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OUTLINE

® Sea ice 2017/2018
e Full recap of 2018
® Sea ice 2018/2019...similarities and differences
® 2019 conditions
® Ecosystem responses reflective of:
0 2018 conditions
0 2019 conditions

o cumulative impacts of the ‘double whammy'



2017/2018 unprecedented lack of seaice -

i+
what caused it: Bond, Stabeno

1) Residual heat in the system

2) Persistent high pressure system

| Areal ice cover in the
Bering Sea Average

3) Anomalous winds from the south




RECAP OF 2018

a tale of two regions

Southeastern Bering Sea
No cold pool.




RECAP OF 2018

a tale of two regions

Stabeno

Southeastern Bering Sea

No cold pool.
Reduced stratification (no salinity component).

Weak, delayed bloom.




RECAP OF 2018

Recruitment Processes

a tale of two regions |
Alliance (RPA)

Southeastern Bering Sea

No cold pool.

Reduced stratification.

Large Copepods Euphausiids <15mm
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Weak, delayed bloom.
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RECAP OF 2018

a tale of two regions

RPA, Rooper

Larval pollock

Southeastern Bering Sea

No cold pool.

Reduced stratification.

Larvae per 10 m*

Weak, delayed bloom. xo 1000

+ 100 @ 5000

« s00 @ 15000

Low abundance/quality of zooplankton.

Larval fish production high; adult condition
continued decreasing trend.

Length-weight residual

2000 2005 2010 2015




RECAP OF 2018

a tale of two regions - Alaska Maritime
National Wildlife Refuge

Gl EBlack/—l;gged gi(lmalgai(t St. George

NI o e | -

Southeastern Bering Sea

No cold pool.

**1 Black- -legged kittiwakes-at St. Paul
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5 B:d legged kiftiwakes at St. George
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Reduced stratification.

*1 Red- -legged kittiwakes at St. Paul
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Weak, delayed bloom.

**1 Thick-billed murres at St. George
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**1 Thick-billed mixures at St. Paul

Low abundance/quality of zooplankton.
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Larval fish production high; adult condition i ,
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Poor reproductive success for seabirds at
the Pribilof Islands. N | = ——
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RECAP OF 2018

a tale of two regions

Northern Bering Sea

Lack of seaice; noice algae to seed

Euphausiids < 15mm

p rOd U CtIVItY' Small Copepods = Large Copepods
Weak stratification.

Zooplankton abundance low; large
copepods Eucalanus bungii.
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RECAP OF 2018
a tale of two regions

Northern Bering Sea

Lack of seaice; noice algae to seed

productivity.

Weak stratification.

Zooplankton abundance low; large
copepods Eucalanus bungii.

Juvenile forage fish abundances low;
adult groundfish biomass persisted.

1 * All Juvenile salmonids (except C hmqok) NBS B
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RECAP OF 2018

a tale of two regions

Northern Bering Sea

Lack of seaice; noice algae to seed
productivity.

Weak stratification.

Zooplankton abundance low; large
copepods Eucalanus bungii.

Juvenile forage fish abundances low;
adult groundfish biomass persisted.




RECAP OF 2018
a tale of two regions COASST and

regional partners

Northern Bering Sea - ] O
arcass count SI%

Lack of seaice; noice algae to seed

productivity.

Month

© May (N=133)
95% TBMU/COMU

70

| | | I | | | | | |

Weak stratification.

Russia

O June (N = 1140)
94% TBMU/COMU
1% BLKI

@) July (N = 206)
1% TBMU/COMU
30% STSH
19% NOFU
29% FTSP

- . B | ’ August (N = 67)
adult groundfish biomass persisted. 4% o O %a
B\ 28% STSH
10% NOFU

Seabird die-off event. I e 10% TBMU/COMU

T T T T | T T T T

170 160
Longitude (W)

65

Zooplankton abundance low; large

copepods Eucalanus bungii.

Latitude (°N)
60

1 1 I

Juvenile forage fish abundances low;




RECAP OF 2018

a tale of two regions

Northern Bering Sea WA e S R
i — / \ A \ ) . o i‘., 2)2112

Lack of seaice; noice algae to seed

productivity.

Weak stratification.

