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Abstract 

Recent genetic studies, meta-analyses, and retrospective analyses have documented reduced productivity of 
wild salmon and steelhead Oncorhynchus mykiss that interbreed with hatchery-reared fish, raising concerns 
about the longterm viability and recovery of at-risk stocks. In 2007, the Oregon Department of Fish and 
Wildlife discontinued a Coho Salmon Oncorhynchus kisutch hatchery program at the Salmon River to support 
recovery of a wild Coho Salmon population in the Oregon Coast Evolutionarily Significant Unit. This decision 
constituted a unique management “experiment,” allowing for direct measurement of the wild population’s 
response after the discontinuation of a decades-old hatchery program. We used a before–after, control–impact 
design to examine whether selected viability metrics of the naturally produced population in the Salmon River 
changed after the hatchery program ended. We compared metrics for the 2006–2013 broods, representing 
periods after the hatchery program ended, to those for the 1995–2005 broods, when the hatchery program was 
still releasing 200,000 smolts annually. We also examined neighboring populations during similar time periods 
to account for changes or variation due to other factors. Although hatchery-origin spawners previously had 
accounted for most of the adults returning to the Salmon River, the naturally produced population did not 
collapse, and two viability metrics improved significantly after the Coho Salmon hatchery program ended: (1) 
adult abundance increased and (2) spawn timing expanded and moved closer to the historical timing. Recruits-
to-spawner ratios in the Salmon River, although initially low, are now approximately equal to those of 
neighboring populations. The results indicate that hatchery closure can be an effective strategy to promote wild 
population recovery. However, considerable variability in population trends and environmental conditions will 
require continued monitoring to verify the long-term resilience and viability of the wild population.  

Introduction 

Reduced productivity of mixed hatchery and wild populations of other Pacific salmon, steelhead Oncorhynchus 
mykiss, and Chinook Salmon Oncorhynchus tshawytscha was also inferred from comparisons with their 
intrinsic productivity and reproductive performance (Chilcote 2003; Araki et al.2007; Chilcote et al. 2011; 
Christie et al. 2012, 2016). Although recent studies have documented adverse effects of hatchery introductions, 
including evidence that wild populations can be replaced by artificially propagated salmon (Quinones et al. 
2014), the capacity of naturally spawning populations to recover from hatchery replacement without 
supplementation has become increasingly important but rarely has been evaluated. 

Hatcheries in the Pacific Northwest were established more than 150 years ago, when the first adult salmon were 
artificially spawned and eggs reared in a hatchery on the Sacramento River (Bottom 1997). 
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Hatchery production subsequently started on the Oregon coast in the early 20th century (Lichatowich 1999) 
and ramped up quickly in the 1960s as nutritional improvements and disease control measures substantially 
increased egg-to-smolt survival. At peak production in 1981, up to 60 million juvenile Coho Salmon were 
released from hatcheries within the Oregon Production Area (extending from Leadbetter Point, Washington, to 
Monterey Bay, California; Nickelson 1986), and up to 33 million were released from hatcheries in the Oregon 
Coast Coho Salmon Evolutionarily Significant Unit (ESU). 

At the same time, abundance of wild adult Coho Salmon declined rapidly (Nickelson 1986), and Oregon 
coastal Coho Salmon are now listed as a threatened species.

In response to concerns that hatchery releases contributed to the declines in naturally spawning populations, 
Coho Salmon releases from Oregon hatcheries were reduced from 4–5 million smolts in the mid-1990s to 1 
million or fewer smolts by 1999. Further reductions from 520,000 to 260,000 were implemented with the 
adoption of Oregon’s Coho Salmon Conservation Plan in 2007 (ODFW 2007). 

A subsequent retrospective study indicated a positive response in the productivity of Oregon coast populations 
to the reduction in hatchery releases from the 1990–2000 broods (Buhle et al. 2009), suggesting that 
management changes were having the intended effect. 

The Salmon River Hatchery (SRH) on the central Oregon coast was one of many coastal hatchery programs 
instituted by the Oregon legislature primarily to support fisheries. The hatchery began releasing juvenile Coho 
Salmon in 1978 from wild adults collected at a weir and ladder in the Salmon River at river kilometer (rkm) 8 
(Mullen 1978, 1979). 

In most years, the SRH released approximately 200,000 yearling Coho Salmon, although the number was as 
high as 405,000 in 1991 (Lewis 2005). All Coho Salmon released from the hatchery were marked by removing 
the entire adipose fin. From 1995 to 2008, the percentage of naturally produced Coho Salmon spawning in 
Salmon River varied from 0% to 49% 

The presence of relatively few unmarked (i.e., naturally produced) adults returning to the basin in most years 
indicated that few juveniles from naturally spawning parents (hatchery or wild) survived to contribute to the 
next generation. In addition, the median spawning time in the Salmon River gradually advanced by 
approximately 1.5 months and the duration of the spawning period decreased by about 2 months compared with 
Coho Salmon in other Oregon coastal basins or in the Salmon River before the hatchery program was 
established (Mullen 1979; Sounhein et al. 2015). 

