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Options for hatchery production: Harvest or Recovery 

The purpose of the hatchery program determines whether the salmonids will promote harvest (smolt releases) 
or promote wild fitness and boost natural population size (unfed fry releases).  The two studies present below 
illustrate these management choices for hatchery programs.  

1.  “…harvest opportunity is increased by hatchery practices that increase juvenile survival (smolt releases) 
and/or the rate at which hatchery fish grow to harvestable size.” 

Davison, Raziel J. and William H. Satterthwaite. 2017. Life history effects on hatchery contributions to ocean harvest and natural-1 area spawning.  Can. 
J. Fish. Aquat. Sci. (In press) 

 

2.  “We present evidence that varying exposure to captive conditions during early life induced a lifelong 
divergence in important phenotypic traits for fitness that carried over into the next generation. We found that 
extending captive exposure (ECE) resulted in (1) younger and therefore smaller migrating juveniles, (2) smaller 
adults after rearing in a captive marine environment, (3) substantially less wild exposure (after accounting for 
rearing strategy differences), (4) a shorter generation time and (5) smaller and less viable offspring in the next 
generation, compared to fish with reduced captive rearing (RCE). Our findings should be relevant to population 
recovery managers considering trade-offs between captive rearing regimes, the maintenance of wild fitness at 
different life stages and the boosting of population size.” 
 
Clarke, C. N., D. J. Fraser and C. F. Purchase.2016. Lifelong and carry-over effects of early captive exposure in a recovery program for Atlantic salmon 
(Salmo salar). Animal Conservation. Zoological Society of London. 
 

 

Captive Breeding Cause Unavoidable loss of Fitness in Salmonids 

Berejikian, Barry A., Jeffrey J. Hard, Christopher P. Tatara, Donald M. Van Doornik3 , Penny Swanson, and 
Donald A. Larsen. 2016. Rearing strategies alter patterns of size-selective mortality and heritable size variation in 
steelhead trout (Oncorhynchus mykiss) Canadian Journal Aquatic Sciences, 10. 1139. 

http://www.nrcresearchpress.com/doi/abs/10.1139/cjfas-2016-0175#.V6F1xLgrIVA 

 “Fitness loss in salmonid fish populations is currently considered an unavoidable consequence of captive breeding.”    

“There are massive differences between environments experienced by hatchery- and natural-origin fish during egg 
incubation, emergence from gravel nests, and juvenile development, which cannot be mimicked in hatchery environments.  

“The predominant management response has been to limit the productivity drag on natural populations by quantitatively 
controlling gene flow between hatchery and natural populations (Baskett and Waples 2013). However, the ability to 
effectively manage gene flow in the natural environment to minimize interbreeding between hatchery and natural 
populations is largely uncertain (Lorenzen et al. 2012), and population viability models suggest that even a low level of 
fitness loss (e.g., 15%) can reduce productivity over the long term (Bowlby and Gibson 2011). Far less attention has been 
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paid to changes in culture strategies (separate from breeding practices) that might reduce genetic changes in key 
phenotypic traits contributing to fitness variation between hatchery and natural populations.” 

 “One way to minimize the impact of culture environments may be to minimize time in captivity (Christie et al. 2014), but 
this partially offsets the primary benefit of supportive breeding (high survival), because fish released at a younger age and 
smaller body size suffer lower post-release survival (Berejikian et al. 2004, Leber et al. 2005). 

Note: This conclusion is not necessarily true.  See Clark et al 2016 at #2 in first article. 

“Because survival during captivity is typically very high and post release survival is very low, selection on phenotypic 
variation may be much stronger in the post-release environment, but likely acts on traits that fish develop in the culture 
environment (Waples 1999, Quinn 2005).   

“The modal age-at-smoltification is age-2 throughout much of the species’ southern range where hatchery production is 
greatest. Nevertheless, hatchery-reared steelhead are almost ubiquitously reared on accelerated growth regimes and 
released at age-1, primarily to increase production and minimize costs. Steelhead populations reared under this approach 
have diverged from wild progenitors for a number of juvenile traits related to fitness including competitive and predator 
avoidance abilities (Berejikian 1995, Berejikian et al. 1996). Atlantic salmon (Salmo salar), which share a similar life 
history trajectory (typically age-2 smolts), show divergence in juvenile growth rate with just one generation of captive 
rearing (Wilke et al. 2015). 

