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Executive Summary – Dan Cramer and Paul Sims 

The construction of dams over the last century has caused an increase in the northern 

pikeminnow population from improved habitat conditions. In addition, these new dams have 

simultaneously lowered salmonid populations through increased passage mortality. Dam passage 

mortality is merely one of the many factors affecting current salmon population declines in the 

Pacific Northwest. One factor of particular interest is salmonid mortality by predatory fishes. Of 

the various fishes that prey upon out-migrating juvenile salmonids, northern pikeminnow are 

known to be the main consumers, particularly older individuals ≥ 228 mm fork length. It is 

estimated that they consume about 8% (16.4 million) of the total Columbia River basin salmon 

runs (200 million individuals). During the months of salmonid out migration, 67% of the 

northern pikeminnow diet is estimated to consist of juvenile salmonids. As a result of the current 

salmonid population declines, this has been considered a significant portion of the salmon runs 

and has resulted in the current removal program to mitigate salmonid losses. The program is 

based on a series of hypotheses and assumptions that we examined and critiqued in relation to 

the current program report.  

The northern pikeminnow population has been shown to be density independent, 

indicating that removal of individuals will not affect population growth. Since the age structure 

of the northern pikeminnow population is heavily weighted towards older individuals, the main 

consumers of out-migrating juvenile salmonids, removal efforts have focused on exploiting 

individuals within the older age class. Northern pikeminnow have also been found to be 

restricted to the basin due to dams, thus it is unlikely that immigration from other population will 

compensate removal efforts.  

We evaluated the literature on the biological, economic, and ethical basis of the 
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Bonneville Power Administration funded northern pikeminnow removal program in the 

Columbia River basin. Our biological evaluation examined the biological basis for the 

assumptions the program is based upon. The economic evaluation examined the costs and 

benefits generated by the program. Our evaluation of the program’s ethical viewpoints compared 

perspectives of humans, salmon, and pikeminnow.  

Due to a paucity of recent empirical data, we concluded that a complete evaluation could 

not be determined for the biological and economic bases of the program. Many of the program’s 

key hypotheses are incompletely tested or lack recent evidence. Since the program has been in 

place for over a decade, we feel recent evaluations are needed to accurately evaluate the 

program. We recommend further analyses and data collection in order to fully evaluate the 

program’s biological and economic assumptions. We found this program to be ethically 

acceptable from the human and salmon perspectives, but unacceptable in regards to the 

pikeminnow. Due to conflicts found in our ethical evaluation, we concluded that the program 

should continue, but alternative methods should be used for increasing salmonid populations. 

Methods should focus on increased adult survival as they return to their natal waters to spawn. 

These methods include: improved upstream passage at dams, improved water quality of 

freshwater habitats, reduce predation of sea lions on salmon, and a reduction in harvest quotas. 

Because we found the program ethically unacceptable for pikeminnow, we also recommended 

that the program be discontinued gradually, to allow a time of adjustment for humans employing 

the program. 
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Introduction - Dan Cramer 

Widespread declines of native salmonid (Oncorhynchus spp.) populations in the 

Columbia River basin have been an increasing area of concern to management agencies over the 

last century (Lichatowich et al. 1995). A loss of salmon from 40% of their historical range 

throughout Oregon, Idaho, Washington, and California has been seen (Gresh et al. 2000), with 

populations like the Snake River spring, summer, and fall Chinook gaining protection under the 

Endangered Species Act (Lichatowich et al. 1995). Many factors have played a role in the 

decreased numbers of returning fish. Included in these are addition of dams on tributary 

waterways and the main fork of the Columbia River, non screened irrigation diversions, habitat 

loss and degradation from logging, mining, grazing, and changes in fishing pressures both 

commercial and private (Raymond 1988). As a result of dam construction, predation rates on 

salmon have increased.  Slow water in the reservoirs behind dams causes disorientation for out 

migrating juvenile, leading to extended exposure time to predators and increased temperatures.  

Fish are more vulnerable to predators as they are concentrated at spillways and other downstream 

passage routes and are exposed to increased stress below the tailrace (Poe et al. 1991).   

Northern pikeminnow (Ptychocheilus oregonensis) have been found to be one of the 

leading aquatic predators of young out migrating salmon (Poe et al. 1991). Pikeminnow 

populations have increased with the addition of dams throughout the basin (Poe et al. 1991). 

Close to 67% of the northern pikeminnow diet is made up of juvenile salmonids (Poe et al. 

1991).  Factors leading to this include a high overall consumption rate, high consumption rates at 

night and early morning when smolt migration peaks, and the high abundance of pikeminnow in 

the basin (Vigg et al. 1991). Juvenile Chinook (Oncorhynchus tshawytscha) are at high risk of 

predation because of slow movement through reservoirs and their small size at out migration. 
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Northern pikeminnow are estimated to be responsible for 8% (16.4 million) of the 200 million 

juvenile salmonids lost to fish predation annually in the basin (Beamesderfer et al. 1996).  

The economical and recreational benefits of salmon in the basin has led to extensive 

efforts by management agencies in improving the passage of adult salmon upstream to spawn 

and in decreasing the mortality of juvenile salmon passing downstream as they migrate to the 

ocean (Lichatowich et al 1995). Some of the improvements for salmon passage has been the 

addition of spillway deflectors to reduce dissolved gas, fingerling bypasses at dams, 

transportation of adults and juveniles around dams, supplemental river flows to reduce delays for 

juvenile out migration, and increased spill during times of out migration to limit turbine related 

mortality (Raymond 1988). In 1991, in an effort to decrease the high levels of predation on 

salmonids by northern pikeminnow and help offset juvenile mortality caused by dams, the 

Bonneville Power Administration began funding a sport-reward fishery program (Northern 

Pikeminnow Sport-Reward Program, hereafter abbreviated as NPSRP) in conjunction with the 

Pacific States Marine Fisheries Commission (PSMFC), Oregon Department of Fish and Wildlife 

(ODFW), and the Washington Department of Fish and Wildlife (WDFW) for removal of 

pikeminnow in the Columbia river. The area of the NPSRP extends from the mouth of the 

Columbia River to Priest Rapids dam and upstream in the Snake River to Hells Canyon dam 

(Beamesderfer et al. 1996; fig. 1). The program area is shown below. 

 



 Page 6 of 52 

Figure 1. Map of the Northern Pikeminnow Sport Reward Program area boundaries. Reproduced 

from Beamesderfer et al. (1996).  

The program targets pikeminnow over 228 mm in size and has a goal for an annual 

exploitation rate of 10-20% of the pikeminnow population (Porter 2010). Anglers earn 4, 5, or 8 

dollars per fish depending on the payment tier in which they qualify. Anglers can also earn 

additional money if a fish caught is one that has been tagged by the ODFW for the purpose of the 

NPSRP (Porter 2010). Overall, the program has exploited 3.5 million pikeminnow, with 

exploitation rates range from 104 thousand to 267 thousand fish per year, with overall costs of 

$78.2 million (Porter 2010).  

This paper evaluates the NPSRP from a number of standpoints. We present a brief 

overview of the life histories and population dynamics of salmon and pikeminnow. We then use 

information from the life histories and population dynamics sections to examine the validity of 

the 6 hypotheses on which the program is based. These hypotheses are: 1) The number of 

returning adults is a function of how many juveniles migrate out of fresh water, 2) Northern 

pikeminnow in main-stem Columbia and Snake River reservoirs consume significant numbers of 

juvenile salmon and steelhead that would otherwise have survived migration, 3) Large, old 

northern pikeminnow are the most important predators of salmonids, 4) The cumulative effect of 

a 10 - 20% annual exploitation rate reduces the predation rate from northern pikeminnow by 

50% by reducing the population of older piscivorous individuals, 5) Target exploitation rates can 

be achieved and sustained with a combination of removal methods, and 6) The northern 

pikeminnow population, or the composition of the resident fish community, does not compensate 

for removals.  
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The economic basis for the program is evaluated to assess the benefit gained from the 

program compared to the expenses incurred. Finally, an ethical analysis of the program is 

conducted to determine if it is appropriate to actively manage and reduce populations of a native 

fish species to help increase populations of its natural prey. Ethical considerations are evaluated 

from the human, the northern pikeminnow, and the salmon perspectives.  

 

Salmon Life History - Dan Cramer 

Salmonids in the Columbia River basin are an anadromous species. Throughout their life 

stages they are affected by different sources of mortality. Habitat loss has greatly affected both 

survival of juvenile and adults in the freshwater portion of their life cycles (Lichatowich et al. 

1995). Billions of dollars are being spent to manipulate systems in an effort to restore salmon 

runs (Lichatowich 2001). Large losses can also occur due to ocean conditions while in the 

saltwater stage (Lawson 1993).  Populations of returning adults are a main area of concern 

because of their reproductive potential and potential for harvest by recreational and commercial 

fisherman. The assumptions made in the life history models of salmon are important in 

evaluating the effectiveness of the NPSRP. 

