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I. Introduction 
 

Populations of coho salmon (Oncorhynchus kisutch) that occur in coastal watersheds 
between Cape Blanco and the mouth of the Columbia River are being evaluated by 
NOAA Fisheries for listing under the federal Endangered Species Act (ESA).  These 
populations are designated as a single Evolutionary Significant Unit (ESU) (Weitkamp et 
al. 1995). 
 
Oregon, in partnership with NOAA Fisheries, initiated a collaborative project to address 
the conservation of coastal coho.  Assessing the status of coastal coho relative to viability 
criteria is a vital step in this process, and the focus of Part 2 of this report.  Where 
possible and when available, technical products for the viability assessment were used 
from the Oregon Coastal Coho Technical Recovery Team (TRT), which is in the process 
of developing technical products for a recovery plan.  Other technical products were 
developed internally by Oregon.   
 
There are five primary components of the viability analysis, which also serve as the 
primary organizational structure of this report: 
 
1. Determination of the ESU, strata and population structure; 
2. Description of attributes used to define viability and assess fish status; 
3. Development of specific criteria for each attribute used to define population viability; 
4. Development of specific criteria for strata and ESU viability based on roll-up of 

population criteria; and, 
5. Assessment of current status of coastal coho relative to population, strata and ESU 

viability criteria based on the key attributes described in 2. 
 
 

II. Population and ESU Structure 
 
The conceptual foundation for the biological criteria drew heavily from conservation 
principles for salmon and steelhead presented by McElhany et al. (2000) in their 
publication entitled Viable Salmonid Populations (VSP).  This approach is based on the 
idea that the overall conservation condition of an ESU can be stated in terms of the 
distribution and frequency of viable populations within the ESU.  Essentially, the 
viability of individual populations becomes the basic unit of salmon conservation.  
Therefore, to initiate this type of assessment it is necessary to first breakup the ESU into 
individual populations.  For this assessment, population definitions and associated 
geographical boundaries were the same as those developed by the Oregon Working 
Group of the Coastal Coho Technical Recovery Team (OTRT).  The OTRT’s rationale 
for population boundary delineation is described by Lawson et al. (2004).  However, the 
list of populations has been recently modified by the OTRT primarily to incorporate new 
information about the Umpqua basin.  These recent modifications are included in the 
Oregon Plan assessment and are reflected in the list of populations provided in Table 1. 
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Table 1.  List of populations and associated strata for that constitute the Oregon coastal 
coho ESU. 

 
Geographic

al Strata 

Functionally 
Independent 
Populations 

Potentially 
Independent 
Populations 

 
 

Dependent Populations 
Nehalem Necanicum Arch Cape Netarts Short Sand 
Nestucca  Ecola Rover Spring 

North Coast 

Tillamook  Neskowin Sand Watseco 
Alsea Beaver Berry Cummins Johnson 

(Siletz) 
Siletz Salmon Big 

(Alsea) 
Depoe Bay Schoolhouse 

Siuslaw  Big 
(Siuslaw) 

Devils Lake Spencer 

Yaquina  Big 
(Yaquina) 

Fogarty Tenmile 
Creek 

  Bob Moolack Thiel 
  Cape Rock Vingie 
  China Rocky Wade 

Mid-Coast 

  Coal  Yachats 
 Siltcoos Sutton   
 Tahkenitch    

Lakes 

 Tenmile    
Lower 

Umpqua 
Middle 

Umpqua 
   Umpqua 

South Umpqua North Umpqua    
Coquille Coos Johnson 

(Coquille) 
  

 Floras Threemile   

Mid-South 
Coast 

 Sixes Twomile   
 
 
In the most recent iteration, the OTRT has identified 57 populations of Oregon coastal 
coho. Thirty-six of these populations are classified as dependent, meaning they likely 
have been too small to persist for long periods (i.e., 100 years) without substantial 
reproductive support provided by strays from larger and more stable adjacent populations 
(Lawson et al. 2004).  As such, these dependent populations were not used for 
development of viable criteria and the population and ESU assessment. 
 
The remaining 21 populations are larger and, at least historically, were more likely to 
persist over the long-term.  These larger populations are referred to as independent 
populations and their location within the ESU illustrated in Figure 1.  However, within 
this classification a further distinction is made between a “functionally independent” 
population and a “potentially independent” population.  A “functionally independent” 
population is one that is so dominating (generally in the largest basins) that their 
population demographics are acting in manner that is functionally independent from all 
other populations.  A “potentially independent” population is one that, if isolated, would 
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be expected to persist on its own; however, because of its location next to one or more 
large functionally independent populations, likely receives too many strays to be truly 
functioning in a demographically independent manner.  Functionally independent and 
potentially independent populations are critical to survival of the ESU and provide the 
basis for this viability assessment. 
 
These independent populations are grouped into five strata (Table 1 and Figure 1).  These 
strata are intended to represent clusters of populations that share ecological or geographic 
similarities.  Healthy strata are important in maintaining genetic and life history diversity 
in Oregon coastal coho. 

Figure 1. Geographic strata and independent populations of the Oregon coast coho salmon ESU. 

 
 
 



Coho Assessment Part 2: Viability Criteria  Final Report May 6, 2005 
 

 6 

III. Population Attributes of Fish Performance 
 

A key aspect from the VSP document incorporated in developing the biological criteria 
was the list of primary attributes that should be considered in determining whether or not 
a population is viable.  These attributes are:  
 

1. Abundance – the number of naturally-produced spawners.  
2. Productivity –the number of recruits (progeny) produced per spawner (parent).  
3. Distribution – the distribution of spawners among habitats within a 

population’s home range  
4. Diversity – indices of genetic variability related to a population’s ability to 

adequately respond to unpredictable natural variations in the environment and 
retain those adaptive genetic characteristics that promote optimum survival in 
basin specific habitats.   

 
The Native Fish Conservation Policy (NFCP) adopted by the Oregon Fish and Wildlife 
Commission (OAR 635-07-0502 through 0509) includes these same attributes of 
population viability plus the attribute of persistence.  Persistence is a forecast of future 
population health, stated in terms of the probability of extirpation.  Because a forecast of 
extirpation risk is critical to understanding the present condition of a population, a fifth 
attribute was added to the assessment process to address the persistence question. 
 

5. Persistence – the forecast likelihood that the population will become 
extirpated in the future must be very low,  

 
The OTRT has also included a persistence attribute in their draft viability criteria for 
coastal coho (P. Lawson, personal communication).  In addition, ODFW’s recovery plan 
for lower Columbia River coho contains biological criteria for the persistence attribute 
(Chilcote 2001). 
 
 

IV. Considerations for Criteria Development 
 
 
ESU Status and Focus of Criteria 
 
The status of a species can range from pristine to extinct.  Although, a species’ descent 
from pristine to extinct is not necessarily a discontinuous, step by step process, 
partitioning this range into separate classifications allows development of specific criteria 
for status assessments. An example of a stepwise classification scheme for ESU status is 
illustrated in Table 2. This status assessment of Oregon coastal coho is relative to 
viability criteria, providing a high likelihood of persistence of the ESU into the 
foreseeable future (e.g. viable definition in Table 2).   
 
The State of Oregon and NOAA both have mandated goals beyond the basic issue of 
managing extinction risk for fish and wildlife species.  Although the focus of present 
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effort is on the listing/delisting question under the ESA, achieving delisting will generally 
not meet these other mandated goals.  Regardless of the current ESA listing decision, 
Oregon and NOAA will continue an ongoing scientific and public process to develop a 
full conservation plan to help meet these broader objectives.   
 
Table 2.  Conceptual steps of biological status for a species from pristine to extinct and 
associated definitions. 

Classification Definition 
 

Pristine 
All historical populations within the ESU are healthy and 
adverse impacts from human activities are insignificant at the 
population and ESU scale.   

 
Broad-sense 

recovery, or Oregon 
Plan recovery 

Populations of naturally produced fish comprising the ESU are 
sufficiently abundant, productive, and diverse (in terms of life 
histories and geographic distribution) that the ESU as a whole 
will: a) be self-sustaining, and b) provide environmental, 
cultural, and economic benefits. 

 
Viable 

Populations of naturally produced fish comprising the ESU are 
sufficiently abundant, productive, and diverse (in terms of life 
histories and geographic distribution) that the ESU as a whole 
will persist into the foreseeable future.   

Threatened The ESU is likely to become endangered within the foreseeable 
future throughout all or a significant portion of its range. 

Endangered The ESU is likely to become extinct within the foreseeable 
future throughout all or significant portion of its range. 

 
Extinct 

Means an ESU contains so few members that there is no chance 
their evolutionary legacy will ever re-establish itself within its 
native range. 

 
 
Criteria Development Objectives 
 
Success in the development of viability criteria for coastal coho was framed in terms of 
addressing four critical considerations: 1) the criteria must be scientifically defensible 
and tied to the most recent thinking on salmonid viability; 2) the criteria must be stated in 
quantifiable units and utilize data that are readily available; 3) the criteria must be 
relatively easy to understand; and, 4) the application of the criteria to the status of coastal 
coho must yield consistent results that can be independently confirmed by others. 
 
Fish Performance Based 
 
Population viability criteria were developed for each attribute of fish performance.  The 
measures of fish performance incorporated the collective effects of natural and 
anthropogenic factors, such as ocean conditions, harvest, hatcheries, habitat quality and 
quantity, predators, etc., to the extent these factors are influencing observed abundance 
and distribution.   
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The underlying concept used in development of the biological criteria for coastal coho 
was to rely on metrics related to fish performance rather than a more indirect approach of 
relying on ‘habitat-based’ metrics.  Therefore, the population attributes proposed for use 
in this evaluation exclude the use of measured characteristics of a population’s habitat.  
This does not imply that habitat issues are inconsequential for coastal coho.  It is merely a 
reflection of a viewpoint that biological criteria need to be related to the performance of 
the fish.  The impact of degraded habitat should be reflected in population metrics, such 
as abundance, productivity, and distribution.   
 
For some species, population data are unavailable and habitat-based criteria must be used 
as a surrogate for the population performance indicators.  In these cases inferences are 
drawn between habitat and a population trait such as abundance or productivity and then 
expanded across the range of the species.  A benefit of habitat-based criteria is that the 
raw data necessary to perform the evaluation are frequently available, and if they are not 
available can be readily obtained.  In contrast, population data spanning a sufficient 
length of time and proportion of an ESU are rarely available.  However, in the case of 
coastal coho in Oregon abundance, productivity, and distribution data are available for 
nearly all populations within the ESU, from 1958 to present.  Therefore, given the 
availability of these data it was logical to craft ‘fish-based’ metrics for the viability 
criteria.   
 
Again it is emphasized that taking this approach does not mean habitat related issues are 
ignored.  Rather, habitat is treated as a primary factor that needs to be considered in 
explaining the performance of the various populations belonging to this ESU.  Habitat, 
and similarly fisheries and hatcheries, are treated as potential causes for the condition of 
the population.  Conservation strategies have been developed to improve habitat as a 
means to help rebuild coastal coho.  However, the measure of whether these strategies 
have been successful is the response of the fish to these improvements, not the habitat 
improvements themselves. It is also recognized that in many cases corrective measures 
directed at habitat problems take a longer time to bear fruit and therefore monitoring of 
fish performance of a corresponding duration is necessary to demonstrate their 
effectiveness.  In this context, habitat improvements to address limiting factors rarely 
receive immediate credit through fish performance metrics.    
 
Effects of Marine Survival 
  
Survival conditions for coho in the marine phase of their life history can cause wide 
fluctuations in subsequent adult returns and spawner abundance (Nickelson 1986).  Smolt 
to adult survival rates between a high year and a low year are typically in the range of 
ten-fold.  For example, if a basin consistently produces 100,000 coho smolts each year, 
the return of adults when ocean conditions are good may be 10,000 fish, whereas when 
ocean conditions are bad the same smolt number may produce a return of only 1,000 fish.  
This order of magnitude difference, which should be expected for a normally functioning 
natural coho population, complicates the development of viability criteria for coho. 
 
This effect is magnified by the basic life history of coho.  Coho, unlike most other salmon 
and steelhead species, have a greatly simplified age structure, with about 80-90% of the 
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fish returning to spawn as 3-year olds and the remaining 10-20% returning as 2-year olds, 
the latter almost entirely being males (jacks) (ODFW, unpublished data).  Therefore, the 
effect of marine survival conditions is dramatic because each year’s return is comprised 
of individuals that all entered the ocean one year previously and experienced the same 
conditions.  In contrast, for a species like steelhead the effect of variable marine 
conditions is dampened by the fact that the return of individuals from a particular smolt 
out-migration typically is divided among at least 3 different years.  Therefore, large 
annual swings in abundance that would be cause for alarm with respect to steelhead 
populations should be less worrisome with respect to coho populations.  For coho, large 
swings in abundance should be expected as a normal dynamic of the species.  Therefore, 
coho have both an inherent higher risk of cohort collapse than other species, but they also 
have a greater capacity to quickly bounce back when survival conditions improve. 
 
Marine survival rates for coho are known to fluctuate widely with annual variations in 
ocean temperature and upwelling (Nickelson 1986; Logerwell et al. 2003) as well as 
decadal scale cycles associated with broader climatic conditions (Beamish and Bouillon 
1993; Beamish et al. 2000).  Collectively these annual and decadal variations in ocean 
condition are expressed in terms of a pattern of smolt to adult survival rates which, for 
coastal coho from 1958 to present are provided in Appendix 1, and illustrated in Figure 2.  
Because the low survival periods appear to correspond with climatic periods of warmer 
ocean temperatures, it has been speculated that global warming may adversely impact the 
long-term marine survival of Oregon coho.  It is not clear whether the variations in 
marine survival are cycling about a steady mean, or if they are cycling about a declining 
trend- line as proposed by Lawson (1993).  Regardless, this uncertainty makes the forecast 
of extirpation risk for coastal coho over the long-term conditional upon the assumption 
for marine survival. 
   
 
Density Dependent Recruitment – Resilience at Low Spawner Abundance 
 
Evidence from coho populations in Oregon, as well as from other locations, suggests the 
relationship between the number of spawners and subsequent production of offspring 
(recruits) is density dependent (Beidler et al. 1980, Nickelson and Lawson 1998, and 
Nickelson 2003). It appears that when the number of spawners is high, the smolt capacity 
of the habitat is saturated and the number of recruits produced per spawner will be low.  
Conversely, when the number of spawners is low, there is very little competition among 
rearing juveniles for food and space and therefore a higher percentage of them survive to 
become smolts.  Under these conditions the number of recruits produced per spawner will 
be high. An example of the evidence for this relationship is illustrated in Figure 3 which 
shows spawner abundance and recruitment rate data observed for the Middle Umpqua 
River population collected by ODFW and described later in this report.  Further, the 
likelihood that much of this density dependent response occurs during the early portion of 
the freshwater rearing cycle is further supported by Nickelson and Lawson (1998) as 
summarized in Figure 4. 
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Figure 2. Estimated survival of Oregon Production Area hatchery coho salmon smolts 
plotted by the year the smolts entered the ocean, expressed as percent smolt to adult 
survival (2a) and as the deviation from the mean survival transformed to the natural log 
of marine survival x 100 (2b). 
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Figure 3.  Relationship between recruits/spawner and spawners for Middle Umpqua River 
coho population (1958 -2000 brood years). 
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Figure 4.  Relationship between survival from egg to parr and seeding density of coho 
expressed as proportion of spawners needed to seed habitat to full production; data 
include two points (located within the dotted circle) whose survival values that were 
likely reduced due to a 50-year flood event that occurred in February 1996. 
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. 
 
One expectation for a salmon species whose recruitment behavior is strongly density 
dependent is that relatively few adults can produce a relatively large number of juvenile 
offspring.  Although the total number of juveniles produced will be less than the number 
produced when the parents were more numerous, the juveniles produced per parent will 
be higher, and the overall juvenile production will be sufficient to yield a substantial 
adult return should they experience good marine survival conditions.  Hence, populations 
can demonstrate resiliency at low spawner densities by resisting further declines during 
poor marine survival conditions, and with improved marine survival conditions can 
display a notable one generation rebound in abundance to healthy levels.  It was exactly 
this type of response that was observed for most populations of Oregon coho during the 
period of poor marine survival and afterward as marine survival conditions changed from 
poor to good in the late 1990s (Appendix 1).  For example, although all populations 
declined as a result of poor marine survival conditions, most populations demonstrated 
resilience against declining below a spawner density of five fish per mile.  When the 
marine survival conditions improved, the 675 coho that spawned in the Siuslaw in 1997, 
for example, produced sufficient smolts to yield a return three years later in 2000 of 
7,047 adults.  Likewise, the 1998 spawner escapement of 238 fish into the Nestucca 
River produced a return of 4,497 adults in 2001.  A similar recruitment response was 
observed for the Lower Umpqua population, rebounding from a relatively low abundance 
of 2,708 fish in 1999 to an offspring return in 2002 of 21,531 adults.     
 
In terms of assessing the status of coastal coho, probably the most important implication 
of this apparent resilience and rebound capacity is that it helps buffer extinction risk at 
low abundance and it reduces the number of generations a population is at low abundance 
as it climbs out of a period of poor survival conditions. Minimizing the amount of time at 
low abundance is a strategy that lowers extinction risk Burgman et al.(1993).  When the 
sequence of survival conditions is reversed, going from good to poor, density dependence 
provides a natural mechanism to resist precipitous declines in abundance. It appears that 
for coastal coho, resistance to a continuing decline becomes stronger as the number of 
spawners becomes smaller. This is not to say that because of this resilience coho 
populations are essentially immune from extinction risk.  In tributaries to the Lower 
Columbia, for example, wild coho are thought to have declined and become extinct in a 
number of instances (Chilcote 1999).  In the case of Lower Columbia coho the 
cumulative effect of high fishery impact rates, poor marine survival conditions, the 
adverse impact of hatchery fish, and the degraded state of some habitats caused a 
decrease in life history survival sufficient to overcome the populations’ resistance to 
extinction.  However, local extirpations would have likely occurred quicker and more 
extensively if density dependent recruitment behavior had not been a feature of these 
populations.   
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Coho under Stress – Marine Survival Conditions of the 1990s 
 
The marine conditions encountered by the offspring of coho that spawned from 1990 to 
1996 were very unfavorable and at levels previously unrecorded, as has been earlier 
noted and illustrated in Figure 2.  During this period, marine survival rates were 1/5 of 
the 1958 to 2003 average.  This resulted in a significant reduction in total spawner 
abundance and provided a natural experiment to observe the response of these 
populations under an extended period of significant stress (approximately 2 generations).   
 
The extensive monitoring program associated with the Oregon Plan provided the basis for 
these observations which are an important component of this status assessment.  They 
provided specific information on recruitment, distribution, and abundance during a period 
of high stress.  Further, inferences as to how these populations might respond to future 
survival downturns of this magnitude and duration were also used to assess the present 
viability of these populations.  In fact, two of the five population criteria (abundance 
criterion and productivity) used to assess the viability were based solely upon 
performance data collected during this low survival period (1990-97).   
 
 

V. Description of Population Spawner Abundance Data 
 
Spawner abundance estimates for wild and naturally spawning hatchery fish were 
developed for all 21 independent populations of Oregon coastal coho.   Annual estimates 
of fishery mortality impacts and values for a marine survival index were also made.   
However, unlike the abundance data these estimates were made at the ESU level, as it 
was not possible to provide this information at the individual population level. 
 
Spawner abundance of wild coho salmon in Oregon coastal streams has been estimated 
annually since 1990 using stratified random surveys (Jacobs and Nickelson 1998).  
Surveys were originally designed to estimate abundance at the ESU-wide level.  
Therefore, when the results from these surveys were used to estimate spawner abundance 
at the level of individual populations, the confidence levels associated with these 
estimates become much wider than those for the entire ESU considered as a single unit.  
With advent of the Oregon Plan for Salmon and Watersheds in 1997, the sampling rate 
for survey sites was doubled from 240 to 480 sites surveyed to help remove some of the 
uncertainty associated with the population- level estimates.  Further implementation of the 
Oregon Plan monitoring in 1998 resulted in the adoption of an integrated rotating panel 
sampling design developed by Stevens (1997) implemented as EPA’s GIS-based 
Environmental Monitoring and Assessment Program (EMAP) site selection procedure 
(Jacobs et al. 2002). 
 
Prior to 1998, the number of hatchery fish on the spawning grounds was estimated from 
the proportion of recovered carcasses found to have “hatchery” scale patterns.  The scale 
analysis was not a perfect method for making hatchery/wild classifications for a variety 
of reasons, including the problem of obtaining an adequate number of reference samples 
from known wild fish.  It is possible for wild fish, particularly those from a lake system, 
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to have scale patterns similar to hatchery fish.  However, beginning with adults returning 
in 1998, almost all hatchery fish had been marked prior to their release with adipose fin 
clips.  Therefore, the potential for misclassification error was reduced significantly.  
Regardless, there were some cases (e.g., Nehalem) where estimating the percentage of 
hatchery fish for the entire population was confounded by their non-random distribution 
within the basin (i.e., large number of hatchery fish were often found in a geographically 
confined portion of the watershed).  In such cases, an attempt was made to sub-divide the 
basin into smaller units, determine the proportion of hatchery and wild fish for each of 
these smaller units and then recombine these estimates in manner that was proportional to 
the number of stream miles for each sub-unit represented.  This recombined value was 
then used to represent the percentage of stray hatchery fish for the entire population.  
Population by population details of the methodology used to estimate the proportion of 
hatchery fish and thereby the numbers of naturally spawning hatchery fish are provided 
in Appendix 2.  
 
Population abundance estimates were also made for the period from 1958 to 1989.  These 
estimates were based largely upon spawner survey data collected for fixed stream index 
areas and applying a variety of methods to convert these data into total abundance 
estimates for each population.  The methodology used to make these conversions and the 
resulting abundance estimates are also presented in Appendix 2.   
 
 

VI. Modeling Population Recruitment 
 
Background 
 
The number of naturally produced coho returning to a given population is a quantity that 
fluctuates widely on both annual and decadal scales as the data presented in Appendix 1 
confirm.  Such variation makes the development of viability criteria challenging.  This 
variation also makes the assessment of population and ESU status relative to such 
viability criteria a difficult endeavor.  As discussed earlier, two factors that may be 
responsible for a portion of this variation are marine survival and parental spawner 
abundance.  The objective of the work described in this report section was to construct a 
population recruitment model that incorporated these two factors (marine survival and 
parental abundance).  It was hoped that such a model would be able to explain at least 
50% of the observed variation in the abundance of naturally produced coho.  Further, if 
this objective was met it was assumed that it would lend greater confidence in the 
accuracy of the viability assessment and the relevancy of the viability criteria themselves.  
 