 “Thus, understanding how changes to conventional hatchery culture environments influence the viability of released fish 
is an important step in minimizing domestication selection. 

“Phenotypic plasticity refers to the ability of a single genotype, or sometimes a group of closely related individuals, to 
produce different phenotypes under different environmental conditions; it represents an adaptive response to the 
environment that sometimes involves genetic change (Roff 1997, Schlichting and Pigliucci 1998). 

“The two approaches to producing hatchery-reared steelhead smolts (S1: high ration for one year; S2: low ration for two 
years) resulted in significant differences in seawater challenge mortality that were strongly dependent on body size. Nearly 
all fish (99%) in the S2 treatment, which averaged 209 mm fork length, survived the 21 d seawater challenge … 
suggesting no evidence for size-selective mortality within this treatment. Survival in the S1 treatment (76%; average fork 
length = 154 mm) was significantly lower overall and strongly influenced by size. The positive correlation between body 
size and endurance in the challenge indicated that larger fish took longer to succumb to osmoregulatory stress. 

“Christie et al. (2012) found an inverse relationship between the reproductive success of hatchery-spawned steelhead 
broodstock and reproductive success of their offspring spawning in nature, providing evidence of domestication selection. 

“The results of the present study together with evidence of size-biased downstream migration (Reisenbichler 2004, Tatara 
et al. in review) suggests that hatchery programs can alter evolutionary trajectories of size at smolting and subsequent 
marine survival for steelhead trout. Because this species harbors some plasticity in size at smolting as well, this source of 
diversity could help facilitate rapid adaptation of these traits to hatchery rearing regimes. 

“The results of the present study are most relevant to S1 programs that use broodstock with natural spawn timing and rear 
juveniles on cold water sources. In those cases, or in similar situations for other species, growth rate selected hatchery 
populations may be partially mismatched for the natural environment, and may explain a portion of the fitness loss in 
hatchery populations. 

These three peer reviewed research studies indicate that integrating hatchery and wild fish in a hatchery program runs 
counter to success the recent policy assertion by NMFS that such artificial production is consistent with recovery of ESA 
protected species.  There are many more studies that reach the same conclusion, but NMFS decided to ignore the science 
in their policy to list both hatchery and wild salmonids under the ESA. Over the last 150 years hatcheries have been used 
to increase the supply of salmon for corporate markets then transformed to also mitigate for habitat degradation such as 
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dams but the salmon runs continued to decline and  protected through the ESA.  Hatcheries were then were used to 
recover wild populations.  And now the ESA is used to protect hatchery fish. BMB  

 

During the emergence of private salmon ranching in Oregon beginning in 1970s, I remember advocates saying that the 
ocean is like a big bowl of productive soup for salmon and it was to Oregon’s advantage to claim that productivity with 
the release of more salmon to utilize Ocean productivity before others do so.  This concept created an idea that increasing 
hatchery salmon releases were not limited, that food was unlimited, and it is smart for Oregon to capture as much of the 
ocean pasture for salmon as possible.  This encouraged the Oregon Legislature and the Oregon fish and wildlife agency to 
approve private, corporate funded, salmon ranching.  It was said that Oregon’s salmon resources could be increased at 
no cost to Oregonians while increasing sport and commercial fisheries in addition to corporate profits.  Oregon took the 
bait.  It lasted for a decade but eventually the optimism waned, the corporations to pull out, leaving Oregon to clean up 
the mess at the public’s expense.   

The following papers show how the ocean is limited in food resources as hatchery pink salmon releases have increased in 
Asia and Alaska affecting survival of sockeye, chinook, and steelhead in the ocean.  BMB 

Sockeye Competition and Growth with Pink Salmon at Sea 

Ruggerone, G.T., B.A. Agler, B.M. Connors, E.V. Farley, Jr., J.R. Irvine, L.I. Wilson, and E.M. 
Yasumiishi. 2016. Pink and sockeye salmon interactions at sea and their influence on forecast error of 
Bristol Bay sockeye salmon. N. Pac. Anadr. Fish Comm. Bull. 6: 349–361.  
 
