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Presentaiiontoliiine

s Overview ABLL's ' Southeasi Coastal
Monitoring (SECM) project1997-2016

¢ Introduce ecosystem meftrics considered
for use in forecasting pink salmon harvest#

“* Review past model performances (2004-16)
& present the 2017 NOAA pink forecast

* Discuss implications of later ocean conditions
and new ecosystem mefrics on 2017 forecast
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2016 Alaska pmk salmon dlsasir

August 2016

Rep. Louise Stutes, R-Kodiak, asks the Walker administration to declare the pink salmon eason a
disaster, which would open up access to federal relief funds. "This is the worst salmon year in
nearly 40 years, and that's huge... It doesn't just affect the fishermen” ¥

September 2016 3

Gov. Bill Walker, in his letter to U.S. Commerce Secretary Penny. Pritzker, said poor pink
salmon returns in Kodiak, Prince William Sound, Lower Cook Inlet and Chignik are having a

“significant impact on those who depend on the fishery for their livelihood.”

October 2016

en. Bert Stedman successfully appealed to Gov. Walker to add Southeast
Ink salmon disaster declaration related to the 2016 poor pink salmon run.
burg Vessel Owners Assoc. Ex. Dir. Megan O'Neil: commented on the 2016 fish

ast Alaska : "wild plnk salmon were off 47 percent from oredictions...$14 N
7 ; r__i L . .

o1 h the State and AFSC 0=,
fo ue to aﬁé’ﬂery,,resource disaster exist. NMFS AK =
|OAA who then makes & recommendation to the Sa{-‘gf)iz'i

" Comm., wh determination and notifies thefgta.te and Congress.
....-process can-take Ov_er one year ; ,M e
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Southeast Alaska Coastal Monitoring (SECM)
monthly sampling: May-Aug, 1997-2016
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SECM project stations along a primary
seaward migration corridor in Southeast
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Paradigm of pink salmon biology:
Mortality during early marine life is high,
variable, and impacts year class strength

Mortality rates
(Parker 1968, Karpenko 1998)
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Strong relationship most years with SECM
Juvenile pink catch & harvest 1997-2016

2013 returns --->@

2

S

@ <--- 2015 returns

@ <«--- 2016 returns
@ <--- 2006 returns

=
o
.|_
W
o
=
g
o
- =
=
(=]
=
o
W
"
=
o
o
=
e
<

o

10 20 30 4.0 5.0 6.0
Juvenile pink salmon peak June/July Ln(CPUEcal + 1)

__,-"f‘l'l;'ﬁ:'\\_
vf NOMFISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 9
f‘“'n-.-.u:'}



Generalized ocean distribution of pink salmon
Southeast Alaska pinks shaded in green

mmm ALASKA

mm BC.
ISEAK

http://www.pac.dfo-mpo.gc.ca/fm-gp/species-especes/salmon-saumon/facts-infos/pink-rose-eng.html

Takagi et al. 1981, INPFC Bulletin 40, Distribution and origin of pink salmon....

£ rom g\
{D@{’} NOAA FISHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 10



Key pink salmon life history phases

(" Optimal spawners,

water flow, snow cover

Predators —
+? (Low predation, cool |\ Freshwater J 4 W )
temps in fall/winter g 3531 rﬁ&?r?g
compeniers N. Pacific | v Y | nutrients, light
. Ocean Estuarine
— f tOptimf_ll enttr3|/ tirr]n?f\ | :-~-";;— ey ~ o offshore\
rey 0 continental she i
i - > ¢ fry movement
_ Guliof AK Nearshore
Migration \_ J
€79 High juvenile
_ abundance/distribution
Toxins SECM samplin '
+? Ping Strait - Coastal
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Selected biophysical factors consiaered for

:
) )

forecasting Southeast pink salmonfiarvesis
Nfological (rzgion)

J-pink salmon: Peak (HJ_.,._,, Wrrels D288 (eIt F IO T, cates
slelufelelfhilielal, e dd A s i 2. fiigz, conditior