A density dependent recruitment model, based on the Ricker recruitment function (Ricker 
1954), was used as the primary means to quantitatively describe recruitment in Oregon 
coastal coho populations.  However, an alternative recruitment model was also developed 
that did not rely on an assumption of density dependent population regulation.  The 
alternative approach basically assumed recruitment was independent of spawner density 
and that population growth rate was a constant at all spawner densities until the habitat 
capacity is achieved.  This alternative model was developed primarily to evaluate 
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whether different ESU assessment results would be obtained if density dependent 
population regulation was not incorporated into the analyses.  
 
 
Recruitment Model  – Density Dependent Population Growth Rate 
 
The Model - The Ricker population recruitment function was chosen as the basis from 
which a density dependent model was developed for Oregon coho.  In the most basic 
form of this model the number of spawners is used to predict the number of offspring 
(recruits) in the next generation.  For example, for coho if 1,500 fish spawned in 2002 
then the recruitment model uses this information to predict how many recruits will be 
produced and return as adults in 2005.  The mathematical formula used makes such 
predictions (and as illustrated in Figure 5) is described by:  
 
   R = S * exp (a + BS)      (1) 
 
Where R = the total number of adults (pre-harvest) produced from the spawners 3 years 
previously, S = number of spawners, a = parameter for intrinsic population growth rate, 
and B = parameter inversely proportional to habitat capacity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Generic example of Ricker recruitment curve and the modified version of this 
curve used to simulate recruitment in the persistence model (see text). 
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The Ricker model is one of several alterative recruitment models commonly used by fish 
conservationists.  The Beverton-Holt (Beverton and Holt 1957) and hockey stick 
(Barrowman and Myers 2000) recruitment models also see frequent use.  The decision in 
this case to use the Ricker model was based upon an ad hoc assessment that it fit the data 
as well as either of the two alternatives and that it seemed most consistent with the 
observed performance of Oregon coast coho when the density of spawners was low. As 
information presented earlier suggest, the R/S values obtained for Oregon coast coho 
populations show an inverse relationship with spawner abundance (i.e., as spawner 
abundance trends down, R/S trends upward). This pattern is inconsistent the fixed R/S 
assumption of the hockey stick model for spawner abundance less than full seeding.  
Therefore, one would expect that at low spawner density the hockey stick model would 
under predict recruitment performance (negative recruitment bias).  In contrast, 
preliminary scoping with the Beverton-Holt recruitment model suggested that if may over 
predict recruitment at lower spawner abundance (positive recruitment bias).  In addition, 
earlier work by Zhou (2000) suggested the Ricker was preferable to the Beverton-Holt 
for modeling recruitment in populations of Oregon coast coho.   
 
Some have suggested that when population recruitment data containing substantial 
measurement error are fit to the Ricker model the resulting recruitment curve will be 
biased and overestimate R/S at low spawner density (Caputi 1988; Quinn and Deriso 
1999).  However, Kehler et al. (2002) found that, in general, low density R/S was not 
over-estimated in the fitting of ‘noisy’ data to the Ricker recruitment model.   
 
However, one potential weakness of using the Ricker model for coho salmon is that it 
predicts that a reduction in the number of recruits produced will occur when the parental 
spawner abundance is high (see Figure 5).  Most populations of Oregon coho do not show 
a strong decrease in recruits when the spawner escapement level is high.  The right-hand, 
descending limb of the Ricker model does not seem to match these observations.  
However, for evaluating populations with respect to the question of vulnerability to 
extinction, the recruitment performance of populations at high spawner abundance is of 
less concern.  The function of population recruitment at high spawner abundance is a 
more critical question to fishery management than to assessing the risk of extinction.  For 
conservation purposes, it is more important that the recruitment predictions are as 
accurate as possible when the spawner levels are low.  In this respect, the Ricker function 
was judged to have this advantage.  
 
One shortcoming on the use of any model that forecasts recruits solely on the basis of 
parental abundance is that it ignores one of the key factors that influence coho 
abundance, ocean survival conditions.  As discussed earlier, variation in marine survival 
has a strong influence on the number of coho returning to spawn in any particular year.  
As a consequence, the relationship between spawners and recruits will be heavily 
modified by variations in marine survival.  To account for this important factor a marine 
survival variable was added to the recruitment model, modifying Equation 1 to the 
resulting form:  
   R = S * exp (a + BS + cO)      (2) 
 
where c = additional parameter for marine survival and O = a standardized index of 
annual smolt to adult survival rates for ocean conditions from 1960 to 2002 based upon 
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the Oregon Production Index (OPI).  The value for each year’s index was expressed in 
terms of its deviation from the 1960 to 2002 natural log transformed mean of smolt to 
adult survivals.  This standardized index was calculated from the equation:    

 
Oyr = Ln(OPIyr) – Ln(OPI1960-2002mean)    (3)  

 
As noted earlier, the OPI is based on the smolt to adult survival of hatchery coho, 
primarily originating from the Columbia River.  As such it is not a direct measurement of 
wild coho survival; rather it is an observable indicator likely to have a correlation with 
the annual variations in the marine survival of wild coho. 
 
Parameter Estimation – The values for the parameters ‘a’, ‘B’, and ‘c’ of Equation 2 
must be estimated for each population in order to fit the recruitment model.  The data 
used to make these fits (i.e., estimate the recruitment model parameters) were derived 
from spawner and recruit data presented in Appendix 2.  The number of recruits 
corresponding to each brood year was calculated by dividing the spawner abundance 
observed three years later by one minus the fishery mortality rate.  For example, the 
number of recruits produced by the fish that spawned in 1996 was calculated as the 
spawner abundance observed in 1999 divided by one minus the fishery mortality rate 
observed for 1999.  Fishery related impact rates for wild coastal coho are presented in 
Appendix 1 and are based upon information provided by ODFW (Curt Melcher, ODFW, 
personal communication).   
 
To estimate R/S for each brood year, both wild and naturally spawning hatchery fish 
were counted as spawners (combined for the denominator, S), whereas only wild fish 
were counted as recruits (the numerator, R). For each population a data table was 
constructed having a row for each brood year from 1958 to 2000 and three columns with 
data for Ln(Recruits/Spawner), the number parental Spawners, and the index of marine 
survival for the Recruits corresponding to each brood year.  Recruitment model 
parameters were estimated via multiple regression using the following equation: 
 
   Ln(R/S) = a + B(Spawners) + c(marine survival index) (4) 
 
Where a = multiple regression intercept, B and c = partial regression coefficients.  
However, rather than estimate these parameters from a single multiple regression 
analysis, Monte Carlo bootstrapping methodology was used.  This methodology is 
considered to be a more reliable means of estimating model parameters (Efron and 
Tibshirani 1993).  The bootstrapping approach is based on a successive series of random 
re-samplings of observed data that results in the generation of a large number of pseudo 
data sets.  In the case of Oregon coho data, a computer program was written to randomly 
select brood years from the 43 years of data, drawing a specific value for Ln(R/S), 
spawner abundance, and marine survival index with each brood year sampled.  The 
sampling protocol was done with replacement and continued until 43 brood years of data 
were obtained.  Because the sampling was done with replacement, it was nearly certain 
that data for a single brood year could be drawn more than once.  Likewise, it was nearly 
certain that at least some of the brood years in the original data set would not be drawn at 
all.  Once 43 selections were made, these data were stored in an array for future 
computations.  The computer program then repeated the selection process until 2,000 
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pseudo data sets (each having 43 brood years of data) were generated.  Following this 
step, a multiple regression, based upon Equation 4 was performed on each of the 2,000 
pseudo data sets and results recorded.  The mean values from these multiple regression 
analyses for a, B, and c were used as the estimate recruitment equation parameters for 
each population.  
 
Population Parameters – Using the bootstrap method as described, recruitment equation 
parameters were estimated for all populations.  The average R2 value for the multiple 
regressions across all of the populations was 0.54 and indicative that for most populations 
the combination of the two variables spawner abundance and marine survival may 
account for a substantial amount of the observed variation in population recruitment 
(Table 3).  However, for the Salmon, Floras, and Sixes populations the parameter 
estimates were obtained from multiple regression analyses that involved 11 or fewer 
points (n = 11).  As cautioned by Burgman et al. (1991), estimation of recruitment 
parameters from data sets where n < 15 is likely to give inaccurate results.  Therefore, for 
these three populations the density dependent (DD) recruitment equations may describe a 
population recruitment behavior that is substantially different from the true manner in 
which these populations function.  Only with additional years of data will the accuracy of 
the present parameter estimates for these populations be known. 
 
Table 3. Estimated density dependent (DD) recruitment model parameters and associated 
information for 21 populations of Oregon coast coho. 
Population a B c SD R2 n 
Necanicum 1.694 -0.000925 0.876 0.634 0.61 43 

Nehalem 1.871 -0.000110 1.271 0.634 0.76 43 
Tillamook 1.219 -0.000117 0.963 0.884 0.39 43 
Nestucca 1.723 -0.000223 0.882 0.883 0.36 43 
Salmona -0.126 -0.002565 0.310 0.936 0.68 11 

Siletz 1.550 -0.000535 0.782 0.724 0.53 43 
Yaquina 1.821 -0.000185 0.852 1.156 0.36 43 
Beaver 1.694 -0.000831 0.573 0.701 0.54 35 

Alsea 1.526 -0.000304 0.772 0.741 0.54 43 
Suislaw 2.325 -0.000153 0.882 0.827 0.55 41 

LoUmpqua 1.956 -0.000163 0.578 0.617 0.56 43 
MidUmpqua 2.115 -0.000433 0.318 0.749 0.52 43 

NUmpqua 0.861 -0.000257 0.721 0.896 0.54 43 
SUmpqua 1.933 -0.000479 0.260 0.796 0.48 43 

Siltcoos 2.123 -0.000383 0.388 0.664 0.53 41 
Tahkenitch 1.991 -0.000558 0.473 0.761 0.51 41 

Tenmile 1.447 -0.000064 0.465 0.656 0.27 43 
Coos 2.432 -0.000181 0.368 0.710 0.59 43 

Coquille 1.564 -0.000078 0.603 0.681 0.45 43 
Florasa 2.087 -0.001649 0.675 0.455 0.89 7 
Sixesa 1.724 -0.007369 -0.183 0.702 0.71 11 

aParameter estimates and associated statistics may be unreliable because of the small 
number of data records available from which to make these estimates. 
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Alternate Recruitment Model – Density Independent Growth Rate  
 
The Model – As has been discussed earlier, observations for Oregon coho suggest that 
population growth rate is dependent on spawner density; with the ratio of R/S increasing 
steadily as the number of spawners in the population lessens. However, the statistical 
ability to unequivocally confirm this observation was questioned by several reviewers of 
an earlier version of this report.  In addition, it was not clear how sensitive the status 
assessment of coho populations might be to the assumption of density dependent growth 
rates.  Therefore, a second approach to modeling population recruitment was developed 
based on the idea that population growth rate (i.e., R/S) was constant until some habitat 
capacity ceiling is reached. The mathematical representation of this model is basically the 
same as the density dependent (DD) model with the density dependent term, BS, 
removed.  Therefore, the density independent (DI) recruitment model is described by:  
 
    R = S * exp (adi + cdiO)      (5) 
 
where all of the terms are essentially the same as those described for Equation 2.  
However, an important contingency was placed on this relationship in terms of recruits.  
If the recruits predicted from Equation 5 exceeded a recruit production ceiling for the 
population, then the number of recruits would default to this production ceiling.  In other 
words: If R > Rceiling, Then R = Rceiling.   
 
Parameter Estimation – The recruitment model parameters adi and cdi where estimated 
from via linear regression, but in this case for only for one independent variable, marine 
survival.  The regression analysis evaluated the relationship described by:  
 
   Ln(R/S) = adi + cdi(marine survival index)    (6) 
 
where adi is the intercept and cdi is the slope from the regression analysis.  Estimation of 
these parameters for each population was done using the same type of bootstrapping 
procedures described previously to estimate parameters for the DD recruitment model. 
 
To estimate the recruitment production ceiling for each population (Rceiling) the following 
procedure was taken.  First, the recruit estimates for each population were ordered from 
largest to smallest observation.  The upper half (the larger numbers) were then selected 
and an average of these values calculated.  However, before this average was computed, a 
log transformation was made to each data point in order that this sub-set of data would 
not be as positively skewed as otherwise would be the case without the transformation.   
 
Population parameters  – For the DI recruitment model the regression of Ln(R/S) on the 
marine survival index yielded variable results among the populations (Table 4). In the 
case of four populations, the Salmon, Beaver, Yaquina, Floras, and Sixes, the regression 
was statistically not significant (P = 0.05).  For these populations adi was estimated by 
taking a simple average of all Ln(R/S) points, the value for cdi was set to 0.0 (i.e., no 
relationship assumed between marine survival and Ln(R/S)) and the standard deviation of 
the Ln(R/S) points used in place of the SDregress estimate.  For the remaining populations, 
the regression analyses suggested that an average of 22% of the variation in Ln(R/S) may 
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be accounted for by the marine survival index (mean of R2 values = 0.22).  The Rceiling 
estimates ranged widely, with those determined for the Salmon, Floras, and Sixes 
populations likely inaccurate because so few data point were available from which to 
make the estimates (n = 6).   
  
Table 4. Estimated density independent (DI) recruitment model parameters and 
associated information for 21 populations of Oregon coast coho. 
Population adi cdi SDregress R2 n Rceiling SDceiling n 

Necanicum 0.695 0.540 0.893 0.22 43 3731 0.37 21 
Nehalem 0.785 1.008 0.926 0.46 43 43922 0.38 21 

Tillamook 0.734 0.673 0.948 0.28 43 20505 0.58 21 
Nestucca 0.924 0.454 1.020 0.14 43 18241 0.37 21 
Salmona -0.512 0.0 2.029 -- 11 202 0.72 5 

Siletz 0.636 0.547 0.924 0.22 43 5792 0.36 21 
Yaquinaa 0.869 0.0 1.439 -- 43 25153 0.58 21 
Beavera 0.690 0.0 1.026 -- 35 3760 0.53 19 

Alsea 0.605 0.593 0.955 0.23 43 10339 0.35 21 
Suislaw 1.098 0.652 1.059 0.24 41 42672 0.45 21 

LoUmpqua 1.152 0.400 0.843 0.16 43 11601 0.43 21 
MidUmpqua 1.062 0.368 0.889 0.15 43 7572 0.62 21 

NUmpqua 0.347 0.922 1.039 0.37 43 29841 0.66 21 
SUmpqua 1.080 0.452 1.011 0.15 43 24283 0.40 21 

Siltcoos 1.051 0.325 0.905 0.11 41 9976 0.29 21 
Tahkenitch 1.077 0.585 0.966 0.22 41 3111 0.30 21 

Tenmile 1.036 0.260 0.725 0.10 43 6955 0.35 21 
Coos 1.132 0.606 0.968 0.23 43 37260 0.42 21 

Coquille 0.985 0.497 0.806 0.22 43 29444 0.40 21 
Florasa 0.177 0.0 1.352 -- 7 2522 0.78 4 

Sixesa 0.192 0.0 1.288 -- 11 301 0.55 5 
a  Regression of analyses yielded statistically insignificant results therefore the value for 
adi was estimated as the simple average of the Ln(R/S) points, the cdi value was set to 0.00 
(no relationship to adi) and the standard deviation of the Ln(R/S) points was used for 
SDregress. 
  
 

VII. Population Criteria Description and Rationale  
 
Criteria 1 – Spawner Abundance 
 
Developing a meaningful abundance criterion for coastal coho was difficult because of 
the confounding effect of variations in marine survival.  For example, an observation of 
600 spawners during a period of unfavorable ocean conditions could represent a more 
‘healthy’ state than an observation of 1,200 spawners for the same population during a 
period of highly favorable ocean conditions.   
 
In addition to this complication, the simple identification of a critical abundance 
threshold, assuming marine survival could be standardized, was evasive. This was 
because population abundance does not appear to be a very good predictor of extinction 
risk for coho populations.  For example, Nickelson and Lawson (1998), in reporting their 
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results from modeling the viability of Oregon coast coho populations, suggested that 
spawner abundance has a minor impact on extinction risk, unless the abundance is at 
exceptionally low levels.   
 
The relative insensitivity of extinction risk to moderately low levels of spawner 
abundance is explained in part because coho salmon exhibit a strong density dependent 
recruitment behavior during the freshwater portion of the life history.  In other words, the 
number of smolts produced per female increases dramatically at low spawner density and 
this compensates somewhat for fewer spawners 
 
As an alternative to using viability modeling to determine critical abundance levels, some 
have suggested that by inspecting spawner – recruit data sets it may be possible to 
identify a threshold spawner abundance, below which the underlying recruitment 
performance of the population starts to fail because spawners can not find mates or other 
reasons that are not understood (Myers 2001).  This breakdown of the recruitment 
function at extremely low spawner densities is commonly referred to as depensation. The 
spawner density corresponding to onset of this depensation behavior could be used as a 
reference from which to establish conservation criteria.  The underlying concept being 
that if populations drop to levels below this assumed depensation threshold their 
recruitment performance may begin to fail.  Should this occur they could continue 
downward until they are extinct.  This scenario has been referred to by some as the 
“extinction vortex”.   
 
However, the statistical challenge of actually demonstrating the spawner density level at 
which depensation starts to occur is daunting (Shelton and Healey 1999).  Barrowman 
(2000), examining recruitment data for coho populations primarily in British Columbia, 
suggested that depensation may become a factor for coho population when spawner 
densities are less than 1 female per kilometer of stream length.  Assuming a 50/50 sex 
ratio and converting from kilometers to miles, this equates to a spawner density of 3.2 
fish per mile.  Chilcote (1999) observed that for several populations of coho in the Lower 
Columbia River that likely went extinct in the 1990s, once spawner densities dropped 
below 3.9 fish per mile, the ability to rebound and recover was unlikely. This may have 
been the effect of depensation in conjunc tion with other factors, such as the out-planting 
of hatchery fish in an ineffective attempt to restore these depressed wild populations and 
high fishery impact rates.     
 
For coastal populations of coho in Oregon, densities in this range have rarely been 
observed, with the exception of the very low marine survival period of the 1990s.  To 
determine if there was any evidence of depensation during this period of lowest spawner 
abundance, a pooled analysis of data from all populations in the ESU was undertaken.  
However, even at the lowest range of the observed spawner densities, there was no clear 
evidence that the ratio of recruits per spawner began declining at some critical spawner 
density (Figure 6).  In fact, the data were more supportive of continued density dependent 
recruitment even at densities as low as one fish per mile.  
 
Without a clear empirical pathway to identify the depensation threshold for coastal coho, 
an alternate approach was taken.  The logic for this was as follows. Spawner densities 
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less than approximately one fish per mile have almost never been observed for coho 
population on the coast of Oregon.  However, as a precautionary measure, it was assumed 
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Figure 6.  Plot of recruits produced per spawner for those observations when spawner 
densities were less than five fish per mile in Oregon coastal coho populations spawning 
in the period from 1990 to 1996. 
 
depensation will exert a strong influence at these levels, possibly resulting in complete 
recruitment failure.  As another precautionary measure, it was assumed populations may 
decline up to 50% per generation at low densities (< 5 fish/mile) although this rate of 
decline at low densities was rarely observed.  Thus a population starting at five spawners 
per mile would have three generations to reverse this decline before dropping below the 
one fish per mile threshold (i.e., 5.0, 2.5, and 1.25 fish per mile).  Using this logic, a 
critical abundance threshold for each population equivalent to a spawner density of five 
fish per mile was selected as the critical abundance threshold for viability. 
 
The metric for the abundance criterion focused on the performance of coastal coho 
populations during the period of lowest abundance, the 1990s.  The average observed 
abundance of wild spawners for the years 1993 to 1999 was calculated for each 
population and subtracted from the critical abundance threshold to obtain the test metric.  
A positive value for this test metric meant the population ‘passed’ (i.e., the observed 
abundance was greater than the critical threshold) and a negative meant the population 
‘failed’.   
 
Criteria 2 – Productivity  
 
As discussed previously, Oregon coastal coho demonstrated the ability to survive a 
period of adverse marine survival conditions and rebound dramatically when these 
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survival conditions improved. The productivity criterion was designed as a test to 
confirm that individual populations were performing in accordance with this expectation.  
For a coho population to resist further decline in numbers once low levels of abundance 
have occurred, the number of progeny (recruits) must be equal to, or greater than, the 
number of parents (spawners) that produced them.  In other words, when abundance is 
low, the ratio of recruits to spawners must average greater than or equal to one (i.e., 
replacement).   
 
The basic data used to test this criterion were the observed ratios of recruits per spawner 
(R/S) during the period when marine survival conditions were at their worst in the 1990s..  
As with the problems faced in developing the abundance criterion, marine survival 
conditions can have a strong influence on the values measured for population 
productivity (R/S).  However, by restricting the evaluation to recruitment performance of 
coho that spawned from 1990 to 1996, this variable could be somewhat controlled 
because the index of marine survival during this period, in addition to being very low, 
was also relatively stable and therefore reduced confounding variation (Figure 2).    
 
However, in addition to marine survival, a second factor must be considered – spawner 
density.  As discussed earlier R/S varies widely and in a manner that generally appears 
related to spawner abundance.  Therefore, to predict how a coho population might behave 
as critically low levels of abundance are approached, it was imperative that this factor be 
considered.  Population recruitment during periods of high spawner density is unlikely to 
be informative and, if relied upon for viability assessment, may yield predictions that 
overstate extinction risk. 
 
In addition to the problem of standardizing the R/S values for spawner density, there 
were complications associated with the presence of naturally spawning hatchery fish in 
several populations and the variable mortality rates imposed on wild coho as a result of 
sport and commercial fisheries.   
 
The potential impact of hatchery-produced fish was greatest in those areas where they 
were most numerous because of an associated hatchery program.  In recent years the 
populations with the greatest potential for impact have been the Nehalem, Salmon, and 
Umpqua.  It is unknown how effective these hatchery fish are relative to wild fish in 
producing surviving progeny under natural conditions.  However, a number of studies 
suggest that hatchery produced fish spawning in the wild are less likely to produce as 
many surviving offspring as wild spawners (Leider et al. 1990; Reisenbichler and Rubin 
1999; Kostow et al. 2003; and McLean et al. 2003).  Further, Nickelson (2003) provided 
evidence that even if naturally spawning hatchery fish produced no surviving offspring, 
the mere presence of hatchery smolts within the basin may attract predators and reduce 
the productivity of the wild population.  
 
