
ECOSYSTEM 

CONSIDERATIONS

Elizabeth (Ebett) Siddon
Stephani Zador

BSAI Groundfish Plan Team 
meeting

November 14, 2017

Status of the Eastern Bering Sea 
Marine Ecosystem



Outline
▪ Past - 2016
▪ Present - 2017

■ Report Card
■ Ecosystem highlights and Hot Topics

▪ Future – Forecasts and predictions



Complete recap of 2016

• WARM!!

Overland et al.

Cold ‘puddle’



Complete recap of 2016

• WARM!!

• Small copepods predominant



Complete recap of 2016

• WARM!!

• Small copepods predominant

• Euphausiids were rare
- lowest abundance in the 

time series

       2002  2004   2006   2008  2010   2012  2014  2016 2018

N
um

be
r o

f e
up

ha
us

iid
s 

pe
r m

2

P. Ressler



Complete recap of 2016

• WARM!!

• Small copepods predominant

• Euphausiids were rare

• Jellyfish declined from peak



Complete recap of 2016

• WARM!!

• Small copepods predominant

• Euphausiids were rare

• Jellyfish declined from peak

• Aggregated CPUE in the bottom trawl survey remained high



Complete recap of 2016

• WARM!!

• Small copepods predominant

• Euphausiids were rare

• Jellyfish declined from peak

• Aggregated CPUE in BT survey remained high

• Groundfish condition improved for all, except Arrowtooth 



Complete recap of 2016

• WARM!!

• Small copepods predominant

• Euphausiids were rare

• Jellyfish declined from peak

• Aggregated CPUE in BT survey remained high

• Groundfish condition improved

• Poor seabird productivity, die-off, and high bycatch rates



Complete recap of 2016

• WARM!!

• Small copepods predominant

• Euphausiids were rare

• Jellyfish declined from peak

• Aggregated CPUE in BT survey remained high

• Groundfish condition improved

• Poor seabird productivity, die-off, and high bycatch rates

• Northern fur seal pup production mixed

5.3%

12.1%

Towell et al.



Complete recap of 2016

17%

8.2%

Towell et al.

• WARM!!

• Small copepods predominant

• Euphausiids were rare

• Jellyfish declined from peak

• Aggregated CPUE in BT survey remained high

• Groundfish condition improved

• Poor seabird productivity, die-off, and high bycatch rates

• Northern fur seal pup production mixed



New human dimensions indicators included in the 2017 Report 
(reflect 2016 patterns):

Seafood Production (Fissel et al., Wise and Sparks)

Profits (Fissel et al.)

Recreation (D. Lew and J. Lee)

Employment (EBS and NBS; A. Lavoie)

Population trends (EBS and NBS; A. Lavoie)

School enrollment (Wise and Sparks)

These indicators do not depict any red flags (generally), but detailed 
patterns need further investigation.

2016 Fishing and Human Dimensions



Hot Topic:
Local Environmental Observer (LEO) Network
(M. Szymkowiak) 

• Citizen science observations

• Launched in 2012

• Unusual/notable environmental 
events

• Classified by relevant category

• Avenue for community 
engagement in fisheries 
management process

• Seeking feedback



2017 EBS 
Report Card



2017 EBS
Physical Conditions

Unusual sea ice 
extent pattern

Similar to 2012, but 
retraction in 
Gulf of Anadyr and 
Bristol Bay
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Maximum Ice Extent

Overland et al.



2017 EBS
Physical Conditions

Surface and Bottom Temperatures: moderately warm

Cold Pool: extensive, but 
narrow

LEFT and RIGHT bottom: B. Lauth, RIGHT top: Overland et al.



In 2017, the bottom trawl survey extended northward to study the 
impacts of diminished sea ice on the ecosystem.

Hot Topic:
Thinking Outside the Survey Box
(B. Lauth and L. Britt)



The inner domain of the northern Bering Sea experienced very  
warm conditions while the southern shelf, especially the middle 
domain, was cooler.