The main stock salmonid species of the Columbia River basin are the spring and fall-run 

Chinook and summer-run steelhead (Oncorhynchus mykiss). Coho (Oncorhynchus kisutch), 

sockeye (Oncorhynchus nerka), summer-run Chinook, and winter-run steelhead are also present 

in the basin, but most spawn in tributaries close to the mouth of the Columbia River (Poe et al. 

1991).   

Summer-run steelhead fry in the Columbia River hatch in late spring to early summer and 

remain in fresh water from 1 - 3 years before migrating to the ocean (Quinn 2005). Downstream 
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migration times for the summer-run steelhead occur between April and June (Quinn 2005). 

These steelhead return to the Columbia River during the summer to spawn after spending 1 - 4 

years in the ocean (Carter et al. 2009).   

Spring-run Chinook usually spend 1 year in freshwater after hatching before migrating to 

the ocean. Downstream migration occurs in the spring from April to June (Healy 1991). Fall-run 

Chinook migrate to the ocean within the first year after they hatch (Healy 1991). These are sub-

yearling Chinook and migration takes place during the summer months between July and 

August. Both spring- and fall-run Chinook spend an average of 3 - 4 years in the ocean before 

returning to their natal river to spawn. Mature spring-run Chinook return in the spring, while fall-

run Chinook return during the fall (Carter et al. 2009). 

Ocean conditions have been shown to play a large role in survival of salmonids and are 

important factors affecting population size (Lawson 1993). In a number of salmon species, 

mortality rates are highest during the first few months juveniles spend in the ocean (Peterman 

1987). Poor conditions in the freshwater systems can have a negative impact on survival during 

the first part of this stage as well (Schaller et al. 1999).  Low survival rates during this stage are 

associated with warm ocean conditions and reduced spring upwelling (Petrosky and Schaller 

2010). Due to continued ocean habitat degradation from global warming, Petrosky and Schaller 

(2010) suggest that decreased ocean survival will continue to have negative impacts on returning 

populations. 

Spring and fall-run Chinook salmon and the summer-run steelhead are the species shown 

to have the most benefit from the NPSRP (Beamersderfer et al. 1996). Predation by northern 

pikeminnow peaks with the out migration of juvenile salmonids in April and May, leading to 

significant losses of juvenile salmonids during these months (Poe et al. 1991). The assumption 
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that the number of adult salmon returning to the Columbia River basin is a simple and positive 

response to the number of juveniles produced is used when looking at salmon populations in the 

Columbia River basin (Whitney et al. 1993). Based on this assumption, life-cycle models show 

that juvenile survival during migration has a large impact on the number of returning adults. 

Current adult return is less than 20% of what it was before human development in freshwater 

habitats (Chapman 1986).  

 

Northern Pikeminnow Life History - Nicholas Pitz  

A better understanding of the life history of northern pikeminnow can be useful in 

evaluating the effectiveness of the sport reward program. Pikeminnow life history consists of 

four distinct stages: eggs, larvae, juveniles and adults. Reproduction occurs in spawning 

aggregations with each female producing up to 25,000 eggs. Examining this fish’s life history 

can provide an insight on what future population trends could be; not only for pikeminnow but 

also for salmon (as a result of potential predation). 

 Northern pikeminnow are a large cyprinid native to the Columbia River basin (Gadomski 

et al. 2001). These predatory fish can reach a fork length of up to 600 mm (Friesen and Ward 

1999) and prey upon a wide variety of aquatic organisms including insects, crayfish and fishes 

(Thompson 1959). 

Adult northern pikeminnow form into relatively large spawning aggregations during the 

summer months. Broadcast spawning has been determined to occur in both the main Columbia 

River as well as smaller tributaries. Ideal conditions for the spawning fish include optimal water 

temperature of around 14°C (Gadomski et al. 2001). A typical female pikeminnow will produce 

about 25,000 eggs (Parker et al. 1995). The adhesive eggs will gradually sink down to the 
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substrate where they will typically take between 8 - 10 days to hatch depending on the 

temperature (Gadomski et al. 2001). 

Once the pikeminnow eggs hatch, the small larvae will remain in the substrate. After 

about 11 days the larvae emerge from the sediment, and then drift in the river for about 2 - 3 

days before settling near the shoreline to rear (Gadomski et al. 2001). Rearing pikeminnow occur 

in the shallow bank waters of the main river channel (such as the Columbia) where the current is 

slower. Other fish may also develop in the shallows of backwater channels. The larvae tend to do 

best over fine grain sediments and in areas that have relatively high densities of aquatic 

vegetation (likely used for cover). These near-shore waters also have higher temperatures than 

the deeper parts of rivers, which enhances growth (Gadomski et al. 2001).  

Northern pikeminnow mature after reaching a length of between 200 - 350 mm 

(Beamesderfer 1992; Parker et al. 1995). The fish typically reach maturity between ages 3 - 8, 

with females taking slightly longer to mature (Turner et al. 2006). At any given time, the 

majority of the adult population is composed of individuals between the ages of 3 - 10 years 

(Rieman and Beamesderfer 1990). Upon reaching a mature size, the fish’s diet becomes more 

piscivorus (Vigg et al. 1991). Most adults will migrate up the main river to spawn while others 

will spawn in tributaries, lakes and reservoirs. Spawning groups can range in size from a few 

hundred fish to a few thousand. Broadcast spawning can occur in a wide range of water depths, 

usually over gravel or rubble substrate (Gadomski et al. 2001). Spawning in pikeminnow is 

believed to occur in June and early into July. 

Understanding the various life history stages of the northern pikeminnow is important for 

the sport reward program to succeed. The program targets the salmonid eating adult 

pikeminnow. Knowledge of the approximate time it takes for an egg to become an adult can be 
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useful in predicting how many predatory fish are actually present. Additionally, this information 

could be potentially useful if it is determined that the removal of more pikemminow is necessary 

for the program’s success. In that case, the eradication effort could be increased by expanding it 

to these earlier life stages.   

 

Predation on Salmonids - Nicholas Pitz 

The primary goal of the NPSRP is to reduce the effects of predation on salmonids. 

Northern pikeminnow are the major predator of juvenile salmonids, and their removal would 

potentially reduce mortality rates among juveniles. Other predators such as marine mammals, 

birds and other species of fishes are also responsible for predation on salmon. A better 

understanding of predation by pikeminnow and other predators would be helpful in determining 

whether or not the sport reward program is the most effective means of reducing salmon 

mortality. 

Northern pikeminnow are a voracious predator. Adult pikeminnow can become a 

predatory threat to juvenile salmonids upon reaching a length of approximately 300 mm 

(Chandler et al. 1993; Petersen 2001). Smaller pikeminnow more typically will feed upon 

aquatic insects and other invertebrates (Thompson 1959). Individuals with a total length of 

greater than 380 mm make up 12 - 59% of the population (Parker et al. 1995). The larger 

pikeminnow are estimated to consume around 16.4 million juvenile salmonids annually in 

Columbia River Basin (Beamesderfer et al. 1996) with levels being highest while the salmonids 

are undergoing migration (Rieman et al. 1991). Pikeminnow predation on salmonids is at its 

highest when the juvenile salmon are undergoing their migration to the ocean (Petersen 2001). 
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 Significant predation occurs along the entire river system with slightly higher levels 

occurring in close proximity to dams, such as Bonneville on the Columbia (Gadomski et al. 

1992). Dams act as a major obstacle for juvenile salmonids migrating down rivers. The 

combination of increased stress as well as the disorienting effect caused by passing through a 

dam would seem to make juvenile salmonids more vulnerable to predation (Petersen et al. 1994).  

Several studies have suggested, however, that pikeminnow may not be preying upon more 

salmon near dams but may be simply taking advantage of the significant number of juvenile 

salmonid casualties that occur at dams (Petersen et al. 1994; Gadomski et al. 1992). Studies have 

also found that if given the choice, pikeminnow seem to prefer dead salmon to live ones 

(Gadomski et al. 1992; Peterson et al. 1994). Pikeminnow also consume hatchery raised 

salmonids more frequently than wild fish (Fresh et al. 2003). 

 The true extent of predation that actually occurs is still difficult to determine. Stomach 

content analysis of northern pikeminnow indicates that the fish are in fact consuming a 

significant number of juvenile salmonids; however, it is very difficult to determine whether or 

not the salmon were alive or dead at the time that they were consumed (Gadomski et al. 1992). 

Alternatively, due to the relatively fast rate at which digestion and evacuation occurs in 

pikeminnow, it can also be easy to underestimate the number of salmonids that are consumed 

(Buchanan et al. 1981). 

Northern pikeminnow are not the only predator that feeds upon juvenile salmonids in the 

Columbia River. Several species of fishes have been introduced for recreational fishing. Among 

the introduced species are largemouth bass, smallmouth bass, walleye, and channel catfish. 