However, regardless of their reproductive success to the adult stage, Leider et al. 2003, 
and Kostow et al. 2003 found that if the relative proportion of hatchery fish in the natural 
spawning population was high enough, their offspring would be the major component of 
the subsequent cohort of naturally produced smolts.  Essentially, the reproductive 
inefficiency of the hatchery fish was countered if their proportion on the spawning 
grounds relative to wild fish was high.  This situation makes the assessment of 
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populations difficult because it is not clear if hatchery spawners are “propping up” the 
abundance of natural population.  In addition, the fact that both the aforementioned 
authors found that naturally-produced smolts from hatchery parents survived poorer to 
the adult stage than offspring from wild parents suggests that conversion of natural 
spawners to returning adults is less efficient in basins where a large proportion of the 
spawners are hatchery fish. 
 
Because of the uncertainty surrounding these issues all fish that spawned naturally were 
counted equally as spawners and used in the denominator for the R/S calculation.  The 
R/S numerator, recruits, was based upon counts of naturally produced fish only.  
Therefore, if hatchery fish, either through genetic or ecological interactions, were 
responsible for an adverse impact on the overall natural population, this effect should be 
evident in the estimated R/S ratio.  This approach lets the performance of the fish provide 
the index of hatchery fish impacts, not a particular assumption concerning the relative 
reproductive success of naturally spawning hatchery fish and their ecological 
interactions.   
 
The complication posed by the presence of impacts from a sport and commercial fishery 
on the measurement of R/S is twofold.. First, fishery impact rates on wild coho vary by 
year.  Although in recent years this overall impact has been relatively low (less than 15% 
mortality), in the past it has been much higher (Figure 7 and Appendix 1).  The full 
biological potential of a population in terms of recruitment from any year’s spawner 
escapement is the estimate of returning adults prior to fishery impacts.  Because the 
estimation of adults for each population is done on the spawning grounds, it was 
necessary to estimate pre-fishery abundance by dividing each year’s spawners estimate 
by the corresponding year’s fishery survival rate (fishery survival rate = 1 minus the 
estimated fishery mortality rate).  This calculation was used to produce the value for 
recruits for each brood year estimate of R/S.   
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Figure 7.  Estimated exploitation rates on naturally-produced Oregon coastal coho salmon 
in ocean fisheries, 1950-2003.  
 
The second fishery issue was related to the current harvest management framework used 
by the Pacific Fisheries Management Council (PFMC). Even under the most aggressive 
fishery harvest restrictions, reducing the impact on wild coho to less than about 8% is 
very difficult because of incidental catches of coho in other fisheries (primarily Chinook) 
(Sharr et al. 2000).  Therefore, if recruits are defined as “pre-harvest” abundance, a R/S 
measurement of 1.0, even when ocean fisheries are severely constrained would not mean 
the population is functioning at replacement, because a portion of the return would still 
be removed by the fishery.  An estimated R/S value of 1.0 would translate into effective 
R/S on the spawning grounds of 0.92.  To accommodate the reality of this situation and 
yet maintain a consistent definition of recruits as the “pre-harvest” abundance of wild 
fish, the replacement benchmark for the productivity metric was raised to 1.1 R/S.  A 
value for R/S of 1.1 would ensure that up to 10% of the return could die as the result of 
sport and commercial fisheries and yet the population,  in terms of the recruits that 
actually reached the spawning grounds would be replacing itself (i.e., R/S = 1.0). 
 
As discussed earlier, to obtain a valid estimate of productivity during a period of poor 
marine survival conditions, it was necessary to develop a method that was standardized 
for the confounding effects of spawner density on productivity.  The approach taken was 
to arrange the R/S data for the 1990 to 1996 brood years by parental spawner densities 
and then select those R/S data points that were associated with spawner densities less 
than a specific sorting threshold.  The R/S values obtained from spawner densities less 
than this sorting threshold would then be averaged (geometric mean) to obtain a test 
metric for the productivity criterion.  Averages greater than or equal to 1.1 R/S would 
‘pass’ the criterion, R/S less than 1.1 would ‘fail’.     
 
To implement this approach it was necessary to identify an ESU-wide low spawner 
density sorting threshold as a tool to select R/S points for the analysis.  The problem was 
that a threshold set too high runs the risk of picking spawner densities that do not reflect 
how a population will truly respond when the critically low spawner levels are observed. 
In contrast setting the sorting threshold too low may result in screening off all of the 
available data because there are no observed spawner densities less than the threshold.  
Such an outcome will make computation of the test metric impossible because there are 
no data to work with.  After considering several alternatives, a sorting threshold of 10 
spawners per mile was selected.  The logic used to settle on this value was twofold. There 
were at least two populations in each stratum that had spawner abundance levels during 
the reference time period (1990 to 1996) that were less than 10 fish per mile and therefore 
could be used for evaluation.  Secondly, the number of spawners needed to fully seed 
available habitat, was estimated using both the DD and DI recruitment models, averaged 
approximately 45 fish per mile.  Therefore, 10 fish per mile represents a density that even 
during periods of very poor marine survival should result in R/S values greater than one 
if the population is healthy and the underlying recruitment character is density dependent.  
Even if the recruitment is governed by a density independent process, sorting the data for 
only those points less than 10 spawners per mile will still yield useful information about 
productivity, since the operating assumption is that the R/S values should be the same 
regardless of the spawner densities associated with the selected data points.  
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Although selecting the “low density” cutoff at 10 fish/mile will bias low density R/S 
calculations downward because of observed DD recruitment at these levels, this 
precautionary cutoff level was selected to ensure as many populations as possible had 
“low density” data to analyze for R/S calculations.  Populations that did not drop below 
10 fish/mile for at least three years during the worst of the poor marine survival 
conditions were judged to have adequate abundance and productivity to persist should 
these conditions return. 
 
Criterion 3 – Long-term Persistence 
 
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 viability analyses used in this assessment to estimate 
population persistence were based upon 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.  The primary recruitment model used for this 
analyses was the one described earlier that is based upon the assumption that recruitment 
rates are influenced by the density of parental spawners.  This was the density dependent 
(DD) model described in Section VI of this report.  However, to examine how critical the 
assumption of density dependence was to these persistence simulations, the analyses were 
also performed using a density independent (DI) recruitment model, which is also is 
described in Section VI.   
 
In general, one of the primary characteristics of population viability analyses (PVA) is 
that population abundance forecasts over a period of future time are generated more than 
once. The reason for this is the inclusion of random variation in the recruitment process 
which ensures that each forecast will differ slightly from another.  It is not unusual in this 
type of analysis to perform 5,000 forecasts for each population.  To summarize such 
results, the proportion of all of the forecasts that yield a prediction of extinction is 
calculated.  This extinction proportion is then used as an estimate of the probability of 
extinction for the population.  Populations with a low probability of extinction risk are 
viable.  
 
Persistence Simulations with Density Dependent Reccruitment Model - , The PVA 
model used to estimate population persistence for Oregon coastal coho was a series of 
calculations implemented via a Excel Visual Basic program. For the DD recruitment 
model the mathematical protocol used to forecast recruits over a multi-generation time 
horizon was basically Equation 2 modified such that the value for the ‘a’ parameter was 
randomly selected from a normal distribution having a mean equal to the parameter 
value.  This change was represented by replacing ‘a’ in Equation 3 with ‘arand‘ as follows:  
 

R = S * exp (arand + BS + cOyr)
    (7) 
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Therefore, ‘arand’ signifies that the parameter is a randomly picked number from a normal 
distribution having a mean equal to the estimated value for the Ricker ‘a’ parameter and a 
standard deviation equal to the standard deviation of the multiple regression estimated 
from the fitting of observed population data as reported in Table 3.  For example, in the 
case of the Necanicum population, estimated value for the ‘a’ parameter and the standard 
deviation for the multiple regression fit were 1.694 (a) and 0.634 (SD), respectively.  In 
simulating recruitment, each time another forecast for recruits was made the computer 
would execute a routine to pick a new value for arand by randomly selecting a value from 
a normal distribution having a mean of 1.694 and standard deviation of 0.634.   
 
The minor notation change from ‘O’ to ‘Oyr’ for marine survival in Equation 7, signifies 
that for each year of the model run a different value for marine survival was assumed.  
Since most of the model runs were made for a time period of 100 years (about 33 
generations), it was necessary to select a sample of marine survival rates in order to 
model recruitment.  This could have been done in manner similar to the process used to 
randomly pick values for the Ricker ‘a’ parameter (i.e., randomly draw a number from a 
normal).  However, this approach has problems in that marine survival does not occur in 
a random pattern (Figure 2).  For example, if poor marine survival is observed in one 
year, the likelihood is that a poor marine survival will also occur in the next year.  For a 
coho population the challenge of surviving poor marine survival conditions is not one of 
dealing with the occasional rare event, but rather facing these rare events in a block of 
years together.  The latter situation results in a greater challenge to the survival of the 
population and it was this likely situation that the viability model was modified to 
simulate. 
 
It is possible to correct for this problem of temporal autocorrelation with respect to 
annual environmental conditions with modifications to the structure of a viability model, 
using a variety of approaches including those proposed by Morris and Doak (2002).  The 
approach used for coastal coho, however, was basically to make this modification using 
the observed marine survival rates, in the order that they occurred between 1960 and 
2002, as a template for the future 100-year period modeled.  Because the observation 
period covers only 43 years, it had to be replicated to provide enough points for the 100-
year simulation of the model.  Mechanically how the model prepared the sequence of 
marine survival rates for the recruitment calculations was to first artificially string 
together 4 replications of the marine survival rates observed from 1960 to 2002.  
Essentially replicating the pattern of Figure 2 four times to create a cyclic string of 172 
values having 4 high and 4 low periods of marine survival.  For each 100-year model test 
period a different starting place was randomly selected (from a uniform distribution) 
within the first 43 years of the 172-year string.  The first 100 years after this starting point 
were then used as the marine survivals for the model run. 
 
Another key element of the persistence simulation model was the assumption made about 
population recruitment when the number of spawners was extremely low, (i.e. 
depensation effects).  As noted earlier in the abundance criterion discussion, Barrowman 
(2000) suggested that for natural coho populations, depensation may be a factor when 
spawner densities are less than the equivalent of 3.2 spawners per mile.  For the purposes 
of the persistence model it was assumed that an abundance level equal to 3.2 spawners 
per mile was the depensation threshold, below which population recruitment would be 
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adversely impacted.  The persistence simulation model was constructed to incorporate 
these depensation thresholds, with explicit protocol for how recruitment would function 
once the number of spawners had fallen below these thresholds.  This protocol worked in 
the following manner.  When the persistence simulation model yielded a spawner 
abundance less than the depensation threshold, the number of recruits forecast was 
adjusted downward as described by:  
 
  If S = 0.10SDepn Then Radj = 0.0       (8) 

 
If S > 0.10SDepn then Radj = R * Sobs/[SDepn – (0.10SDepn)]    (10) 

 
Where SDepn is the depensation threshold for the population, Radj = is the depensation 
adjusted number of recruits, R = the number of recruits forecast by the recruitment model 
without depensation adjustment, and Sobs = the observed number of spawners.  This 
protocol essentially treats any spawner escapement less than 1/10 of the depensation 
value the same as if no recruitment had taken place.  Between this zero recruitment level 
and the depensation threshold, the number of recruits is scaled up proportionally such that 
when the spawner level reaches the depensation threshold (and above), no depensation 
discounting is applied to the forecast number of recruits (i.e., Radj = R).    
 
As noted earlier, one possible shortcoming of using the Ricker function for the DD 
recruitment model is that it yields decreasing number of recruits as the number of 
spawners increase beyond the level needed to achieve maximum seeding.  While this 
feature may be relatively unimportant for assessments that are focused on the 
performance of the population when the abundance is at low or moderate levels, such as 
this one, this characteristic can cause problems for PVA models.  Within the model runs, 
if a very large spawner number is generated, mathematically, the Ricker function will 
forecast a very low number of recruits because of the descending shape of the recruitment 
curve at high spawner abundance (Figure 5). Particularly when the value for ‘a’ 
parameter is greater than 2.0, this can set up extraneous oscillations in abundance that are 
an artifact of recruitment function and unlikely to be mimicked by a real populations 
(Sabo et al. 2004).  Although, the ‘a’ parameter values for most of the populations were 
less than 2.0 (Table 3) and theoretically less susceptible to this “pathological” oscillation 
problem, modifications to the recruitment function within the persistence simulation 
model were made to prevent this behavior from occurring.  This consisted of a step 
inserted into the program code to check spawner abundance before each use of the 
recruitment equation.  If this check revealed a spawner abundance value greater than the 
number of spawners to fully seed the habitat as estimated from: -1/B (i.e., Smax), then 
the spawner abundance was reset to a value equal Smax.  The effective result of this 
change was to level out the recruitment curve at spawner densities greater than Smax.  
This modification in addition to the modification for a presumed depensation effect at 
extremely low spawner densities resulted in the population recruitment function used for 
PVA modeling to effectively assume more of a hockey stick appearance as illustrated in 
Figure 5.   
 
 
Persistence Simulations wi th Density Independent Reccruitment Model – As noted 
earlier, the persistence simulations were also done using a density independent function 
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to forecast recruits.  In most respects these supplemental persistence modeling exercises 
were executed in the same manner as those described for DD recruitment function.  
However, the primary difference was that the assumed recruitment curve was based on 
the DI model described by: R = S * exp (adi + cdiO) (Equation 5).  However, this equation 
was modified to simulate environmental variation as signified by the term ‘aranddi’ in the 
equation:  
    R = S * exp (aranddi + cdiOyr)

     (10) 
 
Therefore, each time recruits are calculated, a value for ‘aranddi’ is selected by randomly 
picking a number from normal distribution having a mean equal to the value for ‘adi’, and 
a standard deviation equal to the standard deviation of the regression (SDregression) 
estimated from the fitting of observed population data as reported in Table 4.  As 
described earlier, the DI recruitment function has a contingency step that limits the 
number of recruits to a maximum value, as represented in Table 4 as Rceiling.  In the 
persistence modeling this same limit was imposed, but it was not fixed as a constant.  For 
each calculation of recruits, a value for Rceiling was randomly drawn from a normal 
distribution having a mean equal to Rceiling and a standard deviation equal to SDceiling.    
 
The Mechanics of the Model Runs  – To estimate the probability of extinction, 3,000 
iterations of a 100-year recruitment simulation were completed for each population.   . 
Upon completion, the sequence of spawner escapements generated for each 100-year trial 
were inspected to determine if at any point in this sequence there was a 3-year 
consecutive string of spawner abundance that averaged less than the test threshold.  The 
test threshold was the population specific abundance that was equal to either 50 spawners 
or the equivalent of one fish per mile, which ever value was larger.  This test threshold 
was intended to represent effective extinction of the population. This threshold is also 
being used as an effective extinction threshold by the Oregon Coast TRT Workgroup in a 
variety of different PVA models to estimate population persistence (P. Lawson, personal 
communication). However, it should be noted the TRT Workgroup is also running PVA 
models with the effective extinction threshold set at 50 and 0 spawners for each 
population.  Therefore, the extinction threshold used here (1 fish/mile) is the most 
precautionary of these three extinction threshold alternatives.   
 
After inspection, those trials with spawner abundance output that contained a 3-year 
average spawner abundance less than the test threshold were classified as extinction 
events.  .  After the results from all of the trials were inspected, the probability of 
extinction was calculated the number trials that were classified as extinction events 
divided by the total number of trials (i.e., 3,000). 
 
Criterion 4 – Within Population Distribution 
 
Within the freshwater portion of a population’s home range the manner in which 
juveniles and adults (spawners) are distributed is an important consideration in assessing 
the conservation status of a population (McElhany et al. 2000, Bisson et al. 1997).  For 
example, a chance catastrophic event in a tributary watershed of a larger basin would 
have less impact on a population whose members are uniformly distributed throughout 
the basin compared to population that had the misfortune of being concentrated in the 
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tributary where the catastrophic event took place.  Populations that are well distributed 
across potential spawner habitats can also be expected to demonstrate a greater resilience 
to both spatial and temporal variability in habitat conditions (Williams and Reeves 2003).   
Both natural and anthropomorphic disturbances create a shifting mosaic of abiotic and 
biotic conditions across the range of salmon species that is reflected in patterns of 
distribution and life history attributes (Reeves et al. 1995).  The approach used to 
developing criteria for diversity focuses on evaluating the spatial distribution of spawners 
within a population and their potential to maintain spatial structure during periods of poor 
ocean conditions. 
 
In addition to the advantage of spreading risk, broad distribution of individuals 
throughout a basin is assumed to have benefits in terms of maintaining genetic adaptation 
and diversity.  The genetic characteristics of a population are partially controlled by 
selective processes working to cause the adaptation to the local habitat conditions.  Since 
the habitat conditions throughout a basin are not uniform it would be expected that a 
diversity of selection pressures and adaptation strategies potentially exist for coho 
throughout a basin.  Therefore, a population that is widely distributed is most likely 
interacting with the greatest diversity of habitats and therefore may develop and maintain 
the greatest genetic diversity.   
 
The utility of using distribution as diversity metric also has a practical advantage in that 
the genetic characteristics that are important to adaptation and survival are extremely 
difficult to directly assess.  Essentially, genetic traits that are adaptive and important to 
survival are largely cryptic.  Therefore, distribution becomes a proxy for these invisible 
traits under that assumption that if full interaction between the heterogeneous habitat of a 
basin and population members is ensured, then selection pressures will enable the process 
of genetic adaptation and evolution to proceed even though the process is not directly 
detectable or measurable.  
 
Using information regarding the distribution of spawners and juveniles as a diversity 
metric also addresses the problem of developing quantitative metrics for life history 
diversity.  By observing the varying use of habitats across a varying range of coho 
abundance, insight into the dynamic nature of coho life history strategies can be 
developed.  Exhibiting the capacity for re-colonization of under-seeded habitats, through 
the mechanism of straying by adults and movement away from natal streams by 
juveniles, appears to be a highly adaptive life history characteristic.   As a species faced 
with constantly changing environmental conditions in both ocean and freshwater habitats, 
straying for coho, as well as other salmon species, should be considered just as 
fundamental a life history attribute as homing (Quinn, 2005).      
 
Another feature of the distribution that makes it a useful tool to assess the viability of 
coho populations is the synchronous response of this attribute to variations in marine 
survival and overall population abundance.  As described by Nickelson and Lawson 
(1998), when marine survival conditions are poor, the distribution of spawners collapses 
to the better habitat within the basin.  However, when marine survival rates are high, 
coho adults demonstrate the capacity to spread out and fill nearly 100% of the available 
habitat (Jacobs et al. 2002).  Therefore, the dynamic contraction and expansion of coho 
distribution within a habitat is another good indicator of population function and status.   
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In developing a means to quantify coho distribution for use as a criterion, it was 
necessary to recognize tha t even healthy populations will experience periods when the 
distribution of spawners collapses and other times when this distribution expands.  The 
challenge was to select a criterion that would identify when a collapse in distribution 
becomes greater than should be expected for a healthy population under poor marine 
survival conditions.  Although the concepts important for describing diversity and 
distribution are well documented, neither specific nor general guidance for developing 
measurable criteria were found.  The problem of identifying such criteria was described 
by Kareiva (1990) when he concluded that “simply saying that the spatial environment is 
important is to mouth a platitude”.  For coastal coho populations, distribution data 
obtained during the recent period of poor marine survival provided the opportunity to 
develop a metric that helps quantify the patterns of distribution and than can be 
established so as to be protective of overall population diversity. 
 
It should be emphasized that this metric is built upon monitoring of statistically sampled, 
spatially balanced, survey reaches throughout the compete range of coho spawning 
habitat.  Development of a measurable metric for the distribution criteria was possible 
because of the availability of comprehensive and spatially explicit spawner density 
information.  These data represent approximately 250 survey reaches/ESU from 1989 to 
1996 and approximately 475 survey reaches/ESU from 1997 to 2003.  In recent years, 
about ten percent of the total spawning miles are sampled annually with multiple 
observations of coho spawners made for each surveyed sample reach each year.  This 
sampling supports calculation of both peak counts of spawner abundance and estimates of 
total abundance for the season expressed as spawners/mile.   
 
The sample reaches are selected from the complete distribution of spawning streams 
without regard to the quality of the habitat in a given reach.  The sample design also 
features a rotating panel approach that includes an equal numbers of annual sites, three-
year sites, six-year sites, nine-year sites, and new sites.  This design strikes a balance 
between the power of trend detection and the ability to characterize the status of 
populations in a given year.  Most important for the distribution metric, this design 
assures comprehensive representation spawning habitats within the sample universe.  
Figure 8 shows an example of the sampling locations and results for Coquille Population 
in 2003.   
 
Although primarily designed to provide spawner abundance estimates at the ESU and 
Monitoring Strata levels, these data also support analysis of spawner abundance levels 
within each sub-watershed that comprises the habitat of each coho population.   
We developed viability criteria for coho distribution based on these observations 
combined with the following assumptions. 
 

1. Coho populations are distributed across most of the available spawning habitat 
within the sub-watersheds that comprise the area occupied by the population. 

2. Results from the ODFW spawner sampling protocols are good indicators of 
population distribution and are directly related to population diversity, spatial 
structure, and connectivity. 
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3. The diversity criteria, combined with analysis of the spatial pattern of distribution 
can be used to make inferences about coho life history diversity and inform 
discussions of genetic diversity.  

4. The spatial pattern of areas with higher than average spawner densities within a 
population are appropriate for developing distribution criteria.  

 
Our primary data set used to evaluate the distribution criterion was developed by 
Talabere and Jones (2002) in their analysis of the frequency of spawner occupancy within 
survey reaches throughout the coastal coho ESU from 1989 to 2000.  The distribution 
criterion threshold was set at 50% occupancy of the spawning habitat.  This was 
measured from observations of spawners in sample reaches during each year’s surveys.  
The sample reaches were selected from a portion of the total watershed area likely used 
by coho for spawning.  If less than 50% of the spawning habitat was occupied by 
spawning coho then the population would be classified as having a severe collapse in 
distribution. Such a population would be considered at risk for the distribution viability 
criterion. 
 
However, the interpretation of a 50% threshold is highly dependent on how the term 
“occupied” is defined.  Given the sampling protocol for stream surveys, how frequent and 
concentrated do observations of spawners need to be before a stream or watershed should 
be classified as occupied?  Further, is this definition for occupied workable for both large 
and small basins?     
 
