishery mortality.  Productivity 
for the entire population area can be 
estimated either by combining GRTS-based 
estimates below North Fork Dam with dam 
count-based estimates above North Fork 
Dam, or by strictly using basin-wide GRTS-
based estimates. 

Precision and bias of fishery mortality estimates is unknown.   Determine precision and bias of fishery 
mortality estimates.   

Spawning 
Surveys - Oregon 
Lottery                     
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Winter 
Steelhead 

Adult counts over North Fork Dam can be 
combined with available estimates of fishery 
mortality to obtain estimates of productivity 
above North Fork Dam. 

North Fork Dam counts are highly accurate but do not include 
estimates of spawners below North Fork Dam.   Precision and 
bias of fishery mortality estimates is unknown. 

Implement GRTS-based redd surveys for 
winter steelhead below North Fork Dam.  
Determine precision and bias of fishery 
mortality estimates.  

North Fork Dam 
Counts - PGE          
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)         
North Fork Dam 
Counts - Doug 
Cramer (PGE) 

Spring 
Chinook 

JOM trapping has been conducted at North 
Fork Dam by PGE since 19XX.  These 
estimates can be combined with counts of 
adults passing over North Fork Dam to 
estimate juvenile productivity. 

Juveniles migrating downstream my pass North Fork Dam in 
one of three ways: 1) through the hydropower turbines; 2) over 
the spill way; and 3) through the JOM trap.  When no spill is 
occurring. PGE estimates that they capture approximately 
85% of spring Chinook JOM.  When spill is occurring, and in 
particular when fish are migrating during periods of high river 
flows and spill, no estimates are available for the capture 
efficiency of the juvenile trap.  As a result, in some years JOM 
counts may be significantly biased.  Also, JOM counts do not 
capture juvenile productivity below North Fork Dam. 

See FERC agreement. PGE                         
Doug Cramer 
(PGE) 

Juvenile 
Productivity 

Fall Chinook None NA NA None None 
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Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Coho 

JOM trapping has been conducted at North 
Fork Dam by PGE since 19XX.  These 
estimates can be combined with counts of 
adults passing over North Fork Dam to 
estimate juvenile productivity. 

Juveniles migrating downstream my pass North Fork Dam in 
one of three ways: 1) through the hydropower turbines; 2) over 
the spill way; and 3) through the JOM trap.  When no spill is 
occurring. PGE estimates that they capture approximately 
95% of coho JOM.  When spill is occurring, and in particular 
when fish are migrating during periods of high river flows and 
spill, no estimates are available for the capture efficiency of 
the juvenile trap.  As a result, in some years JOM counts may 
be significantly biased.  Also, JOM counts do not capture 
juvenile productivity below North Fork Dam. 

See FERC agreement. PGE                         
Doug Cramer 
(PGE) 

Chum           

Winter 
Steelhead 

JOM trapping has been conducted at North 
Fork Dam by PGE since 19XX.  These 
estimates can be combined with counts of 
adults passing over North Fork Dam to 
estimate juvenile productivity. 

Juveniles migrating downstream my pass North Fork Dam in 
one of three ways: 1) through the hydropower turbines; 2) over 
the spill way; and 3) through the JOM trap.  When no spill is 
occurring. PGE estimates that they capture approximately 
90% of coho JOM.  When spill is occurring, and in particular 
when fish are migrating during periods of high river flows and 
spill, no estimates are available for the capture efficiency of 
the juvenile trap.  As a result, in some years JOM counts may 
be significantly biased.  Also, JOM counts do not capture 
juvenile productivity below North Fork Dam. 

See FERC agreement. PGE                         
Doug Cramer 
(PGE) 

Spring 
Chinook 

ODFW conducts census of spawning redds 
above North Fork Dam.   

Because the survey is a census of available spawning habitat 
above North Fork Dam and the redd surveys are believed to 
accurately capture presence/absence of spawners, reliable 
spatial structure information is currently being collected above 
North Fork Dam.  No information is being collected for the 
unknown (and presumably small) number of spring Chinook 
spawning below North Fork Dam. 

Determine extent of spring Chinook spawning 
below North Fork Dam.  NOTE that because 
redd surveys are conducted as part of a 
research project, there is no guarantee that 
surveys will continue once the research 
project is completed (no completion date has 
been established). 

Sport Fish 
Restoration Funds 

Kirk Schroeder 
(ODFW) 

Fall Chinook 
GRTS-based spawning surveys provide 
annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure.  None Mitchell Act 

Mark Lewis 
(ODFW) 

Coho 
GRTS-based spawning surveys provide 
annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure.  

None Oregon Lottery 
Mark Lewis 
(ODFW) 

Spatial 
Structure 

Chum 
GRTS-surveys for other species may 
document presence of chum 

Survey timing and location may not be sufficient to determine 
distribution and abundance Develop chum survey None None 
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Clackamas 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 
Winter 

Steelhead None NA 
Implement GRTS-based redd surveys 
throughout population area  None None 

Spring 
Chinook 

Adult trapping at North Fork Dam provides 
information on the marked/unmarked ratios 
and run timing of adult spring Chinook 
passing upstream. Carcass recoveries during 
census redd counts above North Fork Dam 
provide this information plus information sex 
ratios, age and size. 

High None 

Redd surveys - 
Sport Fish 
Restoration Funds  
North Fork Dam 
Counts - PGE 

Redd surveys - 
Kirk Schroeder 
(ODFW)   North 
Fork Dam Counts 
- Doug Cramer 
(PGE) 

Fall Chinook 

GRTS-based spawning surveys beginning in 
2009 will provide information on 
marked/unmarked rations, run timing, sex 
ratios, age, and size. 

Potentially high None Mitchell Act 
Mark Lewis 
(ODFW) 

Coho 

Run timing and the occurrence of hatchery 
origin returning adults can be obtained from 
fish counted as they pass over North Fork 
Dam.  GRTS-based spawning surveys 
provide information on the occurrence of 
hatchery origin coho on the spawning 
grounds, run timing, sex ratios, age, and 
size. 

Low run years and resulting low recovery rates of coho 
carcasses can make it difficult to establish accurate 
hatchery/wild ratios in the GRTS-based surveys below North 
Fork Dam. 

Investigate conducting supplemental surveys 
to obtain additional carcass samples in low 
run years 

Oregon Lottery Mark Lewis 
(ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Diversity 
(including % 

Natural 
Origin) 

Winter 
Steelhead 

Run timing and the occurrence of hatchery 
origin returning adults can be obtained from 
fish counted as they pass over North Fork 
Dam.  

No information available below North Fork Dam. 