Zooplankton abundance low; large g

copepods Eucalanus bungii. B TRART slworees

B % J s e 2014

2016

Juvenile forage fish abundances low; |
adult groundfish biomass persisted. § 7
4 J \ April 2018

\;_ cruise track

Seabird die-off event.

Ice seal distribution shifted.



2018/2019 ‘unprecedented again’ lack of sea ice -
similarities and differences
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Thoman

e Double whammy
® Early ice mid-Dec through Jan
e \Warm winds in February

e What impact did early ice
have on the ecosystem?



2018/2019 ‘unprecedented again’ lack of sea ice -

similarities and differences -—
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2018/2019 ‘unprecedented again’ lack of sea ice -
similarities and differences
Watson
Satellite-derived SST [ gmleke i ts

e \Warm stanza in early 20005 |
driven by conditionsin Mar-May |- RS |'| I
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In recent years, warmth has
persisted throughout the year.
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REFLECTIVE OF 2018

Gray whale

Unusual Mortality Event | EE
\ Gray Whale Strandings in 2019

A
P ICanada 10
Brent Pristas ] \‘ . |us Total 122

Kodiak Is. ORI e [ Alaska - 48
July:3;2019 R Washington - 34
R ' Oregon - 6
California - 34

[Mexico

o

Total| 213

Miles

180
| E—

*in order of reporting




REFLECTIVE OF 2018

Gray whale
Unusual Mortality Event

Preliminary necropsy results show evidence of
emaciation.

Annual migration of up to 20,000 km.

e Summer and fall in the Bering and Chukchi
seas feeding.

e Feed onamphipods, mysids, crab larvae.

e Overwinter (mating, calving) along the west S e
coast of southern Baja California Peninsula. |
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REFLECTIVE OF 2018 NWYR o

regional partners

Short-tailed shearwater

d [Shy Oﬁ even t Beached Bird Relative Abundance: Pribilof Islands (Bering Sea)

1 Established: Jun-2006 W Observed —Baseline (range) Composition (all years)

1 6 beaches total (5 current) Short-tailed Shearwater: 55%

i 1009 surveys Tufted Puffin: 22%

| 1324 birds Northern Fulmar: 7%
Common/Thick-billed Murre: 6%
Crested Auklet: 4%
Composition (2019)
Short-tailed Shearwater: 97%

Northern Fulmar: 1%
Common/Thick-billed Murre: 1%

1?0

PRIBILOF ISLANDS
Long term trends of
seabird die-offs.
COASST beach surveys.

10
Ill

Standard methods since
2006.

Encounter rate (birds per km)




REFLECTIVE OF 2018

o gray whales are benthic feeders (e.g., amphipods)
o shearwaters are planktivorous (e.g., euphausiids)

® Both species embark on long migrations to the southern hemisphere for breeding during the
austral summer.

e The 2019 mortality events may reflect:
o (i) 2018 feeding conditions in the Bering Sea,
o (ii) conditions experienced during the breeding season in the southern hemisphere, or

o (iii) lack of available prey to complete the migration to the Bering Sea in 2019.



REFLECTIVE OF 2019

® Spring bloom occurred earlier (~g days) than
the long-term average.




REFLECTIVE OF 2019
Britt, RPA

«1 Jellyfish

® Spring bloom occurred earlier (~g days) than
the long-term average.

® Zooplankton composition was dominated by
small copepods.

e Jellyfish abundance increased.

Small Copepods (< 2 mm) - Spring Large Copepods (> 2 mm) - Spring Euphausiids (< 15 mm) - Spring
= °N - = i "

e @ e &N
aﬁ : aﬁ .
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REFLECTIVE OF 2019

Wind forcing for winter-spawning
flatfish

The 2017 drift pattern was mixed.

The 2018 drift was favorable with
northward/onshore winds.

The 2019 drift pattern appears
unfavorable with westerly winds.