Trophic: Surface af leliizgpaize ifzasures of
zooplank’ron, andpredaion (CEFAeE

Region: Tempem’rure (s""‘ rface + it —_

Ocean basin: ENSO (El Nmo Sotﬁ __-g:::. NSHIEEX))
PDO (Pacific Decadal Gscﬁ1a “r 23], g ES
NPI (North Pacific Index) = — - ——
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adst edlres using a
general.Jmear model

1) Forwatd=BackWard Stepwise Regression
’“O(IJJJ%’J(J agiddjes, £<0.05

i

- -5 ;%’F;: mke Information Criteria
_, <+ ORehEk for gover'parameterization”

3) “J ackkmfe _,_,Pocedure to evaluate models
over ’rlme__ms”"l;l---les (hindcasting + remove 1 yr.)

4) Bootstrap "best” model fo generate forecast
confidence intervals by re-sampling CPUE
data to account for measurement error
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SECM pink salmon forecast models 2004-2016:

In 9 of 13 years, average forecast deviation <10% of harvest

M Harvest

® Forecast
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MNSamipling results for 2016

ISFicldiwork accomplished: Oceanographic sampling
Yon RViSashin in May, & Trawl and oceanographic
sampling conducted by the chartered FV Northwest

Exploreriin June, July, and August

FAVORABLE juvenile pink CPUE metrics & early
seaward migration timing

FAVORABLE high proportion of pinks in catch &
low_coho predation index

BEST North Pacific Index over the 20 SECM years
WARMEST Upper 20-m temps MJJA Icy Strait
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Primary research data and ecosystem metrics used for NOAA pink salmon forecasts for Southeast Alaska. Details on column letter fields on next page.

PARENT pink salmon brood year Chronological BIOLOGICAL and OCEAN ecosystem variables FORECAST ANNUAL RANK HARVEST
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Year 0 Year 2 Production
Data source |ADFG,|ADFG,| | ADFG, | ADFG NOAA,| | NOAA, | NOAA, NOAA, | NOAA, ";?Jf__;l NOAA,| |NPGO,| CGD; | ISRC;| | NOAA, N ADFG,
3
1996 646 | 34% 181 | 17% 1997 31.1 25 22 | sy | 17% | 15 95 07 | 156 | 032 na 128 |0 13| [1998] 424
1997 289 | 60% 148 | 47% 1998 60.8 5.6 53 | June | 42% | 08 9.7 06 | 181 | 0.36 na 2.3 1) [1999[ 778
1998 424 | 51% 143 | 44% 1999 53.5 16 14 | Juy [ 10% | 39 9.0 1.7 [ 158 | 021 na 16.3 18| | 2000 20.2
1999 778 | 59% 21.3 | 50% 2000 | | 1321 37 33 | uy [ 25% [ 1.0 9.0 22 [ 169 [ 099 na 7.0 6 [2001] 67.0
2000 202 | 50% 108 | 39% 2001 61.5 2.9 26 | Juy | 28% | 20 9.5 22 | 168 | 1.03 na 9.3 |0 9| [2002] 45.3
2001 67.0 | 41% 186 | 22% 2002 | | 150.1 28 25 | Juy | 26% | 25 8.6 13 | 158 | 097 na 127 |Q 12| |2003 | 525
2002 453 | 41% 166 | 49% 2003 95.1 3.1 27 [ Juy [[22% | 18 9.8 1.2 [ 161 | 050 2 10.0 |0 10| [2004] 45.3
2003 525 | 51% 200 | 44% 2004 | | 169.6 3.9 34 [ June | 31% | 14 9.7 02 | 151 | 0.18 0 6.8 5 | 2005 59.1
2004 453 | 41% 15.7 | 54% 2005 87.9 20 [ 17 | Aug | 26% | 33 10.2 43 | 155 | 037 -24 16.0 17| [2006] 11.6
2005 50.1 | 53% 19.9 | 51% 2006 65.9 26 23 | June | 26% | 1.9 8.9 05 | 17.0 | 047 +5 88 |0 8 |2007] 448
2006 116 | 58% 102 | 72% 2007 81.9 1.2 10 | Aug | 15% | 37 9.3 01 | 157 | 042 0 18.2 20| |2008| 159
2007 448 | 40% 176 | 29% 2008 | [ 1176 25 22 | Aug [ 29% | 21 8.2 15 | 161 | 078 5 122 |0 11| 2009 | 38.0
2008 159 | 34% 95 | 14% 2009 34.8 2.1 27 | Aug | 2% | 17 95 04 [154 [ 020 3 13.2 15 |2010] 24.0
2009 38.0 | 43% 127 | 31% 2010 | | 1216 3.7 50 | June | 61% | 09 96 16 | 176 | 078 +3 2.8 2| [2011] 589
2010 240 | 47% 12 | 43% 2011 30.9 13 16 | Aug | 25% | 44 8.9 11 | 157 | 050 +3 17.2 19| 2012| 21.3
2011 58.9 | 61% 143 | 81% 2012 61.8 32 | 43 | Juy | 48% | 1.1 8.7 16 | 167 | 087 +41 6.2 4| [2013] 947
2012 213 | 41% 11.0 [ 13% 2013 51.2 19 | 26 | Juy | 13% | 29 9.2 07 | 160 | 100 +7 14.0 16 2014 37.2
2013 94.7 | 43% 252 | 44% 2014 | | 474 34 | 46 | Juy [ 53% | 20 9.4 03 | 158 | 045 19 75 |0 7| [2015[ 354
2014 372 | 30% 138 | 1% 2015 14.2 22 18 | June | 19% | 26 99 12 | 157 |02 13 13.0 14| |2016| 17.8
2015 | [ 351 [ 64% | | 112 [ 64% | [ 2016 | [100.1 ] | 39 [ 31 [ June [ 50% [ 16 | [103 | [ 00 [ 189 008 | 2 | [ 42 @ 3| |[2017] 2
[ Bivariate 2017 harv. predictions | 61M | 47M | 57M | 62M | 53M | (srm [ssm 27 m | D
oyt | 034 | 0.30 031 | 050 0.37 078 | 076 | -050 | 056 | -0.80 024 | | 045 | 0.62 | 044 S -0.86 | Pearson correlation "r"
Probabl®y | 015 | 020 | | 019 | 0.03* 0.12 0.00* | 0.00* | 0.03* | 001 | 000° | 032 | | 005 | 0.01*| 006 > 0.00* | = significant @ p<0.05