Abstract: Total sockeye abundance in Alaska tends to be positively correlated with North Pacifi c pink salmon 
abundance, leading to questions about the importance of competition at sea between these two species. We examined 
annual scale growth of Bristol Bay sockeye salmon at sea and quantified forecast error of Bristol Bay sockeye stocks over 
the past 40 years to test the hypothesis that competition with pink salmon reduces the growth and survival of sockeye 
salmon. Sockeye growth during the second and third years at sea exhibited a strong alternating-year pattern and was 
negatively correlated with pink salmon abundance from eastern Kamchatka and central Alaska. In addition, forecast error 
of sockeye stocks from southeastern Bristol Bay (Kvichak, Naknek, Egegik, and Ugashik) exhibited an alternating-year 
pattern suggesting competition with pink salmon also affected survival. After standardizing forecast error relative to 
adjacent years, forecasts in even-years were too high and forecasts in odd-years were too low, likely reflecting competition 
with pink salmon during the year prior to the return year. Sockeye salmon from northwestern Bristol Bay (Wood River) 
exhibited weaker growth and forecast error relationships with pink salmon abundance, which is consistent with their more 
easterly distribution at sea. Sockeye scale growth during the first year at sea was not related to pink salmon abundance, as 
expected, and the observed greater growth during this early marine period in recent decades likely contributed to the 
greater abundance of Bristol Bay salmon. These findings highlight sockeye growth and survival dynamics that cannot be 
explained by physical oceanographic patterns and support the hypothesis that competition with pink salmon adversely 
affects the growth and survival of Bristol Bay sockeye salmon. 
 
“To evaluate whether declines in Fraser River sockeye salmon survival occurred across a broader area than the Fraser 
watershed, Peterman and Dorner (2012) examined the productivity of 64 sockeye salmon populations spanning 17 regions 
from Puget Sound, Washington, to western Alaska. Sockeye spanning a large multi-regional area, from Puget Sound 
through British Columbia and into Southeast Alaska, were characterized by declining productivity since the early 1980s. 
 
“In contrast, the productivity of sockeye populations in central and western Alaska was either stable or increasing over 
time. Peterman and Dorner (2012) concluded that future research into the factors driving broad-scale variability in sockeye 
dynamics should focus on mechanisms that operate at large, multi-regional spatial scales encompassing the two regions of 
correlated sockeye productivity patterns. 
 
“Competition at sea with increasingly abundant pink salmon is one possible large-scale process that could contribute to the 
pattern described above. Ruggerone and Connors (2015) tested the hypothesis that competition at sea with pink salmon 
contributed to declines in productivity among the 36 sockeye populations spanning the large southern area identified by 
Peterman and Dorner (2012). They found that sockeye productivity was negatively correlated with the combined 
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abundance of pink salmon from Asia and North America as well as the abundance of pink salmon from only North 
America. Also, sockeye length-at-age was negatively correlated with pink salmon abundance, whereas sockeye age-at-
maturity was positively correlated with pink salmon abundance. 
 
“Evidence supported the hypothesis that the interaction primarily occurred during the second year at sea rather than the 
first year at sea (but see McKinnell and Reichardt 2012). Furthermore, sockeye productivity, growth, and maturation 
exhibited alternating-year patterns consistent with the hypothesis that increasing pink salmon abundance leads to increased 
competition for food. 
 
“Statistical modeling predicted that an increase in North Pacific pink salmon abundance from 200 to 400 million fish 
resulted in a 39% decline in the recruitment of Fraser River sockeye salmon.  
 
“The investigators did not provide a prediction for the effect of North American pink salmon on Fraser sockeye salmon. 
However, using modeling results from the original investigation, a 50 to 250 million increase in pink salmon abundance 
from North America only is predicted to result in a 56% decline in Fraser sockeye recruitment. This suggests that the per 
capita effect of North American pink salmon was approximately 1.4x greater than that of pink salmon from both Asia and 
North America. 
 
