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The Bering Sea Ecosystem 
The Bering Sea is delineated by a broad (>500 km) continental shelf and narrow slope leading to a deep-
sea basin (Stabeno et al., 1999). The shelf ecosystem is highly productive owing to on-shelf flow of 
nutrient-rich waters (Duffy-Anderson et al., 2006).  Based on oceanographic properties and front 
conditions (Hunt and Stabeno, 2002), the shelf is classified into three domains: the inner shelf domain 
(inside of the 50 m isobath) is defined by weak stratification; the middle domain (between 50 and 100 m 
isobaths) has a strong two-layered stratification; and the outer domain (between 100 and 200 m isobaths) 
has a mixed upper layer and lower layers segregated by increasing density (Coachman, 1986). The Bering 
Sea is a transition region between warm maritime air to the south (subarctic) and cold, dry Arctic air 
masses to the north (Overland and Stabeno, 2004) and connects the North Pacific and Arctic Oceans 
(Napp and Hunt, 2001).  

Climate-mediated changes to this ecosystem impact one of the largest commercial fisheries in the 
world (Walleye pollock, Gadus chalcogrammus; hereafter ‘pollock’) (FAO, 2017). The southeastern 
Bering Sea pelagic ecosystem has undergone remarkable changes over the last few decades, including an 
increased dominance of pollock beginning in the 1970s (Brodeur et al., 1999). To date, northward shifts 
of species’ ranges and altered community compositions by latitude have been observed, which may lead 
to atypical species interactions (Mueter and Litzow, 2008) or may impact commercial and subsistence 
harvests as Arctic species are displaced by subarctic species (Overland and Stabeno, 2004). 

The Bering Sea is particularly susceptible to climate-mediated variability as even small changes 
in wind velocities can have a large impact on the timing, extent, and duration of winter sea-ice cover 
(Hunt et al., 2002, 2011; Stabeno et al., 2012). The seasonal advance and retreat of sea-ice in the Bering 
Sea is the largest exchange for any Arctic or subarctic region (Minobe, 2002). Multiple scales of 
environmental variability impact the Bering Sea shelf ecosystem: decadal trends (Macklin et al., 2002), 
multiple years of above- or below-average temperature states (stanzas) (Stabeno et al., 2012), and 
interannual fluctuations (Wyllie-Echeverria and Wooster, 1998). 
 
Scales of climate variability 
Interactions among climate indices with different periods, such as the Pacific Decadal Oscillation (PDO; 
20-30 year cycles; Mantua et al., 1997) and El Nino Southern Oscillation (ENSO; 3-7 year cycles; 
Macklin et al., 2002), lead to amplification or dampening of climate signals depending on the synchrony 
of the oscillations. For example, two oscillations were additively in-phase (amplification), both reversing 
sign in 1977, to cause a strong regime shift in the North Pacific Ocean in the winter of 1976/1977. The 
PDO shifted from negative to positive phase and the Aleutian Low Pressure System (ALPS) shifted from 
weak to strong (Wilderbuer et al., 2002; Overland and Stabeno, 2004). Resulting ecosystem responses 
included strong recruitment of groundfish following the 1977 regime shift (Hare and Mantua, 2000).  

The Bering Sea ecosystem demonstrates shifts in community structure in response to such 
atmospherically forced oscillations (Napp and Hunt, 2001). As the Aleutian Low strengthens, southerly 
winds pump warm maritime air poleward (Wyllie-Echeverria and Wooster, 1998) and warm sea surface 
temperatures in the eastern North Pacific (Miller and Schneider, 2000). Conversely, weak phases of the 
ALPS bring cold air southward over the Bering Sea (Coyle and Pinchuk, 2002).  

