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Sablefish Importance in the Gulf of Alaska 

 The state of Alaska depends on successful fisheries to sustain its communities, 

provide jobs, and foster a healthy ecosystem in the Gulf of Alaska. The seafood industry 

directly employed 56,800 workers on average in 2015/2016.1 Nationally the Alaska 

seafood industry is worth $12.8 billion in economic output.2 One of the most commercially 

valuable species in Alaska, especially in Southeast, are sablefish. 

Sablefish, Anoplopoma fimbria, are an ecologically and economically important 

species in the Gulf of Alaska. In 2017 alone, the fishery was valued at $76 million.3 As a 

result of their economic and social importance in Alaska, it is crucial that the sablefish stock 

is managed responsibly to ensure the return of strong year-classes. In order to manage the 

stock well it is important to know the location of spawning grounds, juvenile nurseries, 

adult habitat, and the environmental drivers that impact the overall abundance and health 

of the stock. Understanding these dynamics could allow policy makers and government 

organizations to protect certain areas, restrict fishing at certain times of the year where 

high abundance of juveniles are found, and organize awareness around anthropogenic 

impacts that change sablefish abundance and the marine environment. 

                                                           
1 McDowell Group. September 2017. The Economic Value of Alaska’s Seafood Industry. https://www.alaskaseafood.org/wp-
content/uploads/2015/10/AK-Seadfood-Impacts-Sep2017-Final-Digital-Copy.pdf 
2 I.d. 
3 Welch, L. 2014. Values/prices for 2014 AK salmon, halibut, sablefish, kind crab. Alaska Fish Radio. 
http://www.alaskafishradio.com/valuesprices-for-2014-ak-salmon-halibut-sablefish-king-crab/ 



However, little is known of their complete migration patterns or the link between 

environmental factors and sablefish stock abundance. This project aims to shed light on 

sablefish migration patterns, abundance drivers, and links to climactic and physical ocean 

changes by utilizing innovative graphics and maps. 

Bathymetry and Currents  

 The Gulf Alaska’s bathymetry and current patterns drive sablefish migration. As 

shown in figure 1, sablefish spawn off the coast of Southeast Alaska. From there the 

fertilized eggs develop to yolk-sac larvae, and eventually to juveniles. During this time 

young of the year are carried along the coast of the Gulf of Alaska by prevailing northwest 

coastal currents. The Gulf of Alaska’s continental shelf is not far from shore causing some 

currents to stay close to land. The juveniles are eventually deposited by the currents as far 

Figure 1: Sablefish migration in the Gulf of Alaska. Original graphic by Jessica Menges. Migration information 

provided by Dan Falvey. 
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west as the Bering Sea. Once the juveniles grow to adults and are strong enough, they will 

return to Southeast Alaska to live out their lives and reproduce. Only this time they use 

canyons and slumps in bottom bathymetry to access deeper waters. Deeper waters are 

subject to weaker currents and allows them two make the journey against the northwest 

flowing water. 

 As stated, sablefish not only migrate horizontally throughout their lives, but also 

vertically (figure 2). Spawning and young of the year sablefish can be found at depths up to 

100m. Spawning sablefish utilize shallower waters for reproduction and dispersal, while 

young of the year sablefish move inshore seeking increased food abundance and refuge 

from predators. Young of the year will remain at this depth as they continue to move 

westward. When juveniles reach the western gulf and are strong enough, they will migrate 

into waters 100-600m in depth. Finally, adult sablefish spend the majority of their lives at 

depths between 300-1,000m. 

Figure 2: Sablefish vertical migration in the water column at different live stages. Original graphic by Jessica 

Menges. Migration information provided by Dan Falvey. 
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Ocean Temperatures 

 Ocean temperatures are projected to rise by 0.5°C/decade should current conditions 

persist. This may seem minute, but in such a stable system where temperatures vary 

significantly less than on land, a few degrees can mean life or death for some organisms. 

According to Alexander, et al., 2018, sea surface temperature “is a key variable in the 

climate system, regulating thermal and dynamic interactions between the ocean and 

atmosphere.”4 Temperature also controls many physiological functions in marine 

organisms and it is an indicator and important driver of ecosystem fluctuations.5 

 Specifically, the Gulf of Alaska and the East Bering Sea are projected to warm at 

rates of 0.41°C/decade and 0.54°C/decade respectively in the 21st century.6 The Gulf of 

Alaska and the eastern Bering Sea are both incredibly important habitats for sablefish. 

