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Trends in Nutrient Over-Enrichment in Puget Sound

. * Physiological and behavioral changes in salmonids and forage fish in

response to low DO conditions in the marine environment

* Marine food web changes in response to shifts in marine water quality




Outline

* Current understanding of salmon and forage fish marine survival

Factors atfecting food web and growth

* Climate change impacts in the North Pacific

Examples from Puget Sound
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BPA Plume Study
Target Station Locations
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* Early warning indicators of ocean conditions that
atfect salmon survival




Basin-Scale Ocean/Atmospheric Indicators

Pacific Decadal Oscillation (PDO)
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Growth positively related to abundance of cold water copepods

Neritic cold Neritic warm  Subarctic ~ Subtropical
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Ontogenetic shift in diet upon ocean entry

Ocean Estuary

Larger size or faster growth may have an advantage: “bigger-is-better”

“orowth-mortality” hypotheses

Anderson 1988; Miller et al. 1988; Brodeur et al. 1991; Litz et al. 2017



Both 6C and 8N 7ncrease through time as salmon begin
feeding more heavily on forage fish

Stable Isotopes A Jul2011 A Jul 2012
- O Aug2011 Aug 2012
o . @ Sep 2011 O Sep 2012
Carnivores
.A. : &0
14 A Lo e
o~ e V. O
oo o
"f G B 13 / tID ®
-*.I..H Q‘ ‘_w .
3 o 12 1 A
. < A
' Herbivores [_% 11 | £ =069 p < 0.01
" Primary Producers -
813C -26 -24 -22 -20 -18 -16
8'°C
Carbon Source
Litz et al. 2017 10




Chinook salmon size-at-age is changing along the west coast
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Variations in salmon marine survival correlates with variations

1h ocean conditions
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Survival associated with physical and biological indicatots
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Puget Sound
Indicators

NOAA IEA Salmon
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Biological Responses to the Warm Ocean

a | o~ n /]

2015 201
Harmful algal blooms shut down Pelagic red crabs wash ashore
crab and clam fisheries CA — AK

b 201

1

yrosomes explode in N Pacific

Reductions in zooplankton and
changes to jellyfish community

Whales nearshore; entangled Sea lion abundance i 1ncreasmg

in fishing lines in PNW 18

S e oy o TP — =~ -- e e e



Unusual

salmon
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low abundance, small
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Interior Fraser & Puget observations




Unusual
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Unusual
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Impacts of climate change on fisheries and aquaculture

Coastal sites where nutrients Median change in surface pH
have caused O, declines <2 mg 1! from 1850 — 2100 = 0.2-0.3

FAO Technical Paper 2018 2




Species on the west coast have highest projected magnitude

shift in distribution: >1000 km

Extreme events more frequent

Warming waters
Ocean acidification

Low dissolved oxygen
Spatial and temporal shifts

Holsman et al. 2018; Morley et al. 2018
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Impacts of ocean acidification on marine fish %

* Direct effects:
-behavioral disruption
-increased boldness?

* Indirect effects:
-shell-forming zooplankton

-fecundity

. * Increased fish-killing harmful algae

Heterosigma akashiwo bloom in northern Puget Sound
(Photo: V. Trainer)
Rensel 2007; Hurst et al. 2013; Feely et al. 2016 o
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June 2007 — 2016
Minimum Oxygen

Low DO (<1.4 ml I'!) related
to climate events

Decreased solubility +
increased stratification =
reduced subsurface
ventilation
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Restricted range of common demersal fish

* Synergistic etfects from
changes in temperature, ocean
acidification and reduced DO

e Flatfishes, roundfishes, and
shelt rockfishes will move away
from areas with severe hypoxia

Keller et al. 2017

Species

longspine thomyhead

deepsea sole
ra rockfish

] shortspine thomyhead

| Daover sole

] splitnose rockfish

1 sablefish

yellowtail rockfish

] chilipepper rockfish

1 stripetail rockfish

] spotied ratfish
1 rosethom rockfish
] Rex sole

] greenstriped rockfish
1 lingood

] spiny dogfish
| petrale sole
] English sole

] Pacific sanddab

0 1 2 3 4 5

DO (ml )
26




Impacts of declining DO on marine fish

* Increased mortality
. * Physiological impairment

e Displacement out of hypoxic waters
p yp

* Habitat compression
* Altered predator-prey relationships
* Changes in foraging dynamics

Keller et al. 2017 27




Bioenergetics Model:

Gonads
—>Reproduction

m—— A Biomass

—> Growth

Consumption

Respiration
— Basal metabolism
Egestion—F & Excretion-U
Specific Dynamic Action

—> Cost from digestion Active Metabolism

—> Costs from activity

C=(R+A+S)+ (F+U)+ (AB)
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Optimal DO and temperature range for salmon growth

Optimal Range: 9 — 16 °C
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Physiological Studies

* Preferred range: 12 - 15° C
* Physiological Stress: >16 — 18° C

* Lethal Temperature : >21 - 28° C

Enhanced CO, and Hypoxia

e Thermal tolerance is narrowed

* Metabolic scope reduced

Portner et al. 2005
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Increased anchovy abundance in
Puget Sound 2014-2016

* Surveys conducted by WDFW in 2016

* Anchovy present in all major basins

* Largest catches in South Sound in Oct/Dec
* Larval/post-larval catches in Skagit Bay

e Benetfits resident salmon

Duguid et al. 2018

Feb




Reports of mass die-offs:

South: Soud: © i St e
e (Case Inlet
e Carr Inlet

Hoz fojy ot

Central Sound:

. * Elliott Bay e
Eagle Harbor |

* Southern Hood Canal
* Whidbey Basin 3 -
e Padilla Bay b ooy n
* Discovery Bay Y
* Bellingham Bay .
D. Lowty, WDEW DR~ .




Causes of mass die-offs

Warm water and/or low DO

Shallow bays
. Summer
Large tidal exchanges

No indication of Viral Hemorrhagic Septicemia
(VHS)

Herding behavior by marine mammals

33




Summary

Puget Sound is part of the larger Salish Sea and impacted by physical and biological
interactions occurring at larger scales

Reduced DO must be considered along with synergistic effects of increased
temperature and ocean acidification

Climate change impacts impacting the physiology (aerobic capacity, metabolism,
etc.) and behavior of marine fish will also atfect phenology (timing), spatial range,
and ecological interactions (predator-prey interactions)

Require better understanding of capacity for species to adapt

34
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