A comprehensive assessment indicated that the population failed all proposed viability criteria; the assessment 
concluded that the hatchery program was the principal cause (Chilcote et al. 2005). The Oregon Department of 
Fish and Wildlife (ODFW) subsequently terminated all Coho Salmon releases at the Salmon River after 2007 
(i.e., 2005 brood year [BY]) to support recovery of the Salmon River population, which was listed as 
threatened (Oregon Coast Coho Salmon ESU) under the Endangered Species Act.

This study takes advantage of the termination of the Salmon River hatchery program to evaluate the potential 
recovery of a co-occurring, naturally reproducing, and independent (Lawson et al. 2007) Coho Salmon 
population. Specifically, we investigated whether elimination of the hatchery program strengthened the viability 
of the wild Salmon River population by measuring changes in three of the “viable salmonid population” criteria 
identified by McElhany et al. (2000): abundance, population growth, and diversity. 

Our first objective was to evaluate population responses to the Coho Salmon hatchery program within the 
Salmon River by comparing metrics of abundance, population growth (productivity [recruits per spawner, R/
S]), and spawn time diversity before and soon after hatchery releases were terminated. Our second objective 
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was to determine whether other factors could explain the observed population dynamics after hatchery closure 
by comparing changes in abundance and productivity in the Salmon River with those for independent 
populations in adjacent coastal basins.

We compared the life-stage-specific survival of Coho Salmon in the Salmon River to that of Coho Salmon in a 
small watershed within the Siletz River basin to explore whether changes in productivity could be ascribed to 
changes in survival in freshwater, the marine environment, or both. These analyses used several longterm data 
sets for Coho Salmon that were collected across decades and life history stages to identify responses on a 
population scale. 

Survival  

The estimated number of smolts was 10,546 during the Hatchery period; 21,502 during the Transition period; 
and 13,400 during the Wild period. 

In summary, the Salmon River population experienced a significant increase in abundance from the FH (hatchery) 

period to the FW (wild) period, while the two control populations did not change between those periods. 

The R/S values in all populations during the Wild period (2009–2013 BYs) were close to replacement level 
(1.0).

On average, lower smolt-to adult survival was observed in the Salmon River during the Hatchery period (3.8 
%) than during the Transition (9.9 %) and Wild (13.1 %) periods. 

Salmon River smolt to adult survival increased from half that of Mill Creek (Reference stream) to almost three 
times that of Mill Creek across the three periods; the ratio increased from 0.56  in the Hatchery period to 1.8  in 
the Transition period and 2.8 in the Wild period.

Spawn Timing

Coho Salmon in the Salmon River spawned from mid-October through mid-November, with a median date in 
early November, during the years of hatchery operation.

Beginning with the adult returns of the Transition generations and continuing with the Wild generations, peak 
spawning time shifted progressively later. Median spawn time for Wild generations shifted approximately 2 
weeks later than the median observed during the active hatchery program; 25% of the adults spawned 1 month 
later, with 10% spawning into late December and January.

The duration of the spawning period expanded successively with the Transition and Wild generations and 
currently extends through December, with a few fish spawning in early January.

The differences in spawn timing between the Hatchery and Transition generations and between the Hatchery 
and Wild generations were significant. The spawn timing of the Wild generations also moved progressively 
later relative to the Transition generations. 

The historical peak in Salmon River spawning prior to hatchery operations (1975–1977) occurred even later 
(early December) and the spawning duration extended still longer (October through early February) than those 
of the Transition and Wild generations.

Discussion
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Wild Coho Salmon in the Salmon River have made incremental progress toward recovery since hatchery 
releases were suspended after the 2005 BY (2008 return year). 

Some viability measures improved soon after the hatchery program ended, particularly among the Wild 
generations beginning with the 2009 BY: the abundance of naturally produced Coho Salmon increased, and the 
distribution of spawning times expanded. 

These trends were not fully explained by year-to-year variations in ocean productivity experienced by out-
migrating juveniles (Peterson et al. 2015).

When the hatchery program was active, the Salmon River population response to positive ocean conditions 
(1999–2002) was weak compared to that of the neighboring Coho Salmon populations (Chilcote et al. 2005). 
After the hatchery program was discontinued, adult population abundance increased even though ocean 
conditions were neutral or poor during the Wild period (Peterson et al. 2015).

However, the median R/S values decreased in the Siletz and Nestucca River populations while increasing in the 
Salmon River population during the FW period. 

Although several viability metrics improved and none declined after the hatchery program ended, long-term 
population resilience in a variable aquatic environment remains uncertain.

Despite considerable variability, it is noteworthy that total adult abundance (hatchery-and wild-origin 
escapement) in the Salmon River did not decline after the hatchery discontinued annual releases of 
approximately 200,000 smolts. Hatchery-reared spawners were replaced altogether with an equal number of 
naturally produced adults from fewer than 22,000 naturally produced smolts.

The dominance of hatchery-origin spawners from 1995 to 2008 and the immediate wild population increase 
during the post hatchery period reinforce concerns that some hatchery programs replace rather than supplement 
wild production (Quinones et al. 2014).

