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Jaimer Wilson of Astoria, Oregon with a Chinook salmon weighing 82.5 pounds 
caught on May 26, 1936 

 

Biodiversity is an important concept in salmon management relating to genetic and ecological variation of a species, but it 
is difficult to visualize.  

The chinook in this picture represents a distinct population in the Columbia River that no longer exists.  The habitat and 
the animal no longer exist.  It cannot be replaced.  It is gone.   

These chinook created such huge redds in the upper Columbia that they blocked the passage of stern wheelers and the 
redds had to be dredged to allow commerce to resume.   
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Also gone are the Columbia River steelhead of 42 pounds that were frequently harvested in August of 1903.  

Commercial fishing contributed to the decline in this giant population of chinook salmon called “June Hogs” and Grand 
Coulee Dam (1941) blocked its spawning and rearing habitat.   

In 1947 the Secretary of Interior, J. G. Krug, affirmed a new future for the Columbia river wild salmon and steelhead: 
“The present salmon run must be sacrificed” rather than  “…a vain attempt to hold still the hands of the clock” and set the 
stage for hatchery mitigation for dam construction on the Columbia and Snake rivers. 

The extinction of June Hogs is just one example of biodiversity loss in the Northwest.  In the Columbia, the world’s center 
of chinook and steelhead abundance, 40 percent of the habitat sustaining this biological diversity and abundance is 
blocked by dams and the rest is damaged. 

Fragments of the original biological diversity of salmonids can be found in the historical observations of biologists, but 
few are aware of this history, assuming that today is the way it has always been.  

 

Place Based Salmon Management 

Lichatowich, Jim and Richard N. Williams. 2015. A Rationale For Place-Based Salmon Management. 
Report to Bering Sea Fishermen’s Association. Anchorage, AK. August 27, 2015. 

Case	Study	2		
Management	of	Coho	Salmon	in	the	Oregon	Production	Index:	A	Cautionary	Tale		
The events described in this cautionary tale took place beginning 50 years ago and covered a period of 30 years or more. 
We chose a historical event for two reasons: It has important lessons that could benefit management programs today. We 
wanted to show there are important lessons to learn from history. Fishery biologists generally have a lack of historical 
perspective regarding their profession (Pauly 1995; Jackson et al. 2011) and as Jackson et al. (2011) state it, “We firmly 
believe there is no hope of success [in fisheries management} without historical perspective.”  
 

The Oregon Production Index (OPI) included an aggregate of coho salmon stocks in the areas where Oregon coastal and 
Columbia River stocks mixed with stocks from other areas. The OPI included stocks from California, Oregon, Columbia 
River and Southwestern Washington (Gunsolus 1978). The OPI is an index of abundance of the aggregate of coho 
populations in that area. 

In the late 1950s up to the mid-1970s, coho salmon in the OPI were giving biologists reason to be optimistic. It appeared 
that the hatchery programs for coho salmon were finally going to achieve their goal of maintaining the supply of salmon 
for the sport and commercial fisheries (Figure 5). As the survival of hatchery coho salmon began increasing in the late 
1950s, biologists believed that research begun in the 1930s and 40s on disease treatments and development of nutritious 
feeds was beginning to payoff. Biologists were so convinced that they had solved the problem of salmon supply using 
hatcheries that they approved harvest rates of 80 to 90 percent from 1970 to 1983 (Figure 6). With such high harvest, the 
wild coho salmon did not show production growth similar to the hatchery origin fish (Figure 5). Instead, wild coho 
declined to very low levels through the 1980s and early 90s, while harvest was maintained in the 50 to 70 percent range 
(Figure 6). 