Determine importance of diversity metrics that 
require fish handling (sex ratios, length, and 
age) and decide if they merit conducting 
supplemental surveys or sampling fish as they 
pass over North Fork Dam. Implement GRTS-
based below North Fork Dam and use life fish 
capture protocols if metrics that require fish 
handling are required to meet diversity 
information needs. 

North Fork Dam 
Counts - PGE 

North Fork Dam 
Counts - Doug 
Cramer (PGE) 
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Sandy 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Spring 
Chinook 

With the removal of Marmot Dam in 2008, 
monitoring of the abundance of spring 
Chinook in the Sandy population area is 
restricted to a census of redds conducted in 
all available spawning habitat above the old 
Marmot Dam site.  Redd surveys are 
conducted three to six times over the course 
of the spawning season.  The surveys have 
been conducted since 1996 as part of an 
ODFW research project on Willamette spring 
Chinook.   

As with all visual surveys, the redd count monitoring precision 
and bias is subject to observer error.  Because water clarity is 
particularly poor below the old Marmot Dam site (due to glacial 
till), no attempt is made to survey redds below the dam site.  
Because of this, the redd count monitoring cannot be 
considered a complete census.  In addition, assumptions need 
to be made regarding factors such as adults/redd and length 
of time redds are visible in order to convert redd counts to 
adults.  

Need to develop ways to calibrate redd counts 
to actual abundance.  Investigate ways to 
reduce uncertainty in redd counts due to 
observer error (e.g. multiple surveys by 
different crews on the same day).  ALSO 
NOTE that because redd surveys are 
conducted as part of a research project, there 
is no guarantee that surveys will continue 
once the research project is completed (no 
completion date has been established). 

Sport Fish 
Restoration Funds   

Kirk Schroeder 
(ODFW)    

Fall Chinook 
& Late Fall 

Chinook 

In the fall of 2009, ODFW will begin 
implementing GRTS-based spawning ground 
surveys for fall Chinook in the Sandy 
population unit.  Surveys (both boat and 
walking) will be conducted every 10 days 
throughout the spawning season.  Live fish 
counts will be expanded to total abundance 
using area-under-the-curve estimation.  
Target sample sizes are 30, approximately 1 
mile long surveys.  Another source of 
abundance information is available from 
spawning ground surveys conducted at index 
areas during what is believed to be peak 
Tule fall Chinook spawning time.  These 
surveys count live and dead fish and redds. 

The survey design used for this monitoring will provide for 
estimates of known precision.  Bias due to observer error and 
erroneous assumptions (e.g. impact of glacial till on 
observation probabilities and longevity of fish on redds) will be 
more difficult to describe.  Information on bias of this type of 
monitoring approach is available from select coastal Oregon 
streams.  It is unclear if the results of this coastal research (i.e. 
comparison to mark-recapture estimates) are applicable to the 
Sandy.  Index surveys only provide an index of abundance 
(i.e. peak counts) in selected areas of the Sandy population 
area.  No estimate of precision or bias is available for these 
surveys. 

Sample sizes may need to be adjusted after a 
few years of monitoring if precision 
requirements are not met.  May need to 
conduct a mark-recapture study to evaluate 
bias.   

GRTS-based 
Spawner Surveys 
- Oregon Lottery      
Index Surveys -       
BPA 

GRTS-based 
Spawner Surveys 
-Mark Lewis 
(ODFW)                   
Index Surveys -       
Tanna Takata 
(ODFW) 

Adult 
Abundance 

Coho 

Since 2002 ODFW has implemented GRTS-
based spawning ground surveys for coho in 
the Sandy population unit.  Walking surveys 
are conducted every 10 days throughout the 
spawning season.  Live fish counts are 
expanded to total abundance using area-
under-the-curve estimation.  Target sample 
sizes are 30, approximately 1 mile long 
surveys. 

The survey design used for the GRTS-based monitoring will 
provide estimates of known precision.  Bias due to observer 
error and erroneous assumptions (e.g. longevity of fish on 
redds) will be more difficult to describe. While information on 
bias of this type of monitoring approach is available from 
select coastal Oregon streams, it is unknown if the results of 
this coastal research (i.e. comparison to weir counts or mark-
recapture estimates) are applicable to the Sandy.  Also, as 
currently funded, field crews often find it difficult to access 
higher elevation sites due to heavy snow conditions. 

GRTS-based monitoring sample sizes may 
need to be adjusted after a few years of 
monitoring if precision requirements are not 
met.  May need to conduct a mark-recapture 
study to evaluate bias.  May need additional 
resources to access high elevation sites. 

Oregon Lottery 
Mark Lewis 
(ODFW) 
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Sandy 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Winter 
Steelhead 

Although GRTS-based redd surveys have 
been conducted in the past (2006 & 2007), 
and may again be conducted in 2009, there 
is no long term funding identified to continue 
this project so current monitoring status may 
best be classified as "None"  

Conversion of redd count data to actual abundance estimates 
relies on using unvalidated (at least with specific regards to 
the Sandy) of assumptions such as redd life and number of 
spawners/redd.  The survey design used for the GRTS-based 
monitoring will provide estimates of known precision.  Bias due 
to observer error and erroneous assumptions (e.g. redd life) 
will be more difficult to describe. While information on bias of 
this type of monitoring approach is available from select 
coastal Oregon streams, it is unknown if the results of this 
coastal research (i.e. comparison to weir counts or mark-
recapture estimates) are applicable to the Sandy.  Also, as 
currently funded, field crews often find it difficult to access 
higher elevation sites due to heavy snow conditions. 

Need stable funding source.  Conduct study to 
validate assumptions used to convert redd 
counts to abundance.  GRTS-based 
monitoring sample sizes may need to be 
adjusted after a few years of monitoring if 
precision requirements are not met.  May 
need to conduct a mark-recapture study to 
evaluate bias.  May need additional resources 
to access high elevation sites. 

? Todd Alsbury 
(ODFW) 

Spring 
Chinook 

Theoretically redd survey data can be 
converted to abundance estimates which can 
then be combined with estimates of fishery 
mortality to derive estimates of productivity 
for fish spawning above the old Marmot Dam 
site 

No established methodology for converting redd surveys to 
abundance estimates is problematic.  Even if methodology 
was available, estimate would only be for above old Marmot 
Dam site.  Precision and bias of fishery mortality estimates is 
unknown. 

Develop methodology to provide accurate 
estimates of adult spawner abundance from 
redd surveys above old Marmot Dam site.  
Develop methods for estimating abundance of 
natural origin spawners below old Marmot 
Dam site.  Determine precision and bias of 
fishery mortality estimates. 