Largemouth bass are now present in 84% of public access lakes in Oregon, and in these still 

water environments have been determined to be responsible for up to 98% of predation on 
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salmon species such as Coho (Bonar et al. 2005). The closely related smallmouth bass has also 

been observed to prey upon juvenile salmonids, composing of between 4 - 9% of their diet (Poe 

et al. 1991; Rieman et al. 1991). Juvenile salmonids were also shown to make up around 14% of 

the diet of walleye, and 33% of the diet of the channel catfish (Poe et al. 1991). While it has been 

determined that these invasive species do prey upon salmonids, northern pikeminnow are still 

responsible for around 70% of predation on juvenile salmonids (Poe et al. 1991; Rieman et al. 

1991).  Other important predators of salmonids in the Columbia River are several species of 

pinnipeds. In contrast to the pikeminnow (and the other introduced predators) that primarily feed 

on juvenile salmon, pinnipeds also prey upon adult salmon (Naughton et al. 2011). Pinnipeds 

consume a significant number of adult salmon in rivers, especially near dams (Stansell et al. 

2010).  

 Knowledge of the amount of predation that occurs on salmonids is important for any kind 

of management program. Due to the fact that northern pikeminnow are responsible for 70% of 

total predation on juvenile salmon (even when compared with invasive predators), it stands to 

reason that the most effective way to reduce predation on juveniles is to specifically target 

pikeminnow. The program’s goal to focus on the pikeminnow as primary predator may therefore 

be one of the most effective ways of reducing predation on juvenile salmonids in the Columbia 

River basin.  

Predation on salmonids occurs in all life history stages. Mortality (and predation) is 

highest for the fish during the earlier stages of life and lower when the fish are adults. This is 

known as a type III survivorship (Hedgecock et al. 2011). Many species of fishes produce 

extremely large numbers of offspring. Most are eaten by predators quickly and the fish that do 

escape are still vulnerable to predators. For salmonids, one of these predators is the northern 
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pikeminnow. The NPSRP is designed to reduce the predator mortality in younger fish as more 

surviving juveniles would then potentially mean more returning adults. A type III survivorship, 

however, dictates that young salmon will still be highly vulnerable to predation. Predators are 

believed to be capable of taking up to 85% of young salmon (Peterman et al. 1978). Reducing 

the levels of mortality specifically related to pikeminnow (or any one predator) may not decrease 

overall juvenile mortality at all, but rather simply allow other predators to eat the fish. Salmon 

that make it to adulthood become immune to many predators simply due to their size. It is these 

adult salmon that are targeted by predators such as pinnipeds (Naughton et al. 2011) and human 

fisheries. Any adult salmon that are eaten by predators are obviously not able to reproduce.  

Information on predation and survivorship is an important factor for the overall effectiveness of 

the NPSRP. Even if the program is successful at significantly reducing (or even eliminating) 

pikeminnow predation on juveniles, it may still not significantly increase the amount of returning 

adults. A type III survivorship implies that the vast majority of young salmon will still die 

regardless of the reduction or absence of any one predator. This important factor should be kept 

in mind when evaluating the effectiveness of the program. On the other hand, any action that 

helps reduce predation on the adult salmon (that have already beaten the odds and therefore have 

a greater chance of survival), may be potentially more effective at increasing salmon numbers.  

 

Hypotheses and Assumptions of the Northern Pikeminnow Sport Reward Program - Paul 

Sims 

The Northern Pikeminnow Sport Reward Program is largely based off the assumption 

that reducing northern pikeminnow predation on juvenile salmonids will result in increased 
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returning adult salmonids. This assumption is based on several hypotheses, outlined by 

Beamesderfer et al. (1996): 

1. The number of returning adults is a function of how many juveniles migrate out of 

fresh water. 

2. Northern pikeminnow in main-stem Columbia and Snake River reservoirs consume 

significant numbers of juvenile salmon that would otherwise have survived migration  

3. Large, old northern pikeminnow are the most important predators of salmonids. 

4. The cumulative effect of a 10-20% annual exploitation rate of northern pikeminnow 

reduces their predation rate to 50% by reducing the population of older piscivorous 

individuals. 

5. Target exploitation rates can be achieved and sustained with a combination of 

removal methods. 

6. The northern pikeminnow population, or the composition of the resident fish 

community, does not compensate for removals.  

These hypotheses resulted from the conclusions of multiple mathematical models estimating 

various demographic parameters, such as: northern pikeminnow predation on juvenile salmonids 

(Beamesderfer et al. 1990; Friesen and Ward 1999; Zimmerman and Ward 1999), northern 

pikeminnow fishery exploitation rates (Porter 2010), northern pikeminnow, smallmouth bass, 

and walleye populations (Porter 2010) and other population models. Previous support for the 

NPSRP is based off the overall results and conclusion that the implementation of the program 

will significantly increase the numbers of returning adult salmon. These conclusions have 

resulted in implementation of the NPSRP over the last decade. However, recent evidence (Fresh 

et al. 2003; Koslow et al. 2002; Porter 2010; Roby and Collis 2011) indicates the assumptions 



 Page 16 of 52 

upon which these hypotheses are based may be faulty, potentially resulting in a biased evaluation 

of the effectiveness of the NPSRP. Additionally, a new analysis of the NPSRP may now generate 

more robust results since a moderate amount of time has passed since its implementation to 

account for temporal variability in resources, weather, life history, and other potentially 

confounding variables. Thus, it is of interest to re-evaluate the success of the NPSRP in 

increasing returning adult salmon population numbers and in the context of the assumptions of 

the hypotheses given recent findings.  

1. The number of returning adults is a function of survival of juvenile salmon and steelhead 

during migration in fresh water.  

 This hypothesis assumes that if the survival and thus the numbers of juvenile salmonids 

migrating to the ocean increases, so too will the number of returning adult salmonids (Whitney et 

al. 1993), without any significant compensatory mortality while in their oceanic life history stage 

(Beamesderfer 2000). Data from 1970 - 1984 show a positive correlation between returning 

adults and the number of out-migrating juveniles passing their first dams in the Columbia River 

basin (Raymond 1988). However, while the trend is significant (p-value = 0.047), the R
2
 value 

(0.27) indicates that only 27% of the variation is explained by juveniles passing the first dam and 

adults returning. This low percentage shows that there are other variables influencing this 

relationship, likely with stronger impacts. It is also possible that juvenile survival may not 

directly impact adult returns. Instead, they may only be correlated due to chance and are related 

to other factors. It may be erroneous to assume that increasing juvenile survival will result in 

high adult returns or that manipulation of juvenile survival is the most effective strategy to 

increase adult returns. 

Additionally, assuming a lack of significant compensatory mortality while in the ocean 
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may be unrealistic. Koslow et al. (2002) found a significant relationship between juvenile 

salmonid survival and meterological/oceanographic conditions. The most significant variables 

were: ocean upwelling, cool sea surface temperature, strong wind mixing, a deep and weakly 

stratified mixed water column layer, and a low coastal sea level. Ocean conditions are known to 

vary from year to year, which suggests that so will juvenile salmonid survival. Thus, assuming a 

lack of significant compensatory mortality in the ocean appears unrealistic, as this would vary 

with the annual changes in ocean conditions. 

2. Northern pikeminnow in main-stem Columbia and Snake River reservoirs consume significant 

numbers of juvenile salmon and steelhead that would otherwise have survived migration. 

2.1. Sources of Mortality 

2.1.1. Dams 

 This hypothesis assumes that juvenile salmon and steelhead predated upon by northern 

pikeminnow would not have experienced other mortality on their route to the ocean. However, 

this does not take into account mortality experienced from dam passageways or other predators. 

Williams et al. (2001) showed that while juvenile migrating salmon losses from dam 

passageways have improved, they still result in a 31 - 59% survival rate, though this study 

assumes that mortality rates are mainly from passageway travel, not reservoir, extrapolating the 

results from Little Goose dam (Muir et al. 1998) to the other dams along the Columbia and 

Snake Rivers. Since actual predation numbers are known to be a large percentage of the 

migrating salmon in the lower dams, it is unlikely these results can accurately be extrapolated 

throughout the Columbia River basin. However, it does highlight a need for further investigation 

into the partitioning of mortality rates caused by passageway through the dams, either through 

direct mortality (dam passage travel), or through indirect mortality, e.g. predator susceptibility.  
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2.1.2. Predation 

Juvenile salmonids experience mortality from a number of predators besides the northern 

pikeminnow, including both avian (Capsian Terns and double-crested cormorants) and fish 

predators (walleye and smallmouth bass). However, the total number of juvenile salmonids lost 

annually differs between these predators. In the Columbia River estuary, where the greatest 

seabird predation occurs, Caspian Terns were estimated to consume 5.3 (95% CI: 4.5 – 6.1) 

million juvenile salmonids in 2010 (Roby and Collis 2011). This annual estimate was not 

significantly different from the estimated average number of juvenile salmonids consumed 

annually (5.3 million) in this area from 2000 – 2010. In addition, double-crested cormorants in 

the same area were estimated to consume 19.2 (95% CI: 14.6 – 23.8) million juvenile salmonids 

in 2010. However, this estimate is nearly twice the size of the previous year’s estimate and does 

not represent an annual average. For walleye and smallmouth bass, Rieman et al. (1991) 

estimated predation numbers to be 0.35 and 0.24 million respectively, for juvenile salmonids 

predated upon in the John Day reservoir from 1983 - 1986. The most recent report on the NPSRP 

(Porter 2010) fails to describe juvenile salmonid consumption estimates for walleye or 

smallmouth bass in the Columbia River. However, only 4 (N = 1370) and 20% (N = 5) of 

walleye and smallmouth bass stomachs contained juvenile salmonids (Porter 2010). In contrast, 

Rieman et al. (1991) estimated northern pikeminnow predation to account for 2.1 (95% CI: 1.5 – 

2.6) million juvenile salmonid losses in the John Day reservoir from 1983 - 1986. This predation 

estimate was combined with other data from other dams and reservoirs and translated into 8% 

(16.4 million) of the 200 million migrating juvenile salmonids in the Columbia River basin 

(Beamesderfer et al. 1996). However, more recently Porter (2010) analyzed the northern 
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pikeminnow diet in the Columbia River basin and found that juvenile salmonids consisted of 

only 8% (N = 98) of northern pikeminnow stomach contents (Porter 2010).     