4/1/2011 to 6/30/2011
4/1/2012 to 6/30/2012
4/1/2013 to 6/30/2013
4/1/2014 to 6/30/2014

Wilderbuer




REFLECTIVE OF 2019

Pacific cod

e Northern Bering Sea
o Biomass +30% from 2017.
o Abundance +52%.
o Fish appeared healthy. kg/ha

no catch
>0-1

® Southeastern Bering Sea

>10-20 o
>20-30

o Biomass +2% from 2018. S

o Below the long-term mean. R
o Abundance +112%.

o Indicates recruitment of age-1 fish.

o Moved out of warm inner domain?

o Westerly winds?




**1 Common mumgs at St. George : :
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®*]1 Thick-billed murres at St. George :
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® Spring bloom occurred earlier (~g days) than & |

the long-term average. | kit st pa e B o |

I .
11 |

® Zooplankton composition was dominated by | .
!Blackflggged }L\m\xa}ta@t St. George
small copepods. Gk o w s S ere—"——

e Jellyfish abundance increased. "] Black legeed itivapesaf St Paul & ;
| F i, deiia ctasbuiciit A S /Tr\;/\/ e 2
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"1 Red-legged kiffiwakes a at St. George

® Seabird reproductive success at the Pribilof " .
Islands. e e e —— ﬁl
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| Red- lggged kiffiwakes at St. Paul
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"1 Red-faced conporants at St. Paul

Alaska Maritime Fo— /\ﬂ; :F
National Wildlife Refuge wh A o .




REFLECTIVE OF 2019 Alaska Maritime

National Wildlife Refuge

Successful breeding events occurred for fish-eating species (murres at St. George and
red-faced cormorants at both islands) and plankton-eating species (both species of kittiwakes

at both islands).
eabird Report Card
B I£ l |~1f‘ sl |

Annual Glaucous Thick-

monitoring | Red-faced winged| | Common billed Horned
site cormorants gulls murres murres puffins kittiwakes | kittiwakes || fulmar petrels

Red- Fork-tailed Leach’s

legged legged Northern storm- storm- Parakeet Least
petrels auklets auklets

Cape
Lisburne

5
SENE
SINIe

Chukchi
Sea

®
)

> Primarily zooplankton eaters >>>

Bering Sea

St. George

P LA A

—

<

<<< Primarily fish eaters

Eggs represent overall productivity relative to the long-term average. @

White eggs indicate productivity derived from monitoring data; @
colored eggs indicate productivity based on anecdotal observations. ay & 2 gverage! g Below average Complete failure




REFLECTIVE OF 2019

® Seabirds may have been successful at finding lipid-rich copepods and
euphausiids, even though abundances were low;

e Competition for available prey may have been reduced as a result of
shearwater mortalities and/or poor recruitment events for fish species;

e Colonies at the Pribilof Islands may have benefited from northward shifts in ’*
fish populations;

® Below-average coccolithophore bloom index for 2019.




§ - Walleye pollock § Age 1 Walleye Pollock
REFLECTIVE OF S | Yl = Jing i

' 0.00 = g |
CUMULATIVE IMPACTS |- F™ e [T 0

b 2000 2005Ye2a0r10 2015 2020 b 2000 2005Ye2a0rm 2015 2020

Pacific cod Northern rock sole

0.0501

g:zzz‘ H rhrﬁr}ﬂﬂﬁrhrhw il
-0.025] U I u U :

-0.0501

e Groundfish condition increased in 2019 relative
to 2018.

Length-weight residual
Length-weight residual

2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year

Arrowtooth flounder

e Condition was positive for all species shown.

Yellowfin sole

® Large increases were seen for adult pollock,
Yellowfin sole, and Arrowtooth flounder.

ﬂﬁrﬁ% ﬂ

il g
4

|

2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year

Flathead sole

_0:00 u meﬁnﬁwwww uuuﬂﬂ ¥ ﬁumﬁ:mmqﬂ?éﬁ

2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year

o possible shift to benthic-dominated system?