In the early 1960s, as the survival of hatchery origin coho began increasing, large surpluses of adults and eggs occurred at 
coastal hatcheries. To use those surpluses, extra eggs were taken and the juveniles held for a short time after hatching. The 
fed fry were stocked into coastal streams to boost production. The first supplementation program began in the early 1960s 
and continued until the early 1970s when it was terminated (Figure 7). By 1978, salmon managers recognized that 
spawning escapements of wild coho salmon to Oregon coastal streams and Columbia River were rapidly declining 
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(Gunsolus 1978). The Oregon Legislature mandated another supplementation program, which was initiated in 1980 
(Figure 7). This program included an extensive evaluation, which found that supplementing streams with hatchery fry to 
make up for overharvest of wild coho salmon actually reduced the subsequent adult returns to the stocked streams rather 
than increasing them. The new supplementation program was then terminated. 

Recall the discussion of the current conceptual foundation in Part One of this report. Management programs that focus on 
commodity production—and that was definitely the case for OPI coho management—use the abundance of the commodity 
as the prime performance measure. After the crash in 1977, rather than look for an ecological cause, the problem was 
defined as too few coho salmon. This definition of the problem persisted even after fisheries scientist discovered that a 
shift in ocean conditions probably caused the drop in abundance of coho salmon. However, because the problem was 
defined as too few fish, it led to a massive increase in hatchery production. After 1977, the number of coho smolts released 
from both public and private hatcheries rose from about 4 million to 27 million. Most of the increase was from private 
hatcheries. This boost in hatchery releases had little effect on overall production in the OPI. Some fisheries scientist 
believed that the massive boost in hatchery output actually overloaded the near shore ecosystem making the problem 
worse. 

By the early 1990s, the abundance of hatchery and wild coho dropped to very low levels. Harvest was cut to 10 percent or 
less and coastal coho were listed under the federal ESA as threatened in 1998 and reaffirmed in 2008.  
 
We called this a cautionary tale, which means it is supposed to teach us something useful. Here are the lessons we derived 
from this historical event; lessons that are still relevant today. 
 
1. Be careful when defining problems. Declining abundance of salmon is usually not the problem. It is a symptom of the 
underlying cause (the problem) of the decline. One consequence of a false conceptual foundation and a focus on 
commodity production is that they can lead to a false definition of a problem and to remedial actions that actually make 
the problem worse.  
 
2. There was a 30 year lag between the decisions in the early 1960s to permit high harvest rates and the consequences of 
that decision in 1998—the listing of coastal coho salmon under the federal ESA. That means the salmon managers who 
caused the collapse of wild coho and the ESA listings were not the same folks who had to deal with the problem. The 
latter may never know the real cause of the problem.  
 
3. There is a strong need for accountability in fisheries management. We are not suggesting that salmon managers should 
be held accountable for the number of fish. That would be unfair given the possibility of a long lag between a decision and 
its consequences. Salmon managers should be held accountable for a working knowledge of past management and 
recovery activities. Here are three questions that must be asked of every management or recovery plan. No plan should be 
approved until each of the questions has a positive answer.  
 

-  Did the authors demonstrate knowledge of past management or recovery programs in the same or similar watersheds?  

-  Did the authors demonstrate knowledge of the results (positive or negative) of those programs?  

-  Did the authors make a convincing case that their approach will avoid the problems or failures of the past?  
These are the lessons from this cautionary tale. We can no longer afford to repeat the mistakes of the past. In the realm of 
salmon management there are many other cautionary tales each with its own set of lessons. Ferreting out those lessons 
requires a historical perspective, something that is not given due consideration in the profession of fishery management. 
 
Case Study 3  
Management of Salmon Escapements: Is it Adequate or is it Contributing to the 
Salmon’s Problem?  
In salmon management, the term escapement is used to describe wild or hatchery origin salmon that have escaped all the 
sources of mortality and returned to their natal streams or to the hatchery to spawn. The size of the escapement is a 
measure of the efficacy of harvest management—did the fishery harvest all the fish that it could have leaving just enough 
fish to meet the escapement target? Just as important, the size of the escapement can also help answer ecological 
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questions. Did enough fish escape the fishery to fully seed the available habitat? In a fishery targeting a mixture of 
populations, did enough fish from each population escape the fishery? Was the escapement large enough to supply 
nutrients to the aquatic food webs and maintain carrying capacity of the habitat? Answers to those questions tell us if 
harvest management is supporting natural production and the health of the ecosystem. However, when salmon 
management gives priority to the supply of commodities for the fisheries, the ecological questions lose their importance or 
relevance. 