Northern pikeminnow predation rates have been shown to vary between dams, within 

dams, and seasonally (Petersen 1994; Poe et al. 1991; Rieman et al. 1991; Vigg et al. 1991, Ward 

et al. 1995). Petersen (1994) reanalyzed Rieman et al.’s (1991) data (a study documenting spatial 

differences in juvenile salmonid predation rates by northern pikeminnow), changing the number 

of areas stratified within the John Day reservoir from two to five. These additional strata were 

added due to research showing differences in predation rate, diet, and density (Poe et al. 1991; 

Rieman et al. 1991; Vigg et al. 1991). This stratification resulted in both lower variance and 

mean predation estimates, with a mean predation estimate of 1.4 million juvenile salmonids, a 

1.5 million difference from Rieman et al.’s (1991) estimate. Petersen (1994) also showed that 

predation rates were consistently higher in the MRZ area, which was the boat restricted area of 

McNary dam. Northern pikeminnnow density was similarly distributed in relation to the rates of 

high and low predation. Likewise, Ward et al. (1995) found that predation rates were generally 

higher in the boat-restricted zone of eight different dams and lowest in the mid-reservoir areas 

from 1990 - 1993.      

Predation rates also vary between dams. Ward et al. (1995) showed that predation losses 

to northern pikeminnow appear to be greatest in the Lower Columbia River reservoirs and the 

Columbia River downstream from the Bonneville dam. Predation rates were relatively lower in 

the Middle Columbia and Lower Snake River reservoirs, which is likely due to reservoir size 

(except in the case of Little Goose) and salmon abundance (Ward et al. 1995).  

Variation in predation rates also was present among months and seasons. Ward et al. 

(1995) showed that predation rates were highest in the summer as opposed to the spring, likely 
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due to increased metabolic demands from warmer temperatures (Ward et al. 1995) and from the 

smaller size of sub-yearling Chinook that migrate during this time. 

Despite this variation in predation rates on both temporal and spatial scales, historical 

data (Rieman et al. 1991) suggests that the northern pikeminnow consume significant numbers of 

juvenile salmonids, particularly relative to other fish predators and despite temporal and seasonal 

variation in their predation rates. Recent data do not describe predation rate estimates within 

dams. As previously shown (Petersen 1994), these can vary within dams and their incorporation 

into predation estimates may help allocate management efforts. As mentioned above, northern 

pikeminnow were estimated to account for 78% of the juvenile salmonids predated upon in the 

John Day reservoir (Rieman et al. 1991), translating into 7 - 17% of the 19 million migrating 

salmon in the John Day reservoir run (Beamesderfer et al. 1996). However, the absence of recent 

estimates of northern pikeminnow predation only allow a historical evaluation of the assumption 

that northern pikeminnow consume significant numbers of out-migrating juvenile salmonids. 

Recent diet analyses suggest that juvenile salmonids may only play a small role (~8%) in the diet 

of northern pikeminnow (Porter 2010).  

3. Large, old northern pikeminnow are the most important predators of salmonids. 

The northern pikeminnow population age structure is heavily weighted in the older age 

classes, i.e. individuals with fork lengths of >250 mm (Beamesderfer et al. 1996). Additionally, 

these older and larger individuals are known to live up to 16 years in the Columbia River 

(Rieman and Beamesderfer 1990). For these individuals, salmonids compose a large and 

important part of their diet (Poe et al. 1991, Vigg et al. 1991). Additionally, the number of 

juvenile salmonids consumed increases exponentially with increasing pikeminnow size, up to 

around a fork length of 500 mm (Rieman et al. 1991, Vigg et al. 1991). Salmonid abundance can 
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also affect consumption rates, as areas of high abundance have higher consumption rates 

(Buchanan et al. 1981; Poe et al. 1991; Tabor et al. 1993; Thompson 1959; Vigg et al. 1991). 

Due to the majority of salmonid consumption occurring in the older age classes and the northern 

pikeminnow population age structure, older individuals have the highest predation rates and are 

therefore the greatest threat to juvenile salmonids, consistent with Beamesderfer et al.’s (1996) 

hypothesis.  

4. The cumulative effect of a 10-20% annual exploitation rate reduces the predation rate from 

northern pikeminnow by 50% by reducing the population of older piscivorous individuals. 

 The model devised by Rieman and Beamesderfer (1990) predicts that annual removal of 

10-20% of northern pikeminnow (≥ 250 mm fork length) will reduce predation levels by around 

50%. Predation is estimated as a product of age-specific predator number and size-specific 

predation rate in the John Day reservoir (Rieman and Beamesderfer 1990). The authors assume 

these results can be extrapolated to other reservoirs due to similarities in the parameters 

estimated, i.e., age structure of the resident pikeminnow population and the size of individuals 

predating on juvenile salmonids. The model predicts that pikeminnow populations can be 

reduced by 50% depending on the mechanisms that northern pikeminnow populations are 

regulated, e.g., density dependence vs. density independence. If the pikeminnow population is 

density independent, a 50% reduction in predation would require a 10% annual exploitation rate, 

i.e., if the number of juveniles surviving to adulthood is proportionally related to the number of 

young spawned (Beamesderfer et al. 1996, Rieman and Beamesderfer 1990). In contrast, if 

pikeminnow populations are density dependent, then a 20% annual harvest rate is needed to 

result in a 50% predation reduction. Thus annual target harvest levels have been set at 10 - 20% 

of the pikeminnow population. Over the past decade, mean estimates of harvest levels have 
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remained between 10-20% (fig. 2) and there appears to be a shift in the age structure from age 5 

pikeminnows towards younger individuals, particularly in the Lower Snake River though more 

data is needed to confirm this shift and extrapolate it to other reservoirs (Porter 2010; fig. 3).  

 

Figure 2. System wide exploitation rates of northern pikeminnow ≥ 250 mm fork length for the 

northern pikeminnow sport reward program 1991 – 2010. Error bars denote the 95% confidence 

interval. Confidence intervals were not available for 1991 – 1992. Figure reproduced from Porter 

(2010).  
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Figure 3. Percent composition of age 3–5 northern pikeminnow, relative to the total sample of 

fish ≥ 250 mm fork length, in the Lower Snake River reservoirs for sampling years 1991 - 2010. 
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Years with blanks indicate either no sampling or insufficient sample size. Reproduced from 

Porter (2010). 

According to the 2010 predation model results (calculated using pikeminnow exploitation rates; 

fig. 4), there has been a 35% (95% C.I. 20 - 53%) reduction in pikeminnow predation rates since 

the implementation of the program. Consequently, it appears maintaining a harvest quota 

between 10 - 20% over the past decade is working to reduce predation levels and the proportion 

of older individuals within the population. However, it is uncertain whether this goal has already 

been reached or is still unattained depending on the actual effects of exploitation and the 

reduction in pikeminnow numbers relative to the overall population (fig. 4). 

 

Figure 4. Maximum (A), median (B), and minimum (C) estimates of predation reduction by 

northern pikeminnow on juvenile salmonids relative to predation prior to implementation of the 

northern pikeminnow management program. Estimates of predicted predation after 2010 are 
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based on average values for post-program model inputs for the most recent seven years. 

Reproduced from Porter (2010).  

5. Target exploitation rates can be achieved and sustained with a combination of removal 

methods. 

 From 1990 - 1995 over 900,000 northern pikeminnow (fork length ≥ 250 mm) were 

removed from the Snake and Columbia Rivers using a variety of techniques, including: reward 

fishery, dam angling, site-selective fishery, and evaluation sampling (Beamesderfer et al. 1996). 

Porter (2010) reports that out of the 178,287 pikeminnow harvested in 2010, 174,289 (98%) 

were harvested by the sport-reward fishery and a mere 3,998 (2%) were removed by the dam 

angling fishery. While multiple removal methods are being implemented, it appears that the sport 

reward fishery is by far the most effective means to achieve the target exploitation rate. Porter’s 

(2010) justification for continued support of the dam angling fishery was based on the unique 

access dam anglers have to areas within the dams that regular sport anglers are not able to access, 

e.g., boat restricted zones. Porter (2010) also assumes that dam anglers may have a better 

opportunity to harvest larger, mature northern pikeminnow than sport anglers according to a 

study by Martinelli and Shively (1997). However, this assumption has not been recently 

examined and may well have changed. Thus it may be of interest to re-evaluate whether the costs 

of the dam angling fishery are worth their contribution to the total exploitation numbers since the 

sport-reward program is much more effective.  

