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Land Acknowledgement

NANOOQOS, WOAC, and University of Washington’s EarthLab acknowledge
that many others reside on different territories revoked from Indigenous
peoples, and we invite you to take a moment to reflect on the lands you
occupy, and their original stewards and consider within this lecture the
land and water rights of that region. This lecture was created on land that
touches the shared waters of all tribes and bands within the Duwamish,
Puyallup, Suguamish, Tulalip, and Muckleshoot nations. We are
consciously supportive of the rights to fish, acquire resources, and
maintain relationships with the land through reciprocity shared between
Indigenous peoples and the Earth since time immemorial.



Warm-up Activity

Stressor: a threat to an organism that
causes disturbance to its baseline
status (homeostasis).

Can you think of some examples of
stressors that you felt today?

Brainstorm with a partner and
ist them on your worksheet!



Warm-up Activity

Stressor: a threat to an organism that causes
disturbance to its baseline status (homeostasis).

Now, can you think of some examples of
stressors in the ocean? What can cause
stress to organisms in the ocean?

Brainstorm with a partner and
ist them on your worksheet!




MARINE HEATWAVES AND MARINE LIFE

Examples of marine stressors: e

Ocean acidification (OA)
Marine Heat Waves (MHWSs)
Harmful Algal Blooms (HABS)

Hypoxia (low oxygen)

9>March 16" May ‘\ a
2016 2016 °

Pollution

o EXxcess nutrients, oll spills,

marine debris, noise, etc.

Image: NOAA Marine Debris Program



What do we mean by multiple stressors?

A S
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ngle stressor in tr

ecosystems, suc

e ocean can have negative impacts on
N as slower growth rates or species dec

marine organisms

Ine.

What if another stressor gets added to the mix?

When 2 or more stressors combine or occur at the same time:

o Think of it as

armful effects from each stressor can add up
The presence of 1 stressor can intensify the effects of the other stressor

going from bad to worse

This can lead to tipping points where an ecosystems collapses
because it cannot cope or adapt to the rapid changes



Vocabulary Review

Temperature: a measure of hotness or coldness

pH: a scale from 0-14 that measures how acidic or basic a solution is

Calcium carbonate: chemical compound needed for organisms to build

structures like shells and skeletons

Homeostasis: the process or ability for an organism to maintain a stable,

balanced state despite disturlbances




First, let's consider OA...

What do you already know about OA”

Try to list some things on your worksheet




What I1s ocean acidification?

“Ocean Acidification is the ongoing change in the chemistry of the ocean

caused primarily by the ocean's absorption of carbon dioxide from the

atmosphere.” — NANOOS S
“Ocean acidification refers to a
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275 Y ] Y ] ] ] ] 8.03 diOXide (COZ) from the
1940 1950 1960 1970 1980 1990 2000 2010

Credit: NOAA/ PMEL Year atmosphere.” — NOAA



Acidic

Neutral |

Basic (or
“alkaline”)

H+

(moles per liter)

10°

102

10+

10-10

10-12

10

OH scales

H+

(moles per liter)

1

0.01

0.0001

0.000001

0.00000001

0.0000000001

0.000000000001

0.00000000000001

https://www.pmel.noaa.gov/co2/file/The%20pH%20scale%20by%20numbers

oH Is on a

log scalel

H* lon
Concentration
relative topH 7

10,000,000x
1,000,000
100,000x
10,000x
1,000x

100x
10x

pH neutral 1

1/10x%
1/100x%

1/1,000x
1/10,000x
1/100,000x

1/1,000,000x

1/10,000,000x

pH Examples of
Value solutions
Acidic
() battery acid OH' ®OH

1 stomach acid v
) jl&%
s e
a%e ['l‘f...
- 4 b
2 lemon juice :..‘.z-’.'.l!#
3 cola ® 4 g
CEAR
[ ]
4 tomato juice A
p= |
5 black coffee x,f”f /f’rrr
6 saliva o feo © \
iy - L ]
——_____ QO 8 g g
’ ditited water > WESL® o © oE
_— &
P '. . .
8 seawater (8.1) .
~a
9 borax A Y
10 miflk of magnesia
11 ammonia
12 soapy water
13 oven cleaner
14 drain cleaner

Basic

Remember a small change in pH results in a big change in the environment!


https://www.canva.com/link?target=https%3A%2F%2Fwww.pmel.noaa.gov%2Fco2%2Ffile%2FThe%2520pH%2520scale%2520by%2520numbers&design=DAGNbw8h26o&accessRole=owner&linkSource=comment

Why Is OA a problem?

