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Presentation Outline

« Briefly describe the environmental context and relative
Importance of the Barkley Sound sockeye salmon fishery.

 Review evidence for marine climate variation and change
(CVC) impacts on Barkley Sound salmon recruitment
variations and identify causal mechanisms

 Describe use of a simple, two-state, pathway of effects
model to explain and then predict salmon recruitment
variations due to CVC impacts.

 Provide projections and alternate scenarios for Barkley
Sound salmon returns and the sustainability of fisheries
there from 2000-2050s and then from the 2050s-2100.
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= Barkley Sound Sockeye originate from three nursery lakes
(Great Central, Sproat, Henderson) on the west coast of

Vancouver Island
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Presentation Notes
Although specific guidance in the WSP, noted above,  is helpful, it remains largely uninformative about several key considerations that must be clarified for a viable approach to operationalizing EBM of wild salmon. These include: defining just what a salmon-centric ecosystem is, identifying the difference between salmon-habitat and salmonid-ecosystems (since we’re directed to integrate elements of the former (from Strategy-2) with the latter(under Strategy-3), breaking the ecosystem into operational units for applied management, identifying the reference state(s) that EBM is meant to maintain or achieve,  identifying DFOs sector-specific responsibilities for EBM, specifying informative and affordable indicators to assess DFO progress in meeting EBM objectives and finally development of a monitoring plan. 



Barkley Sound sockeye have been successfully managed to support sustainable
First Nations, recreational and commercial fisheries for more than a century (Hyatt

and Steer, 1987) despite dramatic fluctuations in management policies and fish
abundance

1980s Fishery 2004 Fishery
971

8. Seine

1980s — 2 fisheries
(commercial seine & gillnet)

accounted for 90 % of a

850,000 fish annual harvest. 2004 — Seine & gillnet account for < 55
% of a 560,000 fish annual harvest with
priority allocation to several First
Nations & recreational fisheries

1. Test Fishery, 2. FN-Somass River, 3. FN-Inlet, 4. Sport River 5. Sport
Inlet 6. Troll Inlet, 7. Comm. Gillnet, 8. Comm. Seine, 9. FN-Uchuck

Inlet
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Given their life history variations and spatial distribution, sustainable
management of many wild salmon populations in the face of climate
change impacts poses a major challenge?
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Barkley Sound sockeye salmon, predictably exhibit

“stanzas” of above to below average returns ranging
from <250,000 (in 2008) to > 2,000,000 (in 2015) fish.
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El Nifios are tropical phenomena that occur every few
years. Big events in 1982/83 & 1997/98

ONI, 1990-2015
ONI [3-mrm SST anomalies (deg C) in Nino 3.4]

SOI, 1870-2005
. 1997/98 . i3
£ El Ninos i ®l1997/98 Current event

1982/83 E i
/ \ (5

2E 3 1

3 ERN

: | | | ; ) _
1] ' E 0.5

377 UG 1169 1998 2000 2002 200h 2006 2008 2010 2012 201

. E
La Nina / ] "
1 K i b s
BaD 0 1520 1340 1350 1850 2000 ta
Ta wl o Hing 3
1
Ei ] LiF [ [ BT

I*I Fisherles and Oceans  Péches et Océans
Canada Ganada Hyatt et al, AFS Meeting, Kelowna, March 21,2018..


Presenter
Presentation Notes




Lagged EIl Nifio (red) and La Nifia (green) events increase

forecasting skill for Barkley Sound sockeye returns (1970-2014,
Hyatt & Steer 1989, Hyatt et al 2016)
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Mechanisms: Ecosystem reorganization in the Northern California Current
System influences early marine survival of juvenile sockeye salmon where
survival is high in a “cold-ocean” and much lower in a “warm-ocean”.



()
Powerful EI Nino’s influence temperature, circulation patterns and

ecosystem “structure” along the coastal migration routes of
Barkley Sound sockeye (e.g. 2015 El Nino).

NOAA Climate prediction Center coupled forecast model 2

Sep-Oct-Nov 2015 Dec Jan Feb 2015;"16 Mar- ,ﬂ.pr May 2016

http://www.cpc.ncep.noaa.gov/products/CFSv2/CFSv2seasonal.shtml
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Mention domoic acid shellfish closures, and that concentrations were not as extreme as along the mainland US coast



Example Changes: exceptional phytoplankton bloom along North
American coast accompanied the 2015 EIl Nino from May-Sept .
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Exceptional phytoplankton bloom occurred along North American

coast from May-Sept 2015

Phytoplankton bloom in 2015 extended from  MODIS NFLH satellite images
California to Alaska and lasted from May to Sept (Gower et al, DFO-10S).
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Changes in water temperature are reflected in changes in

zooplankton species compaosition

« Subarctic zooplankton
dominate in the Northern
California Current system
under “cool-ocean”
conditions (large nutritious
species, good for fish)