Length-weight residual
Length-weight residual

Alaska plaice

0.05;

afl [T

Length-weight residual
Length-weight residual



REFLECTIVE OF
CUMULATIVE IMPACTS

Boveng

lce seal

Unusual Mortality Event . * Linear regression on
effect of year

e Between 2018 and 2019, 282 ice seal =& e Accounted for sex & date
carcasses (mostly young) were reported 1 ~ + Small sample sizes

2

from the Bering and Chukchi seas. ‘ « Both independent

I\/Iort.alltles apd decline in pup condition | Sra— measures, showed a
consistent with lack of sea ice for (mass/standard length) significant negative trend
pupping and nursing. ® Blubber thickness (cm) W

- of right-lateral hip

e Competition for prey from groundfish.

e Starvation attributed. 2014 2016 2018

(22) (20)




REFLECTIVE OF
CUMULATIVE IMPACTS

Walleye pollock

e Northern Bering Sea
o Biomass -11% from 2017. cgiha
O Abundance +59%. no catch

>0-75

o Indicates successful recruitment. >75-100

>100-150 "

>150-200
> 200 -300
> 300

® Southeastern Bering Sea
o Biomass +75% from 2018.
o Just above the long-term mean.
o Abundance +53%.
o Indicates movement of adult fish into
the region.

Britt




REFLECTIVE OF

CUMULATIVE IMPACTS

Walleye pollock recruitment forecasts for the 2018 year class

e Temperature change index
o Above average recruitment
o cool summer conditions as age-o followed by warm spring as age-1 fish.

® Surface silicic acid

o Silicate concentrations high, but fish weights were below average.
e Diet energy density

o Note: euphausiids comprised >50% of age-o diet.

e Age-o energy density



REFLECTIVE OF

CUMULATIVE IMPACTS

And yet....

® Anomalous February winds increased on-shelf flow and
upwelling conditions. Upwelling of productivity during
winter may have subsidized energy transfer.

® Reduced cannibalism because recent years’ recruitment
has been low.

® Age-1 natural mortality estimate was at the long-term
mean (CEATTLE) demonstrating reduced predation of the
2018 year class.

Bottom trawl survey
numbers-at-age l%ﬂ

T P 220007
-..pf-l-.—_..
2008

lanell



REFLECTIVE OF

CUMULATIVE IMPACTS

But...

® 75% increase in biomass from 2018 to 2019.

® Indicates adult fish moved into the region.

® Therefore, the 2019 year class may experience increased
predation pressure from cannibalism.




OTHER INDICATORS

Cunningham

Bristol Bay sockeye salmon

D
o
1

® 2019 inshore run was 56.6
million

BN
o
1

4th largest since 1963

Bristol Bay
Inshore Run Size (Millions of Sockeye Salmon)

Fish experienced positive
conditions at ocean entry in the
summers of 2016 and 2017, and
winters

of 2016/2017 and 2017/2018.

N
o
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= m@f}d@ds Blue King Crab Mature Females |
OTHER INDICATORS |- [ * @

Commercial crab biomass

e Pribilof Islands and St. Matthew Island
BKC remain below long-term means.

e Tanner crab below long-term mean.

e Female snow crab above long-term
mean, but declined from 2018; males ] Snow(Crab Mature Mates

rm\r\_iri;i;:***;//lf::\*’*/*:*‘r**x'i?**\; ***** ,;;; |

below long-term mean.

REEET 3 Brlstol Bay Red King Crab Mature Femalgs |

Bristol Bay RKC remain well below
long-term mean.

1998 2000

Richar



IMPLICATIONS

sl
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2" winter of low sea ice in NBS; unprecedented warm inner domain. Impacts to

fish distribution (juveniles and adults).

Zooplankton prey base dominated by small, lipid-poor copepods; low
abundances of large copepods and euphausiids. Impacts to carrying capacity
throughout the system.

Pollock increase represents movement of adult fish into SEBS; 2018 year class
appears strong; PCod biomass continues to increase in the NBS. Groundfish
condition increased from 2018.

Seabird die-off (mainly short-tailed shearwaters) attributed to starvation.
Concerns about food security in NBS. Seabirds at colonies did better than
expected.

Gray whale UME; ice seal UME. Indicates impacts of changes in food web
structure and carrying capacity of the NBS.



FORECASTS AND PREDICTIONS

National Multi-Model Ensemble

e Continued warmth in the North Pacific
and eastern Bering Sea into 2020.

e Worth noting the 2018 forecasts also
predicted warmth, but the northern
Bering Sea was actually substantially
warmer than forecast.

Bond




POLLOCK AND PACIFICCOD

recruitment timeseries
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