Sport Fish 
Restoration Funds   

Kirk Schroeder 
(ODFW)    

Fall Chinook 
& Late Fall 

Chinook 

Beginning in the fall of 2009, spawner 
abundance estimates obtained from the 
GRTS-based surveys can be combined with 
estimates of fishery mortality to obtain 
estimates of productivity. 

Precision and bias of fishery mortality estimates is unknown.  
Because 2009 will be the first year of GRTS-based spawner 
estimates, we do not know the precision and bias of these 
estimates.  

 Determine precision and bias of fishery 
mortality estimates.  Sample sizes for GRTS-
based spawning surveys may need to be 
adjusted after a few years of monitoring if 
precision requirements are not met.  May 
need to conduct a mark-recapture study to 
evaluate bias.   

Spawning 
Surveys - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 

Adult 
Productivity 

Coho 

Spawner abundance estimates obtained 
from the GRTS-based surveys can be 
combined with estimates of fishery mortality 
to obtain estimates of productivity. 

Precision and bias of fishery mortality estimates is unknown.   Determine precision and bias of fishery 
mortality estimates.   

Spawning 
Surveys - Oregon 
Lottery                     
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 
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Sandy 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Winter 
Steelhead 

If continued, the GRTS-based redd surveys 
could theoretically be converted to adult 
estimates which could then be combined with 
fishery mortality estimates to obtain 
estimates of productivity. 

No established methodology for converting redd surveys to 
abundance estimates is problematic.     Precision and bias of 
fishery mortality estimates is unknown. 

Stabilize funding for GRTS-based surveys.  
Develop methodology to provide accurate 
estimates of adult spawner abundance from 
redd surveys.  Determine precision and bias of 
fishery mortality estimates. 

GRTS-based 
surveys-    ?             
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)         
GRTS-based 
surveys - Todd 
Alsbury (ODFW) 

Spring 
Chinook 

Fall Chinook 
& Late Fall 

Chinook 
Coho 
Chum 

Juvenile 
Productivity 

Winter 
Steelhead 

Plans are underway to begin a long term 
JOM trapping project in the Sandy population 
area.  When fully implemented the project 
will involve five smolt traps that are rotated 
between 10 sites in the Sandy population 
area.  These traps will provide an estimate of 
JOM migration from approximately 43% of 
the miles of habitat available to anadromous 
salmonids in the Sandy. 

Until traps have been operated at all sites it is unclear what 
precision and bias will be.  Since traps cannot be operated 
year-round, it is unknown what the impact of JOMs migrating 
outside of the trapping season (spring?) will have on overall 
estimates.  57% of available anadromous salmonid habitat will 
not be monitored.  Due to life history considerations, the data 
will be most useful for coho, less so for steelhead, and even 
less useful for spring Chinook (probably not useful at all for fall 
Chinook and chum).  Since the objective is to look at the 
productivity of juveniles as influenced by freshwater habitat 
conditions, adult spawner numbers that produced the juveniles 
also needs to be considered.  The precision targets for the 
adult survey estimates (+ 30%) when combined with the 
precision of the smolt trap estimates (probably of the same 
magnitude) may result in productivity estimates that have 
confidence intervals larger than any change in productivity that 
may occur. 

Evaluate precision, bias, and 
representativeness. City of Portland Steve Kucas 

Spatial 
Structure 

Spring 
Chinook 

ODFW conducts census of spawning redds 
above old Marmot Dam site. 

Because the survey is a census of available spawning habitat 
above the old Marmot Dam site and the redd surveys are 
believed to accurately capture presence/absence of spawners, 
reliable spatial structure information is currently being 
collected above the old Marmot Dam site.  No information is 
being collected for the unknown number of spring Chinook 
spawning below the old Marmot Dam site. 

Develop ways to assess the 
presence/absence of spring Chinook below 
the old Marmot Dam site.  NOTE that because 
redd surveys are conducted as part of a 
research project, there is no guarantee that 
surveys will continue once the research 
project is completed (no completion date has 
been established). 

Sport Fish 
Restoration Funds 

Kirk Schroeder 
(ODFW) 
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Sandy 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 
Fall Chinook 

& Late Fall 
Chinook 

GRTS-based spawning surveys provide 
annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure but poor 
observation probabilities due to glacial till may impart bias. 

Evaluate potential bias due to poor 
observation probabilities in certain parts of the 
sample frame. 

Mitchell Act 
Mark Lewis 
(ODFW) 

Coho GRTS-based spawning surveys provide 
annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure but poor 
observation probabilities due to glacial till may impart bias. 

Evaluate potential bias due to poor 
observation probabilities in certain parts of the 
sample frame. 

Oregon Lottery Mark Lewis 
(ODFW) 

Chum 
GRTS-surveys for other species may 
document presence of chum 

Survey timing and location may not be sufficient to determine 
distribution and abundance Develop chum survey None None 

Winter 
Steelhead 

If continued, GRTS-based redd surveys 
provide annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure but poor 
observation probabilities due to glacial till may impart bias. 

Stabilize funding for GRTS-based surveys.  
Evaluate potential bias due to poor 
observation probabilities in certain parts of the 
sample frame. 

? 
Todd Alsbury 
(ODFW) 

Spring 
Chinook 

Census redd counts above the old Marmot 
Dam site provide information on run timing.  
Carcass recoveries during census redd 
counts provide information on hatchery/wild, 
sex ratios, age and size. 

Good quality data and high certainty of meaning for surveys 
conducted above old Marmot Dam site.  Little information 
available below old Marmot Dam site. 

Conduct carcass surveys below old Marmot 
Dam site. 

Sport Fish 
Restoration Funds   

Kirk Schroeder 
(ODFW)    

Fall Chinook 
& Late Fall 

Chinook 

GRTS-based spawning surveys beginning in 
2009 will provide information on 
marked/unmarked rations, run timing, sex 
ratios, age, and size.  Another source of 
abundance information is available from 
spawning ground surveys conducted at index 
areas during what is believed to be peak 
Tule fall Chinook spawning time.  These 
surveys count live and dead fish and redds. 

High quality data for both GRTS-based surveys and index 
surveys with regards to data collected from carcasses.  Index 
surveys may not represent all of the Sandy population area. 

None 

GRTS-based 
surveys -Mitchell 
Act                           
Index Surveys -       
BPA 

GRTS-based 
surveys -Mark 
Lewis (ODFW)         
Index Surveys -       
Tanna Takata 
(ODFW)                   

Diversity 
(including % 

Natural 
Origin) 

Coho 

GRTS-based spawning surveys provide 
information on the occurrence of hatchery 
origin coho on the spawning grounds, run 
timing, sex ratios, age, and size.  Another 
source of abundance information is available 
from spawning ground surveys in select 
areas of the Sandy conducted during what is 
believed to be peak fall Chinook spawning 
time.  These surveys count live and dead fish 
and redds. 