These are areas where sablefish spawn, develop, and grow along with many other 

ecologically and co-dependent organisms. These changes in temperature have the potential 

to unravel the delicate trophic dynamics in the ocean. It is extremely important to monitor 

ocean temperature in relation to sablefish migration and stock health in order to determine 

the impacts warming ocean temperatures can have. Sablefish have a preferred temperature 

range as adults and a temperature range at which maximum growth in young of the year 

(YOY) occurs. Sablefish generally inhabit areas with temperatures around 41°F, but also 

undergo diel vertical migration in which they swim from deep cool waters into warm (42-

                                                           
4 Alexander, M.A., Scott, J.D., Friedland, K.D., Mills, K.E., Nye, J.A., Pershing, A.J., Thomas, A.C. 2018. Projected sea surface temperatures 
over the 21st century: Changes in the mean, variability and extremes for large marine ecosystem regions of Northern Oceans. Elem. Sci. 
Anth., 6(9), 1-25. 
5 I.d. 
6 I.d. 



50°F) shallow waters in search of prey.7 Sreenivasan 

and Heintz found that the highest growth efficiency in 

YOY sablefish occurred between 53-60°F. Outside of 

this temperature range YOY sablefish suffered thermal 

stress.8 

There are many temperature phenomena that 

impact sablefish including thermoclines and Pacific 

Decadal Oscillation. Sharp thermoclines can present 

particular challenges to juvenile sablefish (figure 1). 

Juvenile sablefish live out their lives in coastal surface 

waters, subject to westward flowing currents in the Gulf 

of Alaska (GOA). Juveniles may travel through the 

thermocline in order to capture food.9 In 1998 Sogard 

and Olla used bait to test juvenile resistance and prey 

attraction in different thermoclines.10 This study 

demonstrated that traveling through thermoclines can 

be risky for juveniles because inhabiting a sharp thermocline of 53-35°F for more than 60 

seconds resulted in the death of juvenile sablefish.11 This creates tradeoffs for juveniles 

                                                           
7 Goetz, F.W., Jasonwicz, A.J., Roberts, S.B. 2017. What goes up must come down: Diel vertical migration in the deep-water sablefish 
(Anoplopoma fimbria) revealed by pop-up satellite archival tags. Fisheries Oceanography, 27:127-142. 

8 Sreenivasan, A. and Heintz, R. YOY Sablefish Pilot Growth Study: Temperature-dependent growth, consumption and RNA/DNA 
responses. 

9 Sogard, S.M. and Olla, B.L. 1998. Behavior of juvenile sablefish, Anoplopoma fimbria (Pallas), in a thermal gradient: Balancing food and 
temperature requirements. J. Exp. Mar. Biol. Ecol. 222, 43-58. 

10 I.d. 
11 I.d. 

Figure 3: A thermocline is the 

transitional zone in the ocean 

between the mixed surface 

layer and the deep layer. The 

mixed surface layer's 

temperature may change with 

air temperature, wind, and 

wave action. However, the deep 

layer remains at a relatively 

constant temperature. The 

thermocline layer can be 

gradual or sharp change in 

temperature. 



between food and physiological risk.12 Larger juveniles or those on smaller food rations 

(“runts”) risked more by spending more time in the cold water.13 When a sharp 

thermocline was introduced and no bait was present the juvenile sablefish did not risk 

traveling through the thermocline.14 Finally, in general the juveniles spent less time below 

the thermocline as bottom temperature decreased.15 In conclusion, as ocean temperature 

change impacts thermoclines the GOA juvenile sablefish stock may suffer. 

Pacific Decadal 

Oscillation (PDO) is a 

climactic phenomenon 

similar to El Nino, but may 

persist for decades.16 PDO is 

caused by winter wind 

directions in the North Pacific 

and can cause both “warm” 

and “cold” cycles.17 The 

cycles are well correlated 

with changes in climate, ecology, sea level pressure, terrestrial and ocean temperatures, 

precipitation, stream flow, and commercial fish landings. 18 Evidence supports the 

                                                           
12 Sogard, S.M. and Olla, B.L. 1998. Behavior of juvenile sablefish, Anoplopoma fimbria (Pallas), in a thermal gradient: Balancing food and 
temperature requirements. J. Exp. Mar. Biol. Ecol. 222, 43-58. 
13 I.d. 
14 I.d. 
15 I.d. 
16 Mantua, N. and Hare, S. “The Pacific Decadal Oscillation (PDO).” NOAA & The International Pacific Halibut Commission. 

Nate.mantua@NOAA.gov and hare@iphc.washington.edu 

17 I.d. 
18 Northwest Fisheries Science Center. “Pacific Decadal Oscillation (PDO).” NWFSC.inquiries@noaa.gov 

Figure 4: PDO cycles from 1900-2017. Date was sources from 

Mantua, N. and Hare, S. “The Pacific Decadal Oscillation (PDO).” 

NOAA & The International Pacific Halibut Commission. 