Data sources: ADFG (S. Heinl,, A. Piston, and L. Shaul;); NPGO=North Pacific Gyre Ocillation (E. Di Lorenzo, http://www.03d.org/npgo/); CGD = Climate & Global Dynamics (J. Hurrell, hitp://www.cgd.ucar.edu/cas/jhurrell/indices.data.html), & L7

NOAA Auke Bay Laboratories (J. Joyce, - Auke Creek research station & E. Fergusson/J. Orsi, - Southeast Coastal Monitoring project); ISRC = Institute for Seabird Research and Conservation (S. Hatchg).




Eco-rank model: SEAK harvest vs. avg
rank score of the six significant variables
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2016 ocean conditions = 69 M harvest in 2017
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2017 pink salmon f-orecasimodels
Jacksknifies S Prediction
/o1[lerror] for 2017

avg/imeadian Ty aat
J (807 CI)

ECO=rank

(GIvariapies)

CPUE,, <0001 moy ireo.  3U/14 614

Eco-rank + : _ - —

May Temp < 0001 79% 150.0 28/26 559 M
(40-72)

CPUE. . +

ISTT <0001 71% 1560 22/18 46.2 M
(28-64)
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Implications of later ocean conditions and
new ecosystem metrics on forecast

: . o
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Later ocean conditions in 20167
+* North Pacific Index -

» North Pacific Gyre Oscillation -

% Juvenile pink salmon GOA abundance -
*» Seabird productivity in the GOA -

» Post-BLOB ocean temps -

» Harmful algal blooms -



Later ocean conditions in 2016?