Low run years and resulting low recovery rates of coho 
carcasses can make it difficult to establish accurate 
hatchery/wild ratios in the GRTS-based surveys. Index 
surveys may not represent all of the Sandy population area 
and may miss portions of the coho run because they are 
conducted during peak spawning time for fall Chinook 

Investigate conducting supplemental surveys 
to obtain additional carcass samples in low 
run years 

GRTS-based 
surveys -Mitchell 
Act                           
Index Surveys -       
BPA 

GRTS-based 
surveys -Mark 
Lewis (ODFW)         
Index Surveys -       
Tanna Takata 
(ODFW)                   
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Sandy 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Chum 

A source of abundance information is 
available from select spawning ground 
surveys in the Sandy conducted during what 
is believed to be peak fall Chinook spawning 
time.  These surveys count live and dead fish 
and redds. 

Index surveys may not represent all of the Sandy population 
area and may miss portions of the chum run because they are 
conducted during peak spawning time for fall Chinook 

Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

Index Surveys -       
BPA 

Index Surveys -       
Tanna Takata 
(ODFW) 

Winter 
Steelhead 

If continued, GRTS-based redd surveys will 
provide information on run timing. 

Difficult to obtain hatchery/wild ratios from live fish observed 
during redd counts.  No information provided on length, age, 
or size. 

Stabilize funding for GRTS-based surveys.  
Determine importance of diversity metrics that 
require fish handling (sex ratios, length, and 
age) and decide if they merit conducting 
supplemental surveys that include live fish 
capture. 

? Todd Alsbury 
(ODFW) 
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Lower Gorge 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 

In the fall of 2009, ODFW will begin 
implementing GRTS-based spawning ground 
surveys for fall Chinook in the Lower Gorge 
population unit. Walking surveys will be 
conducted every 10 days throughout the 
spawning season.  Live fish counts will be 
expanded to total abundance using area-
under-the-curve estimation.  Target sample 
sizes are to survey enough approximately 1 
mile long surveys to encompass 
approximately 30% of available spawning 
habitat. 

The relatively small size and clear water of the stream in the 
Lower Gorge should result in relatively low observer error.  
Bias associated with erroneous assumptions (longevity of fish 
on redds) may contribute to accuracy concerns.  

Sample sizes may need to be adjusted after a 
few years of monitoring if precision 
requirements are not met.  May need to 
conduct a mark-recapture study to evaluate 
bias. 

Mitchell Act 
Mark Lewis 
(ODFW) 

Coho 

Since 2002 ODFW has implemented GRTS-
based spawning ground surveys for coho in 
the Lower Gorge population unit.  Walking 
surveys are conducted every 10 days 
throughout the spawning season.  Live fish 
counts are expanded to total abundance 
using area-under-the-curve estimation.  
Target sample sizes are to survey enough 
approximately 1 mile long surveys to 
encompass approximately 30% of available 
spawning habitat. 

The relatively small size and clear water of the stream in the 
Lower Gorge should result in relatively low observer error.  
Bias associated with erroneous assumptions (longevity of fish 
on redds) may contribute to accuracy concerns.  

May need to conduct a mark-recapture study 
to evaluate bias. 

Oregon Lottery Mark Lewis 
(ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Adult 
Abundance 

Winter 
Steelhead 

None NA Implement GRTS-based redd surveys. None None 

Adult 
Productivity Fall Chinook 

Beginning in the fall of 2009, spawner 
abundance estimates obtained from the 
GRTS-based surveys can be combined with 
estimates of fishery mortality to obtain 
estimates of productivity. 

Precision and bias of fishery mortality estimates is unknown.  
Because 2009 will be the first year of GRTS-based spawner 
estimates, we do not know the precision and bias of these 
estimates.  

 Determine precision and bias of fishery 
mortality estimates.  Sample sizes for GRTS-
based spawning surveys may need to be 
adjusted after a few years of monitoring if 
precision requirements are not met.  May 
need to conduct a mark-recapture study to 
evaluate bias.   

Spawning 
Surveys - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 
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Lower Gorge 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Coho 

Spawner abundance estimates obtained 
from the GRTS-based surveys can be 
combined with estimates of fishery mortality 
to obtain estimates of productivity. 

Precision and bias of fishery mortality estimates is unknown. 
Bias associated with erroneous assumptions (longevity of fish 
on redds) may contribute to accuracy concerns for spawner 
abundance data from the GRTS-based surveys. 

Determine precision and bias of fishery 
mortality estimates.  May need to conduct a 
mark-recapture study to evaluate bias of 
GRTS-based surveys. 

Spawning 
Surveys - Oregon 
Lottery                     
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Winter 
Steelhead 

ODFW generates estimates of fishery 
mortality. 

Precision and bias of fishery mortality estimates is unknown. 

Implement GRTS-based redd surveys.  May 
need to conduct a mark-recapture study to 
evaluate bias.  Determine precision and bias 
of fishery mortality estimates.  

                               
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)          

Fall Chinook None NA None None None 
Coho None NA None None None 
Chum None NA None None None 

Juvenile 
Productivity 

Winter 
Steelhead None NA None None None 

Fall Chinook 
GRTS-based spawning surveys provide 
annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure.  The relatively 
small size and clear water of the streams in the Lower Gorge 
should result in highly accurate presence/absence data from 
the GRTS-based surveys. 

None Mitchell Act 
Mark Lewis 
(ODFW) 

Coho 
GRTS-based spawning surveys provide 
annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure.  The relatively 
small size and clear water of the streams in the Lower Gorge 
should result in highly accurate presence/absence data from 
the GRTS-based surveys. 

None Oregon Lottery 
Mark Lewis 
(ODFW) 

Chum 
GRTS-surveys for other species may 
document presence of chum 

Survey timing and location may not be sufficient to determine 
distribution and abundance Develop chum survey None None 

Spatial 
Structure 

Winter 
Steelhead None NA Implement GRTS-based redd surveys.   None None 

Diversity 
(including % 

Natural Fall Chinook GRTS-based spawning surveys beginning in 
2009 will provide information on 
marked/unmarked rations, run timing, sex 

Potentially high None Mitchell Act Mark Lewis 
(ODFW) 
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Lower Gorge 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 
ratios, age, and size. 

Coho 

GRTS-based spawning surveys provide 
information on the occurrence of hatchery 
origin coho on the spawning grounds, run 
timing, sex ratios, age, and size. 