Survival of Coho Salmon is strongly influenced by ocean conditions (Nickelson 1986; Mantua et al. 1997; 
Logerwell et al. 2003; Peterson et al. 2014). Unfavorable ocean conditions—indicated by the Pacific Decadal 
Oscillation (Mantua et al. 1997), North Pacific Gyre Oscillation (Di Lorenzo et al. 2008; Kilduff et al. 2015), 
and integrated ocean index (Peterson et al. 2015)—reduced marine survival of the 1990–1996 broods coastwide 
to only 20% of the 1958–2003 average rate (Chilcote et al. 2005).

Although most Oregon Coho Salmon populations demonstrated some resilience by responding rapidly to 
reduced harvest and improvements in ocean conditions in the late 1990s and early 2000s (Chilcote et al. 2005), 
preharvest adult abundance in the Salmon River remained low. 

Preharvest abundance of all populations increased during the Transition period (2009– 2011 return years), 
likely an effect of better (good or neutral) ocean years (Peterson et al. 2015). 

However, the preharvest abundance of Coho Salmon returning to the Salmon River from 100% wild parents 
(2012–2016 return years) demonstrated a significant increase over Hatchery period abundance levels despite 
the occurrence of neutral or negative ocean conditions in 4 of the 5 years.

Termination of hatchery releases was the major ecological difference between the FH and FW periods in the 
Salmon River after accounting for ocean conditions.
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Our statistical analysis did not detect a significant difference in productivity between the FH and FW periods; 
however, during the Hatchery period, 9 of the 11 R/S values were at or below 0.8, whereas during the Wild 
period, four of the five R/S values were at or above 0.9.

Changes in productivity cannot be effectively assessed in the 5 years that have elapsed since the Salmon River 
population reverted to 100% naturally produced adults in the spawning population. Longer term monitoring 
and assessment will be essential for documenting trends and quantifying causal relationships.

R/S did not decrease coincident with the hatchery reduction but may have increased and mirrored the pattern 
observed in other coastal populations. Changes in productivity cannot be effectively assessed in the 5 years that 
have elapsed since the Salmon River population reverted to 100% naturally produced adults in the spawning 
population. Longer term monitoring and assessment will be essential for documenting trends and quantifying 
causal relationships.

The high proportion of marked hatchery Coho Salmon on the spawning grounds each year indicated that the 
hatchery program had largely replaced natural production in the Salmon River watershed. 

Observational studies have shown a sharp decrease in the productivity of wild fish populations when hatchery 
fish spawn with wild adults (Coho Salmon: Theriault et al. 2011; steelhead: Christie et al. 2014). 

The reproductive success of hatchery fish was half that of wild fish in these studies, and the difference was 
more notable in the markedly poor spawning success of hatchery males (Theriault et al. 2011; Christie et al. 
2014). 

Retrospective studies of Oregon coast Coho Salmon populations indicated improved productivity after a 
reduction in coastal hatchery releases through the 2000 BY (Buhle et al. 2009). 

Buhle et al. (2009) found that hatchery-origin spawners produced fewer recruits at all densities, which is 
consistent with our findings. 

Kostow et al. (2003) also reported that although a high proportion of hatchery adults on the spawning grounds 
may produce many of the progeny, the benefit may be offset by their low survival.

Nickelson (1986) found that despite equal numbers of spawning adults returning from pre-smolt hatchery 
releases as from control streams with wild-only pre-smolts, significantly fewer juvenile Coho Salmon were 
produced in the hatchery-dominated streams. Nickelson (1986) concluded that the early spawn timing of the 
hatchery-origin adults was responsible for the low survival of the progeny. 

The predominance of early returning hatchery fish in the spawning population (50–100%) suggests that spawn 
timing might also have been a factor in the low R/S and egg-to-smolt survival rates in the Salmon River during 
hatchery operations.

Although half of the fish spawned significantly later relative to the spawning period observed during active 
hatchery operations, the distribution of spawn timing during the Wild period was not similar to that occurring in 
the historical Salmon River or to the spawn timing of other coastal wild populations (Sounhein et al. 2015).

Although the early spawn timing reflected the abundance of hatchery-origin fish every year, adults (hatchery or 
wild) were rarely observed spawning into December while the hatchery was operating. 

It is possible that some later spawning wild fish were always present in low numbers, but spawning surveys 
continued every year until all sites were absent of fish for 2 weeks. 
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Despite the shift in spawning time toward a more natural trajectory since hatchery closure, the timing is still 
advanced and may explain the continued low egg-to-smolt survival rate in the Salmon River compared with 
Mill Creek (the reference stream).

Because all spawning activity in the basin was compressed into a short period before the typical onset of 
coastal storms in mid to late November (NRFC 2016), Coho Salmon redds in the Salmon River may have been 
vulnerable to scouring, particularly in medium to large streams. Early spawning adults produce early emerging 
fry that also may be more vulnerable to late-winter storms (Einum and Fleming 2000). 

Opportunities for the Salmon River population to rebound from egg and fry mortality associated with early 
spawning were thus severely limited by the absence of late-season spawners.