The spawning escapement of salmon into a watershed is the critical link between generations of salmon. Without an 
adequate escapement, the productivity of a population will decline and in cases of extreme under escapement, the 
population’s survival may be compromised. Salmon managers sometimes simplify their task of setting escapement goals 
and monitoring the result by aggregating several populations into a management unit, which is subjected to a common 
harvest rate and a single overarching escapement target. Because salmon populations vary in their productivity, the least 
productive populations in the management unit may be overharvested under a common harvest rate. Therefore, each 
population in the unit should be monitored to ensure they receive adequate escapements. The importance of adequate 
escapements was highlighted by Knudsen (2000): “Ultimately, though, both productivity and biodiversity depend on 
sufficient escapement of spawners to fully utilize the available freshwater habitat, fertilize the systems with carcasses and 
optimize genetic diversity.” 

If adequate escapements are critical, have salmon managers recognized their importance and have they given them a high 
priority in their management programs? Fortunately we have a recent survey of salmon escapement across the Pacific 
Northwest and Alaska that will help answer that question. Knudsen (2000) surveyed 1,025 known management units 
consisting of 9,430 populations. He then evaluated criteria for setting escapement goals and the methods by which 
escapement data is collected. Here is what he found: 

Goal Setting Methods  
22% of the management units had no escapement goals  
1% of escapement goals are set by methods rated as excellent  
Over 60% of the escapement goals are set by methods rated as either fair or poor 
 
Data Collection Methods  
Only 70% or the 9,340 populations could be evaluated  
52% of the data collection methods were rated as poor  
44% of the populations had no escapement estimates 
 

This is an incredibility poor record for such an important aspect of salmon management. Another shortcoming Knudsen 
(2000) found was the gradual reduction in escapement goals. He used an example from the Klamath River to illustrate this 
problem. 

In a 1985 paper, Michael Fraidenburg and Richard Lincoln, reviewed the management of wild Chinook salmon in the 
Pacific Northwest. They presented evidence that: “Pacific coast river systems from northern California to southeast Alaska 
are consistently ‘under-escaped’ by about 500,000 spawners per year …. Spawning escapements of some stocks are now 
more than 70 percent below optimum goals” (Fraidenburg and Lincoln 1985). They discussed the escapement targets for 
the Klamath River Chinook salmon and called it, “A case of compromising standards.” 

In 1978, the Pacific Fisheries Management Council set an escapement goal for the Klamath Basin of 115,000 adult 
Chinook salmon. Two years later that goal was reduced to an interim target of 86,000 to prevent hardship on the troll 
fishery—clear evidence of a focus on the commodity side of management’s mission. There was a commitment to return to 
the original target in four years. In 1983, because fishermen were still experiencing economic hardship, the return to the 
original escapement goal was put off for 16 years and the escapement target reduced to 69,000 fish. But that figure 
included fish harvested in the river, so the actual number of salmon escaping the fishery to spawn was smaller, reaching a 
low of 31,500 fish in 1983. Managers then agreed to an escapement floor of 35,000 fish and the actual escapement target 
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set each year. For example, the target for 1995 was 75,000 fish, which was still far below the original goal. “While this 
case provides an excellent example of how politics has influenced salmon management, it also illustrates how scientists 
and managers sometimes participate in regulating a fishery into over fishing (Knudsen 2000).” 

Lichatowich, Jim and Richard N. Williams. 2015. A Rationale For Place-Based Salmon Management. Report to 
Bering Sea Fishermen’s Association. Anchorage, AK. August 27, 2015. 