¢+ North Pacific Index - positive conditions
in the North Pacific Ocean in summer

» North Pacific Gyre Oscillation -

% Juvenile pink salmon GOA abundance -
» Seabird productivity in the GOA -

» Post-BLOB ocean temps -

» Harmful algal blooms -
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Later ocean conditions in 2016?

¢+ North Pacific Index - positive conditions
in the North Pacific Ocean in summer

» North Pacific Gyre Oscillation - moderate
impacts in the southern GOA in spring

% Juvenile pink salmon GOA abundance -
» Seabird productivity in the GOA -

» Post-BLOB ocean temps -

» Harmful algal blooms -
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Juv. pmk CPUE Lcy S’rrcu’r vs. Gulf of AK

oy
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Icy Strait vs. Gulf of AK juv. pink catches
2010-2015 (Per. Cor. value 0.73, P-value 0.10)

y =0.29x - 0.12
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Icy Strait vs. Gulf of AK juv. pink catches
2010-2016 (Per. Cor. value 0.44, P-value 0.33)
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Later ocean conditions in 2016?

¢+ North Pacific Index - positive conditions
in the North Pacific Ocean in summer

» North Pacific Gyre Oscillation - moderate
impacts in the southern GOA in spring

% Juvenile pink salmon GOA abundance -
Catch ratio Icy Strait : GOA

» Seabird productivity in the GOA -

» Post-BLOB ocean temps -

» Harmful algal blooms -
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Institute for Seabird Research and Conservation

Middleton Island Seabird Research and
Monitoring

2015 Field Report

Lo
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| Fig 5. Routes taken during 9 foraging trips by black-legged kittiwakes fitted with GPS tracking
| devices at the Middleton tower colony during July 2015. All birds were unfed breeders with
chicks concurrently in the nest.
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Kittiwake chicks per nest (y) vs. Southeast
Alaska pink salmon harvest (y + 1)
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Kittiwake chicks per nest
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Later ocean conditions in 2016?
¢+ North Pacific Index - positive conditions
in the North Pacific Ocean in summer

» North Pacific Gyre Oscillation - moderate
impacts in the southern GOA in spring

% Juvenile pink salmon GOA abundance -
Catch ratio Icy Strait : GOA

» Seabird productivity in the GOA -
kittiwake chicks/nest, Middleton Is./Sum

» Post-BLOB ocean temps -

» Harmful algal blooms -
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Anomalously warm summer conditions
neastern GOA N 20)0%) ( Z 9\ n 20006)

(3 2005

f 2
At s
’ Ca

(




Anomalously cold summer conaifions
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Warm blob™ summer: condifions
m eastern C Jr\ m )J' {J Miin /J'J)
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G

“Warm blob® summer: conditions
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“Warm blob" summer conditions
m eas’rer*n GOA i 2016 (46 M') m 2017)
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Later ocean conditions in 2016?

¢+ North Pacific Index - positive conditions
in the North Pacific Ocean in summer

» North Pacific Gyre Oscillation - moderate
impacts in the southern GOA in spring

% Juvenile pink salmon GOA abundance -
Catch ratio Icy Strait : GOA

» Seabird productivity in the GOA -
kittiwake chicks/nest, Middleton Is./Sum

» Post-BLOB ocean temps - July SSTs plots
comparing 2005, 2012, 2014 to 2016

» Harmful algal blooms-

NoAA
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What about harmful algal blooms (HABs)?

@ National Ocean Service..  http://oceanservice.noaa.gov/hazards/hab/

U.S. Department of Commerce

HOME OCEAN FACTS WHAT WE DO EDUCATION NEWS PODCASTS VIDEO IMAGES ABOUT US

Harmful Algal Blooms

Tiny Plants with a Toxic Punch

Pseudo-nitzschia: this diatom group produces the deadly neurotoxin domoic
acid the toxin responsible for amnesic shellfish poisoning (ASP).

Alexandrium is a genus of dinoflagellates, with many species producing
saxitoxin that can lead to paralytic shellfish poisoning. (PSP).

Kathi Lefebvre of the NWFC examined juvenile pink salmon samples from Icy
Strait in July of the years 1997 to 2016: preliminary results show the presence of
low levels of both Domoic acid and Saxitoxin each year, with some spike years
noted; however the 2016 ocean year did not appear to be a high HAB level year.
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Later ocean conditions in 2016?