However, the rapid expansion of spawn timing suggests differential survival of the late spawning component of 
the population. Spawn timing is heritable (Quinn et al. 2002) and may serve as a good indicator of the evolving 
fitness of the population.

Co-occurrence with hatchery smolts during out-migration in the Salmon River also may have contributed to the 
poor survival of naturally produced Coho Salmon. (See the Alsea River report below)

The annual May release of large hatchery yearlings coincided with the estuarine rearing and migration of a 
much lower number of mostly smaller wild juveniles. Hatchery juveniles consisted entirely of large yearlings 
belonging to a narrow size range (~140–180 mm FL), whereas naturally produced subyearling and yearling 
migrants exhibited a bimodal length distribution composed of a much broader range of sizes (~90–180 mm 
FL). 

Displacement or mortality of wild salmon has been reported in some stream environments after releases of 
large hatchery juveniles (Nickelson et al. 1986; Peery and Bjornn 1996). 

Predator attraction to concentrations of hatchery fish in lower rivers and estuaries also has been identified as a 
likely cause for density-dependent decreases in the productivity of wild Coho Salmon populations in Oregon 
coastal basins (Nickelson 2003).

The median residence time of the wild yearling smolts in the Salmon River estuary is 2 weeks, and residence 
time can extend up to 1 month (Jones et al. 2014). During May and early June, density-dependent interactions 
with hatchery Coho Salmon—such as disease transmission, competition, and predation—could have 
contributed to increased mortality of smaller, naturally produced juveniles in the lower river and estuary 
(Einum and Fleming 2001; Nickelson 2003).

Improvements in smolt-to-adult survival (rather than egg-to-smolt survival) may have been largely responsible 
for the observed increase in abundance in the Salmon River. Reduced competition from juvenile hatchery fish 
in the estuary and selection for traits favorable for the marine environment may have improved survival of 
outmigrating juveniles of all life history types.

Although many juvenile migrants reared in estuarine wetlands, we doubt that the improved smolt-to-adult 
survival in the FW generations was a direct response to the restoration of Salmon River marshes (Jones et al. 
2014). Most of the restored marsh area (83%) was already accessible to juvenile migrants by 1996, or 12 years 
before the hatchery program was suspended.

Changes in abundance, productivity, survival, and spawn time diversity since hatchery closure suggest that the 
viability of the naturally spawning Coho Salmon population in the Salmon River has improved in the absence 
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of an annual release of hatchery smolts. Most notably, total spawner abundance in the Salmon River has not 
declined since the hatchery program ended even though hatchery-origin spawners previously had accounted for 
the majority of the returning adults. These results may corroborate the modeling of Buhle et al. (2009) 
regarding the positive response of coastal Coho Salmon to a reduction of hatchery releases and provide 
empirical evidence that the adverse effects of hatchery fish on wild population abundance and productivity may 
be reversible.

Management Implications

Many studies have documented ecological or genetic effects of hatchery fish on wild populations or have 
assessed population responses to supplementation programs, but few have evaluated whether hatchery 
replacement of a naturally producing population is reversible or whether hatchery suspension can aid the 
recovery of at-risk salmon. 

The population dynamics within the generations after hatchery releases ended in the Salmon River were 
consistent with the ODFW’s assessment that the hatchery program was the principal factor limiting Coho 
Salmon population viability in the Salmon River (Chilcote et al. 2005). 

Coho Salmon may be particularly vulnerable to intensive hatchery programs due to the potential interaction of 
hatchery released smolts with all juvenile life history types, including smaller subyearling migrants that rear 
downstream in the river and estuary and larger yearlings that leave the basin at about the time of hatchery smolt 
releases. 

(Predator attraction to hatchery releases may be the major limiting factor imposed on wild salmon juveniles as 
they migrate through the estuary and into the ocean.)

The Salmon River results have important implications for other populations where hatchery programs dominate 
salmon production. Despite the poor survival and recruitment of naturally produced fish when the SRH was 
operating, the rapid increase in natural production during the post hatchery period suggests that hatchery 
removal can be an effective strategy for salmon recovery.

Ultimately, long-term resilience of the Salmon River population may depend on whether natural selection 
processes re-establish a characteristic spawn timing distribution and whether the recovering population can 
adapt to changes in freshwater, estuary, and ocean environments that have been predicted under climate change 
scenarios for the region (Wainwright and Weitkamp 2013).

We recommend continued monitoring of the dynamics and life histories of the Salmon River population to 
track the long-term response to hatchery removal and to identify factors that strengthen or undermine 
population resilience. 
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“Captive-born fish with two wild parents averaged 85% of the reproductive success of their wild-born counterparts. (Araki 
H, Cooper B, Blouin MS (2007) Genetic effects of captive breeding cause a rapid, cumulative fitness decline in the wild. 
Science 318:100–103.) 

“One unusual feature of captive breeding via supplementation hatcheries is that only the early life history stages are kept 
in captivity. After release into the wild, there is very high mortality (often >95%), and thus ample opportunity for 
directional and purifying natural selection. Whether the oceanic phase somehow enhances the domestication effect is not 
clear. It is certainly possible that phenotypic variation generated during the captive, juvenile phase (e.g., body size at 
release) could be under intense viability selection at sea. 