 

Salmon Biodiversity Supports Indigenous Food Security 

Nesbitt, Holly and Jonathan Moore 2016 Pacific salmon fisheries biodiversity underpins indigenous food security. 
Journal of Applied Ecology. 

http://www.sfu.ca/sfunews/stories/2016/pacific-salmon-fisheries-biodiversity-underpins-indigenous-food-security.html 

Our comparative study provides evidence of how biodiversity supports the food security of indigenous fisheries 
throughout a watershed. We illustrate that species and population diversity contribute to interannual catch stability and 
intra-annual fishing season length for First Nations salmon fisheries in the Fraser watershed. While factors other than 
diversity likely contribute to stability and season length, we generally found that population diversity had a greater signal 
on fisheries than species diversity. 

While it is generally appreciated that biodiversity supports the food security, culture, health and well-being of indigenous 
people around the world (Kuhnlein et al. 2012), our results provide rare quantitative evidence of this linkage. 

Chinook and sockeye salmon fisheries were the only species where interannual catch stability was explained by population 
diversity, perhaps because, of the five species examined, Chinook and sockeye are thought to stray less from their natal 
spawning grounds and exhibit relatively high levels of genetic and life-history diversity (Waples et al. 2001). 

We show that fine-scale diversity supports aggregate stability throughout a vast river network, and suggest that habitat 
protection is critical for the stability of this ecosystem service. 

We found that season length was strongly linked to both salmon richness and the Hell's Gate barrier, depending on the 
species. For species that possess disparate run-timings, such as Chinook and sockeye, the barrier was the best explanatory 
variable of season length. This result demonstrates the importance of landscape filters on driving asynchrony and thus 
extending fishery seasons. Phenological diversity may be a critical component of diversity–ecosystem functions for time-
sensitive processes such as seasonally pulsed resource waves. 

“Here we provide a conceptual framework to advance the study of phenological diversity and resource waves. We define 
resource waves, review evidence of their importance in recent case studies, and demonstrate their broader ecological 
significance with a simulation model. We found that consumers ranging from fig wasps (Chalcidoidea) to grizzly bears 
(Ursus arctos) exploit resource waves, integrating across phenological diversity to make resource aggregates available 
for much longer than their component parts. In model simulations, phenological diversity was often more important to 
consumer energy gain than resource abundance per se. Current ecosystem-based management assumes that species 
abundance mediates the strength of trophic interactions. Our results challenge this assumption and highlight new 
opportunities for conservation and management. Resource waves are an emergent property of consumer–resource 
interactions and are broadly significant in ecology and conservation.” (Armstrong et al 2016) 

Our results have specific regional and broad management implications for watershed management. First, protecting 
multiple aspects of salmon diversity at fine scales, through conservation of local populations, habitats and connectivity, 
will help protect the biodiversity that maintains indigenous food security. 
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Secondly, our analyses illustrate that fish habitat and biodiversity underpin the stability and duration of fisheries that are 
100s of km away. Upstream projects that damage salmon habitat could degrade the security of downstream indigenous 
fisheries. Given that FSC rights are protected in Canada, these findings have regional implications for environmental 
decision-making and indigenous rights and title. For instance, decision-makers should consider fine-scale diversity, not 
just species richness, and how proposed projects may impact stability and fishing opportunities, not just abundance.  

We recommend that the geographic scale of environmental assessments matches the socio-ecological processes that will 
be affected by development. In some cases, like that shown here for food security, this means that people throughout the 
watershed should be able to participate in decision-making through collaborative planning approaches (Gregory & 
Failing 2002), especially those who are most vulnerable to biodiversity change (Díaz et al. 2006). 

 

Forage Fish Management Plan Adopted 

These unmanaged forage fish are small schooling fish such as smelt, squid, and Pacific saury, that serve as an important 
food source for salmon, steelhead and many other fish species, seabirds and marine mammals. 

Oregon’s new plan will extend new protections for unmanaged forage fish, including more restrictive fishing regulations, 
harvest limits, and better tracking and monitoring from the coast to three miles offshore. Similar protections were 
established earlier this year for adjacent federal waters, which are located three or more miles offshore. 

This forage fish plan will link Oregon’s waters with federal offshore waters, stitching together protections of the marine 
food web along the entire West Coast, according to Dr. Caren Braby, manager of ODFW’s Marine Resources Program, 
who briefed the Commission on the plan. 