Hot Topic:
Thinking Outside the Survey Box
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“...the inner shelf was certainly an open corridor for north-south 
movement….”

Hot Topic:
Thinking Outside the Survey Box
(B. Lauth and L. Britt)



“The similar size distributions between areas for both species 
suggests they could be from the same populations.”

Hot Topic:
Thinking Outside the Survey Box
(B. Lauth and L. Britt)



2017 EBS 
Zooplankton▪ Large copepod abundance decreased over middle shelf

▪ Hot spot over NW shelf

▪ Euphausiid abundance similar to 2015-2016 over middle shelf
▪ Hot spot over SE shelf

D. Kimmel and C. Harpold



• 2017 Jellyfish abundance remains low (BT survey)

• Primarily Chrysaora melanaster

• In 2016, the abundance of smaller-sized species (e.g., 
Aurelia) increased (BASIS survey)

2017 EBS 
Jellyfish

B. Lauth
K. Cieciel and E. Yasumiishi



2017 EBS 
Motile Epifauna

Brittle
 stars →

Urchins 

dollars 

cucumbers →

  1961                            1980           1990           2000           2010     2017

▪ Motile epifauna biomass remains above long-term mean; trend increasing 
▪ Urchins, dollars, cucumbers up 12%
▪ King and tanner crabs down 28% and 21%



2017 EBS 
Benthic foragers

▪ 2015 drop due to 
decreased YFS and 
NRS adult biomass

▪ Recent trend is stable

▪ “Miscellaneous” flatfish 
and FHS increased

▪ 2015 had favorable drift 
patterns for flatfish 
recruitment

▪ 2017 had mixed drift 
pattern; may be more 
consistent with 
below-average 
recruitment

  1961                            1980           1990           2000           2010     2017

T. Wilderbuer



2017 EBS 
Pelagic foragers

▪ At long-term mean 
▪ Pollock level from 2016-2017
▪ Increase in Pacific herring offset by decrease in Capelin

  1961                            1980           1990           2000           2010     2017



2017 EBS
 Apex fish

▪ Apex predator biomass declined
▪ 35% decrease in Pacific cod biomass
▪ 11% decrease in Arrowtooth flounder biomass

  1961                            1980           1990           2000           2010     2017



2017 EBS 
Seabirds

▪ Breeding index below the 
long-term mean

▪ Poor reproductive success at the 
Pribilof Islands for all species, 
except Red-faced Cormorants

  1961                            1980           1990           2000           2010     2017

H. Renner and M. Romano



Hot Topic:
Dead and Dying 
Seabirds
(Kuletz et al.)



● Length-weight residuals 
from bottom trawl survey

● Residuals negative for all 
but age-1 pollock and AK 
plaice

● Pacific cod have been 
declining since 2003 with 
positive residuals in 2016 

2017 EBS 
Groundfish condition

Boldt et al.



● Age-1 mortality peaked in 2016 for all 
3 species, but has remained elevated 
in 2015-2017.

● Natural mortality was greatest for 
pollock relative to PCod or ATF

Annual variation in total mortality 
(M1 + M2) for age 1 groundfish 

2017 EBS 
Natural mortality estimates 

(CEATTLE)

Holsman et al.



● Annual predation 
demand of pollock, 
PCod, and ATF was 
down slightly in 2017 
compared to warm years 
(2014-2016)

● Pollock represent ~78% 
of model estimates of 
combined prey 
consumed

2017 EBS 
Natural mortality estimates 

(CEATTLE)

Proportion of total predation mortality for age-1 pollock 

Holsman et al.



2017 EBS 
Aggregated CPUE

▪ Increase in 2000s due to pollock and flatfish
▪ Decrease in 2006-2009 due to pollock
▪ Increase in 2010 due to pollock and Pacific cod
▪ Stable in 2015-2017

F. Mueter and B. Lauth



▪ 39 taxa included

▪ Shifted NW in 2016

▪ Shifted S in 2017

Average north-south and east-west displacement

2017 EBS 
Spatial distribution of groundfish

Mueter et al.