“We conclude that (i) the wild population contained the requisite genetic variation for rapid adaptation to captivity and (ii) 
less than one generation in captivity (i.e., fertilization through smolting) generated selection intensities necessary to 
produce a rapid, genetically based fitness reduction in the wild. 

“Understanding that unintentional selection in captivity can cause rapid fitness declines has important conservation and 
management implications: Determining which traits are under selection and whether captive breeding programs can be 
modified to mitigate those selection pressures will be the next big challenge for improving the science of captive 
breeding.” !  

Puget Sound Steelhead Survival and Migration Behavior 

Moore, Megan E., Barry A. Berejikian1, Frederick A. Goetz, Andrew G. Berger,Sayre S. Hodgson, 
Edward J. Connor, Thomas P. Quinn. 2015. Multi-population analysis of Puget Sound steelhead survival 
and migration behavior. Marine Ecology Progress Series. Vol. 537: 217–232 

“Wild smolts had higher survival probabilities in general than hatchery smolts, with exceptions, and wild smolts released 
in early April and late May had a higher probability of survival than those released in early and mid-May. Steelhead smolts 
suffered greater instantaneous mortality rates in the central region of Puget Sound and from the north end of Hood Canal 
through Admiralty Inlet than in other monitored migration segments. Early marine survival rates were low (16.0 and 
11.4% for wild and hatchery populations, respectively) and consistent among wild populations, indicating a common 
rather than watershed-specific mortality source. With segment-specific survival information we can begin to identify 
locations associated with high rates of mortality, and identify the mechanisms responsible. 

“The high mortality estimated for steelhead smolts migrating through Puget Sound is consistent with estimates of low 
overall marine survival of these populations over the past several decades. Our analysis of Puget Sound populations 
indicated that only about 16% of wild and 11% of hatchery smolts that left the mouths of their natal rivers survived to 
reach the Pacific Ocean. Previous analyses indicated similar early marine survival rates for steelhead migrating to sea 
from the Strait of Georgia, British Columbia.  

“Low survival rates have been reported widely for steelhead and other salmonids entering various coastal habitats, 
especially estuaries. Halfyard et al. (2012) recently found that migrating Atlantic salmon smolts survived at low rates 
through estuaries in relation to freshwater and bay habitats in a Nova Scotia river system. In the Alsea River, Oregon, 78% 
of wild steel head smolts survived a 74 km downstream migration, followed by 60% survival in only 9 km of estuary 
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habitat (Johnson et al. 2010). Chinook salmon Oncorhynchus tshawytscha and steelhead smolts sustained low mortality 
rates in the upper Columbia River estuary (0.1% mortality per .km), but died at a much higher rate (1.2% mortality 
per km) when they neared the river mouth. 

“Smolts released in early May, regardless of population of origin, experienced very low survival each year of the study. 

“A predator response to the consistently timed release of hatchery steelhead in early May could explain the increased 
mortality. Approximately 70−95% of all 1−2 million hatchery steelhead smolts released into Puget Sound were released 
during the first week of May, and 1.9−2.6 million coho smolts were released in very late April/early May during the 
2006−2009 study period, coinciding with the lowest smolt survival rates.  

“Predators respond to large releases of hatchery salmon by increasing local density, i.e. an aggregative response (Wood 
1985, Collis et al. 1995), which may increase consumption of otherwise less densely congregated wild conspecifics. 
Higher survival rates observed before and after major hatchery releases may be attributed to low smolt densities that 
escape the attention of opportunistic predators. Steelhead migrating with large groups of hatchery fish could be more 
vulnerable if predators have the capacity to consume large numbers of smolts. 

“Short residence times, coupled with the high freshwater and low Puget Sound survival probabilities observed in this 
study, suggest a source of mortality that acts quickly on a large number of smolts in the early marine environment. If 
predators are abundant, predation fits this pattern and may explain the low RM (River Mouth) to JDF (Juan de Fuca)  
segment survival probabilities measured over less than 2 wk. 

“Hostetter et al. (2011) found that migrating steelhead smolts with poor body condition were more likely to be prey for 
birds than healthy smolts in the Columbia River. Whether acting on healthy or diseased fish, predation most plausibly 
explains the rapid mortality rates evident in steelhead smolts migrating through Puget Sound, although the primary 
predators on steelhead in Puget Sound are essentially unknown. 

“The present study supports the general understanding that anadromous salmonid mortality rates during the early marine 
period exceed those during later periods when fish are larger and in different environments. 

“Data from this analysis suggests that wild steelhead smolts survive the migration from river mouth to the Strait of Juan de 
Fuca at rates between 2.4 and 39.3%. Using an instantaneous mortality rate (based on the above estimated survival rates 
and average population- specific travel times) we can project forward the percentage of smolts remaining after only one 
month at sea (range = 0−3.2%). Mortality rates after open ocean entry must decrease thereafter for there to be any adult 
steelhead returns. 