The Native Fish Society has been working with other conservation organizations in support of this management plan. 
BMB 

 

Climate Change and Alaskan Salmon 

Mauger, Sue, Rebecca Shaftel , Jason Leppi , Daniel Rinella. 2016. Summer temperature regimes in 
southcentral Alaska streams: watershed drivers of variation and potential implications for Pacific 
salmon. Canadian Journal of Fisheries and Aquatic Sciences. 
 
This paper is about climate change research on Alaskan salmon streams and gives the reader an insight into the 
complexity of responses that rivers and salmon have to a warming climate.  The effects noted in this paper are likely to be 
even more disruptive along the southern Northwest Coast.  Salmon are finely tuned to their home streams and each stream 
provides a unique habitat supporting its native wild salmonids.  Therefore, management that treats rivers and salmon as 
production units by ignoring local adaptation, life history diversity and habitat diversity has failed to protect salmon as a 
renewable asset to the regions where they are found.  I have provided quotes from this study to give you an idea about 
how salmon are biologically organized by their natal rivers and the potential disorganizing effects of climate change. As 
Jim Lichatowich said, salmon management has stripped away the life history diversity of salmon so that their ability to 
respond to changing ecological conditions is seriously jeopardized. BMB 
 
Abstract 
 
Climate is changing fastest in high latitude regions, focusing our research on understanding rates and drivers of changing 
temperature regimes in southcentral Alaska streams and implications for salmon populations. We collected continuous 
water and air temperature data during open-water periods from 2008 to 2012 in 48 non-glacial salmon streams across the 
Cook Inlet basin spanning a range of watershed characteristics. The most important predictors of maximum temperatures, 
expressed as mean July temperature, maximum weekly average temperature, and maximum weekly maximum temperature 
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(MWMT), were mean elevation and wetland cover, while thermal sensitivity (slope of the stream-air temperature 
relationship) was best explained by mean elevation and area. Although maximum stream temperatures varied widely (8.4 
to 23.7 C) between years and across sites, MWMT at most sites exceeded established criterion for spawning and 
incubation (13 C), above which chronic and sub-lethal effects become likely, every year of the study, which suggests 
salmon are already experiencing thermal stress. Projections of MWMT over the next ~50 years suggest these criteria will 
be exceeded at more sites and by increasing margins. 
 
Quotes form the study: 
 
“Established criterion for spawning and incubation (13  C or 55.4 F), above which chronic and sub-lethal effects become 
likely.” 
 
“Climate is changing fastest in high latitude regions like Alaska, where average annual air temperature has increased 
nearly 2 °C over the past 50 years and is projected to rise by an additional ~2–4 °C in coming decades (Karl et al. 2009).” 
 
“The effects of water temperature on Pacific salmon (Oncorhynchus spp.) are pervasive. The abundance and taxonomic 
composition of prey and the seasonal timing of its availability are closely linked with  temperature regimes (Caissie 2006; 
Burgmer et al. 2007). Physiological growth potential increases to an optimum temperature and declines as temperature 
increases (Brett et al. 1969). Timing of life history events, like spawning, emergence and the onset of exogenous feeding, 
and smolting, are adapted to prevailing environmental conditions and are largely driven by temperature (Brannon 1987, 
Quinn 2005). High temperatures can block migration corridors (Quinn et al. 1997, Salinger and Anderson 2006), increase 
disease virulence (Fryer and Pilcher 1974, Kocan et al. 2009), and cause stress or outright death (Richter and Kolmes 
2006). As such, warming temperature has the potential to alter the suitability of waterbodies for salmon populations.” 
 
“Watershed elevation and wetland cover were the most important predictors of summer temperature regimes across our 
sites. We suspect that high elevation watersheds tended to be colder because these sites had snowpacks that persisted into 
early June extending the inputs of cold meltwater. 
 
“Wetlands, by contrast, lead to warmer stream temperatures because of surface or near-surface flow paths and flat 
topographies that produce longer residence times and receive more direct radiation than groundwater flow paths. 
 