Nate.mantua@NOAA.gov and hare@iphc.washington.edu 
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hypothesis that sablefish are sensitive to changes in ocean temperatures and thermocline 

structure.  Adult sablefish can inhabit frigid depths greater than 6,500m leading to the 

conclusion that increasing temperatures may harm adult sablefish stocks. However, Sogard 

and Olla’s study demonstrates that juvenile sablefish prefer warmer waters and suffer in 

cooler bottom temperatures.19 This creates an interesting and potentially conflicting 

dynamic that may be influenced by climactic variances caused by PDO cycles. 

The accompanying map displays sablefish migration in relation to average sea 

surface temperature.20 Using this data and what we understand about thermoclines and 

PDO cycles, predictions may be made concerning year class strength in relation to 

projected changing ocean temperatures. 

Plankton Abundance 

The accompanying map shows the average chlorophyll a levels (mg/m3) in June 

2017, in the Gulf of Alaska.21 Chlorophyll a is a pigment that plants utilize during 

photosynthesis. Measuring chlorophyll a can serve as a proxy measurement for primary 

production. Phytoplankton are the basis of the marine food web and serve as the primary 

source of energy for many organisms including zooplankton.  

Copepods are a type of zooplankton that juvenile sablefish feed heavily on.22 

Macfarlane and Beamish (1991) found that strong year-class populations in sablefish 

                                                           
19 Sogard, S.M. and Olla, B.L. 1998. Behavior of juvenile sablefish, Anoplopoma fimbria (Pallas), in a thermal gradient: Balancing food and 
temperature requirements. J. Exp. Mar. Biol. Ecol. 222, 43-58. 
20 Alaska Ocean Observing System, Gulf of Alaska Data Integration Portal. GHRSST Global G1SST Sea Surface Temperature (1km). 
https://portal.aoos.org/old/gulf-of-alaska#module-metadata/6e82f0d0-8717-11e4-a9f3-00265529168c/d98ca408-b04e-4be8-b0fa-
5580eb33cc20 
21 Nasa Earth Observations. Chlorophyll concentration. 
https://neo.sci.gsfc.nasa.gov/view.php?datasetId=MY1DMM_CHLORA&year=2017 
22 McFarlane, G.A., Beamish, R.J. 1991. Climatic influence linking copepod production with strong year-classes in sablefish, Anoplopoma 
fimbria. Can. J. Fish. Aquat. Sci. 49, 743-753. 



correlated with years of high copepod abundance.23 Further, they found that high copepod 

production correlated with certain climate and ocean conditions.24 For example, they show 

that strong year classes followed a switch in ocean conditions from cool sea surface 

temperatures to above-average temperatures.25 As a result, chlorophyll a can serve as an 

indicator of phytoplankton production, copepod abundance, and sablefish year class size. 

However, there can be too much of a good thing when it comes to chlorophyll a 

levels. Large influxes of nutrients into the marine environment can cause phytoplankton 

blooms. These phytoplankton blooms or mass multiplication of photosynthetic algae, 

deplete the localized water of oxygen, which can result in large kills of marine organisms. 

As a result, it is important to monitor sources of ocean fertilization and run off such as 

agricultural sites to limit the likelihood of a bloom. 

Ocean Salinity 

Salinity is the measurement of dissolved salts in the water. As more salts are added 

the water becomes denser and sinks, which creates a stratified water column. The halocline 

is the turbulent transition zone between fresher surface waters and salty, dense bottom 

waters. Freshwater influx from rivers, streams, and rain causes the surface layer to ‘float’ 

on top of dense deeper waters.  

Although, as shown on the map, sea surface salinity seems relatively uniform 

throughout the Gulf of Alaska, this could change seasonally due to snow melt, glacial melt, 

                                                           
23 McFarlane, G.A., Beamish, R.J. 1991. Climatic influence linking copepod production with strong year-classes in sablefish, Anoplopoma 
fimbria. Can. J. Fish. Aquat. Sci. 49, 743-753. 
24 I.d. 
25 I.d. 



and increased precipitation.26  Organisms often have an optimal salinity range they can 

physiologically tolerate and climactic changes may also bring changes in ocean salinity in 

the future. 

Ocean Acidification and pH 

 Burning fossil fuels emits excessive amounts of CO2 into the atmosphere. This CO2 is 

then absorbed by the ocean, which induces a chain of chemical reactions. These chemical 

reactions result in an 

abundance of H+ ions, 

which increase the acidity 

of the ocean.27 Not only 

does CO2 decrease the pH, 

but it binds readily with 

carbonate ions, and 

water.28 Carbonate ions 

are utilized by shelled organisms in the process of calcification (building shells and cuticles, 

figure 5). The lack of free carbonate ions can stunt growth rates or even cause reabsorption 

of carbonate from shelled organisms resulting in pitting and fragility. 