6. Northern pikeminnow population dynamics (i.e., factors regulating population size) or the 

composition of the resident fish community do not compensate for removals.  
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This hypothesis assumes that the northern pikeminnow population does not respond to 

increased exploitation rates by increasing predation, growth, or reproduction rates (Rieman and 

Beamesderfer 1990; Zimmerman 1995). The hypothesis also assumes that other predators of 

juvenile salmonids do not respond to decreased northern pikeminnow predation rates by 

increasing their own predation rates. While predation estimates of northern pikeminnow were not 

directly mentioned, Porter (2010) notes that only 8% of northern pikeminnow stomachs sampled 

contained juvenile salmonids. As compared to previous northern pikeminnow predation rates of 

78% relative to smallmouth bass and walleye (Rieman et al. 1991), this finding suggests that 

northern pikeminnow predation rates have decreased instead.  

The current report (Porter 2010) does not evaluate population growth and reproduction 

levels, which makes changes in these rates difficult to assess. If the northern pikeminnow 

population exhibited an increase in these rates, it is likely this would be reflected in a 

proportionately large increase in the lower age classes. However, historical age structure data are 

missing for many years, which adds uncertainty as to whether the number of younger individuals 

has increased or remained steady (fig. 3). Even though decadal data is present for the lower 

granite reservoir, the variation present makes any conclusion purely speculative.  

Another concern of the NPSRP was compensatory predation by other fish predators, 

specifically walleye and smallmouth bass. Porter (2010) reports that there is no evidence of such 

a compensatory response; however, he does note an increase in smallmouth bass conditions. As 

this change is only now becoming apparent, the program should continue to monitor other 

predator species as it may take a over a decade for the fish community to fully respond to the 

removal effects.  
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Economic Impact - Cassandra Ramsey 

 The NPSRP has a budget for costs associated with operation and implementation of the 

program. Specific costs associated with the NPSRP range from distribution of funds to agencies 

involved in operation and implementation of the program to payments to anglers for catching 

certain sized fish. There are economic benefits provided by the program including increased 

salmon surviving to adulthood and the associated benefits such as money brought in to local 

economies. Here, we present an overview of the current and historical costs of the program, the 

annual budget, economic benefits, and an evaluation of the program's success economically.    

 The Bonneville Power Administration funds the NPSRP, which is implemented in the 

mainstem Columbia and Snake Rivers. This program pays anglers for each northern pikeminnow 

they catch that is ≥ 228 mm. In 2012, rewards paid out will be $4 to $8 per fish, and special 

tagged fish will be worth $500. The first 100 fish an angler brings in during one season are worth 

$4 each. After an angler catches 100 fish, they're each worth $5 and after 400 fish they're worth 

$8 each. Besides payment to anglers, other agencies are also involved in specific areas of 

program management and implementation.   

 The program is run in cooperation with the PSMFC who is responsible for the technical, 

contractual, fiscal and administrative oversight of the program. The Pacific States Marine 

Fisheries Corporation also processes and provides accounting for the reward payments to 

participants in the sport-reward fishery. The Oregon Department of Fisheries and Wildlife is 

responsible for evaluating exploitation rate and size of northern pikeminnow harvested in the 

various fisheries implemented under the program, together with an assessment of incidental 

catch of other fishes. Oregon Department of Fisheries and Wildlife is also in charge of estimating 

reductions in predation on juvenile salmonids resulting from northern pikeminnow harvest and 
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updating information on year-class strength of northern pikeminnow. The Washington 

Department of Fish and Wildlife is responsible for on-ground management and for operating a 

system for collecting and disposing of harvested northern pikeminnow in the Columbia and 

Snake River fisheries (Porter 2010). The above listed organizations are dispersed a portion of 

BPA funds to fulfill their designated tasks.    

 An annual budget for the program is established each year and has fluctuated since the 

program began over twenty years ago in 1990 (Table 1). The annual budget for the program has 

varied from $2.0 to $6.4 million, with an average cost of about $3.0 million (Radtke et al. 2004). 

Annual budget information is not available post 2002. We estimated the amount of money 

allotted for the program to be the same for each year after 2002, which is equivalent to the 

previous program average of $3 million. At the time of this writing, we calculated that the 

program has an overall cost of $78.2 million since its beginning. This amount provides yearly 

support to cooperating agencies that implement and oversee the program. Reward payments, 

biological monitoring for program effectiveness, and detailed records reciting number of fish 

removed are incorporated into the annual budget. 

 The amount of money paid out to anglers, number of harvested fish, and target 

exploitation rates are recorded each year to measure program efficiency. The most recent annual 

report from the PSMFC shows a total of 173,981 fish were harvested in 2010. This number 

represents a typical amount of harvest since the beginning of the program. A total of $1,117,994 

was paid out to anglers who harvested pikeminnow during that year. Another $106,500 was paid 

out for fish that had special tags worth $500. Total amounts of fish harvested resulted in an 

exploitation rate of 18.8% of fish ≥ 228 mm, within the program target range of 10-20% per year 
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(Porter 2010). The remainder of the budget not paid to anglers is used for administration, 

operation, research, and monitoring efforts (Table 2). 

Table 1. Funding to sport reward program. 

Funding to Sport Reward Program 1990-2002 

 1990: $1,421,813            1996: $3,846,248  2002: $2,852,938 

 1991: $5,259,629            1997: $3,730,347  

1992: $6,846,410           1998: $3,259,230  

1993: $4,253,600            1999: $3,306,000 

1994: $3,670,707                  2000: $3,104,592 

1995: $4,311,186                  2001: $2,779,992 

  

Table 2. Costs by agency for Northern Pikeminnow Sport Reward Program, 1998 and 1999. 

Agency                                                          

                                                              1998 Expense ($)       % of Total      1999/1 Budget($)   % of Total                                                                  

 

CBFWA (Technical Coordination)             $105,941                   3.3                    $63,589                1.9 

PSMFC (Program Administration)              $59,376                    1.8                   $61,733                  1.9 

WDFW (Sport-Reward Implementation)    $1,129,963              34.7                  $1,019,932             30.9 

Sport-Reward Money                                   $1,000,000              30.7                  $1,000,000             30.3 

Sport-Reward Administration                      $145,608                   4.5                  $164,501               5.0 

Dam-angling                                                 $210,055                  6.4                   $193,074               5.8 

Site-Specific                                                 $278,539                    8.5                   $264,714              8.0 

ODF&W (Program Evaluation)                   $249,748                   7.7                   $448,090              13.6 

BPA (Sport-Reward Promotion)                  $80,000                     2.5                   $85,000                 2.6 

Total                                                             $3,259,230                                         $3,300,633 
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We have done a few calculations in order to estimate the actual cost of one juvenile 

salmon that survives to adulthood due to the program and here, we explain the estimates behind 

them and what they mean in relation to the overall cost of the program. Calculations were done 

using the average annual cost of operating the program as a whole and incorporating how many 

juvenile salmonids are estimated to survive each year due to the NPSRP. An economic 

evaluation of the program (Radtke et al. 2004) estimated the NPSRP budget and 

accomplishments from 1991 - 1996 would result in an estimated $2.9 million per year per 1% 

increase in survival for juvenile salmonids. There are several estimates used to determine these 

results. First, the $4.7 million average annual budget from 1991 - 1996. This is then divided by 

Friesen and Ward’s (1999) estimate of a reduction of 3.2 million juvenile losses annually from 

1991 - 1996. The estimate of 3.2 million juvenile losses takes into account juveniles that were 

already dead at the time of pikeminnow consumption, and does not include them in calculations. 

Based on the estimate of 200 million total outmigrants, (Hankin and Richards 2000) the adjusted 

number of 3.2 million juveniles not consumed were 1.62% of the total. The cost per 1% savings 

of juvenile salmonids amounts to $4.7 million divided by 1.62% which equals $2.9 million. 

These numbers can be broken down to better describe an estimated cost for one individual 

juvenile salmonid “saved” due to implementation of the program.  

 Cost can be estimated for each individual juvenile salmonid that survives due to the 

program and compared to other methods of increasing juvenile survival. The cost of saving one 

juvenile due to the NPSRP can be calculated using the $4.7 million average budget and dividing 

it by the estimated 3.2 million salmonids saved. The resulting number is $1.47 per saved juvenile 

salmonid. We estimate the present cost to be closer to 94 cents per saved individual, because the 

average budget for the program after 1996 has been closer to $3 million. The annual cost of a 
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one percent savings of 1% savings compare positively to estimates of other program costs to 

increase survival by the same amount and is displayed in Table 3 (IEAB 2004). Cost for one 

individual returning adult to the Columbia River basin can be roughly estimated using available 

information. 