Most hatchery pink salmon are produced in Alaska, and approximately 50 million adult pink salmon returned to hatcheries 
in North America each year from 2000 to 2010 (primarily Prince William Sound and Kodiak; Ruggerone and Irvine 2015). 
The predicted decline in Fraser sockeye recruitment from an increase of 50 million pink salmon (150 to 200 million) 
salmon was 18% (or 1.83 million sockeye salmon), assuming an equal effect of pink salmon from each region of North 
America. 
 
“In contrast with sockeye populations in the southern half of their range, Peterman and Dorner (2012) showed that sockeye 
productivity in western and central Alaska was either stable or increasing. The overall abundance of these stocks tended to 
be positively correlated with the abundance of North Pacific pink salmon (Ruggerone et al. 2010), which begs the 
question: how can sockeye abundance in western and central Alaska be positively correlated with pink salmon when 
sockeye abundance in southern areas is negatively correlated with pink salmon abundance? 
 
“First, it has been hypothesized that high abundance and survival of salmon in general is largely due to favorable early 
marine conditions. 
 
“In support of this hypothesis, sockeye abundance in Alaska (all regions combined) was positively correlated with growth 
of Bristol Bay (Bering Sea) and Chignik (Alaska Peninsula; Gulf of Alaska) sockeye salmon during their first and second 
years at sea (Ruggerone et al. 2007). 
 
“Likewise, survival of pink salmon was linked to favorable growth during early marine life (Moss et al. 2005). This 
evidence suggests that favorable ocean conditions during early marine life enhanced survival and consequently adult 
abundances of both sockeye and pink salmon. 
 
“Second, research also indicated that Asian pink salmon affect the growth and survival of Bristol Bay sockeye salmon in 
western Alaska during their second and third years at sea, but not during the first year at sea. 
 
“Therefore, for northern sockeye populations such as those in Bristol Bay, the evidence suggests that both early 
marine conditions and competition between pink and sockeye salmon in the 2nd and 3rd years at sea influenced marine 
survival and adult sockeye salmon abundances. 
 
“In contrast, declining sockeye salmon productivity in the southern area over the past two decades may be related to both 
unfavorable ocean conditions during early marine life, and competition with abundant pink salmon beginning in the 
second year at sea, perhaps compounded by changing ocean productivity. 
 
Discussion: 
 
“Growth of all five major Bristol Bay sockeye salmon stocks during the second and third years at sea exhibited a strong 
alternating-year pattern that is consistent with the hypothesis that sockeye salmon compete with abundant pink salmon for 
food on the high seas. 
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“The natural experimental control provided by the alternating-year abundance pattern of pink salmon, the negative 
correlation between sockeye growth and pink salmon abundance, the high diet overlap of the two 
species and the observed 36% reduction in sockeye stomach fullness during odd-numbered years at sea provide strong 
support for the competition hypothesis. 
 
“In Alaska, favorable marine conditions since the mid-1970s, as indicated by greater growth during early marine life 
(Ruggerone et al. 2007), have likely masked the effects of competition on sockeye survival. In contrast, abundances of 
sockeye salmon in the southern region, including the Fraser River, have declined because marine conditions during early 
life appear to have been unfavorable and increasing abundance of pink salmon has led to greater competition for food on 
the high seas. 
 
“The evidence for food competition suggests that the high abundance of pink salmon in recent decades has significantly 
influenced the epipelagic food web of the North Pacific Ocean. It seems highly unlikely that physical oceanographic 
conditions in the ocean could produce the strong alternating-year patterns observed in sockeye salmon across much of 
their range.  
 
“Given this evidence for a strong effect of pink salmon on the food web, it is noteworthy that Chinook salmon abundance 
has declined throughout Alaska and British Columbia, and length-at-age of many Alaskan Chinook populations has 
declined over time (Lewis et al. 2015). Analysis of the Chinook salmon diet in the central Bering Sea revealed a 56% 
reduction in stomach fullness and a 68% reduction in weight of fish and squid consumed during odd- versus even-
numbered years, 1991–2000 (Davis 2003). Furthermore, the commercial catch of Chinook salmon in western Alaska and 
throughout Alaska and British Columbia have been negatively correlated with pink salmon abundance since 1980 (Fig. 
10), leading to an intriguing and important question: could pink salmon play a role in the decline of Chinook salmon in 
Alaska and British Columbia?” 