Low run years and resulting low recovery rates of coho 
carcasses can make it difficult to establish accurate 
hatchery/wild ratios in the GRTS-based surveys. 

Investigate conducting supplemental surveys 
to obtain additional carcass samples in low 
run years 

Oregon Lottery 
Mark Lewis 
(ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Origin) 

Winter 
Steelhead 

None NA 

Implement GRTS-based redd surveys and 
decide if diversity metrics that require handling 
fish are important enough to include live 
capture techniques in field protocols. 

None None 
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Upper Gorge 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 

In the fall of 2009, ODFW may begin 
implementing GRTS-based spawning ground 
surveys for fall Chinook in the Upper Gorge 
population unit. If it is deemed that these 
surveys are warranted (Upper Gorge fall 
Chinook are not targeted for a change in 
extinction risk in the LCR recovery plan), 
walking surveys will be conducted every 10 
days throughout the spawning season.  Live 
fish counts will be expanded to total 
abundance using area-under-the-curve 
estimation.  Target sample sizes are 30 
sample sites (each approximately 1 mile 
long) or enough sites to survey 
approximately 30% of available spawning 
habitat (whichever comes first). 

The relatively small size and clear water of the stream in the 
Lower Gorge should result in relatively low observer error.  
Bias associated with erroneous assumptions (longevity of fish 
on redds) may contribute to accuracy concerns.  

Determine if GRTS-based surveys are 
warranted.  If they are, sample sizes may 
need to be adjusted after a few years of 
monitoring if precision requirements are not 
met.  May need to conduct a mark-recapture 
study to evaluate bias. 

Mitchell Act Mark Lewis 
(ODFW) 

Coho 

Since 2002 ODFW has implemented GRTS-
based spawning ground surveys for coho in 
the Upper Gorge population unit.  Walking 
surveys are conducted every 10 days 
throughout the spawning season.  Live fish 
counts are expanded to total abundance 
using area-under-the-curve estimation.  
Target sample sizes are to survey enough 
approximately 1 mile long surveys to 
encompass approximately 30% of available 
spawning habitat. 

The relatively small size and clear water of the stream in the 
Lower Gorge should result in relatively low observer error.  
Bias associated with erroneous assumptions (longevity of fish 
on redds) may contribute to accuracy concerns.  

May need to conduct a mark-recapture study 
to evaluate bias. 

Oregon Lottery Mark Lewis 
(ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Adult 
Abundance 

Winter 
Steelhead 

None NA 
Determine if Implement GRTS-based redd 
surveys. 

None None 
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Upper Gorge 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Fall Chinook 

If implementation is warranted, abundance 
estimates obtained from the GRTS-based 
surveys can be combined with estimates of 
fishery mortality to obtain estimates of 
productivity. 

Precision and bias of fishery mortality estimates is unknown.  
Because 2009 will be the first year of GRTS-based spawner 
estimates, we do not know the precision and bias of these 
estimates.  

 Determine precision and bias of fishery 
mortality estimates.  Determine if GRTS-
based surveys are warranted.  Sample sizes 
for GRTS-based spawning surveys may need 
to be adjusted after a few years of monitoring 
if precision requirements are not met.  May 
need to conduct a mark-recapture study to 
evaluate bias.   

Spawning 
Surveys - Mitchell 
Act                           
Fishery Mortality -    
?           

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 

Coho 

Spawner abundance estimates obtained 
from the GRTS-based surveys can be 
combined with estimates of fishery mortality 
to obtain estimates of productivity. 

Precision and bias of fishery mortality estimates is unknown. 
Bias associated with erroneous assumptions (longevity of fish 
on redds) may contribute to accuracy concerns for spawner 
abundance data from the GRTS-based surveys. 

Determine precision and bias of fishery 
mortality estimates.  May need to conduct a 
mark-recapture study to evaluate bias of 
GRTS-based surveys. 

Spawning 
Surveys - Oregon 
Lottery                     
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)         
Spawning 
Surveys - Mark 
Lewis (ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Adult 
Productivity 

Winter 
Steelhead 

ODFW generates estimates of fishery 
mortality. 

Precision and bias of fishery mortality estimates is unknown. 

Determine if GRTS-based surveys are 
warranted (Upper Gorge winter steelhead are 
not targeted for extinction risk improvement in 
the LCR recovery plan).  Implement GRTS-
based redd surveys if warranted.  Determine 
precision and bias of fishery mortality 
estimates.  

                               
Fishery Mortality -    
? 

Fishery Mortality - 
John North  
(ODFW)          

Fall Chinook None NA None None None 
Coho None NA None None None 
Chum None NA None None None 

Juvenile 
Productivity 

Winter 
Steelhead None NA None None None 

Spatial 
Structure Fall Chinook 

If implementation is warranted, GRTS-based 
spawning surveys provide annual snapshot 
of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure.  The relatively 
small size and clear water of the streams in the Upper Gorge 
should result in highly accurate presence/absence data from 
the GRTS-based surveys. 

None Mitchell Act 
Mark Lewis 
(ODFW) 
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Upper Gorge 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Coho 
GRTS-based spawning surveys provide 
annual snapshot of spatial structure 

The GRTS-based survey design is inherently conducive to 
providing good "snapshot" of spatial structure.  The relatively 
small size and clear water of the streams in the Upper Gorge 
should result in highly accurate presence/absence data from 
the GRTS-based surveys. 

None Oregon Lottery 
Mark Lewis 
(ODFW) 

Chum 
GRTS-surveys for other species may 
document presence of chum 

Survey timing and location may not be sufficient to determine 
distribution and abundance Develop chum survey None None 

Winter 
Steelhead 

None NA Implement GRTS-based redd surveys.   None None 

Fall Chinook 

If implementation is warranted, GRTS-based 
spawning surveys beginning in 2009 will 
provide information on marked/unmarked 
rations, run timing, sex ratios, age, and size. 

Potentially high Determine if GRTS-based surveys are 
warranted.    

Mitchell Act Mark Lewis 
(ODFW) 

Coho 

GRTS-based spawning surveys provide 
information on the occurrence of hatchery 
origin coho on the spawning grounds, run 
timing, sex ratios, age, and size. 

Low run years and resulting low recovery rates of coho 
carcasses can make it difficult to establish accurate 
hatchery/wild ratios in the GRTS-based surveys. 

Investigate conducting supplemental surveys 
to obtain additional carcass samples in low 
run years 

Oregon Lottery 
Mark Lewis 
(ODFW) 

Chum None NA 
Once research has been conducted and 
reintroduction plans have been implemented, 
develop and implement GRTS-based surveys. 