Calcitying organisms like shellfish, crab,
corals, and tiny drifting “pteropods” rely on

calcium carbonate to build their structures.

OA decreases the amount of carbonate ion

available to them over time.

| ess carbonate results In:

* More difficulty building structures
* Less energy for growth, reproduction,

and survival

Ocean Acidification < i
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¢ Since the Industrial
- Revolution, human
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of carbon dioxide in
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HEALTHY

PterOpOdS PTERPODS

aka sea butterflies

* Important food source In
many marine food webs

e Act as indicators of OA

On your worksheet:

e \Vhat observations can you
make about these pteropods?

e \Vhat Is different about their
shells?

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105884

N

DAMAGED

PTEROPODS

. '\“ “ \:‘ )
. : 3 "‘
.\‘L.‘nI" I'A



https://www.canva.com/link?target=https%3A%2F%2Fjournals.plos.org%2Fplosone%2Farticle%3Fid%3D10.1371%2Fjournal.pone.0105884&design=DAGNbw8h26o&accessRole=owner&linkSource=comment

Spotting the differences

HEALTHY  smooy =~ DAMAGED

PTEROPODS Santoured PTEROPODS R.ag’é’,
shell PR N4 40 dis I\‘nngf
: ridges GO\ dge:

Cloudy shell

Severe abrasions/ weak spots



https://www.canva.com/link?target=https%3A%2F%2Fwww.climate.gov%2Fmedia%2F4611&design=DAGNbw8h26o&accessRole=owner&linkSource=comment

OA Is linked to hypoxia: processes that fuel increased
respiration yield higher CO,, lower pH, and lower oxygen

%,}&W

x ) 7 > 4 o B _ 4
X u& = 4

Photosynthesns conSurQes CO,
#& and ylelds O2 at the surface

.: -v.,-

-
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e .

L C T >« Respiration releases CO, and

consumes O, near the bottom
Image: NOAA PMEL



What makes
Washington
marine waters
unique?

( lides

Anthropogenic CQ, inputs

N

Precipitation

Input from land

California
Current

River Inputs
(carbon & nitrogen

CO; Lots of CO;
pehg;c* biology! |

Predators

4 Phytoplankton
% ytop

Zooplanktor’ Cxuy
Wind-driven

M Bacterian @ *
ooy : Coastal
Upwelling

(High CO, / Nutrients
Bacteria and Low 0;)

) I8 Upwelling

B rHon California
Undercurrer

.gov/publications/documents/1201016.pdf

Figure 1.9: Schematic diagram of the pathways for carbon uptake and remineralization In the coastal waters of Washington State.


https://apps.ecology.wa.gov/publications/documents/1201016.pdf
https://apps.ecology.wa.gov/publications/documents/1201016.pdf

Puget Sound and PNW marine waters are particularly vulnerable to
OA due to many factors specific to our region:

G Amount of global CO, in our atmosphere from cars etc.

Currents off our coast that bring deep water to the surface (upwelling), that are typically

corrosive (CO,—rich, low pH), oxygen-poor, and nutrient-rich

e High rates of plankton production in the surface (takes up CO,) that eventually

decompose at depth (releases CO,); decomposition also reduces oxygen content

° Human activities on land, such as runoft of nutrients and other pollutants from our

watersheds and cities, that flow into Puget Sound and coastal waters

In isolation, any 1 of these factors may not tip the balance
but when added together they make our waters more susceptible to OA



Now, let's consider seawater

temperature




How do we see
warmer than
average ocean
temperature?
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https://earthobservatory.nasa.gov/images/145602/marine-heat-wave-retu rns—to—the?northe!ast—paciﬁc

established for a certain location

Sea Surface Temperature Anomaly (°C)
I : : .
<-3 -2 -1 0 1 2 23

at a specific time of year

August 1 - 31, 2019

White represents normal

Anomaly: difference from “normal” .
Red is warmer than normal

Blue Is colder than normal


https://earthobservatory.nasa.gov/images/145602/marine-heat-wave-returns-to-the-northeast-pacific

What are
Marine Heat
Waves”?

Timea

https://coralreefwatch.noaa.gov/product/marine_heatwave/

A MHW occurs when sea surface temperatures are

abnormally high and Is defined by Its intensity and duration.


https://coralreefwatch.noaa.gov/product/marine_heatwave/

MHWSs In the News...