2017 Forecasts and Predictions



National Multi-Model Ensemble (NMME) 

• SST projections

• Continuation of warm conditions 
across the North Pacific through 
December 2017, especially in 
western Bering Sea

• Negative anomalies in 
central/eastern Pacific may 
constitute weak La Niña (~70% 
chance)

• Slight cooling in EBS and GOA 
through April 2018

2017 Oct-Nov-Dec

2018 Feb-Mar-April

N. Bond



9-month forecast

Cold Pool 

Summer 2018: 
• Smaller, but near-average based on ≤0°C or ≤1°C 
• Larger-than-average ≤2°C cold pool

K. Aydin



Pacific cod recruitment prediction

2015 year class
▪ Age-0 recruitment predicted by the average NPI (Oct.-Dec.)
▪ 2015 NPI barely positive (z-score=0.018)
▪ Probability of 2015 year class being higher than median is 51%
▪ 2015 point below predicted value from regression
▪ 2016 estimate: largest negative residual

G. Thompson



Several pollock recruitment predictions

2015 year class 
▪ Temperature Change index: above-average 

○ Yasumiishi
▪ Surface silicic acid concentrations: above-average 

○ Gann et al.
▪ Age-0 diet energy density: intermediate 

○ Andrews et al.
▪ Age-0 energy content: intermediate 

○ Heintz et al.
▪ Large zooplankton abundance: below-average

○ Eisner and Yasumiishi
▪ Chum salmon growth, temperature, and predator 

abundance: below-average 
○ Yasumiishi and Kondzela



2016 year class 
▪ Surface silicic acid concentrations: above-average 

○ Gann et al.
▪ Age-0 energy content: intermediate 

○ Heintz et al.
▪ Temperature Change index: below-average 

○ Yasumiishi

Several pollock recruitment predictions



2017 year class 
▪ Temperature Change index: below-average 

○ Yasumiishi

Several pollock recruitment predictions



Cold pool refuge hypothesis 
The cold pool acts as a refuge for age-0 pollock due to its:
● Low temperatures (metabolic)
● Enhanced prey base (foraging)
● Paucity of large predators (predation)

Duffy-Anderson et al., 2017 (PLoS ONE)

Several pollock recruitment predictions



LEFT: B. Lauth, RIGHT: A. Spear

● Oceanography, phytoplankton, zooplankton, acoustics, trawling, 
diet, and fish condition

● More pollock inside the cold pool than outside, along 70m isobath

Hot Hot Topic:
Nodal sampling: September-October 2017
(S&T funded; RPA conducted sampling)
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LEFT: D. Kimmel and A. Spear, RIGHT: N. Ferm

● Age-0 pollock inside cold pool 
consumed primarily krill

● At northerly stations, more large 
copepods available

Hot Hot Topic:
Nodal sampling: September-October 2017



0.8°C                 2.2°C                  1.6°C

Energy density (kJ/g; DW)

LEFT: B. Lauth, RIGHT: R. Heintz and T. Jarvis

● Fish condition was measured at 3 stations 
● Age-0 pollock inside the cold pool had higher energy density
● Supports cold pool refuge hypothesis 

Hot Hot Topic:
Nodal sampling: September-October 2017



LEFT: B. Lauth, RIGHT: Heintz et al.

2017

Hot Hot Topic:
Nodal sampling: September-October 2017



Website 

Summary
2016
▪ Extremely warm conditions; low productivity; groundfish condition 

metric increased; poor seabird productivity, die-off, high bycatch; fur 
seal pup production mixed

2017
▪ Moderately warm conditions; unique sea ice extent; narrow cold 

pool; groundfish condition metric decreased; poor seabird 
productivity and die-off; age-1 groundfish natural mortality estimates 
high (CEATTLE)

Contributors 

Thank you!

http://access.afsc.noaa.gov/reem/ecoweb/index.php

Thank 
you !