“Steeper 407 watersheds receive less incoming solar radiation than horizontal surfaces (depending on aspect), and also 
have shorter water residence times and increased water velocities, all of which lead to colder stream temperatures (Jones et 
al. 2013, Lisi et al. 2013). 
 

“Other studies have found groundwater inputs to be the predominant driver of thermal sensitivity in streams (Kelleher et 
al. 2012, Mayer 2012).   
 
“Snowmelt may be another important predictor controlling differences in stream sensitivity. Lisi et al. (2015) found that 
snowmelt-dominated streams in Bristol Bay were less sensitive than streams in rain dominated low elevation watersheds. 
They also observed statistically different sensitivities for streams before and after July 15: high elevation streams were less 
sensitive in the early part of the summer due to snowmelt, whereas low elevation streams were less sensitive later in the 
summer due to shorter day length and, possibly, increasing rainfall. The magnitude of the previous winter's snowpack and 
timing of snowmelt likely affects stream sensitivities between years as well as over the summer season. 
 
“Our results indicate that larger, low elevation watersheds will be most impacted by increases in air temperature. These 
findings are further supported by research in other regions that identified the influence of elevation and slope angle on 
thermal properties of streams and indicate that steep, high elevation tributaries are likely to provide future refugia for cold 
water species . We think that our monitoring locations integrated the general stream temperature regimes for each 
watershed, but a variety of factors (e.g. localized groundwater inputs, snowmelt-fed tributaries, and variable shading from 
riparian vegetation) undoubtedly created thermal mosaics at smaller spatial scales that were undetectable by our current 
study design. 
 
“We found that numerous non-glacial watersheds in the Cook Inlet region currently have stream temperatures that exceed 
threshold MWMT ranges identified by the U.S. Environmental Protection Agency (U.S. EPA) for the protection of salmon 
life stages. These criteria, above which chronic and sub- lethal effects become likely, are 13 °C for spawning and egg 
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incubation, 16−18 °C for juvenile rearing, and 18−20 °C for adult migration (U.S. EPA 2003). Surprisingly, even in our 
relatively cool sampling period, MWMT at most sites exceeded the established criterion for spawning and incubation 
during every year of the study, which suggests salmon are already experiencing thermal stress in the Cook Inlet region. 
 
“Spawning sites are likely to be distributed across a diversity of stream reaches and habitat types that have different stream 
temperature regimes and, in some cases, may be driven by the presence of groundwater upwelling (Curry and Noakes 
1995, Geist et al. 2012). Our temperature measurements from the lower section of each watershed won’t be representative 
of every spawning location, especially in larger watersheds.  
 
“In the absence of buffering effects (e.g. stream channel shade, groundwater inputs) stream temperature tends to increase 
in a downstream direction due to atmospheric warming that occurs along a stream’s flow path (Sullivan et al. 1990). 
Further, a stream’s  physical structure exerts internal control over water temperature by influencing stream channel 
resistance to warming or cooling (Poole and Berman 2001) and creates a mosaic of stream temperature  patterns within a 
watershed. While we would expect individuals that use high elevation tributaries for spawning to be generally buffered 
from impacts, our research suggests that salmon who use main channel habitat to spawn are likely to be negatively 
impacted by elevated water temperatures. 
 
“Timing of spawning also varies widely among species, populations, and years (Quinn 2005) and each 
salmon species has a slightly different optimal temperature for growth and survival (Murray and McPhail 1988, Beacham 
and Murray 1990). Data that would allow us to relate the timing of MWMT to spawning in individual streams do not exist.  
 
“However, available information from around Cook Inlet suggests that most Pink, Chum, and Chinook salmon populations 
and many Sockeye salmon populations spawn during July and August during which time high temperatures may result in 
reduced gamete viability (U.S. EPA 2003). It is also possible that accelerated embryonic development associated with 
increased incubation temperatures could lead to fry emergence prior to the seasonal onset of optimal rearing conditions 
(Taylor 2008) and that resulting selective pressure may lead to later spawning (Crozier et al. 2008). Previous research 
from the Cook Inlet region suggests that fry survival for Coho salmon, which spawn during September and October, may 
be enhanced under warming scenarios, barring substantial modifications to the flow regime (Leppi et al. 2014). 
 