None None 

Diversity 
(including % 

Natural 
Origin) 

Winter 
Steelhead 

None NA 

Determine if GRTS-based surveys are 
warranted (Upper Gorge winter steelhead are 
not targeted for extinction risk improvement in 
the LCR recovery plan).  Implement GRTS-
based redd surveys and decide if diversity 
metrics that require handling fish are important 
enough to include live capture techniques in 
field protocols. 

None None 
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Hood 

Existing Monitoring  
Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Spring 
Chinook 

All spring Chinook arriving at Powerdale 
Dam (RM 4.5) on the mainstem Hood River 
have been trapped and enumerated since 
1992.  Spawning surveys have been 
conducted by the Confederated Tribes of 
Warm Springs in selected areas upstream of 
Powerdale Dam, since early 2000's. 

Powerdale Dam blocks all passage, and all known spawning 
areas are upstream of the dam.  Counts at the dam are highly 
accurate estimates of escapement to the Hood River.  Some 
error with the counts may be included in misidentifying the 
spring and fall ecotypes, but it is believed to be minimal.  The 
dam and associated trapping facility are slated for removal in 
the summer of 2010.  The last escapement estimates will be 
available in 2010.  Spawning surveys are subjected to 
environmental and observer bias.  Glacial turbidity can 
significantly hinder ability to identify redds in some years. 

Continue counts at Powerdale facility until 
dam removal.  A temporary floating weir and 
trap is proposed at Moving Falls on the West 
Fork of Hood River (RM 3.5) following 
removal of the Powerdale facilities.  This will 
supply a relative estimate of escapement into 
the West Fork, as significant spawning 
habitat is available downstream of the weir 
location.   Spawning ground surveys should 
be continued to better define spatial 
spawning distribution, examine weir effect, 
and estimate spawning downstream of the 
weir.   Investigate the feasibility of installing 
sonar (i.e. DIDSON) low in the system to 
monitor escapement.    

Bonneville Power 
Administration/Unknown 

Trapping - Rod 
French (ODFW)  
Spawning 
Surveys - Chris 
Brun (CTWSRO) 

Fall Chinook 

All spring Chinook arriving at Powerdale 
Dam (RM 4.5) on the mainstem Hood River 
have been trapped and enumerated since 
1992.  

Powerdale Dam blocks all passage at rivermile 4.5 on the 
mainstem Hood River.  Counts at the dam are highly accurate 
estimates of escapement to the Hood River.  Some error with 
the counts may be included in misidentifying the spring and 
fall ecotypes, but it is believed to be minimal.  A limited 
amount of fall Chinook spawning occurs downstream of 
Powerdale Dam, these fish are not currently included in the 
escapement estimates.  The dam and associated trapping 
facility are slated for removal in the summer of 2010.  The last 
escapement estimates will be available in 2009.  

Continue counts at Powerdale facility until 
dam removal.   Investigate the feasibility of 
spawning ground surveys to estimate 
abundance, although surveys will be limited 
by environmental conditions and that fall 
Chinook are mainstem spawners.  Investigate 
the feasibility of installing sonar (i.e. DIDSON) 
low in the system to monitor escapement. 

Bonneville Power 
Administration/Unknown 

Trapping - Rod 
French (ODFW) 

Adult 
Abundance 

Coho All coho arriving at Powerdale Dam (RM 4.5) 
on the mainstem Hood River have been 
trapped and enumerated since 1992.  

Powerdale Dam blocks all passage at rivermile 4.5 on the 
mainstem Hood River.  Counts at the dam are highly accurate 
estimates of escapement to the Hood River.  Some limited 
coho spawning occurs downstream of Powerdale, fish 
spawning downstream of Powerdale are not included in 
escapement estimates.   The dam and associated trapping 
facility are slated for removal in the summer of 2010.  The last 
escapement estimates will be available in 2009.  

Continue counts at Powerdale facility until 
dam removal.   Investigate the feasibility of 
spawning ground surveys to estimate 
abundance, although surveys in the 
mainstem will be limited by environmental 
conditions (glacial flour).  Some opportunity 
exists for spawning surveys in selected 
tributaries.  Investigate the feasibility of 
building a weir and trap on Neal Creek.  
Investigate the feasibility of installing sonar 
(i.e. DIDSON) low in the system to monitor 

Bonneville Power 
Administration/Unknown 

Rod French 
(ODFW) 
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Hood 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 
escapement.    

Summer 
Steelhead 

All summer steelhead arriving at Powerdale 
Dam (RM 4.5) on the mainstem Hood River 
have been trapped and enumerated since 
1992. 

Powerdale Dam blocks all passage, and all known spawning 
areas are upstream of the dam.  Counts at the dam are highly 
accurate estimates of escapement to the Hood River.  Some 
error with the counts may be included in misidentifying the 
summer and winter ecotypes, but it is believed to be minimal.  
The dam and associated trapping facility are slated for 
removal in the summer of 2010.  The last escapement 
estimates will be available in 2010. 

Continue counts at Powerdale facility until 
dam removal.  A temporary floating weir and 
trap is proposed at Moving Falls on the West 
Fork of Hood River (RM 3.5) following 
removal of the Powerdale facilities.  This will 
supply a relative estimate of escapement into 
the West Fork, as significant spawning 
habitat is available downstream of the weir 
location.   Investigate the feasibility of 
conducting spawning ground surveys to 
better define spatial spawning distribution, 
examine weir effect, and estimate spawning 
downstream of the weir.   Investigate the 
feasibility of installing sonar (i.e. DIDSON) 
low in the system to monitor escapement.    

Bonneville Power 
Administration/Unknown 

Rod French 
(ODFW) 
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Hood 
Existing Monitoring  

Indicator Species Current Monitoring Data Quality & Certainty Recommended Modifications Funding Source Contact 

Winter 
Steelhead 

All summer steelhead arriving at Powerdale 
Dam (RM 4.5) on the mainstem Hood River 
have been trapped and enumerated since 
1992. 

Powerdale Dam blocks all passage, and all known spawning 
areas are upstream of the dam.  Counts at the dam are highly 
accurate estimates of escapement to the Hood River.  Some 
error with the counts may be included in misidentifying the 
summer and winter ecotypes, but it is believed to be minimal.  
The dam and associated trapping facility are slated for 
removal in the summer of 2010.  The last escapement 
estimates will be available in 2010. 

