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Roadmap

* Vital importance of the ocean
» Getting warmer

 Losing oxygen

» Becoming more acidic

 What can we do?
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| acknowledge with respect the Lekwungen peoples within
whose traditional territory | live, and the Songhees, Esquimalt
and WSANEC peoples whose historical relationships with the
land and the ocean continue to this day.

LiSLUM  \WORLD LEADING DISCOVERIES AT A CRITICAL TIME 3
CRNADA



-
achlng

sl"’
eopIe are I|n

people, long ag A

— -

Nature, animals, flsh7f|re and water are imbued ?;~

— — -<v - —
: - 2,._— ,-_QM ————4 *‘..,_ ::‘

with spiritual values that have the power to heal,
give life, provide bounty and guidance.
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Now | work for Ocean Networks Canada
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Go to www.menti.com and enter code 83 1316 8

What does the ocean mean to you?



http://www.menti.com
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Warming

\
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Photo by iamNigelMorris, flickr.com 12




IS

heating up.

Source: NASA/Goddard Institute for Space Studies 13
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19 of the 20 Hottest Years on Record Have
Occurred Since the Year 2001
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How can warming impact
ocean ecosystems?

Example 1: Coral Bleaching
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2 years of
coral stress
worldwide

- S '...
Coral reef bleaching alert

nc stress watch warning alert 1  alert 2
ocenn WORLD LEADING DISCOVERIES AT A CRITICAL TIME Source: NOAA Climate 19
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Source: ARC Centre of Excellence for Coral Reef Studies. Photo by Gergely Torda via Flickr 20







Missing coral babies

Great Barrier Reetf: Mass decline in 'coral
babies', scientists say

O 4 April 2019

Down 89% since unprecedented

bleaching in 2015-2017 B T3
7y IR el e W

- -
. 2 NETTE WILLIS/ARC CENTRE CORAL REEF STUDIES

The Greal Barrier Reef suffered mass blaaching events in 2016 and 2017
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How can warming impact ocean
ecosystems?

—xample 2: Marine Heat Waves
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100 million pacific cod vanished
from the southern Alaska fishery
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By Craig Welch, Nzatinnal Gengraphic
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COVID-19 Local updates  Livevides  COVID-19tracker  Subscribe to newsietter

NEWS Top Stories Local The National Opinion

North

8,000 common murres found dead on Whittier,
Alaska, beach

f v m & in

Arctic seabirds washed ashcre after apparently starving to death

Dan |al np - Thw s o aled Press - Posed: Jan 12, 2076 1241 PN CT | Last Updaivd: anary 12, 2016

JETeR \;‘x
R ° ‘;‘» N

WORLD LEADING DISCOVERIES AT A CRITICAL TIME Photo by Richard Crossley / Robin Corcoran-USFWS 28




OCERN
NETWORNKS
CRNRDRA

El Nino ocean warming 'causing havoc'

for seals off California coast

Unprecedented numbers of dead or starving seals washing ashore as Pacific
Ocean warms, with expertc savmg they are prepanng for the worst'in 2016

WORLD LEADING DISCOVERIES AT A CRITICAL TIME

Starving sea
lions

Source: Oliver Milman, 2015. Photo by NOAA Fisheries West 29



Fin and humpback whale deaths

VANCOUVER ISLAND

‘Smorgasbord’ of toxic algae likely behind
dozens of whale deaths: expert
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“Underwater zomb

ocean species

By Alex Fox | Jon. 30,2079 2 COPM




Sea star wasting disease
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Urchin barrens
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At Station Papa (T(z,t)- T (z))IaT (2)
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NCAA Coral Feef Watch Daily 5km SST Anomalies (v3.1) 11 Nov 2020
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Source: NOAA/NESDIS
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Less Salty

Source: Foreman et al, 2014 37




i

“Ocean warming may well turn out to be the
of our generation.

The problem is that we know ocean warming is driving
change..., but the consequences of these changes decades

down the line are far from clear.” % 2
& Yoo
% ' ';-4'1, B0 o3
. 1 : J :' y .
—IUCN, Explaining.Ocean Warming a2 * il | ¥
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Go to www.menti.com and enter code 83 1316 8

On a scale of 1-10, how concerned
are you about ocean warming?