Table 3. Cost of NPSRP compared to other methods of increasing salmonid survival.  

 

 Individual cost per returning adult salmon is calculated using estimated consumption of 

salmonids by pikeminnow, the number of returning adult salmon and annual costs of the 

program. We calculated the estimated total juveniles returning to Bonneville dam to be 205 

million per year, which is estimated using 8% of salmonids consumed annually by pikeminnow, 

roughly 16.4 million individuals (Rieman et al. 1991). This is then divided by the ten year 

average of returning adult Chinook and steelhead at Bonneville dam which is 1,243,415 per year 

(DART 2011) and includes jacks, hatchery, and non hatchery fish. The resulting number is 164.9 

and represents the number of juveniles needed to produce one adult that survives to return to the 

dam. We then divided the total number of estimated salmonids lost to pikeminnow (16.4 million) 

by two in order to obtain the total number of salmon saved by the program if the 50% reduction 

assumption is correct (Beamesderfer et al. 1996). This gave us an estimate of 8.2 million 

salmonids saved by the program each year. Dividing 8.2 million salmonids by our estimated 
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164.9 juveniles needed to produce one returning adult equals 49,727.1 adults saved per year. 

Lastly, we divided the average yearly cost of the program, $3 million, by the estimated number 

of adults saved per year by the program, 49,727.1, to attain a total expense of $60.33 per adult 

saved. We found that the average cost per pound for Chinook sold at market was $2.05 (Knapp 

et al. 2007). We then multiplied it by the average weight of an adult Chinook returning to the 

Columbia River which was found to be 22 lbs (U.S. Army Corps of Engineers). The resulting 

number is $45.10 per fish. This is a difference of $15.23 between the cost per salmon due to the 

program and the cost of a fish sold at market. If the number of salmonids saved due to the 

program is known, this number can be used to better analyze program economic costs and 

benefits. Aside from specific individual adult costs, implementation NPSRP also brings 

economic benefits to local economies.  

 The NPSRP brings in money to local economies through the sales of fishing tags, tackle, 

gas and food purchased by anglers and by potentially increasing the total output of the salmon 

fishery. The PSMFC came out with their economic evaluation of the northern pikeminnow 

management program in 2004. In it, they describe effects of the program in terms of what they 

refer to as Regional Economic Impacts (REI). They estimate that a program budget of $2.8 

million will generate around $2.1 million in regional economic impacts with $1.4 million of this 

in the economies where northern pikeminnow fishing occurs. Their economic evaluation also 

suggests that fishing for salmon and steelhead resulting from increased adults surviving long 

enough to harvest will produce between $2.7 million and $9.9 million in economies from Alaska 

to California, and inland in the Columbia River basin. In total, fishing for northern pikeminnow 

and anadromous fish may create up to $13.4 million in REI, an equivalent of 446 full time 

positions at $30,000 each (Radtke et al. 2004).  
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 The REI previously mentioned includes the economic activity from the pikeminnow 

fishery, economic activity from administration of the program as well as the economic activity 

brought to local economies by fishing for adult salmonids in the system. Regional economic 

impacts are measured in dollar amounts, but it should also be noted that people can place non-

monetary values on salmon based solely on the existence of such a resource, even if they do not 

use it themselves. We did not establish a way to measure such values in our economic analysis, 

however this could add to the value of an individual salmon saved by the program. 

 

An Ethical Critique of the Northern Pikeminnow Sport Reward Program – Joslyn Krahel 

The NPSRP requires an ethical critique because the program impacts multiple groups and 

as a management action may meet conflicting interest among these groups. In order to critique 

the NPSRP on ethical grounds it is necessary to establish a definition of what ethics means. 

Ethics are a system of moral principles that dictate what society perceives as right and wrong. 

For an action to be ethical it must be in agreement with these standards and any action that fails 

to meet these standards is considered unethical. It is important to consider the definition because 

our ethical basis creates a standard and justifications for management practices. We evaluate the 

ethics of the NPSRP from three view points: northern pikeminnow, salmon, and human 

perspectives to determine if the program is ethical.  

Northern Pikeminnow Ethics – Joslyn Krahel 

 The extinction of salmon would be a major loss to society and the ecosystem, but how far 

will fisheries managers go to prevent this looming reality and at what point does the justification 

lose ethical standing? The NPSRP does not target the causes of salmon population decline. There 

are other wildlife species that also prey upon salmonids that do not receive equal management 
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attention. The northern pikeminnow is a native fish species that has overcome anthropogenic 

habitat alterations and persecution for a naturally occurring predator-prey relationship. In light of 

this information, the NPSRP is unethical from the northern pikeminnow perspective. 

 The NPSRP is unethical from the northern pikeminnow’s point of view because it fails to 

address the actual causes of salmonid declines. Current salmonid populations are only a shadow 

of what they once were. The reason for the decline is human caused; directly from over 

harvesting (Raymond 1988) and indirectly from the construction of dams that alter salmon 

habitat (Chapman 1986; Lichatowich 1999). However, few salmon management plans target the 

areas identified as the greatest cause for decline. Instead, management is focused on areas that 

contribute to population decline, e.g., the NPSRP, rather than the causes (Lichatowich 1999). If 

society was to truly accept responsibility for causing salmonid population decline, then salmonid 

management plans would be aimed at dam removal and reducing harvest pressure. Society 

cannot make these sacrifices to fulfill its ethical responsibilities, so the responsibility is deflected 

to other species such as salmon predators and result in management like the NPSRP.  

Furthermore, the NPSRP is unethical for the northern pikeminnow because it is a large 

scale removal method unequal to methods used to manage other predators of juvenile salmonids. 

The NPSRP focuses on reducing predation of northern pikeminnows upon the juvenile 

population of salmonids by removing northern pikeminnow individuals from the river in order to 

reduce northern pikeminnow population and the predation pressure on salmonids (Beamesderfer 

et al. 1996). So much funding goes into the NPSRP in hopes of promoting juvenile salmonid 

survival, yet other species are known to also prey upon juvenile salmons as well and do not 

receive equal treatment. For example, Caspian Terns are known to consume juvenile salmon 

(Roby and Collis 2011). Roby and Collis (2011) found that juvenile salmon made up 30% 
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(average over 10 years) of Caspian Tern diet in East Sand Island on the Columbia River (Roby 

and Collis 2011). Managing colony impact calls for relocating a portion of the colony to new 

sites in Oregon and California (USFWS 2005, 2006). In contrast, other avian species that 

consume juvenile salmon like double-crested cormorants and gulls receive minimal management 

attention and often only consider non-lethal methods. If preserving juvenile salmonids is 

imperative for ensuring an increase in adult salmonids, then management should be focused on 

all aspects of juvenile predation. The inequality in management practices and attention directed 

to different juvenile salmon predator species make the NPSRP an unethical management 

practice. 

 Another reason why the NPSRP is unethical from the northern pikminnow perspective is 

because the management is focused on the removal of a native species that has adapted to the 

habitat alterations made by humans. The fact that cannot be ignored is that the northern 

pikeminnow is a native species to the Columbian River basin. The predator-prey relationship 

between northern pikminnows and salmonids pre-dates dam construction, but it was after the 

construction of dams that the northern pikeminnow population increased due to habitat alteration 

proceeding (Poe and Rieman 1988). The dams provide favorable hunting habitats for northern 

pikminnow which they benefit from because they prey on the disoriented juveniles near the dams 

(Poe and Rieman 1988). The same type of management practice is targeting other salmonid 

predators as well, such as, sea lions and seals at Bonneville dam. For example, the California Sea 

Lion individuals take advantage of the fish ladder and the migratory route of spawning adult 

salmonids for easy prey. (Naughton et al. 2011; Wright et al. 2007). In this case, the sea lions are 

simply taking advantage of the favorable conditions created by the man-made dams, yet they are 

persecuted and removed from the location to preserve salmonids (Griffen and Eagle 2008). A 
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management plan that discourages one native species for adapting to anthropogenic habitat 

alterations in order to preserve another that has not adapted as well is an unethical practice.  

Salmon Ethics – Dan Cramer 

Human impacts have led to large reductions in salmon population size; therefore, humans 

have an ethical responsibility to ensure the restorations and continued survival of salmon in the 

Columbia River basin. The Endangered Species Act listing has shown that immediate action is 

needed to increase the population size of salmon. Aside from the survival of the salmon 

themselves, there is also the large contribution to ecosystem health, both aquatic and terrestrial. 

Programs like the NPSRP play an important role in contributing to both healthy population sizes 

and healthy, functioning ecosystems. 

 For the best interest of salmon the NPSRP is an ethically acceptable management plan. 

Salmon populations throughout Washington, Oregon, Idaho, and California have disappeared 

from approximately 40% of their historical range (Gresh et al. 2000). Many of the populations of 

salmon that are still left are at significantly depleted levels. The spring, summer, and fall 

Chinook of the Snake River are protected under the ESA due to the current small population size 

(Lichatowich et al. 1995). In order to maintain a high level of ecosystem health the complexity of 

the system and its self-organizing capacity must be maintained (Norton 1992). A large decrease 

in or the loss of a species that contributes a great deal to the surrounding ecosystem could have 

compounding impacts on overall ecosystem health. Salmon are responsible for bringing marine 

derived nitrogen, carbon, and phosphorus back into more nutrient poor river systems (Bibly et al. 