“Elevated summer stream temperature could have negative or positive impacts on the 517 region’s salmon populations, 
and the direction of the response will likely be determined by a suite of factors. 
 
“Exceedances of thermal criteria for juvenile rearing (16−18 °C) occurred in most streams during the warmest summer of 
the study (2009) and in several streams during cooler years. These exceedances would most directly impact juvenile 
Chinook and Coho salmon, which rear in streams throughout the study area for one or two years (respectively), and may 
result in reduced growth and increased vulnerability to disease, predation, and competition (see U.S. EPA 2003). 
“However, impacts on juvenile rearing could be mitigated to some extent by the availability of thermal refugia (Torgersen 
et al. 1999) or by shifting habitat use to higher elevations (Keleher and Rahel 1996, Isaak and Rieman 2013). 
 
“Additionally, the impacts of warming waters may not be entirely negative. In colder streams, Coho salmon have been 
shown to exploit spatial thermal heterogeneity by migrating to warmer areas after feeding, which increased their metabolic 
and growth rates (Armstrong and Schindler 2013, Armstrong et al. 2013).  
 
“Further, temperatures in many of our study streams were continually below the optimum for salmon growth; warming in 
these streams may enhance growth in coming decades, given adequate food resources (Beer and Anderson 2011). 
 
“We expect temperature related impacts to be greatest at low-elevation sites because these had the warmest summer 
temperature regimes and are also warming the fastest (i.e., they showed the highest thermal sensitivity). MWMT in excess 
of 20 C during one or more years at 13 sites may have affected upstream migrations of adult salmon, five species of which 
move up the region’s streams during summer. These impacts may include delayed migration, increased vulnerability to 
disease , and reduced swimming performance.  
 
“In extreme cases, warming conditions coupled with low water may lead to mass salmon die-offs, as have been observed 
in Cook Inlet and elsewhere in Alaska.  
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“Many of the region’s largest salmon runs migrate up glacier-fed rivers to reach upstream spawning areas. Since glacial 
meltwater cools rivers considerably, these runs will avoid exposure to warm temperatures along some or all of their 
riverine migratory route, but the accelerating loss of glacial mass may reduce or eliminate this effect (Milner et al. 2009). 
 
“While we can reasonably suggest the above impacts associated with ongoing summer warming, a complex set of 
additional factors will help shape the responses of the region’s salmon populations to increasing greenhouse gas emissions 
in coming decades. For example, increasing winter streamflow may lead to scouring of spawning redds and mortality of 
incubating embryos (Leppi et al. 2014) while at the same time increasing the availability of wintering habitat. Advancing 
spring freshets (Stewart et al. 2005) may lead to increased predation during low flows if smolts do not adjust migration 
timing or mismatches with optimal ocean rearing conditions if they do. Ocean acidification may disrupt the food webs that 
support salmon at sea (Fabry et al. 2009). The overall effects of these phenomena, combined with increasing temperatures, 
are complex and uncertain. And although the Cook Inlet basin currently lacks the widespread human disturbance 
associated with salmon declines in the Pacific Northwest, high potential exists for future urban impacts especially in 
lowland, coastal areas where  most Alaskans live and where streams have the highest summer temperatures and sensitivity 
to climate warming. 
 
“However, targeted management strategies can increase resilience in aquatic ecosystems to a changing climate, such as 
improving riparian vegetation to shade streams, restoring fish passage to provide access to thermal refugia, and identifying 
sensitive areas for conservation (Rieman and Isaak 2010, Isaak et al. 2010). These strategies, in addition to maintaining 
habitat connectivity and complexity, along with salmon’s inherent life history diversity and evolutionary potential will 
help the long-term viability of the region’s salmon populations (Hilborn et al. 2003, Crozier et al. 2008, Schindler et al. 
2010, Reed et al. 2011). 