“Rearing type was the most important predictor of survival through multiple segments of Puget Sound; hatchery 
populations generally survived poorly but some comprised similar survival rates to wild populations. Early marine 
survival of wild smolts depended on date, with low estimated survival rates coincident with largescale hatchery releases in 
early May. There was also a decrease in early marine survival over the 4 year study period. Short Puget Sound residence 
times and high rates of mortality implicate predation as the most likely mortality mechanism acting on smolts between 
saltwater entry and arrival in the Pacific Ocean.
 !

Do Trout Respond to Riparian Change? 

Michael Sievers, Robin Hale, John R. Morrongiello. 2017. Do trout respond to riparian change? A meta-
analysis with implications for restoration and management. Freshwater Biology. Wiley Online Library. 

http://onlinelibrary.wiley.com/doi/10.1111/fwb.12888/full 

Degradation of riparian habitats along our streams, wetlands, ponds, and lakes has had a devastating impact on native wild 
fish populations, especially salmonids.  A new evaluation (Sievers et al 2017) has searched for relevant peer-reviewed 
studies, and from an initial 6,514 papers, 55 were included in the formal meta-analysis. This evaluation indicates that most 
studies of North American riparian areas are designed to control impacts.  In addition, the review found “little evidence for 

http://onlinelibrary.wiley.com/doi/10.1111/fwb.12888/full
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species-specific responses to riparian change, and surprisingly, many drivers deemed important in the literature (e.g. 
revegetation, managed canopy removal, grazing, and forestry clearing) did not consistently influence trout populations.” 

Nevertheless, the authors did find that there is a positive response to “increasing woody debris and livestock exclusion 
(+87.7 and +66.6% respectively).”  A goal of riparian restoration is to increase trout production, but some studies show 
that these projects “just attract fish,” increasing abundance or density. The authors suggest that “targeted research on 
production verses attraction hypothesis would be beneficial.” 

Drivers of riparian changes include revegetation and increasing large wood but these have had limited long term research.  
Long-term data were found to be lacking for most drivers which “limit our ability to predict the likely…responses to 
riparian management.” 

It is disturbing that monitoring of riparian project results is lacking, suggesting that there is a presumption that projects 
will result in desired ecological outcomes, and using the assumption: Build it and they will come. In addition the authors 
say the “empirical research necessary to understand the potential pathways of effect…it is impossible to evaluate the 
efficacy of different riparian management activities in meeting their desired outcomes.” 

What is needed, the authors state is a “…broad quantitative and comparative assessment of how trout respond to 
changes… helping us understand the links between trout and riparian zones, and more specifically how riparian 
management might affect trout.” 

This evaluation did find their results were “consistent with previous work that has demonstrated the benefits of woody 
debris to trout and found that trout responded positively to livestock exclusion.” 

Logging riparian areas causes a negative response from trout populations, affecting large wood sources, reduced terrestrial 
insect food sources, increased sediment input, higher water temperatures, and acidification of streams.  All of which lower 
the productivity of trout streams including steelhead and other anadromous salmonids.  

Initially, fires increase water temperatures, water chemistry, and can reduce large wood input to streams, riparian cover and 
increase sediment.  There is some evidence that hydrological changes due to fires may improve trout recovery following 
debris flows that can increase aquatic insect and fish productivity.  The authors state that the “largest change in average 
response…was between 1 and 2 years post fire with a more gradual recovery between 2 and 6 years post fire. Longer term 
monitoring is necessary to better assess how trout respond to extensive brushfires.” 

The authors concluded: 

“First, the paucity of experimental data for many of the key drivers of riparian change makes it hard to properly assess 
change and make clear conclusions and recommendations. 

“Second, the long-term data necessary to fully evaluate the impacts of riparian change are largely unavailable for even the 
most well-studied drivers. Longer term data sets allow the temporal trajectories of degradation, and potentially recovery 
following interventions, to be documented. 

“Currently, most (64%) of the studies made comparisons between control and restored sites without sampling prior 
conditions, raising the potential that differences between these sites simply reflect intrinsic between-site variability. 

“Further work is needed to explore how fish respond to changes in the riparian zone, especially given that riparian 
restoration is among the most common forms of stream remediation globally, and that human pressures on riparian zones 
are likely to increase as climate change progresses. 

(This study evaluates the limitations and suggests improvements in riparian restoration.  Long-term research is expensive 
and it is likely that funding for this work will remain hard to come by otherwise it would be done by agencies and 
universities that get the funding to do the research.  Riparian mitigation is more fundable than riparian protection because 
industry and government prefer mitigation.  The backlog of riparian damage is so extensive that most northwest salmonid 
habitats are less productive than they were historically.  I am not aware of an evaluation that indicates how much it would 
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cost to repair this backlog of damage.  Riparian mitigation is not concerned about correcting the problem of continuing 
riparian degradation or funding the backlog of damage because mitigation sustains destructive practices and is less 
disruptive to commercial use of watersheds by corporations, landowners, urban areas etc.  The fishery agencies are fond 
of pointing out that habitat damage to streams as a way to deflect public attention from their failure to establish 
escapement goals for salmonids through harvest management and to control the impact of naturally spawning hatchery 
fish, a mitigation program that sustains watershed degradation. Certainly, riparian restoration should be evaluated and 
investments in long-term benefits are needed to improve restoration. But this will not address the primary problem of 
riparian degradation.  The cult of riparian damage mitigation rather than protection means our watersheds will remain 
substandard productive ecosystems for salmonids. BMB) 