¢+ North Pacific Index - positive conditions
in the North Pacific Ocean in summer

» North Pacific Gyre Oscillation - moderate
impacts in the southern GOA in spring

% Juvenile pink salmon GOA abundance -
Catch ratio Icy Strait : GOA

» Seabird productivity in the GOA -
kittiwake chicks/nest, Middleton Is./Sum

» Post-BLOB ocean temps - July SSTs plots -
comparing 2005, 2012, 2014 to 2016

> Harmful algal blooms - low detectable -
amoun’rs in juv. pink salmon Icy S‘rr /July

o
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Conclusions:
* 46.2 M pink salmon harvest forecast SEAK 2017

<+ Juvenile pink salmon in Icy Strait in 2016 were
abundant, early, widespread in Icy Strait/GOA

¢ Unclear what impacts sustained warm conditions
will have in the Gulf of Alaska in terms of salmon
ocean survival - record Icy Strait temps in 2016

» Continue to evaluate later ocean indicators to help
improve future salmon forecasts for SEAK: GOA
seabird productivity, harmful algal blooms, NPGO

“» If the impacts of later ocean conditions have
indeed moderated, then the 2017 SEAK pink
harvest may likely surpass ADFG/NOAA forecasts
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EMA: Forecasting Pink Salmon Harvest in Southeast Alaska

L ing how ocean ¢

(SEAK) since 1697,

Juvenile and adult pink salmon
captured during SECH sampling

Purse seiners harvest pink salmon worth

upwards of $125 million annually in SEAK.

and climate impact

salman year class sirengih is an objective of the Auke Bay
Laboratories (ABL) Scutheast Alaska Coastal Monitoring 20 1 6 NOA A FOI"ECCIST

(SECM) project. The SECM project has collected a imea
series of indexes that include juvenile salmon and their 30-4 l'I'I“"Ol'I plﬂk Sﬁlm

associated biophysical data in coastal Southeast Alaska

16-45 M prediction interval

ABL Home

Ecosystem Monitoring
B Assessment

BASIS

Gulf of Alaska
Ec

Fink

salmaon refurns ara notonousky dificull to forecas! becawse
their two-year life history cycle only involves one ocean winter
and pracludes the use of younger refurning age classas o
predict cohort abundance, Moreover, year-class success
vanes widely, with harvests ranging from 3 to 95 million fish
annually in SEAK since 1860

Foriunately, direct measures of juvenile pink salmon
abundance al sea from SECM sampling have provided a
powertul tool to improve forecasts, Juvenile salmon manne
meortality is reported 1o be high and variable duning their initial
spring nearshore residency. The SECM samphng of juveniles,
which occurs later in the summer in seaward

Ansessment

Chukchi Sea
Ecosystem
Assessment

Salmon Ocean
Ecology & Bycatch
Analysis:

Anadromous Frsh

Pink Salmon
Forecastng

Southeast Alxska
Ceastal Menitering

cormdors, has proven lo be an effective index for use m pink
salmon forecast models for SEAK

SECM has been using juvenile pink salmon catch and
assocaled ophysical data lo forecas! adull pink salmon
harvest in SEAK since 2004. Several models have been used
in this annual forecasting However, the pnmary iophysical
factor correlated with harvest each year is the peak average
rateh nar unit affart (0P IFY Af ivanila nink <almon in lew

Ne ensuIng Narvest of pink SAIMon 1o e region.