Looking Back At The Blob: Record Warming Drives
Unprecedented Ocean Change

Temperatures of up to 7 degrees Fahrenheit above normal disrupted the marine ecosystem in both expected and surprising ways.

Rocky shores of Pacific Northwest

Effects of the North Pacific Marine Heatwave on Ocean Food Webs

Fish: Abrupt
decline in
commercial
fish stocks

Whale: Increased
strandings, decreased
birth rates

Seabird:
Massive die- '
offs, breeding

failures =

v/ Lower quantity N i
- Zrc/ W
T~ _,\\“7...‘ and quality of

o B forage fish =

Ecosystem stressor:
Fish can require more
food in warm water

- OChange in

Ecosystem stressor:
Harmful algal blooms
in warm water

L L L] _8
show low resilience to changes in 5
>
climate plankton
¢ communities
Impacts to humans: Funding needed to address
OCEANS Protect Our Oceans * Commercial and recreational these issues:
AUGUST 31, 2023 fisheries

* Rapid response programs for

A marine heat wave is taking a toll on the

2\ Pacific Northwest

Marine heat waves disrupt the ocean food web
in the northeast Pacific Ocean

Olv]in]=]+

March 13, 2024

* Subsistence harvest of shellfish

and seabirds

Ongoing DOI and Partner
Research:

Trust species: die-off of
migratory birds

* Park resources: humpback

whales and forage availability

* Fisheries management
* Ecosystem response to

heatwave

* Marine-freshwater linkages

and effects on anadromous fish

ZUSGS

science for a changing world

emerging threats

Research on fish and wildlife
response to temperature
Laboratory and observational
studies on the impact of harmful
algal blooms in food webs
Science to inform the
management of fish and wildlife
across marine and freshwater
habitats




Now, let's think about multiple stressors!




Multi-stressors and their potential Impacts

Multiple stressors in
coastal and estuarine
ecosystems

-

.
/harmful algal
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disease
mortality
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How do we measure stress In the ocean?

* Monitoring water quality using pH, salinity, temperature, dissolved oxygen,

pollutants, etc.

» Collecting data on growth and mortality rates

« Comparing marine species sizes from past to present




Why we care

Food security + scarcity
Seafood is a vital and culturally important food source
for humans! Shellfish also serve as important organisms

IN many marine food webs

Biodiversity + ecosystems
Coral reefs support habitats for marine organisms, like

fish and mollusks, to live in and hide from predators

Culture + economy
Including preserving Indigenous peoples’ way of life,

fisheries vitality, and regional tourism
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https://dialogue.earth/en/ocean/ocean-acidification-us-pacific-shellfish-farms/

How can y'all help?

* Reduce, reuse, recycle!

— Minimize your carbon footprint

« Walk, bike, or take public transportation

instead of driving

Co, » Talk to friends, family, community, and

policy makers about how human-driven

climate change is affecting our Earth’s

Oceans



Think-Pair-Share:

Imagine you are a shellfish in the Pacific Northwest and the

water around you starts getting warmer and more acidified.

How do you think these changes will affect you?

D
+ ¥+ §

) -




Oyster Farmer Activity Prep

pH isn’t the only OA variable that is

relevant to shellfish.

Omega (), the saturation state, of aragonite

describes the level of calcium carbonate

: : , Oyster seed, baby oysters grown at Taylor Shellfish
saturated in seawater available for aragonite, | pavon Bay. (Proto:kUOW/RUY do Luna

https://www.kuow.org/stories/Baby-oysters-cant-build-healthy-shells

which shelltish use for their shells.


https://www.kuow.org/stories/Baby-oysters-cant-build-healthy-shells

Saturation Think of saturation state like making
states

hot chocolate:

Supersaturated: Too much powder mix
(undissolved clumps)

Saturated: when no more cocoa powder will
dissolve In the liquid

Undersaturated: Not enough powder mix
(watery cocoa)




Oyster Farmer Activity Prep

pH isn’t the only OA variable that is relevant to shellfish.

Omega (€)), the saturation state, of aragonite describes the level of calcium carbonate
saturated in seawater available for aragonite, which shellfish use for their shells.

If Q > 1.5 then larval oysters are safe (saturated)
If Q < 1.5 then larval oysters will likely not survive (undersaturated)

If (O aragonite is below 1, conditions are corrosive (undersaturated)
and aragonite shells will begin to get etched and dissolve.