39


http://www.menti.com

4
‘ce: George Hodan, publicdomainpia{u're
y






&\
Different c‘:\iuses\o\f low oxygen
. Upwelling\‘

 Runoff

ﬂﬂﬂﬂﬂ
nnnnnnnn
RRRRRR



» Warm water absorbs less oxygen

« Warmer fresher water at the
surface wants to stay at the
surface.

43



KD WORLD

Go to www.menti.com and enter code 83 1316 8

What do you think will happen when
the barrier is removed?

warmer, fresher water colder, saltier water

LEADING DISCOVERIES AT A CRITICAL TIME
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Stratification in the Arctic

warmer, fresher water colder, saltier water

45



Stratification and Winds

single mixed layer

\ 4

warm layer over cold layer
|
— I

DENSITY-
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Oxygen Profiles off Oregon

1950-1999
2000-2005
2006
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Chan, Barth, Lubchenco, Kirincich, Weeks, Peterson, Menge, 2008 47



Spawner

\\.‘

10-60% of fish species at risk by 2100

Larvae

Temperature
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OCEAN NETWORKS CANADA Oxvgen, Sizma-t. Salinity and Sea Water Temperature
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Oxygen Complex life forms not —
decline

limited water
summary Finfish forced to low-
oxygen boundaries

Fish die-offs when low-
oxygen waters upwell

Only low-oxygen
adapted organisms
survive

Decreasing biodiversity —=

Only anaerobic bacteria
can survive

WORLD LEADING DISCOVERIES AT A CRITICAL TIME
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oxygen loss in the oceans
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Oxygen decline summary

According to the International Union for Conservation of
Nature (IUCN):

» 2% decline since mid-20th century

* 3-4% decline by 2100

* Impacts: decreased biodiversity, species displacements,
expanding algal blooms

 Disrupting ocean food webs

i1 - WORLD LEADING DISCOVERIES AT A CRITICAL TIME
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Break-out Discussion: 10 min

| et’s talk about this.

Considering all our other pressing issues
(COVID-19, economy, global peace and security),
does it really matter if
marine ecosystems are disrupted by
ocean warming and declining oxygen?




Acidification

Photo by FelixMittermeier: Pixabay 57



CO;

atmospheric
carbon dioxide

L3 ’ carbonic
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H.CO3
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H*+ CO3* HCO3 ...Chemistry in

carbonate

Center for Environmental Visualization bl a n Uts h EI I
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Acidic

= Black coffee

Neutral Human blood (7.35
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Basic (or
“alkaline”)

Center for Environmental Visualization
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7.45)

...the pH scale
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Acidic: higher
concentration of
hydrogen ions (H+)

pH: the Power of
Hydrogen

Alkaline: higher
concentration of
hydroxide ions (OH-)
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Central

- Headache Respiratory
- Sleepiness - Shortness of
- Confusion breath
- Loss of - Coughing
consciousness
- Coma Heart
- Arrhythmia

Muscular - Increased
- Seizures heart rate
- Weakness

Gastric
Intestinal - Nausea
- Diarrhea - Vomiting

WORLD LEADING DISCOVERIES AT A CRITICAL TIME

ACIDOSIS
pH below 7.35

lllustration by Haggstrém, 2014 61



800,000 years of CO;




800,000 years of CO;
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November 09, 2020
Carbon dioxide concentration at Mauna Loa Observatory
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Declining pH at Bermuda’s Hydrostation S, 1984-2015
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Chart — Decline in ocean pH measured at the Aloha station

Declining pH at
Hawaii’'s Aloha
station, 1990-2018
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LOOKING BACK 300 MILLION
YEARS...

“The current rate of CO; release stands out as capable of
driving ... geochemical changes potentially unparalleled
in at least the last ~300 million years of Earth history,
raising the possibility l“hq}:> we are entering an unknown
territory of marine ecosystem change.”