The first part of a solution to this challenge was addressed by partitioning each 
population’s habitat into areas defined by the USGS 5th field Hydrologic Unit Code (5th 
field HUC).  The USGS HUC system provides a standardized, hierarchical classification 
of drainage networks.  Most of the medium or larger coho populations exist in basins that 
are classified as single 4th field HUCs, such as the Nehalem or Alsea.  These watersheds 
are in turn comprised of multiple 5th field and even smaller 6th field HUCs.  For this 
analysis, which was 12-year retrospective look at spawner distribution, we used Talabere 
and Jones (2001) method to combine spawner data for each the 6th field HUC over a 
twelve year period.  The number of 6th field HUCs within each population became the 
units by which the 50% determination was made.  Only 6th field HUCs with spawning 
habitat were considered for this evaluation.  For example, if a population existed in a 
basin containing 12 HUCs, then at least 6 of those had to be occupied in order to ‘pass’ 
the population distribution threshold.  A 12-year time period was used because there were 
not sufficient data to reliably examine shorter periods of time.  It should be noted, 
however, that in the future with the significantly expanded spawner survey efforts 
initiated in 1998, it will be possible to shorten the evaluation period to only 2 or 3 years.  
ODFW, working in conjunction with the OTRT is in the process of refining an approach 
to accomplish this for future coastal coho ESU monitoring, assessment, and recovery 
efforts.   
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Figure 8:  Spawner surveys for the Coquille Coho Population in 2003.  The distribution 
of surveys is characteristic of the density of surveys in each of the coho populations, each 
year.  Relative abundance is shown by the vertical bars that represent each site.  The 
highest bars represent spawner densities of 200-250 spawners/mile. 
 
Having defined the 6th field HUCs as the geographic unit to be measured, a definition of 
‘occupied’ was needed to implement the use of the distribution criterion.  In other words, 
the metric needed to address the question, “what qualifies as an occupied HUC?”  It was 
decided that a feasible approach would be ODFW’s existing EMAP survey sampling 
design as a means to systematically inspect a HUC for spawners.  The EMAP sampling 
design is a protocol for selecting survey sites in a manner that is spatially balanced and 
drawn from within the known coho distribution.  Based upon the data collected from 
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these selected surveys sites, a HUC was classified as occupied if for at least 50% of the 
sampling sites examined, the density of naturally produced coho was 4 fish/mile or 
greater.  A minimum density of 4 fish/ mile was selected on the basis of the spawner 
frequency distributions developed by Talabere and Jones (2001), and by work conducted 
by Sharr et al. (2000) that suggested that at densities less than this level, the probability of 
each spawner finding a mate within a section of stream may decline.   
 
Four fish per mile is a threshold for defining occupancy and is unrelated to population 
specific abundance criterion thresholds described earlier which essentially assumes that a 
low spawner density is spread out evenly across the entire likely habitat.  The distribution 
criterion was designed under the opposite assumption that spawners are not distributed 
evenly and that spatial heterogeneity of spawning coho was informative with respect to 
the status of the population.   
 
The occupancy threshold of 4 fish/mile had several nuances.  First, only adult coho are 
counted towards the density threshold, jacks are excluded.  Also excluded are naturally 
spawning hatchery fish.  Excluding hatchery fish was done to keep the interpretation of 
fish distribution data consistent with the intent of the distribution criterion and the 
diversity criteria.  Specifically, to ensure that distribution measurements were not 
confounded by breaking the closed loop between the natural habitat and the fish that had 
exclusively interacted with this natural habitat. 
 
Although four adults/mile is not a high density, we believe that this number represents a 
threshold were spawning is likely to occur.  The probability of “finding” a mate is 
reasonably high because of the behavior of the fish as they move through the reaches and 
a key into rare patches of holding and spawning habitat.  The typical spawning stream 
reach is 1.6 km long, 6m wide with about 150m2 of spawning gravel and has about 8 
deep pools with cover for holding habitat (ODFW Aquatic Inventory and Spawner 
Survey Project unpublished data).  Within this small fraction of total stream area, there is 
a good probably of a male-female paring (87.5%) although this may be reduced in 
populations with unequal sex ratios.  
   
Within reaches defined as occupied (at least four spawners per mile), the average number 
of spawners per mile is typically much greater than this minimum threshold.  The 
frequency distribution of spawners per mile for all surveys during an interval of low 
abundance (1998-1999) is skewed toward a large number of unoccupied and low spawner 
density reaches with a scattering of reaches with higher spawners/mile (Figure 9).  
Nevertheless, the average abundance within reaches defined as occupied by this criteria 
was 24 spawners/mile.  During intervals of higher abundance (2001-2003), average 
abundance in occupied reaches was 75 spawners/mile and the frequency distribution was 
much less skewed toward lower spawner densities.  Only 50% of all reaches were 
occupied (> 4 fish/mile) during the 1998-1999 period.  However, within four years the 
percentage of reaches occupied (2001 to 2003 observations) increased to 78%.    
 
The selection of 50% as the threshold of for determining occupancy of HUC’s for each 
population is somewhat arbitrary, and should be considered preliminary, pending further 
analysis.  We regard this as a conservative criterion, as it is unlikely that spawners will be 
observed in all of the many reaches surveyed in each watershed, even in years when total 
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population abundance is high.  Also, during periods of poor ocean survival and 
consequent low abundance, we would expect and have observed occupancy at much 
lower levels.  This is consistent with landscape scale analysis for this ESU that suggests 
that just 30% to 50% of the spawning and rearing habitat is productive, even under 
historic conditions and disturbance cycles (Reeves et al. 1995).   
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Figure 9:  Distribution of coho spawners within survey reaches of the Oregon Coast ESU 
during 1998-1999 (poor ocean conditions) and 2001-2003 (good ocean conditions).   
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To augment the adult distribution information, ODFW and the OTRT are cooperatively 
working on the development of a within basin distribution metric and associated criterion 
for juvenile coho.  A preliminary examination of the data generated as a result of the 
expanded monitoring effort of juvenile coho distribution that has been ongoing since 
2001, suggests that the development of a distribution criterion for juvenile coho is 
feasible.  It is hoped that in the near future a criterion for juvenile coho distribution will 
be available to further refine the assessment and recovery planning of this species.  
 
The juvenile salmon monitoring efforts that generates the raw data necessary for this 
forthcoming distribution metric, follows the same sampling structure as adult spawner 
monitoring, but the range of habitat sampled is expanded to include rearing-only areas for 
coho, steelhead, and native trout.  Late summer snorkel counts in rearing pools provide 
reliable documentation of presence or absence as well as additional information on trends 
in abundance (http://oregonstate.edu/Dept/pacrim/WORPAN0203.pdf ).    
 
Finally, these indicators will continue to be developed and refined.  ODFW monitoring 
staff meet monthly with (Oregon Plan EPA stat group) and have enlisted the aid of spatial 
statisticians at Oregon State University and  Colorado State University to test the 
applicability of this assessment approach, but based more directly on the spatial structure 
of river networks.  This work is coordinated with ODFW’s most recent analysis of the 
spatial structure of habitats and habitat-based carrying capacity.  Preliminary results show 
a high correlation between carrying capacity models based on habitat metrics and the 
patterns of fluctuating abundance in the spawner survey reaches.  Combining this data, 
we will be able to assess which habitats, and by inference which life history patterns, will 
be most influenced by future changes in environmental conditions.  This information will 
contribute to the capacity to detect changes in distribution and population abundance 
relative to specific habitat conditions, and support timely management responses to 
factors that may limit future viability.      
 
 
Criterion 5 – Within Population Diversity 
 
Within population diversity is the result of phenotypic differences among individuals.  
These differences provide the flexibility of the population as a whole to respond 
successfully to short-term environmental variations.  They also are the basis by which 
populations are able to adapt and evolve as conditions within their home range go 
through changes that are more permanent.  Therefore, maintaining sufficient within 
population diversity is an issue of both short-term and long-term survival.  The 
development of this criterion was based upon the importance of diversity as a factor in 
evaluating the conservation status of a population.   
 
Within population diversity is controlled by a variety of forces including: evolutionary 
legacy, immigration from other populations, mutation, selection, and random loss of 
genetic variation due to small population size.  However, it is this last factor that is most 
commonly recognized as a concern for species that are vulnerable to extinction.  The 
genetic consequences of small population size and numerous approaches to defining 
minimum population abundance thresholds have been investigated widely (Soule 1980; 
Lande 1995; Franklin and Frankham 1998; Rieman and Allendorf 2001).  In nearly all 
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cases, this becomes an exercise of identifying a rate at which genetic variation can be lost 
without causing a risk to a population’s short or long-term persistence.  The diversity 
criterion was developed around this concept.   
 
After considerable review of the genetics and conservation biology literature, it was 
concluded that maintaining at least 95% (or losing no more than 5%) of a population’s 
heterozygosity over a 100-year period as recommended by Allendorf and Ryman (2002) 
would be used as a conservation threshold.  In this formulation, heterozygosity is used as 
the metric to represent genetic diversity.  However, having defined the thresho ld in 
genetic terms it was then necessary to have a method to actually measure or forecast this 
loss rate for coastal coho populations.  For this purpose we used a long known 
relationship between a theoretical population size and the rate at which heterozygosity is 
lost.  This relationship developed in the early in the 20th century and as described by 
Wright (1969), can be described by the following equation:     
 
  ?H = (-1/2Ne)(100%)       (11) 
 
where ?H = the expected amount of genetic variation lost in one generation (expressed 
percent of heterozygosity lost), and Ne is the number of adults in a population, where 
each member has equal probability of contributing offspring to the next generation 
(expressed as the effective population size).  Based upon this equation the value for Ne 
necessary to retain 95% of the genetic variation after a certain number of generations (t = 
generations) can be expressed as: 
 
  Ne = 1/[2(1 – 0.95(1/t))]      (12) 
 
To solve the calculation of Ne in Equation 12 for coho, a value for the number of 
generations (t) expected for a coho population over a period of 100 years (the reference 
time period) is required.  Although coho salmon spawn primarily at age 3, some 
precocious males (jacks) from each brood spawn at age 2.  The proportion of jacks 
appears to vary among coastal populations, with stream populations averaging about 6% 
and lake populations averaging about 22% (ODFW, Unpublished data).  The result is that 
average age at maturity for stream populations is 2.94 years (34.01 generations in 100 
years).  And for lake populations, is 2.78 years (35.97 generations in 100 years).  
Therefore, substituting these values for t into Equation 12, a Ne of 332 and 351 is 
obtained for stream and lake populations, respectively.  So in other words if these values 
for Ne are obtained, no more than 5% of the population’s heterozygosity will be lost over 
a period of 100 years.  
 
Developing a Metric for Ne - The calculation of minimum values of Ne for coastal coho 
are mathematically valid only if coho populations meet the conditions of an “ideal” 
population.  An “ideal” population, whose abundance is represented by the symbol Ne, 
must meet certain conditions such as: no overlapping generations, equal sex ratio, 
constant population size, and equal probability of reproductive success for all members of 
the population.  The problem is that nearly all populations (regardless of the species) fail 
to meet these “ideal” constraints.  Therefore, to estimate the rate of genetic loss based 
upon the number of spawners, a significant number of ‘corrections’ need to be made.  
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Essentially, the goal of these corrections is to build a metric that represents Ne but which 
can be applied to the species and data in question.   
 
Typically, when these corrections are made, the number of individuals necessary to 
achieve the genetic behavior of an “ideal” population is greater than the size of the 
“ideal” population.  By convention, Ne is used to represent the number adults in an ideal 
population and N the number of adults actually counted in the population.  In most real 
life situations, Ne/N is less than 1.0, (i.e., N is greater than Ne).  For salmonids, Allendorf 
et al. (1997) suggest that Ne/N ratios in the range of 0.20 may be typical.  Likewise, 
McElhaney et al. (2000) suggest that a Ne/N ratio of 0.30 is a reasonable expectation.    
 
One factor that can cause Ne to be less than N is if the probability of producing offspring 
is unequal among individual spawners.  In some extreme examples only a few members 
of the spawning population produce all of the surviving offspring.  In effect, the genetic 
contribution to the next generation comes from a much smaller number of individuals 
than a simple count of spawning individuals would suggest.  Obviously, the challenge of 
estimating how many offspring each spawner in a wild population produces is a daunting 
proposition.  However, several estimates of offspring produced per individual spawner 
have been made for salmonids in recent years (Simon et al 1986, Geiger et al. 1997, and 
Seamons et al. 2003).  Results from these studies can be compared in a standardized 
manner by calculating VK /K, where VK = variance in offspring produced per spawner 
and K = mean number of offspring produced per spawner.  Among these studies the 
values for VK/K are confined to a surprisingly narrow range from 2.63 to 2.96, with a 
mean of 2.77.   
 
An ‘ideal’ population represented by Ne is assumed to have a pattern of offspring per 
parent across all parents that follow a poisson distribution characterized by a ratio of 
Vk/K ˜ 1.  With salmonid populations, apparently having a ratio that is much greater than 
1 (for example 2.77 in the studies discussed above), there is a need to adjust Ne 
calculations to account for this difference.  As described by Hartl (2000), the ratio of 
VK/K can be used to adjust the calculation of Ne for unequal probabilities of reproductive 
success using the following equation 
    

Ne = 2N/[1 + (VK/K)]    (13) 
 
When a value of 2.77 (mean of three studies cited above) is substituted for VK/K in 
Equation 13, the relationship between N and Ne becomes: Ne = 0.53N.  In other words, 
to account for unequal reproductive success probabilities, N should be reduced by 0.53 in 
the computation of the effective population size, Ne. 
 
Another factor that needs to be considered in the estimation of Ne is the effect of year-to-
year variation in recruitment for species with overlapping generations.  For example, 
Waples (2002) suggests that such variability in Chinook salmon results in a 40% to 60% 
reduction in the value calculated for Ne.  Although compared to Chinook, coho have less 
variation in age of maturity; Van Doornik et al. (2002) demonstrated that jacks (2-year 
olds) contribute enough to gene flow between different age-classes that genetically, coho 
should be treated as a species with overlapping generations.  Therefore, even though the 
majority of the reproduction comes from 3-year old fish, coho should not be treated as a 
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species without overlapping generations, for example such as pink salmon.  Based upon a 
synthesis of these two studies (Waples 2002 and VanDoornik et al. 2002), an additional 
reduction of 60% was applied to the calculation of Ne for coastal coho.  Although a 60% 
reduction is the upper portion of the range suggested by Waples (2002), his analysis was 
based upon Chinook which have a greater overlap in generations than do coho.  
Therefore, it seemed appropriate to use the higher reduction value (60%).  The net result 
of the overlapping generation adjustment and the one for unequal reproductive 
contribution among families (Equation 13) is the following:  
 
  Ne = (0.53N)(1-0.60) = 0.212N     (14) 
 
It is interesting that this level of reduction (Ne = 0.212N) is within the range of values 
suggested for salmonids by Allendorf et al. (1997) (Ne = 0.20N) and by McElhaney et al. 
(2000) (Ne = 0.30). 
 
Spawner abundance estimates for salmon are typically collected on an annual basis.  
However, for a species with overlapping generations (such as salmon) the value for N, 
such as in Equation 14, needs to incorporate the fact that each year’s spawning 
population is comprised of individuals from different year classes.  Waples (1990) 
demonstrated that for Pacific salmon this problem of overlapping generations can be 
accounted for in the calculation of Ne using the relationship described below.  
 
   Ne = g (Nb)       (15) 
 
Where g = the average age at maturity for the species and Nb is the harmonic mean of 
annual counts of spawners for the entire data set.  As previously discussed the average 
age at maturity was g = 2.78 years for lake populations (i.e., Siltcoos, Tahkenitch, and 
Tenmile) and g = 2.94 years for all other populations (stream populations).  The harmonic 
mean of annual spawner counts (Nb in Equation 15) is calculated from: 
 
  Nb = 1 / (1/t)( ? (1/Ni))     (16) 
 
Where t = number of years counted and Ni = number of spawners counted for each year.  
It should also be noted that using a harmonic mean to characterize spawner abundance 
essentially gives greater weight to the smaller numbers in the data set.  This approach is 
generally accepted as a way to incorporate the errors that will occur in estimating Ne if 
population abundance fluctuates widely, as is frequently the case for coho salmon.  
Finally, bringing together the previous adjustments described by Equation 14 for 
estimating Ne with those of Equation 15 to account for overlapping generations yields the 
following equation: 
 
  Ne = 0.212 g (Nb)      (17) 
 
Substituting the average maturity age for lake populations (g = 2.78) and stream 
population (g = 2.94), Equation 17 can be simplified to: 
 
  Ne = 0.589Nb       (18) 
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for lake populations and for stream populations,  
 

Ne = 0.623Nb       (19) 
 
As presented earlier (see Equation 12 discussion), Ne values of 351 for lake populations 
and 332 for stream populations were computed as the Ne that must be achieved to retain 
at least 95% of the population’s heterozygosity over a 100-year time period.  Equations 
18 and 19 can be used to calculate Ne values directly from an easily measurable quantity 
– annual spawner abundance, expressed as a harmonic mean over several years.  These 
equations can also be rearranged such that given a desired Ne; the harmonic mean 
necessary to achieve this Ne can be calculated.  As previously stated, the minimum Ne 
values for coastal coho were 351 and 332 for lake and stream populations, respectively.  
Translating this to a harmonic mean yields an Nb for lake populations of 351 / 0.589 = 
595 and an Nb for stream populations of 322 / 0.623 = 533. 
 
The value for the abundance threshold for the diversity criterion was conservatively 
established by averaging the critical Nb values for the lake and stream populations 
(average = 564) and rounding this number upward to 600.    
 
It is possible to use a retrospective or prospective approach to determine if a population 
meets this Nb abundance threshold.  For the purposes of this criterion, only the 
prospective approach was considered.  The output from the population viability model 
discussed in the persistence criterion section was used to estimate the harmonic mean for 
a period of time 100 years into the future.  Mechanically, a harmonic mean of the 
spawner escapements was computed for each 100-year trial of the viability model.  After 
all of the trials were completed (generally there were 3,000 trials per model run), the 
average of the harmonic means for the individual trials was determined.  To ‘pass’ the 
diversity criterion the average of the harmonic means had to be greater than 600. 
 
 
 
 
Summary of Population Criteria and Evaluation Thresholds 
 
Population criteria were developed to assess the conservation status of Oregon coastal 
coho.  A summary of each of these and the associated evaluation thresholds are presented 
in this section of the report.   
 
Criterion 1 - Spawner Abundance 

Metric 
The average abundance of wild spawners for the years 1993 to 1999 minus the 
minimum viable abundance level for the population equivalent to a spawner 
density of five fish per stream mile.  
 
Evaluation Thresholds  
Pass  - The test metric is a positive number 
Fail – The test metric is a negative number. 
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Criterion 2 - Productivity  
Metric 
The geometric mean of recruits per spawner for those brood years between 1990 
and 1996 when the parental spawner density was less than 10 fish per stream 
mile. 
 
Evaluation Thresholds 
Pass - The test metric is greater than or equal to 1.1 R/S.  
Fail – The test metric is a less than 1.1 R/S. 

 
Criterion 3 - Persistence. 

Metric 
The forecast probability of extinction based on results from a population viability 
simulation model.  

 
Evaluation Thresholds 
Pass – If probability of extinction is less than 0.05  
Fail – If the probability of extinction is greater than or equal to 0.05  

 
Criterion 4 – Spawner Distribution. 

Metric 
The percentage of the potential coho habitat, partitioned into 6th field HUCs, that 
was occupied from 1989 to 2000.  
 
Evaluation Thresholds 
Pass – Greater than 50% of the 6th field HUC sub-basins are occupied. 
Fail – Less than or equal to 50% of the 6th field HUC sub-basins are occupied. 
 

Criterion 5 - Diversity. 
Metric 
The average of the100-year harmonic means of spawner abundance as forecast 
from a population viability model is greater than the critical threshold of 600. 
 
Evaluation Thresholds 
Pass – If 100-year harmonic mean is greater than 600.  
Fail – If 100-year harmonic mean is less or equal to than 600.  

 
 

 
VIII. Integration of Population Criteria for ESU Evaluation 
 
Five population level criteria were used to gauge the status of individual coho 
populations within the Oregon coast ESU.  The process used to reduce the results from 
each criterion into a single determination for each population was strongly precautionary.  
A population was given an overall ‘fail’ classification if it failed any of the five 
population criteria (i.e. abundance, productivity, persistence, distribution, or diversity).  
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To obtain a determination of biological status for the ent ire Oregon coastal coho ESU it 
was necessary to combine the results from the individual population assessments in a 
manner to determine if the ESU was viable.   
 
After considering several alternatives, the following simple test was developed: 
 
Criteria for ESU Viability = At least 50% of all the populations within the ESU are 
classified as passing the viability criteria and each ESU stratum contains at least two of 
these passing populations.  
 
In the case of the dependent populations, their contribution to establish criteria for ESU 
viability was assumed to be very small.  Lawson et al (2004) estimate that the combined 
contribution of these dependent populations in terms of number of wild fish produced 
was historically less than 3% of the total for the entire Oregon coast ESU.  In other 
words, 97% of the coho production originated from the 21 independent populations that 
are the primary focus of this assessment.  Although these dependent populations may 
serve as part of a genetic conveyor belt in promoting gene flow up and down the coast, 
the existence of this role is mostly speculative and to date has not been demonstrated.  
However, in terms of a monitoring tool, the abundance of coho in dependent populations 
may be a valuable indicator as to overall abundance and connectivity within the ESU.   
 
This test of viability does not address the role of populations classified as dependent (see 
Table 1) nor does it require independent populations that ‘fail’ the population criteria to 
meet some other lower conservation standard.  However, independent populations that do 
not meet all of the population criteria are still assumed to be significant to the health of 
each stratum and the ESU overall.  They may recover at some point in the future such 
that they will pass all the criteria and contribute fully to the viability of the ESU.  The 
only exception to this potential would be populations that have become extinct, a 
classification which none of the 21 independent populations met.  However, the present 
and future contribution of these ‘no pass’ populations to ESU viability is difficult to 
quantify.  It was concluded that crafting another layer of criteria for such populations was 
a task of considerable complexity and one that would likely not yield much additional 
insight as to the overall status of the ESU.  Therefore, in assessing the viability of this 
ESU, the presumed state of these ‘no pass’ populations was considered only as a qualifier 
to the quantitative determination obtained from the  ESU evaluation process. It is 
anticipated this issue will become more relevant in the development of a 
conservation/recovery plan that establishes criteria for broad sense recovery goals and 
full realization of Oregon Plan objectives. 
 
 

IX. Application of Criteria - Oregon Coastal Coho 
 
Population Results 
 
Following the methods described, data for Oregon coastal coho populations were 
analyzed to determine their status relative to the biological criteria.  The results were 
mixed.  In general, it appears that populations in the northern portion of the ESU are at 
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greater risk than those further to the south (Table 5).  The failure rates for all criteria are 
higher for the North Coast and Mid Coast strata. It was also apparent that if a population 
failed one of the criteria it was likely to fail other criteria as well.  All of the seven 
populations that were assigned the fail classification failed more than one of the criteria 
with the exception of the Nehalem.  The fact these different and somewhat independent  
 
Table 5. Results of an evaluation of 21 populations of Oregon coastal coho with respect 
to five biological criteria designed to assess conservation status.  Cells that contain results 
that do not pass a particular criterion are shaded and the associated numbers presented in 
bold font type.  The critical values for each criterion are noted in parenthesis in each 
column heading.   The Criterion 3 results are stated in terms of the probability of 
effective extinction in 100 years.  Criterion 4 results are the percentage of the 6th field 
HUCs within a basin that are occupied by spawners.  Criterion 5 is the average harmonic 
mean of spawner abundance forecast for the next 100 years. For additional detail see text.   