Also need safe pH and temperature ranges for larval oysters:
Multiple stressors! Aragonite crystal




Pretend you're an oyster farmer!

...and want to find out if you should plant
larval seed today.

Jse instructions on worksheet to navigate
NANOOS Visualization System (NVS) to view data
for:

* Qyragonite
* Sea temperatures

o p|—|

Computer Activity Time!



1

i om
113 Want to learn more?

I

)

o NANOQOS: Multi-stressors publications

o NANOOS: Education resources

o 6 Things we know about OA in PNW

o Pacific Marine Heatwave



https://www.nanoos.org/products/multi-stressors/publications/publications.php
https://www.nanoos.org/education/education_resources.php
https://environment.uw.edu/wp-content/uploads/2015/05/OA-in-the-Pacific-Northwest-v1.pdf
https://www.usgs.gov/centers/alaska-science-center/science/pacific-marine-heatwave

Jordan Clancy Rachel Wold Jan Newton

Author, NANOOS- NANOOS Education NANOOS Executive Director
WOAC- and Outreach Chair WOAC Co-Director
UW EarthlLab Intern

WOAC

WASHINGTON OCEAN ACIDIFICATION CENTER




Name: Date:

Multiple Stressors Worksheet

Draw or use your own words to describe what stress means to you.

List some examples of personal stressors:
1.
2.
3.

List some examples of stressors in the ocean:

1.
2
3.
4

What do you already know about ocean acidification? Is there anything about it that is
confusing to you?



What observations can you make about the healthy vs. unhealthy pteropods? What is
different about their shells?



Name: Date:

Fill in the blank definitions:

Ocean acidification is the ongoing in the ocean, which is primarily
caused by the ocean’s from the
atmosphere.
Marine heat waves occur when are unusually

than normal and are characterized by their and
duration.

What are multiple stressors? Why are they bad for marine organisms?

Think-Pair-Share activity:

Think about the scenario on your own for a few minutes, then turn to a neighbor and talk
about it together.Imagine you are a shellfish in the Pacific Northwest and the water
around you starts getting warmer and more acidic. How do you think these
changes will affect you?

Circle the appropriate answer:

When Q > 1.5, are larval oysters safe/not safe and likely will/will not survive.

When Q < 1.5, are larval safe/not safe and likely will/will not survive.



Computer Activity Instructions

The Northwest Association of Networked Ocean Observing Systems (NANOOS), the
regional association of U.S. Integrated Ocean Observing System (U.S. I00S) for the
U.S. Pacific Northwest, developed the NANOOQOS Visualization System (NVS) to provide
users with a rich interface to access observations, forecasts, and satellite overlays from
a wide range of ocean and coastal assets.

Pretend you are an oyster farmer, and you want to find out if you should
plant larval seed today based on data from NVS. Use the table below as you

go through the activity.
Temp:
Location Date Time Q. ragonite pH Normal?
Anomaly?

Let’s check the saturation state of aragonite!

1. Go to www.nanoos.org (NANOOS Homepage)



http://www.nanoos.org

2. Navigate to NANOOS Visualization System (NVS)

WANOOG

| NANOOS Visualization System

forecasts, data, and visualizations.

NANOOS Lightfish Completes First Offshore HABs
Mission

NANOOS and partners have started using a combination of new
Disclaimer -] 8= t=chnologies to improve the frequency and coverage of offshare

: HAB observations in the Pacific Northwest and better inform public
A health officials and marine resource managers of HAB risk. We are
pleased to announce the first successful operational mission of the
[frerel it E Il 5easats Lightfish, a solar-charged autonemous surface vehicle,
= augmented with a water sampling systern desighed and built by
APL-UW. In late July, the Lightfish covered a 60-mile trackline out of

NVS

Mobile Apps

Newpore, OR, collecting 15 water samples near Heceta Head and
Workshops 1 8B rapidly returning them to a shore-side lab. Samples were analyzed

3. Click on Data Explorer App (circled in red below)

4. Zoom in on the Washington coastline from tip of Olympic Peninsula to Columbia
River (can click and drag to move around on the map).

5. On left-hand side of screen, click on “Layers” to open its menu (can also toggle
platforms off/on to make the area easier to see)

You can toggle
platforms offfon
to make viewing
map easier




6. Inthe “Layers” menu, scroll down to “Models” and click on the “+” to see more
options.

7. Under LiveOcean, click the box next to “Aragonite Saturation”
e Did you notice any color changes on your map? Does it look similar to the
one below?

e If not, orif you're having trouble: Ask for help and/or click here!