Continue counts at Powerdale facility until 
dam removal.  A temporary floating weir and 
trap is proposed at Moving Falls on the West 
Fork of Hood River (RM 3.5) following 
removal of the Powerdale facilities.  This will 
supply a relative estimate of escapement into 
the West Fork, as significant spawning 
habitat is available downstream of the weir 
location.   Spawning ground surveys should 
be continued to better define spatial 
spawning distribution, examine weir effect, 
and estimate spawning downstream of the 
weir.   Investigate the feasibility of installing 
sonar (i.e. DIDSON) low in the system to 
monitor escapement.    

Bonneville Power 
Administration/Unknown 

Rod French 
(ODFW) 

Spring 
Chinook 

          

Fall Chinook           
Coho           

Summer 
Steelhead 

Juveniles are PIT tagged at downstream 
migrant traps to monitor survival through 
adulthood with detection capabilities at 
Powerdale Dam.   

PIT detection ability at Powerdale will not be available 
following dam removal. 

Investigate the feasibility of installing PIT tag 
detection devices at upstream locations 
following the removal of Poweredale. 

Bonneville Power 
Administration/Unknown 

Rod French 
(ODFW) 

Adult 
Productivity 

Winter 
Steelhead 

Juveniles are PIT tagged at downstream 
migrant traps to monitor survival through 
adulthood with detection capabilities at 
Powerdale Dam.   

PIT detection ability at Powerdale will not be available 
following dam removal. 

Investigate the feasibility of installing PIT tag 
detection devices at upstream locations 
following the removal of Powerdale. 

Bonneville Power 
Administration/Unknown 

Rod French 
(ODFW) 

Juvenile 
Productivity 

Spring 
Chinook 

Downstream migrant traps have been 
operated in the major forks of the Hood 
River along with the mainstem since 1994.  
Spring Chinook are captured in the West 
Fork and mainstem migrant traps. 

Precision of the downstream migrant estimates for spring 
Chinook have been reduced by reducing the capture 
efficiency of migrant traps due to the need to remove 
hatchery traps during times of hatchery fish release.  
Differentiating between the fall and spring ecotypes of 
juveniles is difficult.  

Continue the operation of the downstream 
migrant traps.  Increase the capture efficiency 
of the traps, by staggering hatchery releases, 
reducing hatchery releases.  Increase 
efficiency by building guidance structures for 
migrant traps.  

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 
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Fall Chinook 

Downstream migrant traps have been 
operated in the major forks of the Hood 
River along with the mainstem since 1994.  
Fall Chinook are captured at the Mainstem 
Hood River migrant trap.  

Low numbers of the juvenile fall Chinook are captured at 
trapping sites.  Small population size creates difficulty 
estimating numbers of downstream migrant fall Chinook.   
Fall Chinook are distributed low in the basin, and may not be 
sampled by the mainstem migrant trap.  Differentiating 
between the fall and spring ecotypes of juveniles is difficult.  

Continue the operation of the mainstem 
downstream migrant trap.   Investigate the 
feasibility of relocating the mainstem trap 
near the mouth of the river to increase the 
capture efficiency.    

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 

Coho 

Downstream migrant traps have been 
operated in the major forks of the Hood 
River along with the mainstem since 1994.  
Coho are captured at the Mainstem Hood 
River migrant trap.  

Low numbers of the juvenile coho are captured at trapping 
sites.  Precision of estimated number of migrants is low due 
to small numbers captured in migrant traps.   Neal Creek is 
not sampled at downstream migrant trapping sites. 

Continue the operation of the mainstem 
downstream migrant trap.   Investigate the 
feasibility of relocating the mainstem trap 
near the mouth of the river to increase the 
capture efficiency.   Investigate the feasibility 
of a downstream migrant trap in Neal Creek.   

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 

Summer 
Steelhead 

Downstream migrant traps have been 
operated in the major forks of the Hood 
River along with the mainstem since 1994.  
Summer steelhead are captured at the West 
Fork Mainstem Hood River migrant trap.  

Estimates of downstream migrants are made annually for 
migrating steelhead.  Differentiating between the summer and 
winter ecotypes is not possible at the downstream migrant 
traps.   

Continue the operation of the downstream 
migrant traps.  Increase the capture efficiency 
of the traps, by staggering hatchery releases 
or reducing hatchery releases.  Increase 
efficiency by building guidance structures for 
migrant traps.  

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 

Winter 
Steelhead 

Downstream migrant traps have been 
operated in the major forks of the Hood 
River along with the mainstem since 1994.  
Winter steelhead are captured at the 
Mainstem, East Fork, and Middle Fork Hood 
River migrant traps.  

Estimates of downstream migrants are made annually for 
migrating steelhead.  Differentiating between the summer and 
winter ecotypes is not possible at the downstream migrant 
traps.   

Continue the operation of the downstream 
migrant traps.  Increase the capture efficiency 
of the traps, by staggering hatchery releases 
or reducing hatchery releases.  Increase 
efficiency by building guidance structures for 
migrant traps.  

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 

Spring 
Chinook 

Radio tagging studies are ongoing with fish 
tagged at Powerdale Dam.  CTWSRO 
conducts spawning ground surveys 
throughout the known spawning distribution. 

Glacial turbidity can limit success of spawning ground 
surveys.  Radio tagging will be discontinued following the 
removal of Powerdale in 2010.  

Continue spawning ground surveys.  
Examine the feasibility of snorkel holding pool 
surveys.   

Bonneville Power 
Administration 

Rod French 
(ODFW), Chris 
Brun (CTWSRO) 

Fall Chinook None NA 
Develop GRTS-based surveys and protocols 
that work under observation condition found 
in the Hood population area. 

None None 

Spatial 
Structure 

Coho None NA 
Develop GRTS-based surveys and protocols 
that work under observation condition found 
in the Hood population area. 

None None 
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Summer 
Steelhead 

Radio tagging studies are ongoing with fish 
tagged at Powerdale Dam.  

Radio tagging will be discontinued following the removal of 
Powerdale in 2010.  

Investigate the feasibility of conducting 
spawning ground surveys, however 
environmental conditions will limit their 
success.   Investigate the feasibility of 
installing PIT tag arrays at locations upstream 
in the basin.    

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 

Winter 
Steelhead 

Radio tagging studies are ongoing with fish 
tagged at Powerdale Dam.  

Radio tagging will be discontinued following the removal of 
Powerdale in 2010.  

Investigate the feasibility of conducting 
spawning ground surveys, however 
environmental conditions will limit their 
success.   Investigate the feasibility of 
installing PIT tag arrays at locations upstream 
in the basin.    

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 

Spring 
Chinook 

Numbers of hatchery and wild origin fish are 
currently determined at the Powerdale Trap.  
Numbers of hatchery origin fish escaping 
into upstream spawning areas is controlled.  
Spawning surveys will provide additional 
information origin.    