 
Population 

Criterion 1 
(Abundance) 

(+) 

Criterion 2 
(Productivity) 

(1.1) 

Criterion 3 
(Persistence) 

(0.050) 

Criterion 4 
(Distribution) 

(50%) 

Criterion 5 
(Diversity) 

(600) 

 
Combinedc 

Necanicum +76 1.25 0.002 100% 777 Pass 
Nehalem +149  --a 0.081 80%  2926 Fail 

Tillamook -61 1.03 0.156 100%  721 Fail 
Nestucca +259 1.59 0.001 100%  2850 Pass 
Salmon -130 0.80 1.000 0%  1 Fail 
Siletz -387 0.74 0.251 100%  401 Fail 

Yaquina +1589 5.59 0.005 100% 2591 Pass+ 
Beaver +652 5.55

b
 0.000 100%  1389 Pass+ 

Alsea -209 0.61 0.028 100%  1505 Fail 
Siuslaw +1351 1.51

b 0.000 100%  10320 Pass+ 
Low Umpqua +4013 12.91

b 
0.000 100%  10219 Pass+ 

Mid Umpqua +1820  --a 0.000 100%  4477 Pass+ 
N. Umpqua +726  --a 0.137 n.a. 252 Fail 
S. Umpqua +1731 7.46

b 0.000 70%  3319 Pass+ 
Siltcoos +2958  --a 0.000 100%  5448 Pass+ 

Tahkenitch +1859  --a 0.000 100%  2786 Pass+ 
Tenmile +5065 12.43

b 0.000 100%  14891 Pass+ 
Coos +7774  --a 0.000 100%  15241 Pass+ 

Coquille  +4687 1.17
b 0.000 83%  12439 Pass 

Floras +909  --a 0.000 100%  1110 Pass 
Sixes -83 1.71 0.994 100% 2 Fail 

aAll spawner densities for the period were greater than the selection threshold for the productivity criterion 
of 10 fish per mile. 
bValue represents either a single data point or an average of only 2 data points because all other spawner 
densities were greater than the selection threshold for the productivity criterion of 10 fish per mile.  
cThe “Pass+” designation is a simple qualitatively notation that these populations met the viability criteria 
by a greater margin that those that were classified as only “Pass” 
 
measures of population health give consistent readings, reinforces the strength of the 
overall population assessment approach.  Finally, the lakes stratum was the only one for 
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which all of the populations passed all of the criteria.  This is consistent with the view 
that this stratum is probably the most robust and extinction resistant of the five strata that 
comprise the coastal coho ESU.  
 
As noted earlier, one strength of this analysis is that intensive monitoring activities were 
tracking the performance of coastal coho during a period of adverse marine survival 
conditions that was probably the greatest viability challenge that these populations have 
experienced in the past 50 years.  This allowed an empirical test of their productivity and 
resilience under extreme conditions. On the other hand, a weakness is that the data permit 
only one look in time at such a challenge.  It begs the question as to whether one 
challenge is sufficient to demonstrate that a population will respond positively to the next 
occurrence of a similar period of poor marine survival rates.   Is the proper interpretation 
of a population surviving one period of poor marine survival that it is healthy, or just 
lucky?  Obviously, with the limited time series of available data this question can not be 
empirically tested.  The problem of how many times can a population be challenged 
before it fails is not a question that lends itself to an empirical answer for a relatively long 
lived species like coho salmon.  This type of question is better explored with prospective 
modeling exercises, such as the one used for the persistence criteria, where repetitive 
challenges can easily be generated.  However, it is worth considering that the results for 
the abundance and productivity criteria, while performed on one population at a time; 
they were performed for the same environmental challenge.  Therefore, if the results 
across all populations are considered together they could be viewed as pseudo-replicates 
for the same treatment.  From this perspective, the fact that approximately 3/4 of the 
populations passed the criterion is a useful consideration. 
 
ESU Results 
 
Of the ESU’s 21 populations, 14 passed all population criteria.  In addition, at least two 
populations passed all criteria in each of the five strata.  Therefore, the ESU met the 
quantitative standard for a classification of Viable.  In general, populations in northern 
strata are at higher risk than those in the southern strata.  This information coupled with 
the limiting factor analyses in Part 1, will be used to help guide ongoing conservation 
efforts for this species.  
 
 

X.  Additional Considerations  
 
Although the direct application of the population criteria and analysis of available data 
yielded a viable classification for Oregon coast coho, additional considerations were 
factored into the assessment.  These revolved around three general topics: 1) key 
assumptions associated with criteria development and analytical protocols, 2) issues of 
data quality and measurement error, 3) assumed range of future environmental conditions 
and fishery management scenarios including catastrophic events, and 4) interim and 
future procedures to detect changes in ESU status. This section is devoted to these topical 
areas and how they were weighed in finalizing a status assessment for this ESU. 
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Key Assumptions and Analytical Protocol for Population Criteria 
 
Density Dependent Population Recruitment - The authors believe the evidence that 
supports density dependence population regulation in natural coho salmon populations is 
ubiquitous and compelling.  Both the observations presented here and elsewhere (Beidler 
et al. 1980, Nickelson and Lawson 1998, and Nickelson 2003) support the notion that as 
the density of spawners declines the number of recruits produced per spawner increase.  
As such this assumption was incorporated into the development of population criteria.  
However, several reviewers of an earlier draft of this assessment have questioned this 
assumption.  Their argument was centered not so much on whether density dependent 
population recruitment was a legitimate hypothesis for coho salmon, but rather that the 
statistical problems of demonstrating its existence from available data may be 
insurmountable.  Further, it was implied that if the density dependent assumption were 
excluded from the evaluation methodology, the resulting assessment may suggest the 
ESU may not achieve a “viable” classification.  The authors believe that such views 
overstate the problem of demonstrating density dependence.  Further, that the alternative 
hypotheses to density dependence are neither plausible nor consistent with the underlying 
ecological and evolutionary characteristics of this species and available data.   
 
However, rather than engage in a protracted analysis of this question, energy was instead 
devoted to an evaluation as to how critical the assumption of density dependence was to 
the outcome obtained by this assessment. The persistence and diversity criteria were the 
primary elements influenced by the density dependent recruitment assumption.  This is 
because the metrics for these criteria were tied to the output from a computer generated 
simulation of recruitment processes which were assumed to be largely density dependent.   
 
A recruitment model was developed that excluded the effect of spawner density on 
subsequent population recruitment.  This was referred to as the density independent (DI) 
model and as represented by Equation 5.  To evaluate sensitivity of the assessment results 
to the density dependent assumption, the persistence and diversity criteria were examined 
for each population using methodologies based upon the DI recruitment model rather 
than the DD model.   
 
The result for the persistence and diversity criteria (Criteria 3 and 5) using the DI 
recruitment model was relatively similar to the result obtained for the DD model (Table 
6).  The exception were the dissimilar results for the Alsea, Tillamook and Floras 
populations although the Floras result may be suspect in either case because the data 
available to estimate model parameters were quite limited (n = 7 brood years).  This may 
have resulted in significant errors in the parameter estimates, which may by chance lead 
to the dissimilar results.  Regardless, if the DI model had been used to evaluate the 
persistence and diversity criteria ins tead of the DD model the result for the strata and the 
ESU would have been the same: all strata would have passed and the ESU would have 
been classified as meeting the criteria for viability.  
 
The authors believe the evidence for density dependence population regulation in coho 
populations is compelling. However, whether or nor density dependence is assumed in 
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the models used for the persistence and diversity criteria seems to have little bearing on 
the outcome of the status assessment for Oregon coast coho.  The ESU appears viable 
with or without the assumption of density dependence.  
 
Table 6. Evaluation of 21 populations of Oregon coho with respect to viability criteria for 
persistence (Criterion 3), and diversity (Criterion 5) based on density independent (DI) 
and density dependent (DD) simulation models.  Cells that contain results that fail 
criterion threshold are shaded and the associated numbers presented in bold font type.   

 Criterion 3 
(Persistence) 

Criterion 5 
(Diversity) 

Population DD model DI model DD model DI model 
Necanicum 0.002 0.011 777 930 
Nehalem 0.081 0.073 2926 2816 

Tillamook 0.156 0.017 721 3304 
Nestucca 0.001 0.000 2850 7849 
Salmon 1.000 1.000 1 1 
Siletz 0.251 0.156 401 465 

Yaquina 0.005 0.007 2591 3688 
Beaver 0.000 0.001 1389 1220 
Alsea 0.028 0.101 1505 850 

Siuslaw 0.000 0.001 10320 13180 
Low Umpqua 0.000 0.000 10219 7484 
Mid Umpqua 0.000 0.000 4477 3876 
N. Umpqua 0.137 0.217 252 187 
S. Umpqua 0.000 0.000 3319 13135 

Siltcoos 0.000 0.000 5448 6600 
Tahkenitch 0.000 0.000 2786 1668 

Tenmile 0.000 0.000 14891 5159 
Coos 0.000 0.000 15241 19129 

Coquille  0.000 0.000 12439 17615 
Floras 0.000 0.939 1110 2 
Sixes 0.994 1.000 2 1 

 
 
 
Extinction Event Definition for Persistence Modeling - The results from modeling 
persistence were stated in terms of the probability of extinction.  As discussed earlier, the 
definition of extinction was a critical abundance test threshold having a value greater than 
zero, considerably so for some of the larger populations (Table 7).  This critical test 
threshold was the equivalent of approximately one spawner per mile. However, a less 
precautionary approach to forecasting extinction risk would have been to use a critical 
test threshold of zero fish.  Although such approach was not taken, a sensitivity analysis 
was performed to determine how the use of zero abundance as a test threshold would 
change estimates of population persistence that were used in the status evaluation. 
 
As expected, the use of an extinction event threshold of zero resulted in lower 
probabilities of extinction and fewer populations with non-viable results than with the 
higher test thresholds used to evaluate the persistence criterion.  Overall the difference 
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between these two test thresholds does not appear great.  Therefore, the results obtained 
for the persistence modeling are not overly sensitive to the whether the test threshold was 
zero or the equivalent of one fish per mile.   
    
Table 7.  Estimates of probability of extinction for 21 populations of Oregon coastal coho 
based upon a persistence simulation model under two test thresholds that defined what 
constituted extinction abundance.  

Persistence Criterion  Alternate Test Threshold  
 

Population 
 

Probability 
Test 

Threshold 
 

Probability 
Test 

Threshold 
Necanicum 0.002 50 0.001 0 
Nehalem 0.081 370 0.004 0 

Tillamook 0.156 170 0.064 0 
Nestucca 0.001 100 0.000 0 
Salmon 1.000 50 1.000 0 
Siletz 0.251 170 0.023 0 

Yaquina 0.005 120 0.001 0 
Beaver 0.000 50 0.000 0 
Alsea 0.028 190 0.003 0 

Siuslaw 0.000 460 0.000 0 
Low Umpqua 0.000 280 0.000 0 
Mid Umpqua 0.000 120 0.000 0 
N. Umpqua 0.137 50 0.053 0 
S. Umpqua 0.000 140 0.000 0 

Siltcoos 0.000 50 0.000 0 
Tahkenitch 0.000 50 0.000 0 

Tenmile 0.000 50 0.000 0 
Coos 0.000 180 0.000 0 

Coquille  0.000 240 0.000 0 
Floras 0.000 50 0.000 0 
Sixes 0.994 50 0.768 0 

 
 
Data Quality and Measurement Error  
 
Abundance Estimates for Spawners and Recruits - For all but the distribution 
criterion, the basic data that went into the analyses were population specific spawner 
abundance estimates made for the years 1958 to 2003 (Appendix 2).   The method used to 
derive these estimates was complex and potentially the source of substantial error. 
However, in general the confidence intervals fo r most population estimates were in the 
range of ± 50% of the number used in the subsequent assessment analyses, which for 
biological systems is fairly robust.  
 
One obvious concern would be if the population estimation methodology consistently 
over-estimated the true population size (positive bias).  Although more work needs to be 
done on this question, preliminary information from a study on the Smith River (tributary 
to the lower Umpqua) suggests that the reverse may be true.  Data from an ODFW 
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research study shows that the number of coho spawning above Smith River Falls as 
estimated by mark-recapture techniques has been consistently larger than the population 
estimate for the same area based on the same survey methods used elsewhere on the 
Oregon coast.  If these results are representative, it is possible that the present spawner 
abundance methodology tends to under-estimate rather than over-estimate the true 
escapement.  Obviously, from a conservation assessment standpoint, utilizing a method 
that tends to under-estimate abundance is more acceptable because it is precautionary.  
 
For those locations where naturally spawning hatchery fish were present, estimating their 
proportion in the natural spawning population introduced another source of error.  As 
described in Appendix 2, these estimates were based upon a relatively small sub-sample 
of the fish within a spawning population.  However, this source of error is primarily a 
problem for estimation of wild recruits produced by the population and not total 
spawners.  Recruits are calculated from the population abundance estimates, but with the 
hatchery fish subtracted away.  The resulting number is then expanded by the estimated 
fishery mortality rates (another source of error) to yield the pre-harvest population 
abundance of wild fish.  Therefore, the potential for measurement error for recruits is 
higher than for total spawners, because the calculation of recruits requires more 
manipulation with estimates of additional factors (i.e., proportion of hatchery fish in 
spawning population and mortality rate from fisheries).  
 
Clearly, overestimates of spawner abundance, if they are consistently large, have the 
potential to result in populations passing the abundance criterion, where they would fail if 
this positive bias was accounted for.   The result of measurement errors and bias is more 
complicated with respect to evaluations for the productivity criterion.  In one respect, if 
the primary problem is in the measurement of spawner abundance, then the productivity 
metric of recruits per spawner (R/S) would be relatively unaffected if there was a 
consistent positive or negative bias, since the metric is a ratio and not an absolute 
number.  More problematic however, are the estimates of fishery related mortality rates.   
In particular if these mortalities are over-estimated then it would have the effect of 
inflating the number of recruits, especially in years when the fishery rates were high.  
This would increase the R/S ratio and result in a productivity estimate that was higher 
than the true productivity for the population.   
 
However, with respect to the productivity criterion evaluations, the test period 
corresponds with adults that returned from 1993 to 1999.  Unlike years prior to this 
period, the fishery impact rates were much reduced (Figure 7).  Therefore, the potential 
for overestimation of fishery related mortality to cause a positive bias in R/S during this 
period was probably low. 
 
More difficult to assess is the likelihood that the magnitude of error variance for the 
recruit estimates was greater than for the spawners.  Additional evaluation is needed to 
fully evaluate the significance of this problem, specifically whether this resulted in 
overestimates of R/S.   
 
Finally, for several populations with naturally spawning hatchery fish, estimating recruits 
requires that the ratio of wild to hatchery spawners be made with relative accuracy.  In 
recent years, all returning hatchery fish were identifiable by fin clips.  However, for most 
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of the data time period from 1958 to present, distinguishing hatchery and wild fish was 
less certain as the primary classification method was the examination of scales collected 
from spawned out fish for growth rings that characterized rearing in a hatchery 
environment.  Although this method was less precise, as long as there was not a 
consistent bias one way or the other the primary shortcoming would be the introduction 
of more ‘noise’ to the data.   
 
More difficult, however was to know whether the approach used to expand the estimates 
of hatchery to wild ratios for the entire population was bias free.  The distribution of 
naturally spawning hatchery fish is rarely random, especially if there is a hatchery within 
the basin.  If in accounting for this non-random distribution, expansion errors are made, 
then the estimate of wild recruits at the population level could be wrong and potentially 
introduce consistent bias.  For example, if 100 spawned-out coho were sampled in a basin 
and 50 of them were found to be hatchery fish, a simple expansion of this proportion 
would result in converting the spawner abundance estimate for the entire population to 
50% hatchery fish and 50% wild fish.  However, if 45 of the hatchery fish that were 
recovered came from a small stream directly below the hatchery site that was also 
isolated from where the majority of the wild population spawned, then the true number of 
wild fish in the population across the entire basin would be much larger. The procedures 
used to estimate hatchery and wild fish for the purpose of this assessment were designed 
to avoid such problems, but it was unlikely this was entirely successful.  
 
It should be recognized that for most of the populations of coho in this ESU hatchery 
coho are relatively rare and therefore the greatest potential for this problem occurs in 
those locations that are heavily influenced by hatchery fish, such as the Nehalem, 
Tillamook, Salmon, Alsea, and North Umpqua.  Even in these locations, the scale of the 
hatchery program has been reduced and therefore in the future the data quality problems 
associated with dividing total spawner estimates between hatchery and wild fish will be 
lessened.     
 
Finally, mistakes in estimating spawners and recruits have the potential to cause 
problems with respect to the persistence and diversity criteria since both are based on a 
recruitment model that is fit to data from each population.  A discussion of this problem 
and associated sensitivity analyses are provided in the next section. 
 
 
Estimation of Recruitment Model Parameters - Methodologies for several criteria 
were reliant on the DD recruitment model.  The general model was fit to specific data for 
each population and parameters were estimated accordingly (Equation 4).  Even though 
two factors thought to be important to population recruitment for coho, spawner 
abundance and marine survival, were integrated into the DD model, rarely could more 
than 60% of the variation in population recruitment be explained by the model.  If 
nothing else this was a warning that even using the bootstrap estimation procedures, the 
likelihood of errors in estimating the correct values for the recruitment model parameters 
was likely.  
 
However, for the purposes of this assessment the relevant question was how sensitive are 
the outcomes of population and ESU status assessments to different estimate of the model 
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parameters? Further, once it was understood how sensitive the assessment results were to 
errors in the estimation of the model parameters, was there evidence that errors of this 
magnitude occurred?  
 
To test the first part of this question, the parameter values for each population were 
changed and the net impact on the persistence criterion evaluations and overall ESU 
assessment was determined.  As a precautionary measure, this sensitivity analyses 
focused only on the concern that the risk of extinction determined for each population, 
and as used in evaluating the persistence criterion, was higher than reported because of 
errors in estimating model parameters.  In other words, the sensitivity ana lyses examined 
the condition where the value for the recruitment parameter estimated was erroneous in a 
direction that if the true value would have been used in the modeling runs, the risk to 
extinction would have been higher.   
 
Further, in the interests of brevity, the sensitivity analyses results presented here 
represents only a small portion of the full combination of possible parameter values that 
could have been tested.  However, the parameter values tested were intended to represent 
the likely outward bounds of the magnitude of these errors.  Finally, ODFW has an 
ongoing effort to further refine this sensitivity analysis to ultimately provide help to the 
future assessment, recovery planning and implementation activities related to the 
conservation of these populations. 
 
For each population, persistence model runs were made under four different parameter 
error scenarios.  The first evaluated the impact of turning down the value for the ‘a’ 
parameter such that the R/S value used in the recruitment calculations was essentially 
reduced by 30%.  Effectively, this gave the outcome from a scenario where the true 
values for the ‘a’ parameter yielded a recruitment rate that was 30% lower than estimated 
and used to evaluate the persistence and diversity criteria. The second test focused on the 
value for the ‘B’ recruitment equation parameter, adjusting it such that the maximum 
number of adults that could be produced by the population was reduced by 30%.  In the 
third sensitivity test the value for the marine survival parameter ‘c’ was turned up such 
that the weighting given to changes in the OPI marine survival index was increased by 
30%.  This was anticipated to cause a weaker recruitment potential when the population 
cycled through the period of poor marine survival in the persistence model simulations.  
Finally, a fourth simulation was run wherein all of the adjustments to individual 
parameters were the same as in test one through three, however rather than separate, all 
of these changes were combined for a ‘perfect storm’, scenario for recruitment parameter 
errors. 
 
As illustrated in Table 8, the probability of extinction increased substantially for each of 
the parameter error scenarios.  With the exception of the second sensitivity test involving 
the ‘B’ parameter, a sufficient number of populations failed such that two strata failed.  
This would not have passed our criteria for viability.  Among the populations there was a 
clear north to south pattern.  The model output under any of the sensitivity test scenarios 
was more likely to yield a change from a pass to a fail for the persistence criterion for 
populations in the northern portion of the range.  
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The results for the fourth sensitivity test, which assumed the errors for each of the three 
parameters occurred together, were predictable given the outcomes for the analyses when 
these parameters were considered separately. In this ‘perfect storm’ scenario of parameter 
estimation bias and error, the model estimates of extinction were substantially larger than 
any of the first three scenarios.  However, even in this case the north to south pattern of 
sensitivity to these errors was clearly evident.  
 
Table 8.  Probability of extinction estimates for 21 populations of Oregon coastal coho 
under different parameter error scenarios.  Extinction probabilities for the ‘Base’ column 
are as those reported earlier in the status assessment for the persistence criterion.  
Probabilities given for test 1, 2, and 3, represent, respectively, a 30% reduction in R/S 
(a), a 30% effective reduction in the maximum number of recruits that can be produced 
(B), and a 30% increase in the sensitivity of population recruitment to changes in the OPI 
marine survival index (c). The results in the last column combine parameter changes of 
test 1 through 3 into a single, worst case scenario (a + B + c).   

 
 
One interpretation of the results from these parameter sensitivity analyses might be that 
the persistence model forecasts are not reliable and may significantly underestimate risk.   
However, there are good reasons why such an interpretation is likely incorrect, at least at 
the ESU level.  The sensitivity analyses examined parameter errors in a direction that 
were anticipated to increase extinction probabilities.  Further, the magnitude of these 
‘one-way’ errors was assumed to be at the upper end of what was plausible.   
 