Click and drag the yellow marker along the different days
and times to view forecasted data over next 3 days

8. Based on your map and the colors you can observe, do you see any locations
that would be safe to plant larval seed today? (use color scale to estimate values
for the saturation state of aragonite)

e \Write down 2-3 safe and/or unsafe locations along with their estimated
values!

e \What does the data look like tomorrow or 2 days from now?

9. Are the Q,rag0nite Values the same at the surface and bottom? (use drop-down
menu on the color scale to switch between depths)


https://nvs.nanoos.org/Explorer?action=overlay:liveocean_arag

Now, let’s check the forecast for pH!

10.Go back to the “Layers” menu and navigate to options under “Models”

11. Under LiveOcean, uncheck the box next to “Aragonite Saturation” and check the
box next to “pH”

Surface v

e If you’re having trouble navigating to the pH forecast: Ask for help or go here

12.Based on your map, what is the estimated pH for the locations you wrote down in
the last part? (use color scale to estimate values for pH)

e \What does the data look like tomorrow or 2 days from now?

13. Are the pH values the same at the surface and bottom? (use drop-down menu on
the color scale to switch between depths)

Now, let’s check temperature!

14.Go back to www.nanoos.org (NANOOS Homepage) and navigate to NVS



https://nvs.nanoos.org/Explorer?action=overlay:liveocean_ph
http://www.nanoos.org

15.Click on Climatology App (circle in red)
16.Go to “Layers” menu (left hand side of screen)

17.In Layers menu, look under “Models” then scroll down until you find “MODIS
2002-2022” or “NCEI Ol SST 1993-2022"

18.Check a box for Water Temp. (Climate), (Anomaly), or (Mean). Take time to
explore the different options and what they look like on the map!

e Having trouble viewing water temperatures? Ask for help or try here!

NVS CLIMATOLOGY @
Map Overview
& << Lat 48.2547 Lon -123.7578 Terrain Map %

| MODIS 2002-2022 R -12800 -126.00

8z water lemp

nioropiyil

hlorophyll
Chlorophyll
Water Temp
Water Temp

Water Temp. (Mea

NCEI OI SST 1983-2012
@ Water Temp. (C i Water Temp.

|48 Water Temp. (Anoma

3.6 0.0 3.6
Water Temperature (*F)

|&| Water Temp. (vea

NCEI Ol SST 1993-2022

18] water Temp.
2 woaQ 16 |July | 2024 | 4:59 am PDT

19. Make observations and record water temperature data for your chosen locations
on your table. Make a note if the water temperature is normal or abnormal and by
how many degrees.


https://nvs.nanoos.org/Climatology?action=overlay:modis_sst_anomaly_2002_2022

Reflection time:

20.Now that have collected all of your data. Which day(s), if any, do you think would
be best to plant larval seeds? Why or why not?

21.Did you learn anything new today? What did you find most interesting? Is there
anything you are confused by?



Teacher Supplemental

Multiple Stressors curriculum

Preparation tips:

Familiarize yourself with instructions for NVS computer activity and check links
below to ensure they are working and showing NANOOS modeled/forecasted data
properly

o Q of aragonite

o pH

o Temperature

= Students might need to click select closest data point (near bottom of
screen) for sea temps to appear

Provide online or printed version of multiple stressor worksheet for each student

Review lesson plan slides and additional materials prior to class time, if needed

Additional Resources: (if needed)

Multi-stressors: Publications (nanoos.org)

Multi-Stressor Observations and Modeling to Build Understanding of and Resilience to
the Coastal Impacts of Climate Change (scientific paper)

Integrated Multi-Stressor Observations, Modeling, and Experiments to Inform

Management in the Northern California Current
NANOOS: What is Ocean Acidification?
Six things we know about OA in PNW coastal waters

Ocean acidification: How US Pacific shellfish farms are coping (dialogue.earth) (article)

Ocean acidification | National Oceanic and Atmospheric Administration (noaa.gov
(article)

LiveOcean Homepage (washington.edu) (LiveOcean model + forecasts)

NANOOS Partnerships for Assessing OA in the PN'W (scientific paper)

Shell Condition and Survival of Puget Sound Pteropods Are Impaired by Ocean
Acidification Conditions | PLOS ONE (scientific paper)