1996; Bilby et al. 1998; Larkin and Slaney 1997; Wipfli et al. 1998). These nutrients are 

essential in aquatic systems and promote the increase of algae biomass, primary production, 

riparian vegetation growth, and soil nutrients (Gende et al. 2002). Salmon are also a direct source 
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of nutrients as prey to a large number of vertebrate and invertebrate species (Gende et al. 2002). 

Without management, salmon populations may continue to decline, reducing the nutrient input to 

river ecosystems and reducing biodiversity. Humans have an ethical responsibility to the salmon 

and river the ecosystem to ensure the persistence of salmon. The NPSRP is ethical for salmon as 

it is a management program that fulfills this responsibility. 

 Another argument for salmon management is that some methods are not realistic options, 

so management must turn to the next available options ethical for salmon restoration. A major 

factor having negative impacts on salmon populations is habitat degradation from historical 

habitat quality (NPPC 1986). The current conditions affecting salmon populations are a 

consequence of human interactions and technologies applied to the ecosystem (Lichatowich et al. 

1995). Because some of these factors can not be changed at this time, there are managers that 

believe there is little to be gained from placing effort into restoration on some of these areas as 

the potential for rehabilitation is extremely low (WDF et al. 1993). It is unrealistic to expect 

restoration to return habitats to pristine conditions (Lichatowich et al. 1995). Instead, 

rehabilitation must be viewed as the return of habitat quality and production that is possible 

within current social and biological constraints (Lichatowich et al. 1995). Because of the 

limitations involved with habitat rehabilitation, other avenues for increasing salmon populations 

must be assessed. The NPSRP is one of these alternatives in which managers are attempting to 

increase salmon populations and from the salmon perspective is an ethical alternative. 

Human Ethics – Paul Sims 

 Solely from a biological human perspective based on Darwin’s Theory of Natural 

Selection, humans are continually trying to increase their fitness so that they survive and pass on 

their genes to the next generation. Human ethics are often based on maintaining the immediate 
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well being of the human population of interest, even if this is detrimental for other species. For 

example, one might consider the Japanese dolphin industry. Japan harvests these animals 

because they have overfished their local fish species and dolphins provide another meat source; 

however, the industry is not maintained in a sustainable manner (Kasuya 2007). In light of 

human well being, the NPSRP may be considered an ethical solution to economic issues and a 

support of cultural values in the Pacific Northwest.  

From a human perspective the NPSRP is an ethically acceptable management practice to 

preserve salmonid populations that society depends on economically. Salmon harvest is an 

important source of revenue in the Pacific Northwest (The Research Group 2009). The Research 

Group (2009) estimated the mean annual economic contribution from salmon for the Pacific 

Northwest to be $3,431,697 from 2005 – 2007. The group also estimated the mean annual 

number of jobs created by the salmon industry in the Pacific Northwest to be 45,463. While it is 

difficult to say what proportion this revenue and job creation brings to the total economic 

revenue and jobs generated annually in the Pacific Northwest, it is likely to be an important 

contribution. Restoring salmon stock is necessary if the salmon fishing industry is to continue. 

Management programs are required to prevent the collapse of the salmon fishing and provide an 

ethical basis for why programs such as the NPSRP are implemented. 

The NPSRP is also viewed as an ethical practice when viewing from a cultural 

perspective. Salmon also are an important cultural contribution to the Pacific Northwest 

(Lichatowich 1999). From Native American drawings and cultural practices to modern symbolic 

practices (e.g., “Oregon Salmon” license plates), salmon are seen as a symbol of the Pacific 

Northwest. This high value placed on salmon has resulted in many efforts to conserve them in 

light of their population declines. Many of the various salmonid species have been placed or 
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petitioned for listing under the ESA (Lichatowich 1999). The management goal of the NPSRP is 

ultimately to reduce pikeminnow predation on juvenile salmonids so that greater numbers of 

adults return from migration. Thus the NPSRP may be seen as ethically acceptable to humans in 

the Pacific Northwest since it directly helps to conserve the cultural heritage of the Pacific 

Northwest. Indeed, some of the popularity generated by the NPSRP is due to the public 

assumption that implementation of the program will help conserve the declining salmon stocks 

(pers. comm. Brian Sidlauskas).    

 

Conclusions and Recommendations – Paul Sims 

 A large concern of fish management in the Pacific Northwest is focused on the recovery 

of salmonid population stocks due to their significant declines from historical population 

numbers (Lichatowich 1999). This concern stems from the biological, economic, and cultural 

values placed on salmon in this region. The Northern Pikeminnow Sport Reward Program was 

started 20 years ago to reduce predation by northern pikeminnow on out-migrating juvenile 

salmonids in the Columbia River basin in an attempt to assist salmonid population recovery 

efforts (Porter 2010). The program’s main foci are the economic benefits associated with salmon 

recovery and subsequent harvest; however, there are also other benefits derived from 

implementing the program, such as job creation and cultural preservation. Despite its benefits, 

the program calls into question important ethical and ecological considerations from multiple 

perspectives, i.e., those of the northern pikeminnow, humans, and salmonids. To our knowledge, 

this was the first analysis of the ecological and ethical impacts for humans, salmon, and 

pikeminnow species directly impacted by the program. Having evaluated the economic, 

biological, and ethical bases and impacts of the program, we conclude that there is inadequate 
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data available to fully evaluate the NPSRP on a biological and economic basis. Instead, we 

recommend a more comprehensive, empirical, and modern investigation of the biological and 

economic assumptions on which the program is based. While we recognize the usefulness of the 

models currently employed, we note that much of the data used is pre-2000s, which may not 

accurately represent parameters of interest in the currently modified pikeminnow population. We 

also point out that the program has yet to be evaluated for success, i.e., is the program meeting its 

goal of increasing the numbers of returning adult salmonids in an economically significant 

manner? In consideration of the ethical implications for humans, salmon, and pikeminnow, we 

conclude the program is not a long-term ethical solution to salmonid recovery in the Columbia 

River basin. Pending results from future biological and economic analyses, we suggest a slow 

transition to other, more ethical, methods of salmon conservation. We further describe specific 

conclusions and recommendations for the biological, economic, and ethical aspects of the 

NPSRP below. 

 

Biological Conclusions and Recommendations 

Northern Pikeminnow Sport Reward Program Hypotheses 

The number of returning adults is a function of survival of juvenile salmon and steelhead during 

migration in fresh water.  

 This hypothesis is weakly supported by the observational nature of the relationship and 

the low R
2
 value (0.27), indicating that there are likely other variables that account for observed 

trend. Additionally, it is assumed that juvenile salmonids do not experience compensatory 

mortality while in the ocean stage of their life cycle. Recent evidence shows that juvenile 

salmonid ocean survival is significantly related to both oceanic and meteorological conditions, 
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both of which vary annually (Koslow et al. 2002). We conclude that the paucity of evidence for 

this hypothesis is too great to warrant an assumption of its validity without further investigation. 

Many variables likely influence the number of returning adults, including juvenile salmonid 

survival and annual oceanic conditions. Furthermore, salmonids exhibit a type III survivorship 

curve, indicative of high mortality in the juvenile life stages, regardless of the source. Thus 

reducing one source of predation for juvenile salmonids will not greatly increase the numbers of 

juveniles surviving to adults. We propose future research to examine the relative importance of 

each of these variables and others, with a generalized linear model of this relationship. This will 

allow salmonid management to best allocate conservation efforts. Based on the type III 

survivorship curve exhibited by salmonids, we also recommend conservation efforts focus on 

adults instead, as these individuals have relatively higher survival rates.      

Northern pikeminnow in main-stem Columbia and Snake River reservoirs consume significant 

numbers of juvenile salmon and steelhead that would otherwise have survived migration. 

 Historically, this hypothesis was supported in relation to other fish predators (walleye and 

smallmouth bass), with pikeminnow estimated to account for 78% of the juvenile salmonid 

mortality in the John Day reservoir alone (Rieman et al. 1991). However, Petersen (1994) has 

shown that pikeminnow predation varies with season and both between and within dams. 

Currently, the NPSRP does not estimate consumption rates for pikeminnow, though Porter 

(2010) found that juvenile salmonids only consisted 8% of pikeminnow stomach contents. In 

addition, recent findings (Roby and Collis 2011) estimated that Caspian Terns and double-

crested cormorants consumed 24.5 million juvenile salmonids in the Columbia River estuary. 

The double-crested cormorant predation rates doubled since 2009 (Roby and Collis 2010). At 

this stage of migration, these salmonids were considered to be safely past potential pikeminnow 



 Page 42 of 52 

predation so predation by coastal seabirds was not included as a factor in this hypothesis. 