 
 

Population 

 
 

Base 

a  
sensitivity 

test 1 

B 
sensitivity 

test 2 

c 
sensitivity 

test 3 

a + B + c 
sensitivity 

test 4 
Necanicum 0.002 0.125 0.012 0.124 0.962 
Nehalem 0.081 0.649 0.323 0.718 1.000 
Tillamook 0.156 0.713 0.358 0.608 0.987 
Nestucca 0.001 0.031 0.003 0.022 0.575 
Salmon 1.000 1.000 1.000 1.000 1.000 
Siletz 0.251 0.882 0.641 0.811 1.000 

Yaquina 0.005 0.075 0.011 0.072 0.555 
Beaver 0.000 0.000 0.000 0.000 0.047 
Alsea 0.028 0.501 0.192 0.413 0.987 

Siuslaw 0.000 0.004 0.001 0.022 0.557 
Low Umpqua 0.000 0.000 0.000 0.000 0.018 
Mid Umpqua 0.000 0.000 0.000 0.000 0.000 
N. Umpqua 0.137 0.747 0.288 0.545 0.986 
S. Umpqua 0.000 0.000 0.000 0.000 0.043 

Siltcoos 0.000 0.000 0.000 0.000 0.000 
Tahkenitch 0.000 0.000 0.000 0.000 0.000 

Tenmile 0.000 0.000 0.000 0.000 0.000 
Coos 0.000 0.000 0.000 0.000 0.000 

Coquille  0.000 0.000 0.000 0.000 0.046 
Floras 0.000 0.000 0.000 0.000 0.635 
Sixes 0.994 1.000 1.000 0.995 1.000 
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While the individual population results could be strongly influenced by estimation bias in 
one or more of the recruitment parameters, it is seems unlikely that this bias would occur 
equally for all 21 populations at the same time.  Presumably, it is more likely that by 
chance, the errors would cause bias in the opposite direction for some of the populations 
and result in overestimates of risk, perhaps canceling the effect, at the ESU level, of 
underestimating risk for other populations.   
 
The probabilities of extinction for many of the populations equal one or nearly so for 
several of scenarios tested, particularly for test 4.  However, for such dire forecasts to be 
true it would be expected that many of the populations in the northerly portion of the 
range would have become extinct over the last 50 years; an outcome did not occur.  
Further, the results obtained for the other population viability criteria generally supported 
the conclusion that these populations were viable.  
 
Regardless, the persistence model evaluations are clearly quite sensitive to errors in the 
estimation recruitment equation parameters.  However, the one strength of the 
methodologies used assess the status of this ESU was the reliance on multiple, and to a 
certain degree independent, criteria to test viability. The results for the persistence 
criterion, which were based in part on the recruitment equation and associated 
parameters, were generally consistent with the results obtained from the other population 
viability criteria.  This apparent consistency was interpreted as evidence that parameter 
estimation errors were not as great in their effect as the results portrayed in Table 8 
suggest is possible.   
 
As mentioned earlier, ODFW has an ongoing effort to complete a more comprehensive 
examination of the problems associated with data quality and parameter estimation.  The 
finding from this effort will be used in future conservation/ recovery planning and 
assessment efforts.   
 
Distribution Criterion Considerations - Unlike the other criteria, the approach taken 
for distribution was not complicated by assumptions about predictive models and errors 
in the estimation of recruitment equation parameters.  The problem of errors associated 
with the population abundance estimates were also avoided because the metric for the 
distribution criteria was the direct count of fish observed in the selected survey sections.  
Consequently, the distribution criterion was the least impacted by potential errors of 
estimation or measurement of all the criteria used in this evaluation.  However, less clear 
was the precise biological meaning of the data collected to evaluate this metric.  For 
example, an R/S value less than one for a population under the circumstance of low 
spawner density has a clear and negative implication for the future of the population.  
However, the biological consequences of less than 50% of a population’s 6th field HUCs 
being occupied are less obvious.  Therefore, the selection of a 50% threshold is not a 
precisely determined value. 
 
It is also not clear that the 6th field HUCs provide the best means to stratify a basin to 
quantity the desired interaction between fish and local variations in the habitat.  It is 
possible a more ecological based stratification scheme may be more appropriate.  
However, from the standpoint of connectedness of sub-units of a fish population within a 
watershed, the ecological overlay also has some shortcomings.  Perhaps the best future 
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alternative would be a stratification scheme based on a double overlay of both watershed 
and ecotype classifications.  For the present evaluation it was felt that the geographical 
approach used provided the most useful alternative for assessing distribution. 
 
Diversity Criterion Considerations - The test metric for the diversity criterion is 
calculated for each population as the harmonic mean of wild spawners as forecast for the 
next 100 years from the persistence simulation model output.  Because the persistence 
model only forecasts adults and not adults plus jacks, the harmonic means used to 
evaluate the diversity criterion are artificially low.  For the purposes of estimating 
population abundance that relates to the rate at which genetic diversity may be lost, all 
ages of returning spawners should be included in the harmonic mean calculation. 
Therefore, the results obtained likely represent an overestimate of risk.  Had jacks been 
included in the harmonic mean calculation, the resulting metric values would have 
probably been at least 10% greater than those used in the evaluation of this criterion.  
 
The harmonic means used for the diversity metric are directly linked to the same 
simulation model used to provide the test metric for the persistence criterion metric.  As 
such, there is chance that results for these two criteria have a degree of correlation with 
each other that is an artifact of the methodology.  An alternate method to forecast the 
harmonic mean for the next 100 year test period, is to use the past spawner abundance 
data as a predictor of abundance for the next 100 years rather than the persistence 
simulation model output.   
 
As shown in Table 9, the harmonic means for the number of wild spawners estimated for 
each population from 1958 to 2003 were generally in the same range as those forecast by  
 
Table 9. Diversity criterion metric results (forecast harmonic mean of wild spawner 
abundance during next 100 years) and harmonic mean of wild spawners observed from 
1958 to 2003 for 21 populations of Oregon coast coho salmon. 

Harmonic Mean Wild 
Spawners  

Harmonic Mean Wild 
Spawners  

 
 
Population Diversity 

Criterion 
Results 

Observed 
1958-2003 
Spawners  

 
 

Population Diversity 
Criterion 
Results 

Observed 
1958-2003 
Spawners  

Necanicum 777 427 LoUmpqua 10219 3321 
Nehalem 2926 3727 MidUmpqua 4477 1349 
Tillamook 721 888 NUmpqua 252 113 
Nestucca 2850 1091 SUmpqua 3319 935 
Salmon 1 22 Siltcoos 5448 1989 
Siletz 401 684 Tahkenitch 2786 1092 

Yaquina 2591 534 Tenmile 14891 3162 
Beaver 1389 488 Coos 15241 5191 
Alsea 1505 1063 Coquille 12439 4568 

Siuslaw 10320 4206 Floras 1110 1151 
   Sixes 2 94 

 
the simulation model.  However, using the retrospective approach, the Necanicum, 
Yaquina, and Beaver populations were forecast to be less than the diversity criterion 
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threshold of 600 wild spawners.  In contrast, the simulation model approach forecast that 
all of these populations would pass the 600 harmonic mean threshold.   
 
The most likely reason for this difference is the impact of ocean fisheries.  The fishery 
impact rate for a majority of the years in the retrospective data set exceeded 60%.  
However, in the persistence model runs, the assumed future fishery impact rate is 10%.  
If the spawner abundance data for the retrospective approach were adjusted upward to 
standardize the numbers to an assumed 10% fishery mortality rate, the harmonic means 
would increase substantially.  At least in the case of the Necanicum, Yaquina, and Beaver 
populations, this increase would be enough for them to pass the diversity criterion test 
metric.  Indeed, once the retrospective numbers are standardized to the same fishery 
mortality rate, the harmonic means forecast by the two, very different, methodologies 
would be quite similar.    
 
Assumed Future Conditions and Impact on Assessment Findings 
 
Sensitivity of Results to Reduced Life Cycle Survival in the Future  - The model runs 
performed to estimate the probability of extinction for each of the 21 populations 
assumed that the pattern of marine survival rates experienced by the 1958-2000 broods 
was generally predictive of marine survival for the future 100 year period that was 
modeled.  Likewise, the conditions of the freshwater habitat during the same time period 
were assumed to be representative of the condition of the habitat in future.  However, one 
or both of these assumptions could be wrong.  To examine the implications of alternative 
environmental freshwater and marine scenarios in the future to the ones modeled for this 
assessment, additional analyses using the PVA persistence model were performed.  These 
“what if” analyses were structured to look at the primary factor would likely be impacted 
by changes in the freshwater and marine environment: life cycle survival. 
 
In these analyses, a number of different “what if” scenarios were performed with the 
assumed life cycle survival ranging from one tenth to two times the survival rate that was 
observed over the last 43 years.  As presented in Table 10, modest reductions in life cycle 
survival from the current status (last 43 years) resulted in a sharp increase in the 
extinction risk for populations in the northern portion of the ESU.  When survival was 
reduced by an order of magnitude none of the populations within the ESU were forecast 
to persist. In contrast, the result from modeling an increase of the current survival rates 
by a factor of two was a viable classification for all populations except the Salmon.  
 
The output from the simulation model that was used to forecast the persistence of these 
populations at different life cycle survivals was driven by the assumption that the 
recruitment process in coho is fundamentally density dependent.  However, as described 
earlier, an alternative density independent (DI) recruitment model was also developed for 
the persistence simulations.  When the full scenario of life cycle survival tests described 
above were repeated using the DI recruitment function the results did not differ 
appreciably from those obtained with the DD recruitment function.  For populations from 
the Yaquina population north the results were essentially the same.  However, for the 
more southerly populations, particularly those of belonging to the Lakes stratum, the 
viability threshold was exceeded for survival rates that were 50% or less of the current 
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level.  As shown in Table 10, the viability threshold for these same populations as 
modeled using the DD recruitment function were for survival rates that were as low as 
20% of the current level. Therefore, it appeared that the DI recruitment model results 
tended to lessen the north to south dissimilarly of populations to persist under different 
future survival rate scenarios 
 
Table 10.  Sensitivity of probability of extinction forecasts to changes in life cycle 
survival for 21 populations coastal coho. 

Life Cycle Survival Relative to 1958 – 2000 Average  
Population 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.50 2.00 
Necanicum 1.00 1.00 1.00 0.98 0.80 0.40 0.14 0.03 0.00 0.00 0.00 0.00 
Nehalem 1.00 1.00 1.00 1.00 0.99 0.89 0.65 0.42 0.19 0.10 0.00 0.00 
Tillamook 1.00 1.00 1.00 1.00 0.99 0.89 0.72 0.47 0.25 0.15 0.00 0.00 
Nestucca 1.00 1.00 0.98 0.76 0.37 0.15 0.04 0.00 0.00 0.00 0.00 0.00 
Salmon 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Siletz 1.00 1.00 1.00 1.00 1.00 0.98 0.86 0.63 0.43 0.23 0.00 0.00 

Yaquina 1.00 1.00 0.98 0.79 0.47 0.25 0.10 0.04 0.02 0.01 0.00 0.00 
Beaver 1.00 1.00 0.73 0.09 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alsea 1.00 1.00 1.00 1.00 0.98 0.82 0.58 0.28 0.11 0.03 0.00 0.00 

Siuslaw 1.00 1.00 0.93 0.53 0.19 0.05 0.02 0.00 0.00 0.00 0.00 0.00 
LoUmpqua 1.00 1.00 0.66 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MidUmpqua 1.00 0.97 0.16 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NUmpqua 1.00 1.00 1.00 1.00 0.99 0.92 0.73 0.48 0.26 0.11 0.00 0.00 
SUmpqua 1.00 1.00 0.85 0.23 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siltcoos 1.00 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Tahkenitch 1.00 0.73 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tenmile 1.00 1.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Coos 1.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coquille 1.00 1.00 0.92 0.27 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Floras 1.00 1.00 1.00 0.64 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sixes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.24 0.01 

 
In general at least two populations pass the persistence viability criterion in each stratum 
as long as the decrease in relative survival rates remained less than 20%.  Therefore, with 
respect to this criterion, long-term changes in habitat (or other sources of mortality) that 
result in a net survival decrease less than 20% would likely not cause the ESU as a whole 
to fail the viability threshold.   
 
The one caveat to this conclusion is that it does not directly apply to survival decreases 
that impact coho between the egg incubation and late summer rearing life stages.  As 
discussed earlier and illustrated in Figure 4, during this portion of the life history, a 
reduction in the number of juveniles by itself will trigger a compensatory increase in 
survival rate to the next life stage.  Whether this compensation is great enough to 
neutralize the reduction of juveniles caused by an adverse impact is a question that 
requires a case by case analysis.  Therefore, the dynamics of habitat changes that impact 
the survival of coho during this phase of their life history are more complicated and 
difficult to assess.  However, in general the critical life stage for juvenile coho in terms of 
smolt yield for a population is over-wintering habitat prior to the ir out-migration as 
smolts the following spring.  Therefore, in forecasting population persistence, the earlier 
life history stage is less critical the later life history stages that follow.  
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Impact of Hatchery Programs - Nickelson (2003) has suggested that the addition of 
hatchery reared coho smolts to a basin has a negative influence on the survival of wild 
coho smolts via the attraction of predators.  Given that there were substantial reductions 
in hatchery smolt release numbers during the late 1990s for several coho populations in 
the Oregon coast coho ESU, it is possible that in the near future the effective survival rate 
for these populations could improve.  In addition, given the likelihood that naturally 
spawning hatchery fish are less successful in produc ing offspring than wild fish (Leider 
et al. 1990; Reisenbichler and Rubin 1999; Kostow et al. 2003; and McLean et al. 2003) 
reducing the number of naturally spawning hatchery fish within a population would 
improve the conversion of spawners to recruits and thereby increase overall population 
productivity.   
 
It will be several more years before the benefits of these reductions in hatchery programs 
are known. However it is possible the net effect may be to increase life history survival 
enough to lift several of the populations that currently do not pass the viability criteria 
into a pass classification.  In particular the Nehalem, Tillamook, and Siletz populations 
that currently do not pass the criteria have experienced a dramatic decline in the 
proportion of hatchery fish in natural spawning areas.  The average proportion of 
hatchery fish has declined from over 0.40 during most of the 1990s, to less than an 
average proportion of 0.10 in the last 6 years (Figure 10).  This is largely the result of  
 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

Nehalem Tillamook Siletz

P
ro

p
o

rt
io

n
 o

f H
at

ch
er

y 
F

is
h

1990-97

1990-971990-97

1998-03 1998-03
1998-03

 
Figure 10. Proportion of naturally spawning coho that are hatchery fish in the Nehalem, 
Tillamook, and Siletz populations for two time periods, 1990-97 (cross-hatched bars) and 
1998-03 (solid bars). 
 
sharp reductions in smolt releases and other strategies that reduced the proportion of 
naturally spawning hatchery fish since 1998.  Reductions of this magnitude are expected 
to increase the effective life cycle survival by at least 50% if the findings described by 
Nickelson (2003) apply.  Such an increase in life cyc le survival would be sufficient to 
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cause these three populations to pass the persistence criterion (Table 10), and most likely 
the productivity and abundance criteria as well.     
 
Effect of Catastrophic Events - Risk of natural stochastic events exerting additional risk 
to population viability at low abundance was addressed in the persistence analysis, which 
incorporated natural and sample variability evident over the past 50 years.  Risk of 
catastrophic events exerting additional risk to population viability was also considered in 
this evaluation.  Possible catastrophic events could take shape in the form of a longer and 
deeper period of poor marine survival conditions, a large coast-wide flood, severe 
drought, or other climatic and large scale environmental calamities.  Smaller scale 
catastrophes are also possible such as forest fire, landslides, chemical spills, and so forth.  
However, these would tend to be more population, or within population, specific and not 
events that would impact most of the ESU at once.  Therefore, in terms of a synchronous 
impact on all of the populations within the ESU the best candidates would be adverse 
marine conditions, flood, and drought. 
 
As noted earlier, coastal coho survived a 7-year period of very poor marine survival 
conditions in the 1990s.  It is also of note that within this same time frame they were also 
exposed to a nearly coast-wide 50-yr flood event in 1996 and as well as several moderate 
drought periods.  While the impact of the flood and drought are difficult to quantify, they 
undoubtedly added stress to populations of coast coho that were already impaired by poor 
marine survival conditions occurring at the same time.  Whether or not this combination 
of events should be classified as a full scale catastrophe is perhaps a qualitative rather 
than a quantitative determination – however there is no doubt that these populations were 
highly stressed during this period.  The fact that all populations, with possible exception 
of the Sixes,  rebounded from this challenge when conditions improved indicates the sort 
of resilience one would expect from viable populations when faced with perhaps near 
catastrophic stress. 
 
However, several reviewers of an earlier draft of this report suggested that a 7-year 
period was too short of time to qualify for a true catastrophe.  The only way to explore 
the issue further was to use the persistence simulation model to perform some additional 
analyses of the life cycle survival rate ‘what if’ scenarios discussed earlier (Table 10).  In 
this supplemental analyses, the lowest survival rates observed during the 7-year period in 
the 1990s (1990-96 brood years), were set as the mean survival rate within the 
persistence model and then model runs of successively longer periods of time were run to 
forecast how long populations would be able to sustain themselves.   
 
It should also be noted that rather than turn down survival rates generically as was done 
earlier and presented in Table 10, it was the OPI marine survival index that was turned 
down to match the values obtained during the 1990s.  Because the northerly populations 
appear to be more sensitive to the OPI values than those to the south, this approach likely 
yielded different results than the earlier analyses.  However, since the question asked in 
the analysis was specific to the marine conditions of the 1990s, it was felt that the OPI 
was the best index to use.   
 
The results from this analysis predicts that most populations would be able to sustain 
themselves through a period of very poor ocean conditions that lasted perhaps three times 
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longer than the 7-year period actually (Table 11).  However, an extension of such 
survival rates longer than a period of about 24 years was too high of a stress on many of 
the populations and they dropped into the non-viable category (i.e., probability of 
extinction > 0.05).  If such poor marine survival conditions were sustained for a period of 
36 years or longer, nearly all of the populations in the northern portion of the ESU were 
forecast to be non-viable.   
 
Interestingly, after 48 years, although the majority of the ESU populations were forecast 
to be non-viable, the remainder apparently had the capacity to sustain such adverse rates 
for at least 100 years (data to 60 years is only presented in Table 11).  Therefore, in the 
face of what certainly would qualify as a catastrophic, semi-permanent large reduction in 
marine survival, 10 of the ESU’s 21 populations were forecast to remain viable.  
Obviously, such predictions have much uncertainty, but the results are consistent with the 
theme that is apparent throughout this viability assessment in that the populations in the 
southern portion of the range are more robust than those in the northern portion.  
 
Table 11. Forecast probabilities of extinction for 21 populations of Oregon coastal coho 
from a persistence modeling exercise that assumed a mean OPI marine survival index of 
0.007 for a variety time periods. 

Modeled Number of Years at Low OPI Marine Survival Rates  
Population 6 yr 12 yr 18 yr 24 yr 30 yr 36 yr 42 yr 48 yr 54 yr 60 yr 

Necanicum 0.00 0.00 0.00 0.02 0.12 0.23 0.40 0.48 0.68 0.74 
Nehalem 0.00 0.00 0.01 0.44 0.83 0.95 0.99 1.00 1.00 1.00 
Tillamook 0.00 0.00 0.03 0.36 0.65 0.88 0.92 0.98 0.99 1.00 
Nestucca 0.00 0.00 0.00 0.01 0.03 0.09 0.11 0.20 0.30 0.38 
Salmon 0.12 0.83 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 
Siletz 0.00 0.00 0.06 0.42 0.72 0.83 0.92 0.98 0.98 1.00 

Yaquina 0.00 0.00 0.00 0.02 0.05 0.09 0.15 0.24 0.32 0.42 
Beaver 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Alsea 0.00 0.00 0.00 0.10 0.28 0.51 0.74 0.83 0.88 0.93 

Siuslaw 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.05 0.06 0.06 
LoUmpqua 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MidUmpqua 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
NUmpqua 0.00 0.00 0.01 0.20 0.45 0.70 0.82 0.94 0.96 0.99 
SUmpqua 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Siltcoos 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Tahkenitch 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Tenmile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Coos 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Coquille 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Floras 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sixes 0.01 0.10 0.14 0.19 0.22 0.26 0.29 0.33 0.35 0.38 

 
 
 
Future Detection of Adverse Changes in ESU Status  
 
Several of the viability criteria are based solely on the performance of populations during 
the poor marine survival conditions of the 1990s.  However, in the future knowing how 
populations of the ESU are performing relative to the observations during the 1990s will 
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be difficult.  Having to wait until the marine survival conditions cycle back to the levels 
observed in the 1990s is an impractical as well as risky solution. Therefore, ODFW is 
currently developing additional metrics for abundance and productivity that can be real 
time applied standardized to the adverse conditions of the 1990s.  These methodologies 
will permit regular updates of conservation status and progress moving towards broad 
sense recovery goals relative to the performance that was observed by these populations 
in the 1990s.     
 
However, for the interim, it appears from this assessment there are several risk factors 
that can be easily monitored that would serve as an effective early warning system to 
track the conservation status of ESU.  Primary among these is the OPI marine survival 
index.  Values for the OPI that are similar or lower than those observed in the 1990s 
would be a clear cause for concern.  Although modeling results suggest most populations 
can sustain perhaps 20 years of such poor ocean conditions, the margin of error for these 
forecasts is high.  Strong reinforcement to the OPI data would be a simple 3-year running 
average of wild coho abundance for each population. Population abundance levels 
dropping below the equivalent of 5 fish per mile in more than one or two population per 
strata would also be a trigger of serious concern.  Another warning signal would be R/S 
values less than replacement in those instances were spawner density is less than 10 fish 
per mile.  Other early warning metrics could be constructed, however based on the results 
of this assessment; these three should provide a two or three generation lead time for 
management responses should ESU start slipping into a trajectory towards a non-viable 
condition.   
 
Finally, unless the results for both recruitment simulation models are incorrect, the 
likelihood that most of these populations will persis t over an extended length of time is 
high.  By inference, it would seem improbable that a sudden and unexpected decline in 
the status of these populations will occur in the immediate future (e.g. next 20 years).   
Although, the forecasts from the persistence modeling could be incorrect, it should be 
noted that efforts currently underway by the OTRT using four, very different types of 
persistence models are giving preliminary results that are quite consistent with the ones 
reported in this assessment (P. Lawson, personal communication).  Also one common 
thread of persistence modeling done in connection with this assessment as well as those 
preliminary efforts by the OTRT is that it would take a deterioration in environmental 
conditions, outside of the range observed in the last 50 years, to cause a substantial 
decrease in the probability of persistence for these populations.   
 

 
XI. Synthesis and Summary of Evaluation Results 

 
This evaluation benefited from the unusual circumstance of an intensive monitoring 
program functioning across the entire range of the ESU during a period of adverse 
environmental conditions that appears unprecedented in the past half century.  The wealth 
of data that recorded the performance of these coho populations during this period, and 
their rebound when marine survival conditions moderated in the early 2000s, was 
important to understanding the conservation status of this species.   
 