« Subtropical zooplankton
species dominate in the
Northern California Current
under “warm-ocean”
conditions (small poor
guality species)

1mm| f

Clausocalanus arcuicornis

Mesocalanus tenuicormnis
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Implications for fish — warm water migrants enter Canadian waters

Finescale Triggerfish, Balistes polylepis,
26.3 cm Standard length (Courtesy RBCM)

Pacific Pompano (butterfish)

Louvar, Louvaris imperialis,
72.0 cm SL (Courtesy RBCM)
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Catch rates of salmon predators (e.g.

tuna, mackerel) increase in coastal areas <%
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CPUE is highest in warm-water years with favourable
upwelling conditions along the continental shelf.

Source: John Holmes, SOPO, 2012.
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POE Model: Two-state, ocean and salmon production-outcomes model (Hyatt et al

PSARC 1989) reflecting PDO-ENSO induced reorganization of the Northern
California Current Ecosystem.

Warm Ocean: El Nino-

like, high northward
transport (2.5% SAR)

Cold Ocean: La Nina-like,
low northward transport
(5.0% SAR)
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Lagged EI Nifo (red) and La Nifa (green) events increase
forecasting skill for Barkley Sound sockeye returns (1970-2014)
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#Recent work suggests losses of pre-spawning adult sockeye
In terminal, holding areas of Alberni Inlet also follow a “cold-

ocean, warm-ocean” set of rules (Stiff and Hyatt, 2015 DFO-State of
the Pacific Ocean Report, 2015)
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Alberni Inlet is a long, narrow inlet on the west side of Vancouver Island, that stretches from Barkley Sound about 40 kilometres inland, terminating at Port Alberni, where it is met by the Somass River. The Somass watershed drains two sockeye lakes - Great Central Lake via the 25km Stamp River, and Sproat Lake via the 3km Sproat River.  

Adult sockeye generally return from the high seas to Barkley Sound from June to mid-September, typically peaking in mid-July at the fish counters on the Sproat and Stamp Rivers, and 75% complete by the middle of August. 




= Temp-oxygen conditions in the Alberni Inlet holding area
alternate from survival favorable (e.g. 2012) to unfavorable

(e.g. 2004, 2015) given cold and warm ocean state changes
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TEMP-OXY SQUEEZE

Given these observations, we developed temperature and oxygen indicators based on Sockeye behaviour and previous year-outcomes (i.e., safe passage versus elevated mortalities) that define the volume of safe water that exists for the Holding Zone between Polly Point-5km.  (Also for the Transit Zone, but that is another story.)

In the Holding Zone:
Good = T<12;  O2>4
Marg = 12<T<15;  3<O2>4 
Poor = T>15; O2<3 

Application of these holding pattern thresholds allows us to classify seasonal changes and between-year differences in environmental conditions 
which may be quite good in years like 2012…which was characterized by no delays to migration….

…versus marginal to poor throughout the migration interval in years like 2004 – which was characterized by delayed migration and significant pre-spawn mortality – 

60 sec



Marine survivals of WCVI salmon CUs co-vary suggesting POE-model

applies to at least three salmon species & fisheries in the NCCS !
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Projections of WCVI-SST 2000- 2060 relative to 2006-2011 mean

from NOAA Earth-Simulator-2, Climate-model (results adapted from
Preikshot and Perry 2013)

Optimistic* scenario: Moderate Pessimistic** scenario: Larger
Increase In “warm ocean” frequency i.e. increase of “warm ocean” frequency i.e.
WCVI salmon production declines likely WCVI salmon production declines likely

similar to mid 80s & mid 90s so local more severe than mid-80s & 90s so
fisheries persist lgcal fisheries collapse.
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*GHG emission rate decreases, ** GHG emission rate remains at current levels



Conclusions — Marine CVC Impacts on WCVI Salmon

« Cumulative effects of climate variation and change induce large-
magnitude recruitment variations in Barkley Sound and West
Coast Vancouver Island salmon returns.

« “Cold La Nina-like” and “warm El Nino-like” alternations induce
biophysical changes to the California Current System (and
Alberni Inlet) that favour above-average and below-average
sockeye salmon recruitment respectively.

 Climate change favours an increased frequency and possibly
intensity of “warm El Nino-like” future ocean states in CCS.

e Given known climate change impacts and current, pessimistic,
emissions scenarios, Barkley Sd sockeye returns are projected
to exhibit increased variability (2000’s-2050’'s) followed by
decreased variability (by 2100) due to chronic recruitment
failures and fisheries collapse.
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