Migrating juvenile salmonids also face mortality from dam passageways, though this mortality 

has only been examined for the Little Goose dam. Migrating juvenile salmonids face varying 

levels of predation from multiple sources and on different temporal and spatial scales. We 

conclude that this hypothesis requires a modern analysis of these sources of mortality and the 

temporal and spatial differences in predation in order to examine the hypothesis’ current validity. 

The recent coastal seabird predation numbers indicate potential predatory compensation for the 

increased survival of juvenile salmonids to the estuary.  

We suggest four future steps: 1) conduct estimates of pikeminnow predation rates on both 

spatial and temporal scales using methods similar to Petersen (1994) and Rieman and colleagues 

(1991), 2) observe how Caspian Tern and double-crested cormorant predation rates vary (if at 

all) with differing numbers of out-migrating juvenile salmonids – likely a historical analysis, 3) 

improve dam passage for out-migrating juvenile salmonids, e.g. screening off the channel area 

right after the passage way to allow juvenile salmonids to reorient themselves without predation 

pressures, and 4) begin transitioning to alternative energy sources, e.g., wind power, nuclear 

power, solar energy, natural gas, to eventually enable deconstruction of some of the dams. These 

steps will allow managers to assess if the pikeminnow are currently consuming large numbers of 

juvenile salmonids and if this predation varies spatially or temporally. This knowledge may help 

increase the effectiveness of the program by targeting specific times and areas where 

pikeminnow predation causes significant salmonid mortality. Recommendation #2 will allow 

managers to assess if the program is only providing an increased food supply for coastal seabirds 

and not increasing the numbers of juvenile salmonids that actually make it to the ocean. Finally, 
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recommendations #3 and #4 may help provide alternative and less invasive methods of 

increasing juvenile salmonid survival.  

Large, old northern pikeminnow are the most important predators of salmonids. 

 Smaller pikeminnow, i.e., ≤ 228 mm fork length (Chandler et al. 1993; Petersen 2001), 

are unable to feed upon juvenile salmonids. Thus pikeminnow of this size and smaller are not 

considered threats to juvenile salmonids. Threat status would require exceedingly fast 

morphological evolution that has not been reported. This kind of morphological evolution would 

probably be driven by limited prey availability of smaller prey items, of which there is no 

evidence for based on the most recent report (Porter 2010). We conclude this hypothesis does not 

need to be re-examined currently. 

The cumulative effect of a 10-20% annual exploitation rate reduces the predation rate from 

northern pikeminnow by 50% by reducing the population of older piscivorous individuals.              

 Porter (2010) evaluated this hypothesis using predation model proposed by Rieman and 

colleagues (1991). According to the model results, the NPSRP indicates three possible scenarios 

(minimum, median, and maximum) of current and future predation reduction percentages: a 

constant trend around 20%, a constant trend around 30%, and a constant trend around 50%. The 

most accurate scenario is dependent on the actual effects of pikeminnow harvest. However, 

annual exploitation mean estimates have recently displayed the upper bounds of 95% confidence 

intervals extending beyond a 20% exploitation rate. We conclude that maintaining a harvest 

quota between 10 – 20% is at, or reaching, the desired 50% predation reduction according to the 

model. Even with the possibility of mean exploitation levels extending beyond 20%, the 

maximum predation reduction would be 50%. Therefore, we recommend that future exploitation 

efforts remain between 10 – 20%. However, we also agree with our earlier recommendation that 
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current predation levels need to be estimated. The small percentage (8%) of salmon in 

pikeminnow diets (Porter 2010) suggests that Rieman and colleagues’ (1991) predation reduction 

model may have underestimated the effects of pikeminnow exploitation.  

Target exploitation rates can be achieved and sustained with a combination of removal methods. 

 As indicated above, target exploitation rates are being achieved and sustained. However, 

it is unclear if a combination of these methods is needed. Porter (2010) reported that 98% of the 

pikeminnow harvested were by the sport-reward fishery and only 2% were from the dam-angling 

fishery. The dam-angling fishery is justified by the exclusive access these fishers have (as 

opposed to the sport-reward fishers) to boat restricted zones near the dams, which is assumed to 

allow greater opportunities to harvest larger and older pikeminnow (Porter 2010). However, the 

only evidence for this was from 1997 (Martinelli and Shively 1997). We conclude that target 

exploitation rates can be achieved and sustained with the current methods, though further 

examination is needed to assess the support for the dam-angling fishery. As recommended 

previously, the spatial distribution of pikeminnow predation needs to be assessed, as well as the 

age classes of these predators to determine if the dam-angling fishery has greater impacts on 

pikeminnow exploitation relative to the sport-fishery. 

Northern pikeminnow population dynamics (i.e., factors regulating population size) or the 

composition of the resident fish community do not compensate for removals.  

  While not directly estimated, it seems unlikely that pikeminnow populations have 

increased their predation rates to compensate for pikeminnow removals based on an 8% diet 

composition of juvenile salmonids (Porter 2010). In comparison to a predation rate of 16.4 

million salmon in the Columbia River basin, this seems unusually low. In addition, pikeminnow 

growth and reproduction rates have not been assessed and the paucity of data for historical 
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pikeminnow age class structure prevents a complete analysis. Finally, compensatory predation 

by other fish predators seems unlikely based on low walleye and smallmouth bass sample sizes 

(Porter 2010). We conclude that other predatory fish are not compensating for pikeminnow 

removal; however, further analysis is needed to evaluate whether the predation, growth, and 

reproduction rates have compensated for removals. We recommend actual estimates of predation 

rates and possibly field or lab experimental studies on exploitation effects on growth and 

reproduction rates due to the lengthy nature of waiting for such observations from future annual 

age structure data. 

 

Economic Conclusions and Recommendations 

 A complete economic evaluation of the program is inherently dependent upon the 

hypothesis that the numbers of returning adult salmon increases with increased juvenile salmonid 

out-migration survival. Since this hypothesis has not received strong analytical validation, it is 

difficult to fully perform a cost-benefit analysis of the program. The Research Group (2009) 

estimated the program’s annual economic contribution from salmon to be $3,431,697 from 2005 

– 2007. We feel this estimate cannot be used to assess the NPSRP without further validation of 

the above hypothesis. It is possible other factors have increased adult salmon returns. However, 

we note that the program has provided economic benefits aside from those directly resulting 

from the salmon fishery. A recent evaluation of the program estimated the annual number of jobs 

created to be 45,463 for the years 2005 – 2007 (The Research Group 2009). The economic 

deficit calculated per adult salmon was $15; however, the number of adults saved by the program 

that are commercially harvested is unknown. This uncertainty prevents analysis of the 

commercial fishery costs of the program, but it is apparent that from a fishery perspective, the 
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program results in a net loss, based on our rough estimates. We conclude that the program cannot 

be evaluated on an economic basis without a stronger analysis of the above hypothesis and 

knowledge of the numbers of harvested adults that are saved by the program. We recommend 

that this hypothesis be further tested according to our earlier recommendations. We also suggest 

utilizing modern genetic techniques on commercial fishery caught salmonids to determine their 

origin. This information will allow managers to gain estimates of how many adult salmonids are 

saved by the program and if the net costs incurred are acceptable. To our knowledge, no cultural 

economic value has been placed on salmon. We propose that future research work on estimating 

this, as any economic net losses may be offset by the cultural economic benefits produced by 

increased or maintained numbers of returning adult salmonids.  

 

Ethical Conclusions and Recommendations 

 The ethical considerations of the NPSRP differ between the pikeminnow, humans, and 

salmon. We conclude that the NPSRP is ethically acceptable from a human and salmonid 

perspective; however, it is unethical from the pikeminnow’s perspective. We believe that it 

would be unethical to consider the program from one (or two) ethical perspective. Instead, we 

recommend that the NPSRP should be evaluated from all three perspectives: humans, 

pikeminnow, and salmon. Since the ethics for each species differ in their support or opposition of 

the program, the program objectives should be a compromise among the different species ethics. 

We suggest that the program should be discontinued eventually because we believe there are 

other methods that better meet the ethics of all species while still improving salmonid species 

recovery. We do not suggest an immediate closure of the program since it has become a popular 

source of income in the Pacific Northwest and it would be unethical from a human perspective to 
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immediately end the program. Instead, we believe that salmonid population recovery can be 

increased significantly by a gradual focus on managing adult populations. As noted earlier in the 

biological section, this will have a greater impact on salmon populations since juveniles 

experience greater mortality rates than adults, regardless of the source. We propose the following 

ways to improve adult salmonid population numbers: 1) improve dam passage for returning adult 

salmonids, e.g., adding more attraction flow at the entrance of fish ladders and adding more fish 

ladders to existing dams, 2) improve water quality, e.g., temperature: implementing selective 

water withdrawal systems and reducing streamside logging; chemical effects: reducing pesticide 

and pollution inputs, 3) combine novel hazing techniques with social learning knowledge to 

reduce sea lion predation, and 4) reduce adult salmonid harvest quotas to levels that would 

sustain salmonid population growth. We recognize that various controversies exist among the 

above suggestions, but we believe that these methods ultimately are more sustainable and 

effective means of conserving salmonid populations while still respecting the ethical 

considerations of humans, pikeminnow, and salmonids.  
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