Northwest Bivalve Shellfish and Marine Snails in a Changing Climate (USDA article)
Ocean Acidification's impact on oysters and other shellfish (noaa.gov) (video)

The ongoing marine heat waves in U.S. waters. explained (NOAA article)
Pacitic Marine Heatwave (USGS article)

Marine Heat Wave tracker (interactive tracker)



https://nvs.nanoos.org/Explorer?action=overlay:liveocean_arag
https://nvs.nanoos.org/Explorer?action=overlay:liveocean_ph
https://nvs.nanoos.org/Climatology?action=overlay:modis_sst_anomaly_2002_2022
https://www.nanoos.org/products/multi-stressors/publications/publications.php
https://tos.org/oceanography/assets/docs/ocean-observing-2021-newton.pdf
https://tos.org/oceanography/assets/docs/ocean-observing-2021-newton.pdf
https://www.nanoos.org/products/multi-stressors/home.php
https://www.nanoos.org/products/multi-stressors/home.php
https://www.nanoos.org/products/oa/ocean_acidification.php
https://environment.uw.edu/wp-content/uploads/2015/05/OA-in-the-Pacific-Northwest-v1.pdf
https://dialogue.earth/en/ocean/ocean-acidification-us-pacific-shellfish-farms/
https://www.noaa.gov/education/resource-collections/ocean-coasts/ocean-acidification
https://faculty.washington.edu/pmacc/LO/LiveOcean.html
https://www.pmel.noaa.gov/pubs/PDF/newt4035/newt4035.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105884
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0105884
https://www.climatehubs.usda.gov/hubs/northwest/topic/northwest-bivalve-shellfish-and-marine-snails-changing-climate#:~:text=These%20includes%20clams%2C%20oysters%2C%20mussels,year%2C%20supporting%20thousands%20of%20jobs.
https://www.pmel.noaa.gov/co2/story/Ocean+Acidification%27s+impact+on+oysters+and+other+shellfish#:~:text=For%20oysters%2C%20scallops%20and%20other,down%20and%20death%20rates%20rise.
https://www.noaa.gov/news/ongoing-marine-heat-waves-in-us-waters-explained
https://www.usgs.gov/centers/alaska-science-center/science/pacific-marine-heatwave
https://www.marineheatwaves.org/tracker.html

Overview of Slides

Multiple

Stressors Slide 1: Title/introducing multiple stressors

LAND ACKNOWLEDGEMENT
STRESSORS
OCEANACIDIFICATICN S ] - d 2 .
Agend
MARINE HEAT WAVES I c " c n a
MULTIPLE STRESSORS

OVETER FARMER ACTMTY

Land Acknowledgement Slide 3: Land Ackﬂﬂ‘l"-"]ﬂdgﬂm ent

NANOOS, WOAC, and the University of Washington
acknowledges the Coast Salish peoples of this land,
the land which touches the shared waters of all tribes
and bands within the Duwamish, Puyallup, Suquamish,
Tulalip and Muckleshoot nations.

Warm-up Activity

T Slide 4: Warm-up Activity part |
causes disturbance Io ils baseline

status (homeostasis)

Can you think of some examples of
stressars that you felt today?

e S personal stressors on their worksheets,

Direct students to list some examples of

Warm-up Activity

iressac e ncanen et e Slide 5: Warm-up Activity part 2

disturbance to its baselina status (homeostasis).

Now, can you think of some examples of

srossors s connr W oncan Now, have students list some examples of

stress to organisms In the ecean?

rrsomtnapameranstomon purvetast. =M oCean stressors,




Examples of marine stressors: P
* QOcean acidification (OA)

+ Maring Heat Waves (MHWWs)
* Hanmful Algal Blooms (HABs)
* Hypoxia (low oxygen)

- Pollution

o Excess nutrients, oil spills,
marine debris, Naise, e1c.

What do we mean by multiple stressors?
A single stressor in the ocean can have negative impacts on marine organisms

‘What if another stressor gets added to the mix?

When2or occur
+ Hamful effects from each stressor can add up
* Th 1 stressor ‘stressor

o Think of it as going from bad to worse

totipping poit
cope or adapt

Vocabulary Review

Ternparature: s messue of holness o osldness

PH: 2 scale from 0-14 tat mess.res how adidic or besic & solution is

Caleium
e shalls andd sketetons

abiity for i balancad

state despite distrbances

threat C mmeostasi

First, let's consider QA...