Variability in wind stress also contributes to the timing of the spring bloom (Saitoh et al., 2002) 
and affects larval drift trajectories (Lanksbury et al., 2007; Duffy-Anderson et al., 2010). The onset and 
location of oceanographic fronts affect water current trajectories (Kachel et al., 2002), larval transport 
pathways (Duffy-Anderson et al., 2006; Petrik et al., 2016), and subsequent community composition 
(Siddon et al., 2011). On-shelf wind forcing is correlated with increased flatfish recruitment as larvae are 
advected to suitable juvenile habitat (Wilderbuer et al., 2002). In addition to advection towards suitable 
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habitat, pollock, for example, have stronger year classes when winds advect larvae away from 
cannibalistic adults (Hunt et al., 2002). 
 
The role of sea ice in structuring the ecosystem 
Oscillations of 3- to 5-year stanzas of above average (warm year) or below average (cold year) conditions 
have occurred in the eastern Bering Sea since the early 2000s (Stabeno et al., 2012; see Fig. 4B within). 
These climate stanzas are driven in large part by seasonal sea-ice dynamics. The timing of sea ice retreat 
and extent of ice coverage varies in relation to the strength and position of the Aleutian Low. Sea ice 
affects the seasonal progression of oceanographic conditions (e.g., stratification, hydrography, 
phytoplankton bloom timing; Sigler et al., 2015) with subsequent impacts to lower trophic level 
community composition (Eisner et al., 2017), trophic transfer pathways (Heintz et al., 2013), and ultimate 
survival and recruitment success of fishes (Siddon et al., 2013). 
 Under warm conditions, the zooplankton community is dominated by smaller species (e.g., 
Pseudocalanus, Acartia; Coyle et al REF), which are also lower in lipid content (Heintz et al., 2013), so 
age-0 pollock end their first summer with lower energy content. In addition, the age-0 fish experience 
higher rates of cannibalism in warm years because the adult fish are also looking for better prey resources 
because of the lipid-poor zooplankton community. Under warmer conditions, fish have higher metabolic 
demands, therefore these age-0 fish go into their first winter with low energetic condition and experience 
increased overwinter mortality resulting in fewer fish surviving to age-1. Multiple consecutive warm 
years, with strong year classes of recruiting pollock, begin to exert additional top-down control of larvae 
through cannibalism (Hunt et al., 2002). Therefore, climate forcing may need to be sustained over several 
years if it is to generate demonstrable changes in fish abundance (Conners et al., 2002). 