 One of the many organisms that could potentially be impacted by ocean acidification 

are copepods. Copepods are in the same phylum as lobsters and crabs. All of these 

arthropods utilize carbonate ions to build and add strength to their cuticles.29 Copepod 

                                                           
26 NASA, OPeNDAP data portal.Salinity/Density. https://opendap.jpl.nasa.gov/opendap/ 
27 National Oceanic and Atmospheric Administration. 2013. Ocean Acidification. https://www.noaa.gov/resource-collections/ocean-
acidification 
28 I.d. 
29 Nagasawa, H. 2012. The crustacean cuticle: structure, composition and mineralization. BioSci, 1(4), 711-720. 

Figure 5: Ocean acidification chemistry and the impacts on calcifying 

marine organisms. Graphic courtesy of NOAA, 

https://www.noaa.gov/resource-collections/ocean-acidification. 

https://opendap.jpl.nasa.gov/opendap/


cuticles are made of chitinous material and provide a layer of protection from the outside 

environment.30 Fitzer, et al., 2012, found that decreased pH caused changes in growth and 

cuticle composition.31 Additionally they found that ocean acidification induced stress 

caused a reallocation of “resources towards maintaining reproductive output at the 

expense of somatic growth and cuticle composition.”32 Finally, their modeling predicted a 

gradual decline in copepod naupliar (early developmental stage) production over the next 

100 years, as well as decreased brood sizes, and later maturity in female copepods.33 

 Copepods, a type of zooplankton, are an important link at the base of the food web 

that many organisms including juvenile sablefish depend on for nourishment. A decrease in 

copepod levels due to ocean acidification and decreased ocean pH could have negative 

impacts of juvenile sablefish stocks as well as “profoundly destabilize marine 

trophodynamics.”34 

 Finally, studies also demonstrate that increased CO2 levels in the ocean negatively 

impact olfactory senses in fishes.35 This alters vital smell-mediated behaviors in fish.36 The 

University of Washington is currently teaming up with NOAA to determine the impacts of 

increase CO2 levels on neurobehavioral impairment in Coho salmon and sablefish using 

food, predatorial, and schooling signals.37 

                                                           
30 Bron, J.E., Shinn, A.P., Sommerville, C. 2000. Ultrastructure of the cuticle of the chalimus larva of the salmon louse Lepeophtheirus 
salmonis (Kroyer, 1837) (Copepoda: Caligidae). Zoology, 69. 
31 Fitzer, S.C., Caldwell, G.S., Close, A.J., Clare, A.S., Upstill-Goddard, R.C., Bentley, M.G. 2012. Ocean acidification induces multi-generational 
decline in copepod naupliar production with possible conflict for reproductive resource allocation. J. Exp. Mar. Biol. Ecol. 418-419, 30-36. 
32 I.d. 
33 I.d. 
34 I.d. 
35 Gallagher, E., Busch, S., Chadsey, M., Dittman, A., McElhany, P., Williams, C. Effects of Ocean Acidification on Salmon and Sablefish 
Neurobehavioral Function. https://wsg.washington.edu/research/effects-of-ocean-acidification-on-salmon-and-sablefish-
neurobehavioral-function/ 
36 I.d. 
37 I.d. 



 Modeling and monitoring fragile tropic relationships involving zooplankton and 

sablefish is extremely important for ensuring the stability of the sablefish stock. If the rate 

of ocean acidification does not decrease, we may see a ripple effect throughout the entire 

marine ecosystem that eventually impacts higher tropic level species such as sablefish. 

 

Conclusion 

 This map can be used to inform management and decision-making, as well as help 

fishermen make sustainable and conservation conscious harvesting decisions. For example, 

policy makers need to understand how environmental protections also benefit the health of 

fishery stocks and fishermen need to understand sablefish migration in order to avoid 

juvenile bycatch. 

 Sablefish are a part of a wider ecological system in the Gulf of Alaska. Being 

informed on all of the ecological, climactic, physiological, trophic, and physical links 

Figure 6: Total ocean 

alkalinity. Alkalinity is a 

solution’s ability to resist 

changes in pH. Low 

buffering power, or low 

alkalinity, results in 

major changes in pH. Red 

areas are weak buffer 

zones and blue zones are 

strong buffer zones. 

Sources: 

https://svs.gsfc.nasa.gov

/30697 

https://www.water-

research.net/index.php/t

he-role-of-alkalinity-

citizen-monitoring 

https://www.youtube.com/watch?v=YB02qCeok9M
https://svs.gsfc.nasa.gov/30697
https://svs.gsfc.nasa.gov/30697


between sablefish and other systems only fosters better informed management practices. I 

believe that this map has accomplished the goal of providing a holistic, encompassing, and 

accessible view of sablefish in the Gulf of Alaska.  
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