 
 

Steelhead Competition with Pink Salmon at Sea 

 Margaret Atcheson. 2010.  Interannual variation in steelhead trout (Oncorhynchus mykiss) diet, growth and consumption 
in North Pacific marine ecosystems. Masters Thesis. University of Washington.  

“Interannual variations in climate, proportion of squid in the diet, and density-dependent interactions with highly-abundant 
stocks of pink salmon were identified as potential key drivers of steelhead diet in North Pacific ecosystems.  Ocean growth 
of steelhead in their first year at sea was related to environmental variables including SST (sea surface temperature), while 
growth in older fish was negatively correlated with Eastern Kamchatka pink salmon abundance.   Younger fish appeared 
to be more susceptible to environmental changes, while older fish appeared to be more susceptible to density dependent 
interactions. 
 
“The PDO is a pattern of climate variability in the North Pacific Ocean with persistent phases lasting about 20-30 years.  
During the positive phase of the PDO, sea surface temperatures (SST) are anomalously warm along the coast of North 
America and cool in the central Pacific where upwelling is generally enhanced.  In the negative phase of the PDO the 
trend is reversed (Lehodey et al. 2006, Mantua et al. 1997).  A negative regime prevailed from 1890-1924 and again from 
1947-1976 while a  positive regime prevailed from 1925-1946 and 1977 to the mid 1990s (Mantua and Hare 2002). 
 
“Findings indicated that salmon populations from Alaska exhibit high productivity during the warm phase of the PDO 
while salmon populations from Washington, Oregon and California show low productivity under the same regime. 
 
“Given that salmon species can attain 99% of their weight at sea, conditions in the marine environment are of paramount 
importance to their survival and reproductive potential.  Large and unpredictable interannual and decadal-scale 
fluctuations in adult salmon and steelhead returns  are now frequently attributed to changes in ocean (not freshwater) 
environmental conditions. 
 
“Burgner et al. (1992) found that diet seemed to vary by  year while Light (Burgner et al. 1992) found that squid 
dominated in one year of sampling at  92% of the weight, while fish were the dominant prey the next year at over 68% of 
the total mass.  Brodeur (1990) found that euphausiids dominated in years of strong upwelling and fish dominated the diet 
in other years. 
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“Juvenile steelhead (ocean age 0) in the GOA primarily fed on larval and juvenile fish, while older steelhead (ocean ages 
1-4) in both the GOA and CNP fed more heavily on squid. 
 
“Aydin et al (2000) showed that diet switching in pink and sockeye salmon from plankton to B. anonychus greatly 
accelerated growth. In both the CNP and GOA, my results indicate that when squid are abundant and available in the 
environment, steelhead preferentially prey on them.  Prey diversity appears to increase as squid decreases in the diet, 
suggesting that high prey diversity indicates a lack of squid in the environment. 
 
“Wild populations of adult pink salmon  returning to Eastern Kamchatka, Russia, exhibit a biennial cycle in which their 
abundance during  odd-numbered years can be as much as 55% higher (162 million) than in even-numbered years 
(Ruggerone et al. 2003).  In these high-abundance odd years, evidence suggests that pink salmon  compete for food with 
sockeye (Kaeriyama et al. 2000) and chum salmon (Tadokoro et al. 1996). 

 
 

Competition for Food Between Hatchery and Wild Salmon in Rivers 

“Evidence suggests that nearly two times as many salmon smolts (mostly hatchery fish) are produced in the Columbia 
Basin today as were present during the period before major hatchery and mainstem dam construction. 
 
“There are ∼130–150 million hatchery salmon and steelhead added to the river annually from >200 hatcheries at a cost of 
>$50 million (29, 41, 47). The food used to raise them (most originating from outside the Basin) as well as the thousands 
of metric tons of natural foods required to sustain them in the river certainly affect the capacity of the Columbia River to 
support naturally produced native fishes. 
 
“Managers and biologists in the Columbia Basin have rarely considered this limitation, although it may seriously constrain 
the success of their programs (e.g., survival of large numbers of stocked fish). 
 