The ability to determine origin of fish escaping to Hood River 
will not be possible following the removal of Powerdale Dam 
in 2010.  Relatively few stray hatchery fish have been 
observed at the trap.  Finding carcasses of spawned adults 
can be difficult due to environmental conditions.   

Continue to operate the Powerdale Fish trap 
until dam removal in 2010.   Continue to 
determine hatchery and wild origin, and 
control distribution of hatchery origin fish at 
proposed weir on West Fork Hood River.   

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW), Chris 
Brun (CTWSRO) 

Fall Chinook 
Numbers of hatchery and wild origin fish are 
currently determined at the Powerdale Trap.   

The ability to determine origin of fish escaping to Hood River 
will not be possible following the removal of Powerdale Dam 
in 2010.  Many fall Chinook are not fin-marked making 
immediate determination of hatchery and wild origin 
impossible.   

Continue to operate the Powerdale Fish trap 
until dam removal in 2010. 

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 

Coho 
Numbers of hatchery and wild origin fish are 
currently determined at the Powerdale Trap.   

The ability to determine origin of fish escaping to Hood River 
will not be possible following the removal of Powerdale Dam 
in 2010.  Many coho are not fin-marked making immediate 
determination of hatchery and wild origin impossible.   

Continue to operate the Powerdale Fish trap 
until dam removal in 2010.  Investigate the 
feasibility of installing a weir on Neal Creek 
that would provide the ability to limit 
distribution of  

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 

Diversity 
(including 
% Natural 

Origin) 

Summer 
Steelhead 

Numbers of hatchery and wild origin fish are 
currently determined at the Powerdale Trap.  
Numbers of hatchery origin fish escaping 
into upstream spawning areas is controlled.  

The ability to determine origin of fish escaping to Hood River 
will not be possible following the removal of Powerdale Dam 
in 2010. 

Continue to operate the Powerdale Fish trap 
until dam removal in 2010.  Some ability to 
sort hatchery and wild origin fish will be 
possible at the proposed West Fork Hood 
River weir, however the weir is located above 
known spawning areas.   The Hood River 
hatchery program has been discontinued, 
although data from Powerdale suggest that 
few out of basin strays enter the Hood River.    

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 
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Winter 
Steelhead 

Numbers of hatchery and wild origin fish are 
currently determined at the Powerdale Trap.  
Numbers of hatchery origin fish escaping 
into upstream spawning areas is controlled.  

The ability to determine origin of fish escaping to Hood River 
will not be possible following the removal of Powerdale Dam 
in 2010. 

Continue to operate the Powerdale Fish trap 
until dam removal in 2010.  Continue to 
determine hatchery and wild origin, and 
control distribution of hatchery origin fish at 
proposed weir on the East Fork Hood River.   

Bonneville Power 
Administration/Unknown 

Rod French, 
Robert Reagan 
(ODFW) 
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Appendix K 

Example of Research Approach to Assess Impact of Land 
Management on Mortality of Salmonids due to Parasites 
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Appendix K – Example of Research Approach to Assess Impact of Land 
Management on Mortality of Salmonids due to Parasites 

 

Project Summary 
This 3-year collaborative project consists of interdisciplinary studies to determine effects of low level co-
infections with parasites on health of wild juvenile coho salmon populations, and the influence of 
landscape and environmental changes on these parasite communities. Coho salmon in Oregon were 
chosen for study because juveniles in fresh water are known to be infected with multiple parasites, 
historical and current monitoring of fish and aquatic ecosystem are extensive, and dramatic declines 
characterize these populations. Muscle myxosporean and digenean trematodes will be studied because 
infections at low levels are common and yet these are often considered incidental findings. These 
infections, occurring at low levels, may cause subtle effects that increase susceptibility to disease and the 
risk of mortality. Given their complex life cycles that rely on intermediate hosts, they may be influenced 
by land use practices and aquatic ecosystem characteristics. 

The project is novel and comprehensive. While studies have been conducted on the effects of single 
parasite infections on individual fish and on the effects of landscape on fresh water habitat, very few 
studies have linked landscape ecology to parasite communities and the effect these have on fish 
populations. Specifically, studies will examine 1) current and historical parasite burdens in fish at 
different life stages; 2) effects of multiple parasite infections on swimming performance, thermal 
tolerance and responsiveness, salt water preference, disease resistance, predator avoidance, survival, and 
population dynamics, and; 3) changes in landscape ecology, including aquatic invertebrate communities, 
and other intermediate hosts for the parasites (i.e. avian predators). Further, this project will provide 
predictive and testable models that can be used to assess effects of land use on fresh water parasite 
abundance, fish disease, survival and recruitment. The results of this study will have implications for 
other anadromous fishes and the understanding of complex changes in ecosystem characteristics. 

Collaborative activities for this project include field surveys to measure current parasite burden in coho 
populations and assessment of invertebrate, avian predator and parasite communities under the influence 
of different land uses. Field and laboratory experiments will be conducted streamside and in established 
research centers, respectively, to study the effects of multiple parasite infections on fish health and 
disease. The intellectual merit of this project is its approach that integrates historical perspectives, 
parasite and intermediate host distribution, fish behavior and physiology, and landscape ecology into a 
predictive model that enhances our understanding of effects of multiple parasite infections in coho salmon 
populations. The resultant models will enable aquatic biologists and managers to make decisions on 
landscape practices based upon the acquired knowledge of their effects on fish populations in the Pacific 
Northwest. Results will also provide a comprehensive understanding of the impacts of parasitism in coho 
performance measures and survival. The systematic approach used to identifying land use effects on fish 
survival will serve as a model for other animal and human systems where similar anthropogenic changes 
may be causing health problems indirectly. 

The Broader Impacts 
The project will be of interest to scientists, federal and state agencies, and those involved in fish habitat 
management. Results may improve environmental management of ecosystems and promote a better 
understanding of fish performance, disease susceptibility, and survival. To ensure the findings of this 
study are disseminated to the appropriate management agencies, we are working closely with several 
agencies during the course of the project. Software will be developed for the predictive model(s) to enable 
users to easily utilize the tool. Also, a user-friendly parasite atlas that describes identification and 
diagnosis of common parasites found in coho salmon during the study will be disseminated to appropriate 
fish health units. Dissemination of the results of the project will also be done through conventional 
methods such as conferences and journal articles.   



Lower Columbia River Conservation and Recovery Plan for Oregon Populations of Salmon and Steelhead 
FINAL DRAFT – August 6, 2010 

 

 

 

 

Appendix L 

Maps of Lower Columbia River Population Areas in Oregon 
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