—Honisch et al, 2012 Geological Record of Ocean Acid/'ﬁgzition
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Taylor Shellfish Farms

Falr
gRge & l
_'»:"»E__ 1 X
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5 generations, since 1890
* Hood canal hatchery

» Lost 3/4 of oyster larvae due
to sudden change in acidity

72






1-day old oyster larvae




Qualicum scallops: Feb 2014

* pH dropped from
8.1to 7.3

* 10 million scallops
died

o3 1 N WORLD LEADING DISCOVERIES AT A CRITICAL TIME Source: The Huffington Post B.C,, 2014/ JR Pardon, 2014. Photo by Hugh Blackmer via Flickr 75
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Pteropods (a.k.a. butterfly snails)

Important food source for:
* Salmon
» Mackerel
* Herring

e Cod

WORLD LEADING DISCOVERIES AT A CRITICAL TIME



Dissolving pteropods

Pteropod shells quickly dissolve in conditions predicted for the
Southern Ocean by 2100

WORLD LEADING DISCOVERIES AT A CRITICAL TIME 77
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Other biotic impacts

WORLD LEADING DISCOVERIES AT A CRITICAL TIME

500 pm

Changes to:

*  Photosynthesis

» Oxygen exchange
* Reproduction
 Nitrogen fixation
» Navigation

 Predator avoidance

78



Porcelain crabs

Higher temperatures
at low tide + lower pH
results in:

l « Lower metabolism

* Less energy for
. reproduction,
defence

& ° Behavioural
changes

e 111 F. WORLD LEADING DISCOVERIES AT A CRITICAL TIME 79
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Hypercapnia:
Carbon Dioxide
toxicity

WORLD LEADING DISCOVERIES AT A CRITICAL TIME

Volume % | Visual Central
in air - Dimmed - Drowsiness
sight - Mild narcosis
- 1% - Dizziness
M -3% Auditory - Confusion
W -5% - Reduced - Headache
M -8% hearing - Unconsciousness

Skin

) - Sweating
Respiratory

- Shorthess
of breath Heart
- Increased
heart rate
Muscular and blood

- Tremor pressure

Hllustration by Mikael Hédggstrém, 2014 80
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Go to www.menti.com and enter code 83 1316 8

How long do you think Homo sapiens
have existed on Earth?

83


http://www.menti.com

“Within just the past 12,000 years,

our species, Homo sapiens, made the
transition to producing food and changing
our surroundings.”

—Smithsonian Museum of Natural History



CO; pollution

I:Warms the ocean, creating marine heat waves,

and stratifies the ocean,

‘ » Which reduces oxygen.

...CO2 pollution also:

-~ makes the ocean more acidic,

— which impacts marine life.

mu WORLD LEADING DISCOVERIES AT A CRITICAL TIME
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Dangerous times

“...We are at the most dangerous
moment in the development of
humanity. We now have the
technology to destroy the planet
on which we live, but have not yet
developed the ability to escape it.”

— Stephen Hawking

WORLD LEADING DISCOVERIES AT A CRITICAL TIME 87



Break-out Discussion: 10 min

et’s talk about this.

What can we can we do about
these issues?
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Connect with
Ocean Networks Canada

Website
www.oceannetworks.ca

Ocean Data Portal | Oceans 2.0
https://data.oceannetworks.ca

YouTube: OceanNetworksCanada
Twitter: @Ocean_Networks
Instagram: ocean_networks

Email
learning@oceannetworks.ca

91


http://www.oceannetworks.ca/
https://data.oceannetworks.ca/
mailto:learning@oceannetworks.ca

THANK YOU!

Ocean Networks Canada is funded by the Canadian Foundation for
Innovation, the Government of Canada, Natural Resources Canada,

Fisheries & Oceans Canada, CANARIE, the Government of British
Columbia, the University of Victoria, and many others.

y@ocean_networks fOceanNetworksCanada visit: oceannetworks.ca
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WORLD LEADING DISCOVERIES AT A CRITICAL TIME

Go to www.menti.com and enter code 83 1316 8

Q&A
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