Naiman, Robert J., J. Richard Alldredge, David A. Beauchamp, Peter A. Bisson, James Congleton, Charles J. Henny, Nancy Huntly, 
Roland Lamberson, Colin Levings, Erik N. Merrill, William G. Pearcy, Bruce E. Rieman, Gregory T. Ruggerone, Dennis Scarnecchia, 
Peter E. Smouse, and Chris C. Wood. 2012. Developing a broader scientific foundation for river restoration: Columbia River food webs. 
Edited by Peter M. Kareiva, Nature Conservancy, Seattle, WA, www.pnas.org/cgi/doi/10.1073/pnas.1213408109 
 
Columbia River Food Webs: Developing a Broader Scientific Foundation for Fish and Wildlife 
Restoration 
 
“Hatchery Releases and Food Webs: Fish released from hatcheries in the Columbia River Basin enter natural food webs 
and affect native fish communities and their trophic interactions. Concerns about ecological interactions between 
hatchery- reared and naturally produced (wild) salmonids have been expressed for many years 
 
“Uncertainty about the Aggregate Carrying Capacity of the Columbia River:  Massive annual releases of juvenile fish 
from hatcheries affect wild food webs and stocks of wild fish. There are approximately 130-150 million hatchery salmon 
and steelhead added to the system annually. The thousands of metric tons of food used to raise them, as well as the natural 
foods required to maintain them in the river, affect the capacity of the Columbia River to support naturally-produced 
native fishes. 
 
“The unintended consequences of hatchery releases can have serious implications for the recovery of endangered salmonid 
populations.   
 
“Balance hatchery supplementation with the Basin's capacity to support existing natural populations by considering 
density effects on the abundance and productivity of natural origin salmon. 
 
Independent Scientific Advisory Board 2011-1. Columbia River Food Webs.  N.W. Power Planning and Conservation Council. 
Portland, Oregon. http://www.nwcouncil.org/media/30947/ExecutiveSummary.pdf 
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In the continuing effort to provide fish for harvest while “enhancing” and “rebuilding” wild salmonids with hatchery fish 
government fishery agencies have to ignore peer reviewed science.  This research documents impacts of hatchery rearing 
on reproductive success, genetic changes and  carry over effects on future generations, ecological competition, predator 
attraction, disease transmission, and loss of fitness from interbreeding wild and hatchery fish.  The following paper adds 
information to the growing knowledge regarding hatchery impacts on wild salmonids over the last 40 years.  

 
 

Are Hatchery Juveniles from Wild Brood Stock Similar to Wild Juveniles 

Salvanes, A.G.V. 2017.  Are antipredator behaviours of hatchery Salmo salar juveniles similar to wild 
juveniles? John Wiley and Sons.  

Abstract 

This study explores how antipredator behaviour of juvenile Atlantic salmon Salmo salar developed during conventional 
hatchery rearing of eggs from wild brood stock, compared with the behaviour of wild-caught juveniles from the same 
population. Juveniles aged 1+ years were tested in two unfamiliar environments; in one S. salar were presented with 
simulated predator attacks and in the other they were given the opportunity to explore an open-field arena. No difference 
was found in their spontaneous escape responses or ventilation rate (reflex responses) after simulated predator attacks. 
Hatchery-reared juveniles were more risk-prone in their behaviours than wild-caught individuals. Hatchery juveniles 
stayed less time in association with shelter. In the open-field arena, hatchery juveniles were more active than wild 
juveniles. Hatchery juveniles were also immobile for less time and spent a shorter amount of time than wild juveniles in 
the fringe of the open-field arena. Salmo salar size had no effect on the observed behaviour. Overall, this study provides 
empirical evidence that one generation of hatchery rearing does not change reflex responses associated with threats, 
whereas antipredator behaviour, typically associated with prior experience, was less developed in hatchery-reared than in 
wild individuals. 

 

 Hot Eats and Cool Creeks 

Brewitt, Kimberly S., Eric M. Danner, Jonathan W. Moore. 2017. Hot eats and cool creeks: juvenile 
Pacific salmonids use mainstem prey while in thermal refuges. Canadian Journal of Fisheries and 
Aquatic Sciences, 10.1139. 