Coho Assessment Part 2: Viability Criteria  Final Report May 6, 2005 
 

 60 

Several elements of both the criteria and how these criteria were integrated into an overall 
status assessment for the ESU were risk adverse and therefore precautionary.  For 
example, the viability model used to forecast persistence used an extinction event 
abundance threshold equal to one spawner per mile and not the less precautionary 
definition of zero spawners.  Further, the occurrence of a 3-year abundance level equal to 
this threshold had to occur only once in a 100-year simulation period for the model run to 
be classified as an extinction event. The recruitment simulations used for evaluating 
persistence incrementally decreased the ratio of recruits per spawner once spawner 
densities fell below the equivalent of 3.2 fish per mile.  Although there was no empirical 
evidence that this low density depensation behavior existed for coastal coho, as a 
precautionary measure it was assumed to exist.  In addition, the expected positive impact 
of reducing the number of hatchery smolts on the overall productivity of naturally 
reproducing populations was not included when testing to see if the population passed the 
persistence criterion.  Finally, in combining individual population scores, a population 
was classified as “pass” only if all of the population criteria were met.  Further, all five 
strata in the ESU had to achieve a “pass” classification for the ESU to pass criteria for 
viability.   
 
 In general, the results from application of these criteria to 21 independent populations 
belonging to the ESU produced corroborating results.  For example, all criteria painted 
the same picture of the populations in the northerly portion of the ESU being more 
vulnerable than those in the south; the lake populations (Siltcoos, Tahkenitch, and 
Tenmile) the most robust populations in the entire ESU.   
 
The application of the assessment protocol for individual populations and collectively the 
ESU yielded results that were consistent with a “viable” classification.  However, this 
classification was based upon several key assumptions concerning the future condition of 
the marine and freshwater environment.  Because of this, the evaluation also included a 
series of “what if” scenarios to examine the impact of long-term changes in life cycle 
survival with respect to the future status of the populations.  From these ana lyses it was 
apparent that moderate and permanent declines in the condition of the marine or 
freshwater habitats could put populations at greater risk.  However, several of the most 
vulnerable populations to this additional stress were also the ones that were expected to 
benefit from major reductions in the presence of hatchery coho and the associated 
improvement in life cycle survival.  Therefore, it is possible that at the ESU level the 
adverse impact of any moderate declines in the marine and freshwater habitat could be 
offset by the expected benefit of changes in hatchery programs that impact the most 
vulnerable populations in the ESU.   
 
If even greater declines in the marine or freshwater environments occur that reduce 
overall survival by more than 50% of what was experienced over the last 50 years, or if 
periods of extremely poor marine survival are longer than 30 years, then multiple 
population extinctions in the north and middle portion of the ESU and significant 
depression of the abundance of the remaining populations could occur.  However, 
changes of this magnitude are unlikely to occur with such rapidity as to preclude a new 
assessment, status recommendation, and appropriate management action. Pending the 
completion of more detailed methods, three interim, real-time ESU tracking metrics 
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(marine survival indices, population abundance, and productivity) are suggested for an 
early warning system to detect any significant changes in the current ESU status.     
 
In conclusion, based upon the analysis presented in this evaluation and plausible 
assumptions about the future condition of both the freshwater and marine environments, 
the Oregon coastal coho ESU passes criteria for viability and is likely to persist into 
foreseeable future. 
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Appendix 1 – Annual estimates for the OPI marine survival index and 
fishery mortality impact rates for Oregon coastal coho, for adults that 
returned in 1961 to 2003.  
 
 

 
Return 
Year 

OPI 
Marine 
Survival 

Fishery 
Mortality 

Rate 

 
Return 
Year 

OPI 
Marine 
Survival 

Fishery 
Mortality 

Rate 
1961 0.0457 0.744 1983 0.0182 0.761 
1962 0.0282 0.588 1984 0.0223 0.830 
1963 0.0568 0.607 1985 0.0239 0.633 
1964 0.0453 0.625 1986 0.0840 0.800 
1965 0.0780 0.607 1987 0.0223 0.372 
1966 0.0748 0.753 1988 0.0476 0.468 
1967 0.0936 0.698 1989 0.0478 0.399 
1968 0.0667 0.680 1990 0.0200 0.627 
1969 0.0592 0.634 1991 0.0504 0.590 
1970 0.0853 0.726 1992 0.0129 0.600 
1971 0.1168 0.753 1993 0.0066 0.724 
1972 0.0578 0.698 1994 0.0051 0.560 
1973 0.0515 0.707 1995 0.0046 0.555 
1974 0.0914 0.839 1996 0.0063 0.449 
1975 0.0507 0.865 1997 0.0063 0.068 
1976 0.1143 0.835 1998 0.0083 0.125 
1977 0.0295 0.855 1999 0.0115 0.084 
1978 0.0514 0.833 2000 0.0226 0.124 
1979 0.0398 0.913 2001 0.0441 0.078 
1980 0.0358 0.909 2002 0.0247 0.076 
1981 0.0330 0.838 2003 0.0377 0.073 
1982 0.0329 0.796    
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Appendix 2. Methodology and resulting population estimates for wild 
and naturally spawning hatchery fish returning to 21 populations of 
Oregon coast coho.  

 

Part 1 -  Population estimates for 1990-2004 
 

Estimation of Abundance Coho Salmon for Independent Populations. 
 

Populations were estimated using expansion of area-under-the-curve estimates of 
spawner abundance in randomly selected survey sites (Jacobs and Nickelson 1998; 
Jacobs et al. 2002).  Appendix 2 Table A-1 presents the abundance estimates used in 
analyses in this report.  Notes on populations whose estimates differ from those originally 
published by Jacobs et al. (2002) follow. 
 
Necanicum 

In past estimates of spawner abundance, the Necanicum and Ecola populations 
have been combined into one estimate.  For this assessment, the total abundance of adult 
coho spawners in the Necanicum population was estimated independently by multiplying 
mean spawners per mile in random surveys by a stream length of 59.8 miles of spawning 
habitat.  The number of wild fish each year was estimated by multiplying the total 
population by one minus the proportion of hatchery fish observed on the spawning 
grounds. 
 
Nehalem 

Because the preponderance of stray hatchery fish are found in the North Fork 
Nehalem River (the location of Nehalem Hatchery), AUC estimates for individual 
random survey reaches were adjusted for the different percentage of hatchery fish 
observed above and below the mouth of the North Fork.  Estimates of mean adult 
spawners per mile were made for total fish before making the hatchery adjustment and 
for wild fish after making the adjustment.  In each case, the population was estimated by 
multiplying mean spawners per mile by a stream length of 434 miles of spawning habitat.   
 
Tillamook 

Because the preponderance of stray hatchery fish are found in the Trask River 
(the location of the hatchery), AUC estimates for individual random survey reaches were 
adjusted for the different percentage of hatchery fish observed in the Trask and the rest of 
the basin (i.e. Miami, Kilchis, Wilson, and Tillamook rivers combined).  Estimates of 
mean adult spawners per mile were made for total fish before making the hatchery 
adjustment and for wild fish after making the adjustment.  In each case, the population 
was estimated by multiplying mean spawners per mile by a stream length of 249 miles of 
spawning habitat.   
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Beaver  
In past estimates of spawner abundance, the Beaver and Devils Lake populations 

have been combined into one estimate.  For this assessment, the total abundance of adult 
coho spawners in the Beaver population was estimated independently by multiplying 
mean spawners per mile in random surveys (except in years with less than 3 samples 
when the standard survey was also used to calculate the mean) by a stream length of 22 
miles of spawning habitat.  The number of wild fish each year was estimated by 
multiplying the total population by one minus the proportion of hatchery fish observed on 
the spawning grounds. 
 
Siuslaw 

Because the preponderance of stray hatchery fish are found in the Lake Creek 
sub-basin (the location of hatchery releases) in 1990-98, AUC estimates for individual 
random survey reaches for those years were adjusted for the different percentage of 
hatchery fish observed in the Lake Creek sub-basin and the rest of the basin.  Estimates 
of mean adult spawners per mile were made for total fish before making the hatchery 
adjustment and for wild fish after making the adjustment.  In each case, the population 
was estimated by multiplying mean spawners per mile by a stream length of 502 miles of 
spawning habitat.  For 1999-2003, the standard method was used to estimate total 
abundance, which was then adjusted for hatchery fish 
 
Umpqua 
 Past estimates of spawner abundance have not divided the Umpqua basin into the 
same four popula tions that identified in this report: the Lower Umpqua, Middle Umpqua, 
North Umpqua, and South Umpqua.  Therefore new estimates were made for these 
populations. 
 
Lower Umpqua – Annual estimates of mean fish per mile in random surveys were 
multiplied by 335 miles of spawning habitat.  The number of wild fish each year was 
estimated by multiplying the total population by one minus the proportion of hatchery 
fish observed on the spawning grounds. 
 
Middle Umpqua – Annual estimates of mean fish per mile in random surveys were 
multiplied by 375 miles of spawning habitat.  The number of wild fish each year was 
estimated by multiplying the total population by one minus the proportion of hatchery 
fish observed on the spawning grounds.   
 
North Umpqua – Abundance estimates for the North Umpqua population are based on 
counts of fish at Winchester Dam.  Marked hatchery fish counted at the dam were 
expanded by mark rates to estimate passage of hatchery fish.  These estimates were 
subtracted from the total to estimate wild fish.  Hatchery and wild fish removed by the 
hatchery and the fishery were subtracted from their respective totals in years where such 
data was available. 
 
South Umpqua – Annual estimates of mean fish per mile in random surveys were 
multiplied by 612 miles of spawning habitat.  The number of wild fish each year was 
estimated by multiplying the total population by one minus the proportion of hatchery 
fish observed on the spawning grounds. 
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The Lakes 

Estimates of abundance of coho salmon for the Siltcoos, Tahkenitch, and Tenmile 
Lakes populations were calculated from standard spawner surveys following the methods 
described by Jacobs et al. (2002).   
 
Floras 

Spawning surveys for coho salmon were not conducted in the 
Floras/New/Fourmile basin until 1994, when supplemental surveys began in several 
stream reaches.  These reaches have been surveyed since 1994 on a hit and miss basis.  
Beginning in 1997, three to four randomly selected reaches have been surveyed each year 
in addition to the supplemental reaches.  AUC data from all survey reaches were used to 
calculate mean fish per mile, which was multiplied by 26.5 miles of spawning habitat to 
estimate the annual population.  Since 1994, 16%-30% of the Floras population’s 
spawning habitat that has been surveyed annually.  
 
Sixes 

Prior to 1994, when supplemental spawning surveys began, coho data is available 
from two standard Chinook surveys on Dry Creek that comprise 11% of the coho salmon 
spawning habitat in the basin.  Since 1994, five supplemental surveys have been surveyed 
in most years.  In addition, during 1997-2002, one to two random surveys were 
conducted in the Sixes Basin.  AUC data from all survey reaches were used to calculate 
mean fish per mile, which was multiplied by 32 miles of spawning habitat to estimate the 
annual population.  Since 1994, 24%-35% of the Floras population’s spawning habitat 
that has been surveyed annually. 
 
 

Estimation of the Proportion of Hatchery Spawners  
 

The hatchery programs affecting the various populations went through changes in 
smolt releases of varying degrees midway through the 1990-2004 period.  These changes 
affected the proportions of hatchery fish observed on the spawning grounds.  Data on 
naturally spawning hatchery fish was collected from carcasses collected in random 
survey reaches.  For 1990-97, estimates of hatchery fish were based on interpretation of 
scale patterns [e.g. Borgerson (1998)].  For 1998-2004, estimates of hatchery fish were 
based on the number of carcasses that were fin marked, adjusted by the mark rate of the 
nearest hatchery.  A minimum of ten observations per population per year was used to 
estimate the proportion of hatchery spawners.  For years with less than ten observations, 
an average based years with similar magnitude of smolt releases was applied.  Details for 
each population follow. 
 
Necanicum 

Samples were inadequate to make an annual estimate of proportion hatchery 
spawners each year from 1990 to 2000.  For 1990-1998, the proportion of all 
observations during the period was applied to each year.  Because production from 
Nehalem Hatchery (the nearest coastal hatchery) was greatly reduce beginning with 1999 
returns, the proportion of hatchery fish in all observations during 1999-2003 was applied 
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to 1999 and 2000.  Marks observed in 1998-2003 were expanded for proportion of 
hatchery fish marked based on data from Nehalem Hatchery. 
 
Nehalem 

In the Lower Nehalem, sample sizes were inadequate in 1998-2000.  As with the 
Necanicum, the proportion of hatchery fish in all observations during 1990-98 was used 
for 1998, and the proportion of hatchery fish in all observations during 1999-2003 was 
used for 1999 and 2000. 

The Upper Nehalem was more complicated because in 1990, 1993, and 1996, 
hatchery fish returned to Fishhawk Lake.  Scales determined to be hatchery fish that were 
found in the vicinity of Fishhawk Lake in other years were reclassified as wild fish 
because lake-reared fish can produce a scale pattern similar to hatchery fish.  Sample 
sizes were inadequate in 1990 and 1994-96.  The proportion of hatchery fish in all 
observations during 1990, 1993, and 1996 was used and for 1990 and 1996.  The 
proportion of hatchery fish in all observations during 1991, 1992, 1994, 1995, 1997, and 
1998 was used and for 1994 and 1995.  Marks observed beginning in 1998 were 
expanded based on the proportion of hatchery fish marked at Nehalem Hatchery.   
 
Tillamook 

In the Trask subbasin, sample sizes were inadequate in 1990-92, 1998, 1999, and 
2001.  Because the Trask Pond production was eliminated after 1995 returns, the 
proportion of hatchery fish in all observations during 1990-95 was used for 1990-92, and 
the proportion of hatchery fish in all observations during 1996-2003 was used for 1998, 
1999, and 2001.  Marks observed beginning in 1998 were expanded based on the 
proportion of hatchery fish marked at Trask Hatchery.   
 

In the remainder of the Tillamook Bay Basin, sample sizes were inadequate in all 
years from 1990 to 1998, except 1994 and 1996.  As with the Trask subbasin, the 
proportion of hatchery fish in all observations during 1990-95 was used for 1990-93 and 
1995 and the proportion of hatchery fish in all observations during 1996-2003 was used 
for 1997 and 1998.  Marks observed beginning in 1998 were expanded based on the 
proportion of hatchery fish marked at Trask Hatchery.   
 
Salmon 

Samples sizes were inadequate to make an annual estimate of proportion hatchery 
spawners only in 1995 and 1999.  The proportion of hatchery fish in all observations 
during 1990-99 was used for both years.  Smolt releases into Salmon River from Salmon 
River Hatchery was reduce beginning with 2000 returns.  Marks observed in 1998-2003 
were expanded for proportion of hatchery fish marked based on data from Salmon River 
Hatchery. 
 
Siletz 

Sample sizes were inadequate in all years from 1990 to 1999, except 1991 and 
1992. Because of changes in the release of hatchery coho into the Siletz River the 
proportion of hatchery fish in all observations during 1990-96 was used for 1990 and 
1993-96, and the proportion of hatchery fish in all observa tions during 1997-2003 was 
used for 1997-99.  Marks observed in 1998-2003 were expanded for proportion of 
hatchery fish marked based on data from fish released into the Siletz River. 
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Yaquina 

Sample sizes were inadequate in all years from 1990 to 2000, except 1996.  
During this period, hatchery fish returned in 1996-98 from releases into Yaquina Bay.  
Because of changes in the release of hatchery coho into the Yaquina River the proportion 
of hatchery fish in all observations during 1990-95 was used for 1990-95, the proportion 
of hatchery fish in all observations during 1996-98 was used for 1997 and 1998, and the 
proportion of hatchery fish in all observations during 1999-2003 was used for 1999 and 
2000.  Marks observed in 1998-2003 were expanded for proportion of hatchery fish 
marked based on data from fish released into the Yaquina River (1998) or the Siletz 
River (2001). 
 
Beaver 

Returns of hatchery fish released in the Yaquina River influence the proportion of 
hatchery fish found in Beaver Creek.  Sample sizes were inadequate in all years from 
1990 to 2000, except 1996 and 1999.  Because of changes in the release of hatchery coho 
into the Yaquina River the proportion of hatchery fish in all observations during 1990-95 
was used for 1990-95, the proportion of hatchery fish in all observations during 1996-98 
was used for 1997 and 1998, and the proportion of hatchery fish in all observations 
during 1999-2003 was used for 2000.  Marks observed in 1998-2003 were expanded for 
proportion of hatchery fish marked based on data from fish released into the Yaquina 
River (1998) or the Siletz River (1999-2003). 
 
Alsea 

Sample sizes were inadequate in all years from 1990 to 1999, except 1992 and 
1998.  The release of hatchery coho into the Alsea River was greatly reduced with the 
1998 brood and then terminated after the 1996 brood.  Therefore, the proportion of 
hatchery fish in all observations during 1990-98 was used for 1991 and 1993-97.  Marks 
observed in 1998-2003 were expanded for proportion of hatchery fish marked based on 
data from fish released into the Alsea River (1998-99) or the Siletz River (2000-03). 
 
Siuslaw 

In the Lake Creek sub-basin, sample sizes were inadequate in 1990-93, 1997, and 
1998.  Hatchery fish returned in 1991-98 from releases into Lake Creek.  The proportion 
of hatchery fish in all observations during 1990-98 was used for 1990-93, 1997, and 
1998. 
 

In the remainder of the Siuslaw Basin, sample sizes were inadequate in from 1990 
to 1998, except 1991 and 1996.  The proportion of hatchery fish in all observations 
during 1990-98 was used for 1990, 1992-95, 1997, and 1998.   

 
The percent hatchery spawners in 1999-2003 were based on recoveries of 

carcasses in the entire basin.  Marks observed in 1998-2003 were expanded for 
proportion of hatchery fish marked based on the average mark rates for hatchery fish on 
the Oregon coast each year. 
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Lower Umpqua 
Sample sizes were inadequate in 1990, 1994, and 1996.  The proportion of 

hatchery fish in all observations during 1990-2001 was used for 1990, 1994, and 1996.  
Marks observed in 1998-2003 were expanded for proportion of hatchery fish marked 
based on data from fish released from Rock Creek Hatchery. 
 
Middle Umpqua 

Sample sizes were inadequate in all years from 1990 to 1997, except 1995.  The 
proportion of hatchery fish in all observations during 1990-2001 was used for 1990-94, 
1996, and 1997.  Marks observed in 1998-2003 were expanded for proportion of hatchery 
fish marked based on data from fish released from Rock Creek Hatchery. 
 
North Umpqua 

See Middle Umpqua above. 
 
South Umpqua 

Sample sizes were inadequate in 1990, 1992, and 1993.  The proportion of 
hatchery fish in all observations during 1990-2001 was used for 1990, 1992, and 1993.  
Marks observed in 1998-2003 were expanded for proportion of hatchery fish marked 
based on data from fish released from Rock Creek Hatchery. 
 
The Lakes 

Very few fish thought to be of hatchery origin have been observed in the lake 
populations and there is a strong possibility that some of those were actually wild fish 
with a scale pattern similar to hatchery fish.  The proportion of hatchery fish in all 
observations during 1990-2003 in the Siltcoos Basin was used for 1992.  The proportion 
of hatchery fish in all observations during 1990-2003 in the Tahkenitch Basin was used 
for 1992, 2000, 2001, and 2003.  The proportion of hatchery fish in all observations 
during 1990-2003 in the Tenmile Lakes Basin was used for 1992 and 1993.  Marks 
observed in 1998-2003 were expanded for proportion of hatchery fish marked based on 
the average mark rates for hatchery fish on the Oregon coast each year. 
 
Coos 

Sample sizes were inadequate in 1990, and 1997.  The proportion of hatchery fish 
in all observations during 1990-2003 was used for 1990 and 1997.  Marks observed in 
1998-2003 were expanded for proportion of hatchery fish marked based on data from fish 
released from Noble Creek STEP Hatchery. 
 
Coquille 

Sample sizes were inadequate in 1992, and 1995.  Releases of hatchery coho 
salmon were reduced beginning with the 1994 brood. Therefore, the proportion of 
hatchery fish in all observations during 1990-96 was used for 1992 and 1995.  Marks 
observed in 1998-2003 were expanded for proportion of hatchery fish marked based on 
data from fish released in the Coquille River. 
 
Floras 

Sample sizes were inadequate in all years from 1990 to 2003, except 1995, 1996, 
2000, and 2001.  Because hatchery fish were not released in the basin during this period, 
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the proportion of hatchery fish in all observations during 1990-03 was used for 1990-94, 
1997-99, 2002, and 2003.  Marks observed in 1998-2003 were expanded for proportion 
of hatchery fish marked based on data from fish released in the Coquille River. 
 
Sixes 

Sample sizes were inadequate in all years from 1990 to 2003, except 2001.  
Because hatchery fish were not released in the basin during this period and the data is 
limited to the four most recent years, the proportion of hatchery fish in all observations in 
the Floras Basin during 1990-03 was used for all years except 2001, the only year 
hatchery fish were observed.  Marks observed in 1998-2003 were expanded for 
proportion of hatchery fish marked based on data from fish released in the Coquille 
River. 
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Appendix 2 Table A-1.  Population estimates for independent populations in the Oregon 
Coast ESU based on random spawning surveys. 

  Necanicum   Nehalem   Tillamook   Nestucca 
Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1990 124 83  1,158 5,464  80 145  160 29 
1991 742 494  6,837 3,012  1,577 1,498  618 110 
1992 115 76  1,392 2,373  176 142  604 80 
1993 490 327  3,049 14,014  571 1,146  340 61 
1994 263 176  2,844 2,712  1,105 817  266 47 
1995 119 80  1,700 2,118  341 755  1,537 274 
1996 418 279  527 3,766  733 246  440 79 
1997 97 64  1,187 1,351  437 44  230 41 
1998 575 383  1,206 51  358 26  202 36 
1999 336 18  3,555 600  1,831 147  2,357 0 
2000 399 21  14,462 118  2,178 299  1,219 50 
2001 4,418 256  21,928 414  1,944 175  4,164 207 
2002 2,327 109  17,164 698  13,334 373  16,698 55 
2003 2,398 160  32,517 284  13,008 121  10,194 109 

  Salmon   Siletz   Yaquina   Beaver 
Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1990 19 415  228 213  318 63  90 0 
1991 5 34  410 575  317 63  484 0 
1992 11 132  2,386 954  528 105  618 0 
1993 13 351  207 193  458 91  275 0 
1994 91 1,463  621 579  2,040 408  675 0 
1995 105 1,220  314 293  4,723 945  308 0 
1996 82 2,621  395 368  4,578 1,526  1,296 405 
1997 16 401  298 38  419 110  497 147 
1998 86 346  316 41  510 134  401 119 
1999 14 159  1,209 155  2,563 4  1,511 0 
2000 179 215  3,387 0  637 1  1,464 46 
2001 225 652  1,595 859  3,589 171  1,832 282 
2002 543 565  2,129 375  23,800 0  3,217 143 
2003 42 1,696  8,038 383  16,484 0  5,552 0 

   Alsea     Siuslaw     Siltcoos     Tahkenitch  
Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1990 775 422  2,269 674  1,578 44  1,085 0 
1991 1,011 550  2,808 1,434  2,868 27  1,215 0 
1992 6,273 2,214  3,554 1,717  385 6  317 1 
1993 694 377  4,600 1,278  3,569 53  954 0 
1994 828 451  3,159 1,904  1,302 124  1,056 6 
1995 441 240  6,161 1,406  4,415 82  1,577 50 
1996 1,060 577  7,234 4,136  4,707 68  1,627 0 
1997 601 327  501 174  2,653 0  1,842 16 
1998 108 1,624  1,020 362  3,122 0  2,817 0 
1999 1,341 730  2,980 213  2,756 63  3,664 105 
2000 3,363 0  6,532 0  3,835 0  634 0 
2001 3,228 692  10,606 0  5,104 0  3,510 16 
2002 9,073 181  55,445 250  4,636 113  3,480 7 
2003 10,281 0   29,003 56   6,628 0   3,188 15 

 
 
 



Coho Assessment Part 2: Viability Criteria  Final Report May 6, 2005 
 

 77 

 
Appendix 2 Table A-1.  continued.  