The SECM forecas! models have
performed well in 8 of the past 10 harvest
years, giving estimales that averaged within
9% of aclual harvests. However, the 2006
harves! was well below the lorecast and the
2013 harves! was well above the forecast
Step-wise multiple regression models have
been developed thal include additional
anvironmental paramaeters beyond CPUE f
they significantly improve model fit and heip
o explain laler ocean conditons that affect
year class strengih. The SECM prefered
forecast for 2015 is based on a two
parameter model with CPUE and a
temperature index

2013 returns -

z167x- 14
o Y
o T R =066

® o «e-2006 returns

o5 8882385388

L1 o 0 10 40 30 &0

Juvenile pink salmon peak June/July LA(CPUE +1)

Correlation of juvenile pink peak June or July CPUE and SEAK adult pink

SECM Forecasting Reports:

(NPAFC documents)

2004.2007, 2008, 2008, 2010, 2011, 2012, 2013, 2014

Underwater Vehicles
Oceancgraphy
Program Activities:
Hstory
Personnel

Publications
Data Sats

o e st
® Forecost

Contacts:
Joe Orsi, Emily Ferg

5888883838

, Adao
Auke Bay Laboratories

Alagka Fishenes Science Centor, NOAA Fisheries

Ted Stevens Marine Research Institute
17108 Pt LenaLoq) Rd

. Ellen Y

SEAK gk palmen harvert (mlliona)

-]

Adult harvest yesr

. |
| . L]
. I - '

2004 2005 2006 2007 2008 2009 2000 2011 2012 2010 2014

Previous forecast model

predictions.
{with 80% confidence intervals) and sctual harvests

pink salmon web pages soon
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EMA: Southeast Alaska Coastal Monitoring

Research conducted by EMA's Southeast Alaska Coastal Monitoring
(SECM) project focuses on the study of juvenile salmon in the coastal ABL Home
waters of the Guli of Alaska ecosystem. (Watch the streaming "What Ecosystem Monitoring
we do” video below.) This Auke Bay Laboratories project addresses . f Assessmant
key objectives of the NOAA Fisheries Sirategic Flan and international
science programs including the North Pacific Anadromous Fish
Commission (NEAFC) and the North Pacific Research Board (Gull of Gulf of Alaska
Alaska Integrated Feosystem Project). Ecosystem metrics from Ecosystem
SECM research are used to develop indexes and stock assessments fesessment
Tor NOAA's annual Ecosystem Considerabon Report Chukchl Sea
Measuring water properties with a Feosystem
Primary SECM goals are fo conductivity temperature- depth profiler Assessment

BASIS

= Understand the early marine ecology and distribution of :::,'::,':.':;‘:,:m.-|.

Juvenile salmon and associated species » Analysis:
+ Build tme senes of oceanographic and ecological indices for
the coastal waters of Southeast Alaska
« Identify factors aflecting salmon productivity (2.9, climate - Pink Salmon
change, prey, abundance, and predators) ¢
= Produce data sels lo evaluale halchery and wild stock
interactions, and forecast regeonal adull salmon relums

Anadromous Fish

Autonomous
Sampling zooplankt ith a tande:
SECM research was initiated in tha spring of 1997, just prior 1o the ol ';:mee ne:‘iuu;w“srr;l andem undarwater Vehicles

onset of a strong El Nifio event, and has continued annually SECM
sampling ocours around loy Strait (58°N_ 136"W) in the northarm g
region and have bean sustained for 18 years This is a principal Program Activities:
migration carridor for salmon that transit dynamic tidal and 1
oceanographic features to offshore waters as juveniles and return in .
subsequent years as adults - 1 Personnel

oceanography

Mistory

Publications
SECM researchers have compiled a mulli-year lime saries of st
osters
-..umpllng |||Iarvﬂh in May_ June, July, and Angm] Juvenile salmon mnl .:m;&i‘.?:ﬂ:‘:;’;dﬂﬂm‘ Data Sets
p—

» Temperature and salinty prohles

= Surface nulrents and chiorophyll

« Zooplankton (upper 20-m and integrated)
+ Size abundance, and ongin of salman

» Potential predators of juvenile salmon

Some of these biophysical dala are being used lo [orecas! pink
salmon retumns to Southeast Alaska and to evaluate recent
trands in commearcial salmon harvast and ocean sunvival within
the region, These analyses also explore the impact of large-
stale, chmale-driven processes on salmon year-class strength,

Interannual variabllity of late spring and summer temperatures In the upper

20-m water column of Icy Stralt, 19972014,

SECM Introductory vids

Videos on salmon ID
and “what we do”!
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