ABSTRACT 

Thermal refuges form important habitat for coldwater fishes in the face of rising temperatures. As fish become 
concentrated in refuges, food resources may become depleted. In this study, we used invertebrate drift sampling and fish 
density surveys to quantify potential in-refuge food limitation, temperature-sensitive radio-tagging studies to quantify 
thermal habitat use, and isotopic analyses to determine diet sources for juvenile Pacific salmonids using thermal refuges 
on California’s Klamath River. Juvenile salmonids using refuges formed by tributary junctions with the mainstem river 
obtained the majority (range = 47-97%) of their diet from mainstem prey sources. Mean steelhead body temperatures were 
significantly cooler (~3.5°C) than diet-inferred foraging temperatures. Thus, while fish seek cooler habitat for 
physiological benefits, they rely primarily on mainstem prey. Moreover, consistently high densities of fish in refuges 
(mean = 3.5 fish m-2) could lead to density-dependent food limitation. Thus, mobile consumers like fish can exploit 
existing heterogeneity associated with coldwater refuges by gaining thermal benefits from a food-limited coldwater habitat 
while deriving the majority of their prey from the warm mainstem river. 
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Oregon is evaluating using salt to deice roads due to recent snow and ice storm effects on traffic.  However the Oregon 
Department of Transportation is continuing to evaluate the effect of salt on the environment and has resisted use of salt to 
moderate impacts of snow and ice on urban roads and freeways.  In addition, the application of salt on ski slopes poses a 
threat to rivers and salmon during spring melt and runoff.  Evaluation of using salt is needed to protect ESA protected 
salmonids, resident fish and other wild native fish populations. The following study indicates that juvenile salmonids are 
affected by salt contamination. A copy of this paper is available upon request BMB 

Impact of Road Salt for Deicing Roads on Salmonids 

William D. Hintz and Rick A. Relyea. 2017. Impacts of road deicing salts on the early-life growth and 
development of a stream salmonid: Salt type matters. Environmental Pollution. Elsevier. Science Direct. 
  
Abstract 
The use of road deicing salts in regions that experience cold winters is increasing the salinity of freshwater ecosystems, 
which threatens freshwater resources. Yet, the impacts of environmentally relevant road salt concentrations on freshwater 
organisms are not well understood, particularly in stream ecosystems where salinization is most severe. We tested the 
impacts of deicing salts—sodium chloride (NaCl), magnesium chloride (MgCl2), and calcium chloride (CaCl2)—on the 
growth and development of newly hatched rainbow trout (Oncorhynchus mykiss). We exposed rainbow trout to a wide 
range of environmentally relevant chloride concentrations (25, 230, 860, 1500, and 3000 mg Cl− L−1) over an ecologically 
relevant time period (25 d). We found that the deicing salts studied had distinct effects. MgCl2 did not affect rainbow trout 
growth at any concentration. NaCl had no effects at the lowest three concentrations, but rainbow trout length was reduced 
by 9% and mass by 27% at 3000 mg Cl− L−1. CaCl2 affected rainbow trout growth at 860 mg Cl− L−1 (5% reduced length; 
16% reduced mass) and these effects became larger at higher concentrations (11% reduced length; 31% reduced mass). 
None of the deicing salts affected rainbow trout development. At sub-lethal and environmentally relevant concentrations, 
our results do not support the paradigm that MgCl2 is the most toxic deicing salt to fish, perhaps due to hydration effects 
on the Mg2+cation. Our results do suggest different pathways for lethal and sub-lethal effects of road salts. Scaled to the 
population level, the reduced growth caused by NaCl and CaCl2 at critical early-life stages has the potential to negatively 
affect salmonid recruitment and population dynamics. Our findings have implications for environmental policy and 
management strategies that aim to reduce the impacts of salinization on freshwater organisms. 
 

“Fresh water is one of the world's most vital resources. However, salinization of freshwater ecosystems from the use of 
road deicing salts is occurring worldwide in regions that experience cold winters. Deicing salts are necessary in winter to 
maintain traffic flow and keep roadways safe for human travel, but elevated salinity from the use of deicing salts threatens 
freshwater resources, from the water we drink to many freshwater animals and plants. 