  Lower Umpqua   Middle Umpqua   North Umpqua   South Umpqua 
Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1990 1,678 95  1222a 83a  355 1,258  2,215 400 
1991 3,123 0  4546a 308a  1,301 2,430  1,545 687 
1992 1,797 0  5275a 358a  1,579 3,170  329 59 
1993 7,877 161  2947a 200a  906 1,513  1,597 289 
1994 2,762 156  2,162 147  899 990  816 1,089 
1995 10,854 0  3,250 0  1,293 1,756  4,220 496 
1996 7,985 450  5,086 345  1,069 3,743  3,520 3,520 
1997 1,257 188  563 38  577 1,379  780 156 
1998 4,552 0  1,257 79  765 3,379  3,177 1,430 
1999 2,623 85  1,748 166  1,194 1,979  3,011 198 
2000 5,781 115  4,555 164  1,677 7,585  2,581 329 
2001 11,639 1,233  8,940 877  2,634 14,094  11,871 1,554 
2002 18,881 906  10,738 931  3,368 6,695  10,517 0 
2003 16,494 35  11,090 0  2,862 8,884  4,337 0 

   Tenmile     Coos     Coquille     Floras  
Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1990 1,687 0  2,243 30  2,589 123     
1991 3,033 108  2,426 1,387  4,782 869     
1992 1,271 6  16,722 257  2,033 82     
1993 5,544 25  14,932 1,140  7,291 260     
1994 3,354 0  14,500 707  5,119 0  2,653 240 
1995 5,092 0  10,302 145  2,034 82  1,351 400 
1996 7,092 0  12,128 0  15,814 355  1,519 109 
1997 4,092 0  1,112 15  5,720 0  482 43 
1998 5,169 0  2,985 0  2,412 0  879 79 
1999 6,123 0  4,818 0  2,667 0  670 60 
2000 8,278 0  4,704 0  6,253 0  1,477 0 
2001 10,990 49  33,595 664  13,833 1,832  5,664 88 
2002 13,861 0  33,120 145  7,676 190  3,272 296 
2003 6,260 0   25,761 189   22,403 162   952 86 

   Sixes                
Year Wild Hatchery                   
1990 58 5           
1991 35 3           
1992 92 8           
1993 253 23           
1994 238 22           
1995 77 7           
1996 194 17           
1997 143 13           
1998 558 50           
1999 56 5           
2000 136 12           
2001 95 182           
2002 95 9           
2003 86 8                   

a  Estimate based on the relationship between Winchester dam counts and abundance in Middle Umpqua 
(see next section). 
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 Part 2 – Population abundance estimates for 1958-1989 
 

Estimation of Abundance Coho Salmon for Independent Populations. 
 

Annual abundance during the period 1958-89 was estimated for 18 of the 21 
independent populations that comprise the Oregon Coast ESU.  Estimates were not made 
for the Salmon, Floras, and Sixes populations, as data were not available from which to 
make the estimates.  It was not possible to make estimates for every year for some 
populations because of lack of data.  The primary method of estimation was to calibrate 
the total abundance estimate for a population generated in Part 1 to the average peak 
counts in standard spawner surveys found in the range of the population by fitting a linear 
regression with a zero intercept (Appendix 2 Table A-1).  The calibrations explained 38-
92 percent of the variation in abundance during 1990-2003.  In the case of the lake 
populations, the methods described by Jacobs et al. (2002) were used.  Abundance of the 
North Umpqua population was based on counts at Winchester Dam.  Abundance of the 
Middle Umpqua and South Umpqua populations were calibrated to the Winchester Dam 
counts.  The proportion of hatchery fish in recent years was applied to the estimated total 
abundance each year by population as described below for each population.  This likely 
resulted in an overestimate of the proportion of hatchery fish spawning naturally in 
coastal streams during the first few years, as hatchery production was not as successful 
prior to improvements in rearing procedures implemented in the early 1960s (ODFW 
1982).  Appendix 2 Table A-3 presents the abundance estimates used in analyses in this 
report.  Notes on individual populations follow. 
 
Necanicum 

Standard spawning surveys have been conducted in the Necanicum Basin only 
since 1981 and these were used in the calib ration that was used to estimate abundance 
during 1981-89.  Estimates prior to 1981were based on a calibration between Necanicum 
abundance estimates and average peak counts in the Nehalem Basin for the years 1990-
2003.  However, these estimates are not very reliable because the calibration explained 
only 38% of the variation in abundance.  The average proportion of hatchery fish 
observed during the period 1989-98, prior to reductions in hatchery programs was applied 
to the total abundance estimates prior to 1990. 
 
Nehalem 

The average proportion of hatchery fish observed in the upper Nehalem Basin 
(where the standard surveys are located) during the period 1989-98 (except for 1990, 
1993, and 1996 when hatchery fish returned to Fishhawk Lake) was applied to the total 
abundance estimates prior to 1990. 
 
Tillamook 

The average proportion of hatchery fish observed in the all Tillamook Bay sub-
basins except the Trask (no standard surveys are located in the Trask subbasin) during the 
period 1988-95 (a period when Trask Pond was in operation) was applied to the total 
abundance estimates prior to 1990. 
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Nestucca 

The average proportion of hatchery fish observed during the period 1988-98, prior 
to reductions in coastal hatchery programs was applied to the total abundance estimates 
prior to 1990. 
 
Siletz 

Standard spawning surveys have been conducted in the Siletz Basin only since 
1981.  A calibration using this data (1 survey) was compared to a calibration using 
average peak count from the Alsea Basin (4 surveys). The Alsea calibration was used to 
estimate abundance for the Siletz population for all years prior to 1990 for three reasons: 
1) the Alsea calibration was superior (R2 = 0.65 compared to R2 = 0.45), 2) estimates 
derived from the two calibrations for 1981-81 showed a similar trend, and; 3) when doing 
analyses of the abundances there is an advantage to using a consistent calibration factor 
for all years.  Determination of the proportion of hatchery fish in the Siletz also presented 
a problem because it received strays from the private hatchery in Yaquina Bay and it had 
a state hatchery on a tributary during this period.  Data from 1986-88 were used to 
compute an average proportion of hatchery fish that was applied to 1980-88.  Since the 
state hatchery is no longer located in the basin, the proportion of hatchery fish in the 
Alsea Basin during 1990-98 (a similar situation with a state hatchery on a tributary) was 
applied to the Siletz estimates prior to 1980. 
 
Yaquina 

The estimation of hatchery strays in the Yaquina dur ing 1958-89 is complicated 
by the private hatchery that was located in the basin for several years.  Data from 1986-
88 were used to compute an average proportion of hatchery fish that was applied to 1980-
88.  The average proportion of hatchery fish observed during the period 1990-2003, 
exclusive of hatchery return years 1996-98, was applied to the total abundance estimates 
prior to 1980. 
 
Beaver 

Determination of the proportion of hatchery fish in Beaver Creek presented a 
problem because it received strays from the private hatchery in Yaquina Bay.  Data from 
1986-88 were used to compute an average proportion of hatchery fish that was applied to 
1980-88.  The average proportion of hatchery fish observed during the period 1990-1995 
was applied to the total abundance estimates prior to 1980. 
 
Alsea 

The Alsea is similar to the Siletz in that it was influenced by private hatchery 
strays and had a state hatchery located on a tributary for many years that was ultimately 
closed.  Data from 1986-88 were used to compute an average proportion of hatchery fish 
that was applied to 1980-88. The average proportion of hatchery fish observed during the 
period 1990-98, prior to the closing of Fall Creek hatchery, was applied to the total 
abundance estimates prior to 1980.  
 
Siuslaw 

The average proportion of hatchery fish observed during the period 1988-2003, in 
non Lake Creek sub-basins was applied to the total abundance estimates prior to 1990.  
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This removes the influence of returns of hatchery smolts that were released in Lake Creek 
only in the mid 90s. 
 
Lower Umpqua 

The first significant return from the hatchery program in the Umpqua basin was in 
1982.  Therefore, the average proportion of hatchery fish observed during the period 
1990-2001, prior to the reduction in the hatchery program, was applied to the total 
abundance estimates during 1982-89.  Prior to 1982, hatchery strays were assumed to be 
insignificant. 
 
Middle Umpqua 

The first significant return from the hatchery program in the Umpqua basin was in 
1982.  Therefore, the average proportion of hatchery fish observed during the period 
1990-2001, prior to the reduction in the hatchery program, was applied to the total 
abundance estimates during 1982-89.  Prior to 1982, hatchery strays were assumed to be 
insignificant. 
 
North Umpqua 
Hatchery and wild fish were determined based on counts at Winchester Dam.  Hatchery 
fish were first recorded in 1974 but did not exceed 214 until 1982, when 1,981 were 
counted. 
 
South Umpqua 

The first significant return from the hatchery program in the Umpqua basin was in 
1982.  Therefore, the average proportion of hatchery fish observed during the period 
1990-2001, prior to the reduction in the hatchery program, was applied to the total 
abundance estimates during 1982-89.  Prior to 1982, hatchery strays were assumed to be 
insignificant. 
 
The Lakes 

The average proportion of hatchery fish observed in each population during the 
period 1990-2003, was applied to the total abundance estimates prior to 1990. 
 
Coos 

The Coos population was also influenced by private hatchery fish in the 1980s 
and by a STEP hatchery in recent years.  The average proportion of hatchery fish 
observed in each population during the period 1986-88, was applied to the total 
abundance in 1980-88.  Prior to 1980, hatchery strays were assumed to be insignificant. 
 
Coquille 

The average proportion of hatchery fish observed during the period 1988-96, prior 
to reductions in Bandon Hatchery program was applied to the total abundance estimates 
prior to 1990. 
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Appendix 2 Table A-2.  Regression equations used to estimate spawner abundance for the 
years 1958 to 1989.  

Populaion Period Equation R2 p 
       
Necanicum  1958-80 Total Necanicum = 72.915 * Nehalem peak ct. 0.38 0.015 
  1981-89 Total Necanicum = 73.117 * Necanicum peak ct. 0.51 0.003 
       
Nehalem 1958-89 Total Nehalem = 685.214 * Nehalem peak ct. 0.61 0.001 
       
Tillamook 1958-89 Total Tillamook = 212.341 * Tillamook peak ct. 0.89 0.000 
       
Nestucca 1958-89 Total Nestucca = 517.279 * Nestucca peak ct. 0.58 0.002 
       
Siletz 1958-89 Total Siletz = 82.390 * Alsea peak ct. 0.65 0.000 
       
Yaquina 1958-89 Total Yaquina = 134.350 * Yaquina peak ct. 0.92 0.000 
       
Beaver 1958-89 Total Beaver = 50.952 * Beaver peak ct. 0.69 0.000 
       
Alsea 1958-89 Total Alsea = 147.499 * Alsea peak ct. 0.88 0.000 
       
Siuslaw 1958-89 Total Siuslaw = 751.435 * Siuslaw peak ct. 0.82 0.000 
       
Lower Umpqua 1958-89 Total L. Umpqua = 104.266 * L. Umpqua peak ct. 0.71 0.000 
       
Middle Umpqua 1958-89 Wild M. Umpqua =3.075 * Win. Dam Wild 0.89 0.000 
       
South Umpqua 1958-89 Wild S. Umpqua =2.147 * Win. Dam Wild 0.49 0.004 
       
Coos 1958-89 Total Coos = 340.616 * Coos peak ct. 0.65 0.001 
       
Coquille 1958-89 Total Coquille = 320.995 * Coquille peak ct. 0.68 0.000 
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Appendix 2 Table A-3.  Estimated abundance of 21 populations of the Oregon Coast 
coho, 1958-89. 

  Necanicum   Nehalem   Tillamook   Nestucca 
Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1958 275 162  3,535 576  586 263  3,005 616 
1959 983 577  12,611 2,053  1,904 856  2,576 528 
1960 680 399  8,721 1,420  2,710 1,218  4,294 879 
1961 1,433 842  18,386 2,993  6,007 2,699  7,299 1,495 
1962 1,259 739  16,147 2,628  7,032 3,160  2,576 528 
1963 808 475  10,372 1,688  4,249 1,909  5,582 1,143 
1964 1,884 1,106  24,161 3,933  5,861 2,633  12,022 2,462 
1965 1,461 858  18,739 3,051  3,663 1,646  6,011 1,231 
1966 1,130 664  14,496 2,360  2,198 987  3,005 616 
1967 845 497  10,843 1,765  9,597 4,311  4,294 879 
1968 NA NA  NA NA  4,689 2,106  2,146 440 
1969 652 383  8,368 1,362  2,710 1,218  1,717 352 
1970 1,029 604  13,200 2,149  8,717 3,917  7,299 1,495 
1971 1,644 966  21,097 3,434  6,447 2,896  5,582 1,143 
1972 358 211  4,597 748  2,637 1,185  1,288 264 
1973 597 351  7,661 1,247  7,472 3,357  4,723 967 
1974 340 200  4,361 710  5,714 2,567  2,576 528 
1975 NA NA  NA NA  6,740 3,028  3,435 703 
1976 367 216  4,715 767  4,395 1,975  NA NA 
1977 459 270  5,893 959  293 132  859 176 
1978 597 351  7,661 1,247  4,249 1,909  2,146 440 
1979 367 216  4,715 767  4,103 1,843  3,864 792 
1980 515 302  6,600 1,074  1,539 691  3,005 616 
1981 231 135  3,418 556  1,392 625  2,290 469 
1982 2,257 1,326  8,368 1,362  1,978 889  4,580 938 
1983 323 189  1,296 211  403 181  4,007 821 
1984 645 379  16,500 2,686  2,271 1,020  4,007 821 
1985 599 352  6,600 1,074  1,575 708  6,154 1,260 
1986 875 514  10,607 1,727  1,575 708  4,865 997 
1987 599 352  2,946 480  879 395  1,002 205 
1988 921 541  2,631 1,754  809 518  1,145 234 
1989 737 433   8,469 5,646   1,145 235   2,004 410 
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Appendix 2 Table A-3.continued. 
  Siletz   Yaquina   Beaver   Alsea 

Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1958 837 451  3,213 13  662   1,466 796 
1959 1,765 951  7,564 30  1,580   3,090 1,679 
1960 1,165 627  3,481 14  1,274   2,039 1,108 
1961 2,621 1,411  20,616 83  917   4,588 2,492 
1962 946 510  8,701 35  1,732   1,657 900 
1963 2,220 1,196  5,421 22  764   3,887 2,111 
1964 3,185 1,715  10,442 42  1,019   5,575 3,029 
1965 1,547 833  10,843 44  1,070   2,708 1,471 
1966 1,911 1,029  13,655 55  1,987   3,345 1,817 
1967 1,620 872  5,020 20  510   2,836 1,540 
1968 1,238 666  7,765 31  1,834   2,166 1,177 
1969 400 216  3,347 13  713   701 381 
1970 510 274  10,509 42  2,089   892 485 
1971 2,239 1,205  16,801 67  2,497   3,918 2,129 
1972 328 176  1,941 8  357   573 312 
1973 710 382  4,016 16  560   1,242 675 
1974 473 255  1,740 7  153   828 450 
1975 1,201 647  NA NA  NA NA  2,103 1,142 
1976 382 206  NA NA  NA NA  669 363 
1977 655 353  2,142 9  NA NA  1,147 623 
1978 874 470  1,607 6  NA NA  1,529 831 
1979 764 412  11,111 45  NA NA  1,338 727 
1980 852 786  2,124 3,185  727 853  1,467 1,409 
1981 906 837  1,559 2,339  258 302  1,561 1,500 
1982 480 444  1,398 2,097  469 550  827 795 
1983 328 302  457 685  258 302  564 542 
1984 601 554  1,478 2,218  563 660  1,034 994 
1985 2,173 2,006  4,140 6,209  1,336 1,568  3,742 3,596 
1986 1,210 1,478  3,387 8,710  2,147 2,846  2,077 2,643 
1987 871 557  2,837 1,397  141 165  2,081 426 
1988 1,594 590  2,758 871  164 193  1,572 2,263 
1989 1,976 61   2,064 423   662 0   3,362 215 
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Appendix 2 Table A-3.continued. 
  Siuslaw   Siltcoos   Tahkenitch   Tenmile 

Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1958 NA NA  NA NA  NA NA  12,043 61 
1959 NA NA  NA NA  NA NA  7,471 38 
1960 1,104 23  1,768 27  912 5  5,464 28 
1961 5,891 120  4,169 64  1,785 9  15,277 77 
1962 4,050 83  4,492 68  1,783 9  17,619 89 
1963 6,259 128  3,650 56  820 4  10,594 53 
1964 11,414 233  9,059 138  2,221 11  18,734 94 
1965 8,469 173  2,366 36  1,642 8  12,043 61 
1966 9,205 188  5,351 82  1,381 7  12,713 63 
1967 11,047 225  2,171 33  986 5  11,151 56 
1968 10,678 218  2,224 34  714 4  7,248 37 
1969 15,464 316  1,630 25  986 5  6,022 30 
1970 13,255 271  3,889 60  1,692 9  14,726 74 
1971 16,753 342  1,666 25  865 5  26,540 134 
1972 4,419 90  1,931 30  573 3  7,471 38 
1973 8,837 180  2,826 43  2,434 12  NA NA 
1974 3,498 71  1,497 23  699 4  4,143 21 
1975 6,186 126  2,817 43  420 2  2,338 12 
1976 13,991 286  NA NA  NA NA  1,486 7 
1977 4,419 90  1,484 23  2,468 12  1,832 9 
1978 2,946 60  634 9  NA NA  957 5 
1979 6,996 143  2,652 40  3,297 16  627 3 
1980 11,783 240  1,719 26  1,099 5  1,816 9 
1981 3,682 75  NA NA  NA NA  2,509 13 
1982 8,101 165  1,214 18  3,991 20  2,685 14 
1983 4,971 101  664 11  1,967 9  729 4 
1984 7,916 162  6,219 95  4,531 23  3,866 19 
1985 14,360 293  3,356 51  417 2  3,715 19 
1986 19,331 394  4,164 64  3,074 15  4,444 23 
1987 11,047 225  1,624 25  594 3  1,933 9 
1988 10,596 676  2,579 39  540 2  2,627 13 
1989 13,226 1,803   2,051 32   542 3   2,130 10 
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Appendix 2 Table A-3.continued. 
  Lower Umpqua   Middle Umpqua   North Umpqua   South Umpqua 

Year Wild Hatchery   Wild Hatchery   Wild Hatchery   Wild Hatchery 
1958 3,300 0  1,356 0  441   947 0 
1959 3,648 0  1,937 0  630   1,353 0 
1960 1,285 0  818 0  266   571 0 
1961 3,509 0  1,258 0  409   878 0 
1962 7,157 0  1,298 0  422   906 0 
1963 3,926 0  2,906 0  945   2,029 0 
1964 20,671 0  2,761 0  898   1,928 0 
1965 14,314 0  5,357 0  1,742   3,740 0 
1966 5,698 0  2,171 0  706   1,516 0 
1967 9,693 0  3,066 0  997   2,141 0 
1968 3,439 0  3,899 0  1,268   2,722 0 
1969 7,365 0  1,335 0  434   932 0 
1970 7,504 0  483 0  157   337 0 
1971 4,933 0  1,510 0  491   1,054 0 
1972 2,362 0  996 0  324 0  696 0 
1973 6,254 0  1,242 0  404 0  867 0 
1974 2,988 0  956 0  311 66  668 0 
1975 3,231 0  821 0  267 214  573 0 
1976 2,745 0  772 0  251 82  539 0 
1977 1,459 0  1,319 0  429 7  921 0 
1978 1,529 0  1,141 0  371 107  797 0 
1979 6,254 0  1,292 0  420 0  902 0 
1980 1,424 0  744 0  242 1  520 0 
1981 1,320 0  166 0  54 0  116 0 
1982 7,195 379  2,079 133  676 1,981  1,451 256 
1983 1,585 83  NA NA  7 1,196  NA NA 
1984 3,267 172  NA NA  6 3,195  NA NA 
1985 4,720 248  2,577 164  838 4,023  1,799 317 
1986 5,281 278  2,958 189  962 9,581  2,066 364 
1987 2,971 156  3,023 193  983 2,165  2,111 373 
1988 11,321 596  1,845 118  600 1,196  1,289 227 
1989 3,927 207   4,975 318   1,618 2,734   3,474 613 
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Appendix 2 Table A-3.continued. 
  Coos   Coquille          

Year Wild Hatchery   Wild Hatchery             
1958 3,403 0  6,195 466        
1959 8,167 0  24,554 1,848        
1960 2,155 0  3,060 230        
1961 12,818 0  7,986 601        
1962 13,498 0  14,429 1,086        
1963 6,239 0  3,134 236        
1964 11,003 0  15,464 1,164        
1965 6,012 0  17,076 1,285        
1966 7,146 0  7,284 548        
1967 6,579 0  6,344 477        
1968 4,424 0  5,015 378        
1969 6,012 0  11,105 836        
1970 4,197 0  7,762 584        
1971 7,373 0  11,224 845        
1972 4,991 0  6,866 517        
1973 5,445 0  4,478 337        
1974 9,868 0  6,448 485        
1975 6,125 0  5,522 416        
1976 10,549 0  24,031 1,809        
1977 8,167 0  1,194 90        
1978 2,892 0  3,508 264        
1979 6,806 0  5,971 449        
1980 6,431 715  4,080 307        
1981 3,879 431  2,746 207        
1982 9,188 1,021  3,940 297        
1983 2,450 272  4,359 328        
1984 4,389 488  11,224 845        
1985 5,411 601  3,582 270        
1986 5,819 647  3,582 270        
1987 4,638 693  4,657 351        
1988 10,880 1,484  4,475 982        
1989 5,366 873   1,849 1,233             

 
 

 