!  
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Have our salmon and eat them too: Re-thinking Central Valley 
salmon hatcheries 
Posted on February 29, 2012 by Elena M. Lopez 

https://californiawaterblog.com/2012/02/29/have-our-salmon-and-eat-them-too-re-thinking-salmon-hatcheries-in-the-central-

valley/ 

By Jacob Katz and Peter Moyle 

http://californiawaterblog.com/2012/02/29/have-our-salmon-and-eat-them-too-re-thinking-salmon-hatcheries-in-the-central-valley/
http://californiawaterblog.com/2012/02/29/have-our-salmon-and-eat-them-too-re-thinking-salmon-hatcheries-in-the-central-valley/
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https://californiawaterblog.com/2012/02/29/have-our-salmon-and-eat-them-too-re-thinking-salmon-hatcheries-in-the-central-valley/
https://californiawaterblog.com/2012/02/29/have-our-salmon-and-eat-them-too-re-thinking-salmon-hatcheries-in-the-central-valley/
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In the previous blog, Jay Lund argued that wide-scale, integrated management of California’s water system will better 
balance water needs of the environment and water demands by humans.  Here we expand on the need for fundamental 
shifts in policy to recover populations of Central Valley salmon using integrated management approaches. 

The Central Valley is the only place on Earth with four distinct runs of Chinook salmon (fall, late-fall, winter, and spring). 
Each run was adapted for different conditions and had multiple independent populations that spawned in different valley 
tributaries.  Historically, this “diversified portfolio” included 1-2 million spawning fish per year in Central Valley rivers 
(Yoshiyama et al. 1998).  In 2009, total returns for all four runs were just over 70,000 fish, around 5% of average historical 
abundance.  Today, the winter and spring runs are listed under the Endangered Species Act (in 1990 and 1998, 
respectively), and the late-fall run is small and in decline.  In recent decades most salmon returning to the Central Valley 
have been fall-run fish, primarily of hatchery origin (AFRP 2011). The decline of California’s wild fall-run Chinook 
salmon populations has been both obscured and exacerbated by massive hatchery production. 

Although they may look similar to wild fish, hatchery salmon are, in a very real sense, domestic animals.  Hatcheries 
cultivate domestic genes, resulting in salmon adapted to hatchery conditions but unfit for survival in the wild under all but 
the most favorable conditions (Araki et al. 2007, 2008, Kostow 2009, Christie et al. 2012).  Currently more than 30 million 
Chinook smolts are released annually from Central Valley hatcheries irrespective of the return rate of hatchery fish.  As a 
result, hatchery production is at an all-time high while wild spawners and fisheries yields are at an all-time low. 

Those few hatchery fish that do return to the valley often do not return to the hatchery where they were born, but rather 
stray, spawning in rivers instead. Although most spawning by strays is unsuccessful, these strays interfere with the 
spawning of the few, if any, wild fish remaining (Johnson et al. 2012).  This is a particularly important point because a 
wild salmon produces, on average, eight times more grandchildren than does a hatchery fish (Chilcote et al. 2011). 

The past 60 years of Central Valley hatchery production to support fisheries has resulted in replacement of multiple natural 
populations with one hatchery population, thereby greatly increasing extinction risk (Williamson and May 2005, Williams 
2006, Barnet-Johnson et al. 2007, Lindley et al. 2009, CDFG unpublished coded wire wag data 2011,Katz et al. 
2012, Johnson et al. 2012).  The situation is similar to managing financial investments for long-term yields, where a well-
diversified investment portfolio (i.e., multiple runs with multiple independent populations) will fluctuate less in response 
to volatile market conditions (i.e., environmental variation) than will one concentrated in just one or two stocks (i.e., just 
hatchery fish).  Today, the management portfolio of Central Valley salmon is overwhelmingly concentrated in hatchery 
production.  This all-eggs-in-one-basket strategy is an underlying cause of the recent collapse of salmon numbers (Lindley 
et al. 2009).  Recovery of self-sustaining runs of Central Valley salmon will be impossible if we do not stop interbreeding 
between hatchery and naturally spawning populations (Katz et al. 2012).  Actions to support separating hatchery and wild 
gene pools can be sorted into two broad categories: 

Physical Segregation: Move hatcheries from upstream areas, where they are currently, to the bottom of the watersheds, in 
or close to the estuaries.  This action would increase the smolt to adult survival rates by eliminating high mortality of 
hatchery fish in rivers and the Delta (from the more than 30 million hatchery smolts released, only 29,000 adults returned 
in 2009, that is less than 0.1%) while minimizing competition between wild and natural fish and limiting genetic dilution 
of wild gene pools. 

Mark all hatchery fish with both adipose fin clips and internal tags so that all hatchery fish can be visually distinguished 
and management can effectively minimize interbreeding. 