“Given recent concern regarding freshwater salinization it is essential to understand not only the lethal effects of 
salinization, but also the sub-lethal impacts, particularly on organisms in ecosystems most affected by deicing salt 
contamination. 

“The highest observed deicing-salt concentrations occur in streams (Kaushal et al., 2005) and elevated concentrations can 
persist throughout the year (Kelly et al., 2008; Corsi et al., 2010). In fact, many stream ecosystems often exceed both the 
chronic (230 mg Cl_ L1) and acute (860 mg Cl_ L1) thresholds established by the United States Environmental Protection 
Agency (USEPA, 1988) for the protection of freshwater organisms. 

“Some stream water chloride concentrations can reach almost 25% (5000 mg L1) the concentration of seawater. Over 50% 
of major metropolitan streams in the northern U.S. exhibit chloride concentrations above chronic levels at some point 
during the cold weather months.  

“As such, stream organisms experience elevated salinity throughout the year, with repeated and intense pulses of elevated 
salinity occurring during periods of road salt run-off. Most studies of stream salinization examine the impacts on 
macroinvertebrates and primary producers, but the effects of deicing salts on stream fishes is not understood. 
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“Salmonids (salmon and trout) are important stream fishes that maintain stream ecosystem function as top predators and 
generate ecosystem services through commercial and recreational fisheries. The early-life stages of salmonids are the most 
susceptible to deicing salts. High road salt concentrations (3000 mg Cl_ L1) reduced egg swelling and egg survival in 
Atlantic salmon. At similar concentrations, salt induces transcriptional changes that interfere with osmoregulation, 
oxidative stress, metabolism, renal function, and development of salmonid embryos. However, no study has examined 
how deicing salts affect the growth and development of salmonids immediately after hatching from the alevin and into the 
fry stage. This period is a critical life stage for salmonids because they lack fully developed anatomical structures to cope 
with environmental contaminants (e.g., gills and kidneys)  and alevins are unable to swim away from contaminated 
habitats. Further, growth during this time can influence salmonid recruitment and population growth. 

“Reduced growth of stream fishes from elevated concentrations of road deicing salts might have several ecological 
consequences. 

First, a reduced growth rate could decrease the available prey that would normally be obtainable as ontogeny progresses 
(Olson, 1996), which may further impair growth.  

Second, there is an inverse relationship between fish size and predation risk (Schlosser, 1987, 1988), so salt-induced 
growth reductions may cause many stream fishes to remain susceptible to predators for longer periods of time.  

Lastly, environmental factors that affect growth during the early-life stages for many fish species ultimately determine 
population dynamics (Elliott, 1989; Milner et al., 2003) and community level interactions (Werner and Gilliam, 1984). We 
cannot know how deicing salts will affect fish growth beyond the stages tested here, but reduced growth during the early 
life stages would likely affect the dynamics of populations in streams contaminated with deicing salts.  

Further, fish have the capacity for compensatory growth (Ali et al., 2003). After a period of reduced growth resulting from 
road salt contamination, it is unknown if such a period of reduced growth would be followed by accelerated growth as the 
fish age or water quality conditions improve. 

“Our results indicate that deicing salts can have distinct effects on fish growth at sub-lethal concentrations and such effects 
may not have a shared pathway with lethal concentrations. As a result, several avenues for further research emerge.  

First, an investigation of whether a shared pathway exists between the lethal and sub-lethal effects of deicing salts is 
warranted.  

Second, it is important to identify the mode of action that causes some deicers to be more toxic than others at lethal and 
sub-lethal concentrations, particularly as it applies to their non-chloride components (e.g., cations). Such research is 
important to finding deicing salt formulas or compounds with minimal environmental and ecological impacts. 

Third, further research is needed to determine lag effects caused by deicing salts (e.g., how reduced growth alters the 
timing of sexual maturity) and if compensatory growth can offset the sub-lethal impacts of deicing salts. Ultimately, 
deicing salts will remain necessary to keep roads safe.  

The challenge is to develop deicing salt application practices and environmental management strategies that reduce 
harmful concentrations observed in stream ecosystems. 

 

 

 