In contrast, in cold years, the zooplankton community is comprised of larger species (e.g., 
Calanus marshallae) as well as lipid-rich euphausiids (e.g., Thysannoessa raschii). The age-0 fish 
experience lower levels of cannibalism, enter winter in better energetic condition, and experience greater 
overwinter success and survival to age-1. 
 

~~~~~~~~~~~~~~ALTERNATIVE STRUCTURE~~~~~~~~~~~~~~ 
This section could be structured to follow the 2nd tier conceptual diagram in the 
BSFEP_Recruitment_Oceanography ppt file. 
 
Could be used for gap analysis (research prioritization) and/or indicator selection for EcoCons Report 
 
Climate Drivers 
 - Sea Ice extent 
 - Wind forcing 
 - Transport (impacts to larval survival) 
 - Habitat 
 - Overlap 
 
Bottom-up Processes 
 - Timing of Sea Ice retreat 
 - Lower-trophic levels dynamics (community composition, prey quality) 
 - Energetic condition of age-0 fish 
 
Top-down Processes 
 - Predation (include fur seals, sea birds?) 
 - Cannibalism 
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~~~~~~~~~DRAFT TEXT FOR DETAILED CONCEPTUAL DIAGRAM~~~~~~~~~ 
With early ice retreat (a single ‘warm’ year), the OCH predicts a late spring bloom followed by increased 
secondary (zooplankton) production in warmer water conditions, hence increasing survival for pelagic 
species such as pollock. However, with warmer water conditions come increased metabolic demands 
(growth rate, energy requirements; Hunt and Stabeno, 2002). Increased growth rates can be both 
beneficial as larvae out-grow vulnerability to predators (Bailey et al., 2007), and detrimental as top-down 
food limitation may hinder larvae from meeting energetic requirements. Additionally, in warmer water, 
juvenile and adult pollock spread across the Bering Sea shelf (inner to outer domains), therefore larvae 
are less subject to cannibalism (Wyllie-Echeverria and Wooster, 1998). If these warm conditions occur 
within a ‘warm’ regime (slide 6), subsequent years of increased larval survival will lead to increased adult 
populations; adult pollock are highly cannibalistic (Bailey, 1989; Bailey et al., 2007), thereby limiting 
larval survival. However, as these strong year classes recruit into the commercial fishery, fishery 
removals will again release pressure from cannibalism for larvae. Combined with strong zooplankton 
production in warm years, larval survival is controlled through top-down processes, but not limited by 
bottom-up forcing. A warm year within an otherwise ‘cold’ regime (bottom of Fig. 4) can lead to a good 
year class of pollock through an interaction of (1) reduced cannibalism (lowered adult populations due to 
poor recruitment in preceding cold years) and (2) increased zooplankton production in warm years. 
Current (December 7, 2009) predictions by the NOAA/National weather Service/Climate Prediction 
Center (http://www.cpc.noaa.gov) indicate an El Nino event to last through winter 2009/2010 in the 
northern hemisphere. Above-average sea surface temperatures (1-2°C) in the central equatorial Pacific 
(Fig. 5) are hypothesized to translate to warmer conditions in the North Pacific during summer 2010. The 
occurrence of a ‘warm’ year amongst several preceding cool years (e.g., Fig. 6) may lead to increased 
survival of larval walleye pollock in 2010 and a strong year class.  

With late ice retreat (a single ‘cold’ year; Fig. 7) and an early ice-associated bloom, unused 
primary productivity that accounts for a large fraction of annual phytoplankton production (Brodeur et al., 
1999) sinks and benefits benthic systems (i.e., snow crab; Coyle and Pinchuk, 2002). Decreased 
populations of secondary producers (zooplankton; Mueter et al., 2007) limit larval pollock survival 
through bottom-up control while delayed hatching leads to a mismatch with larvae and prey (Hunt et al., 
2002). The extent of sea ice influences the extent of the cold pool (waters less than 2°C; Mueter and 
Litzow, 2008). The cold pool restricts age-1 and adult pollock to the outer shelf domain; with limited 
preferred habitat available, increased cannibalism by adults occurs (Wyllie-Echeverria and Wooster, 
1998) leading to decreased survival of age-1 pollock. Larvae are passive drifters subject to varying drift 
trajectories (Lanksbury et al., 2005) and may be advected away from cannibalistic adults, thus increasing 
survival for larvae (Bailey, 1989). These surviving larvae are also met with decreased metabolic demands 
as a result of colder water temperatures. With reduced demands for metabolic processes, excess energy 
from prey consumption can be allotted to storage, leading to an increase in energy densities in organisms 
in colder water temperatures (e.g., Thysanoessa raschii; E. C. Siddon, unpubl. data). Larval survival is 
greater in fish with higher energy densities going into their first winter; this critical period is thought to 
greatly influence year class strength for pollock (Heintz et al., 2013; Siddon et al., 2013). When a cold 
year occurs within a ‘cold’ regime (bottom of Fig. 7), the population limitation of pollock continues to 
occur through bottom-up control of prey production. Within a ‘warm’ regime (bottom of Fig. 7), young-
of–the-year pollock are controlled through bottom-up prey limitation in combination with top-down 
(cannibalism) control within overlapping habitat by maturing adult pollock resulting from strong year 
classes from the preceding warm years.   

The biological shifts between warm and cold regimes are likely to be asymmetrical (Hunt et al., 
2002). For example, within a ‘warm’ regime, an isolated cold year will not cause pollock to shift their 
distribution to the outer shelf (Wyllie-Echeverria and Wooster, 1998). A better understanding of these 

http://www.cpc.noaa.gov/
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non-linearities will increase our predictive capabilities and management abilities within the eastern Bering 
Sea. 
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