‘What doyou already know about OA?
Try o list some things on your workshesat

What is ocean acidification?

*Ocean Acidification is the ongoing change in the chemistry af the scean caused

p ¥
—NANOOS

*Ogean atidfcation rlars &
veduction in the pH of the ooean
over an extended period of time.
+*  caused primaryty uptakeof

" erhion diowick (C02) frorm e
airospere”

Slide 6: Examples of marine stressors

Sources:

Example

SIrEss0rs: Ly i-3 /|
4]

Top image (MHWs):
htips:/kids. frontiersin.org/articles/ 10,3389 fivm 2022 712528

Photo credit: Chasing Corals, Netflix

Bottom image (marine debris):
hittps:fweow nanoos . ore/products/maring _debris/marine debris.php

Photo credit: MOAA Marine Debris Program

Slide 7: What does multiple stressors mean?

When 2+ stressors combine or occur simultaneously, their
effects can be additive and/or synergistic. Focus on
organisms becoming increasingly stressed and vulnerable
to the point where they cannot adapt or cope anymore.

Slide 8: Vocab review slide

Source: Google searches (and common knowledge)

Slide 9: Transition to ocean acidification

Direct students to jot some thoughts and
ideas they already have about OA on their
worksheet.

Shde 10: What 1s QA?

Source:
hitps:/www nanoos.org/products/oa’ocean _acidification.php

Graph credit: NOAA/PMEL




Slide 11: pH scales

pPH scales

Sources:
Left pH scale

httpes . rwosow proe L road, poy'co 2 N le The®e 20pH Yo 20scale S o 2 Oy

oHima

bgssael -

1 F hir
g=inUImMbers

Credit: PMELMNOA S

Right pH scale:

|III|'-'H-. woww whol edwknow-vour-ocean/ ocean-ropicsTow - Lhe - o

can-acidification/the-ph-scale

Credit: Woods Hole Oceanographic Institution

-."':'.l:"-'-'l"l'l\'\- ocean-chenmishre o

Why is QA a problem? . ) . .
_ Shde 12: Why 15 OA a problem?

Source:

infographic: hitps:eww oceanlulures orpnews/blog/ocean-a

cicdhficaton-crumbling-shells-sea

Pteropeds

ki nea Gullerfles

Slide 13: Pteropods—shell dissolution from OA

Have students write down some observations about the healthy vs.
damaged shells on their worksheets,

Usa wioricsheet

\What obsenations canyou maike
abourhase praropods

Wnatis different about theirshels?

Sources:

https:Journals. plos.org/plosone/article id=10.137 1 fjouwrnal . pone. 01 05884

For more info on pteropods and OA:

3 ™ LIy » ol o oF 4 T
https:/wianw, s adocsocic voorg'blogtag ple |-||uu|-~

Image eredit: The ScaDoc Socicty

Spotting the differences

HEALTHY s DAMAGED
Prnsroo : s




QA is linked to hypoxia: processes that fuel increased
respiration yield higher CO2 , lower pH, and lower oxygen

Wwhat makes
Washingten
marine
waters
unique?

v

to many factors specific to our region:
o ‘Amount of global CO2 in our atmosphere from cars efc.

© e Co2 e lowi,

e

o §
nislaton,any 1

Now, let’s consider seawater
temperature

How do we see
warmer than
average ocean
temperature?

Climatology: long-term "nommal” (‘]ﬂ iy
establisher for & certain location at
a gpecilic ime of year

e

Wit rpreseeis roxel
Anemaly: diffsrence from “normal” Redls warmer han roml

Bl s oalderhan rormal

Slide 15: OA linked to Hypoxia

Image Credit: NOAA/PMEL

Slide 16: What makes WA marine waters unique?

Source:

hitps:apps.ecolooy. wa. pov/publications/documents/ 1 20101 6. pdf

(page 29)

Slhide 17: WA waters + factors increasing OA vulnerabilicy

Source:

I.ll::'\- il-.'l\.'.I:Ii._'.II --.I. Ili.'\ll'.'.ll'\u.l\.'illl VLT -5 .III‘H. H L T e e e g e | il\.lll-ll\.'.l-. i

Slide 18: Transition to sea temperatures and MHWSs

Slide 19: How we see warmer than avg. sea temps

Sources:
Info from NANOOS MHW lesson plan:

hitps:/'www.nanoos.org/education/ndfs'marine  heatwaves.pdf

Image: whi / v/i 14 /

=WAVE- -ti0- - -



what are
Marine Heat
Waves?