Genetic Segregation: Hatchery propagation meant to subsidize fisheries should use stocks for breeding that are as 
genetically divergent from native salmon as possible.  Broodstock should be selected for life-history characters (especially 
migratory timing) incompatible with California hydrology.  This action would minimize genetic dilution of wild gene 
pools because hybrid progeny will be unfit for local conditions and therefore unlikely to survive to produce progeny of 
their own. 

Because of the fragmented nature of the current system of salmon management, we spend tens of millions of dollars 
annually to produce salmon in inland hatcheries, and then spend hundreds of millions more to deal with the environmental, 
regulatory and legal consequences of having produced those same fish.  As was suggested for water management in 
the previous blog, this piecemeal approach to fisheries resource management is not economically viable.  Nor is this 
strategy viable for avoiding extinction.  Accordingly, a comprehensive re-thinking of hatchery management must be 
undertaken in California and where adverse impacts to natural spawning populations outweigh benefits, hatcheries should 
be closed. 

http://californiawaterblog.com/2012/02/22/expanding-water-storage-capacity-in-california/
http://www.fws.gov/stockton/afrp/documents/CVPIA-AFRP%25202010%2520Poster%2520v.5.ppt
http://www.sciencemag.org/content/318/5847/100.abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1752-4571.2008.00026.x/abstract
http://www.springerlink.com/content/41774327ur155316/
http://www.pnas.org/content/early/2011/12/14/1111073109.abstract
http://www.plosone.org/article/info%253Adoi%252F10.1371%252Fjournal.pone.0028880
http://www.nrcresearchpress.com/doi/abs/10.1139/F10-168
http://genome-lab.ucdavis.edu/publications/Williamson%2520chinook%2520homogenize%25202005.pdf
http://escholarship.org/uc/item/21v9x1t7
http://escholarship.org/uc/item/21v9x1t7
http://www.barnett-johnson.com/uploads/1/9/9/0/1990941/barnett-johnson_cjfas_2007.pdf
http://www.springerlink.com/content/e732l750m54p5r65/
http://www.springerlink.com/content/e732l750m54p5r65/
http://www.plosone.org/article/info%253Adoi%252F10.1371%252Fjournal.pone.0028880
http://www.springerlink.com/content/e732l750m54p5r65/
http://californiawaterblog.com/2012/02/22/expanding-water-storage-capacity-in-california/
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Jacob Katz is a doctoral student in fish ecology and Peter Moyle is a professor of fish biology at the UC Davis Center for 
Watershed Sciences. 
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Introduction: 

You have noticed that there is a disagreement about hatchery and wild salmon and steelhead management among 
advocates within each group.  Government managers exploit that disagreement when it serves their purpose. However, 
there are unifying principles that serve harvest and conservation interests. The following introduces the unifying principles 
that would, if implemented, improve both conservation and harvest.   

Wild and Hatchery Salmon and Steelhead Have the Same Management Requirements 

Bill Bakke 
March 27, 2018 

Wild and hatchery salmon and steelhead return to their natal environments to reproduce and continue to adapt to those 
environments.  Hatchery fish return to their hatchery of origin and wild fish return to their natal river.  These two natal 
environments support their spawning and rearing requirements to which they are adapted and are most productive. 
Therefore, wild and hatchery salmon and steelhead should also be managed for spawner abundance (escapement) and egg 
capacity criteria. That would mean that for both hatchery and wild salmonids there would be escapement criteria and egg 
targets. 

Hatcheries have a spawner and egg take criteria to achieve annual production goals by species.  However, wild salmon and 
steelhead are not managed by the same criteria. Each wild population should be managed for adult spawners and egg 
deposition criteria by river and species in order to maintain their annual reproductive potential. 

Since hatchery and wild salmon and steelhead are constantly adapting to different natal environments; wild salmonid 
reproductive potential is maintained when their natal environments do not overlap with hatchery fish and they do not 
interbreed.  Straying and release of hatchery fish into the natal environments of wild populations and the transfer of 
hatchery fish and eggs among hatcheries have a similar impact on the resilience and reproductive success of both hatchery 
and wild salmon and steelhead.  

The habitat requirements that support the successful reproduction of wild and hatchery salmonids must be maintained and 
protected in order to provide maximum reproductive success and survival. Hatcheries serve as a controlled environment 
but wild salmon and steelhead are more vulnerable to environmental changes. Their natal environments are more exposed 
to disruptive changes by humans, therefore protection of the reproduction and rearing environments are required to support 
the survival of wild salmonid populations. 

In summary successful management for hatchery and wild salmonids are based on the same principles: Adaptation to their 
unique natal environments that do not overlap; achieve spawner abundance and egg targets for each, and protection of 
habitats that support their reproductive potential.  

Of course this is not a comprehensive solution because there are still genetic and ecological impacts on wild salmon and 
steelhead from hatchery fish associated with the mortality of released wild fish, interbreeding with hatchery fish, and 
competition for food, rearing space, along with predation and predator attraction related to hatchery fish releases into the 
environment.  
!  