Q

A MHW occurs when sea surface temperatures are
abnormally high and is defined by its intensity and duration.

MHWSs in the News...

Rocky shores of Pacific North
o 1o change:

Now, let’s think about multiple stressors!

Slide 20 What are MHWs?

Sources:
Info from NANOOS MHW lesson plan:

https:www.nanoos.ore/education/pdfs/marine  heatwaves.pdf

lmﬂge: hitps://coralreefwatch.noaa cov/product/marine heatwave

Slide 22: Transition back to multiple stressors

Slide 23: Multi-stressors and their potential impacts in coastal and
estuarine ecosystems

Caption: “Infographic illustrating the climate-driven siressors in coastal
and estuarine ecosystems (warming, hypoxia, and acidification) and
their potential influences on other processes such as primary production,
respiration, and calcification and ecological phenomena like harmful
algal blooms, disease, and other species impacts.”

Infographic credit: Hunter Hadaway and Simone Alin

Source:

Alin, Simone R.; Newton, Jan; Feely, Richard A.; Greeley, Dana; Herndon,
Julian; and Kozyr, Alex {2023). A multi-stressor data product for marine
heatwave, hypoxia, and ocean acidification research, including caleulated
inorganic carbon parameters from the southern Salish Sea and northern
California Current System from 2008-02-04 to 2018-10-19 (NCEI Accession
0283206). NOAA National Centers for Environmental Information.

Dataset. hitps:/dorors 1025921/ 5e28-084 ] .




Slide 24: How do we measure stress in the ocean?

- Monitoring water quality using pH, salinity, temperature,
dissolved oxygen, pallutants, etc.

+ Collecting data on growth and mortality rates Sﬂ“ ree:

= Comparing marine species sizes from past to present

e Info: NANOOS OA salmon race and intertidal lesson plans
"ﬁiar : pa-salmon race.pdf {nanoos.org)

OA and Intertidal Slidedeck ppix (nanoos.org)

Images: hitps:/‘'www.nanoos.org/about_nanoos/ocean observing. php

Slide 26: How can you help?

Lead students in discussion about anthropogenic-driven
climate change and what each person can do to help combat it

Think-Pair-Share: Slldc 2? Thiﬂk-PﬂiT-ShﬂT‘:

Imagine you are a shelfish in the Pacific Northwest and the
water around you starts getting warmer and more acdified.

= : . .
@@4. &+ qPt = ’? Have students think about prompt on their own for a few
minutes, then turn to a neighbor and discuss/share ideas.

Qyster Farmer Activity Prep

pH isn't the only OA variable that is
relevant to shellfish.

Omega (£3), the saturation state, of aragonile
deseribes the lavel of calclum carbonale
saturated in seawater available for araganite,
which shelltish use for their shels.




. Think of saturation state like making hot
Saturation r—
states

Supersaturated: Too much powder mix
{undissolved clumps)

Saturated: whon no mor cacoa powder will
dlissahe in the liquid

Undersaturated: Not ancugh pawder mix
{mwatery covoa)

Oyster Farmer Activity Prep

BH isn't the pnly OA variable that ia relevant ta shellfish.

lewol of calc
it shelifsh s for i shels

Pretend you're an oyster farrer! ol
...and want to find out if you should
plant larval seed today.

Use instructions on worksheet 1o navigate ‘
MANGOS Visualization Systern (NVS] to view
data for e

* Qaraganne

+ seatemperatures k

- pH

Computer Activity Timel

oy
LI
o o want te learn mere?
B :

=MANDOS: Multi-stressors publications
“MANOOS; Edueation resources

5 Things we know aboul OA in PR

- Pacific Marine Heatwave

Slide 31: Transition to oyster farmer computer activity

Direct students to instructions on worksheet for how to
access NVS data.

Sources:
Top image: Ovyster growing in Samish Bay, Puget Sound.
Credit: Puget Sound Partnership

hittps:www.nanoos.ore/products/oa’ocean acidification.php?se

clion=04a_In_ phw

Middle image: Pacific oyster grower Yaquina Bay, OR. Credit:
NOAA

Bottom image: “Ovyster seed — larvae that have grown shells
and are able to permanently attach to a surface — at a hatchery in

Louisiana.” Credit: Louisiana Sea Grant/Flickr, CC BY

hitps:/dialogue earth/en/ocean/ocean-acidification-us-pacific-sh

gllfish-farms
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