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Welcome to your Field Journal for the Office of National Marine Sanctuaries (ONMS)
Coral Check-up Lesson Series. ONMS protects over 620,000 square miles of marine
and Great Lakes waters, including vast areas of beautiful coral reefs. Here is a chance
for you to put on your mask and fins to virtually explore and study one of these
important coral ecosystems. In this multi-part lesson series, you will explore reefs,
understand their challenges, and join in the efforts to protect them. Use this Field
Journal to find instructions, hyperlinks, and guiding questions, as well as room to record
your observations and notes for each section of this lesson series.
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https://sanctuaries.noaa.gov/
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Coral check-up: Unit 1

Searching for coral bleaching across the Hawaiian Archipelago

Lesson 1: Pre-trip training

How do we know if coral reefs are healthy?
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Phto by Mark Sullivan/NOAA Fisheries Hawaiian Monk Seal esearch Program, 2012

Before we can begin, we need to build our knowledge of coral reefs. Watch the three

videos listed below. Write your observations and answer the questions in the spaces
provided.



Explore a Coral Reef with Michael Caban (15 min)

Michael will swim you through a popular reef located near Hilo,
Hawai'i. Learn the basics of Hawai‘i coral reefs and how you
can be a good coral steward.

Please write at least three (3) observations using a vocabulary term from the ID sheet in each.


https://www.papahanaumokuakea.gov/mdc/coral-lesson/

Hawaiian Islands Humpback Whale National Marine Sanctuary 360° video (3min 40sec)

A beautifully filmed 360° video that looks more broadly at coral reefs in Hawai‘i and some of the
species that depend on this habitat. Don’t forget to use your mouse to look around!

Please write at least three (3) observations.

Earth is Blue: Coral Reef Bleaching (1min 11sec)

A brief look at one way scientists study coral bleaching. You'll be doing a virtual version of this
type of coral research at the end of the lesson!

Please write at least three (3) observations.


https://sanctuaries.noaa.gov/vr/hawaii-humpback-whale/hawaiian-adventure/
https://www.youtube.com/watch?v=09zqo1KtRxU

Questions:

Using information you learned from the three videos, answer the following questions.

1. Why are coral reefs important?

2.  What actions can you take to be a coral reef steward?

3.  What marine organism was new to you? What was something interesting you learned
about it?



How do scientists monitor coral reef health?

4.

Why is it important to monitor coral reef health?

5.
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Lesson 2: Entering Papahanaumokuakea Marine National Monument

Photo by Brad Ka‘aleleo Wong/Office of Hawaiian Affairs

Part of your research later on in this series will be in the eight Main Hawaiian Islands
(MHI) — the islands we are more familiar with — like Hawai'‘i Island, Maui, O‘ahu, and
Kaua‘i for example. The rest of your research will take place in the much older
Northwestern Hawaiian Islands (NWHI). These islands and surrounding waters are
protected as Papahanaumokuakea Marine National Monument (PMNM). PMNM is
one of the largest permanently protected areas in the world, and is recognized as a
United Nations UNESCO World Heritage Site for its cultural and ecological
significance, an honor only given to the most significant area in the world.

A A A A A A
NN RN ZAN AN I IS 2N ZAN AN AN AN AN AN AN AN
7R 7 7R 200 28 72 2R 2R 7R 7R 728 72 20 28 22



https://www.papahanaumokuakea.gov/
https://whc.unesco.org/en/about/
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A map of the Hawaiian archipelago. Papahanaumokuakea Marine National Monument
boundaries include everything within the white dotted line.

Before anyone enters Papahanaumokuakea, they participate in a workshop to help them better

understand and honor the place they are going to study and learn. Just like anyone visiting
PMNM, you will begin your journey by learning more about this special place.

Safe Haven Video (7 min)

Working with partners, NOAA produced an introduction video
to the Northwestern Hawaiian Islands Marine National
Monument in 2006. Although much has changed since then
(including the gifting of the name Papahanaumokuakea in
2007 and the expansion of the boundaries in 2016), Safe
Haven provides an excellent summary of what makes
Papahanaumokuakea Marine National Monument special.



https://www.papahanaumokuakea.gov/new-education/movies/safe-haven/

Please write at least three (3) observations

PMNM Cultural Briefing Video (13 min)
A (scroll down page to find the video)

The Office of Hawaiian Affairs (OHA) is one of four co-trustees
OFFICE OF HAWAIIAN AFFAIRS . - -
who cooperatively manage Papahanaumokuakea. The
Cultural Briefing Video highlights perspectives from some of
the prominent Native Hawaiian Cultural Practitioners and
Researchers working within the monument.

Please note: The video references PMNM boundaries before they were expanded in 2016.

Please write at least three (3) observations.


https://www.oha.org/papahanaumokuakea/
https://www.oha.org/papahanaumokuakea/

Questions:

After watching the videos in this lesson, answer the following questions.

1. What is the significance of the name Papahanaumokuakea?

2. How does studying the Northwestern Hawaiian Islands connect to the Main Hawaiian
Islands?

3. Why do the speakers say that all biological and natural resources are also Hawaiian
cultural resources? What do they mean?



4. What is significant about the reefs in the Northwestern Hawaiian Islands?

5. What are the key protections created by the Northwestern Hawaiian Islands becoming a
marine national monument?
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Lesson 3: Virtual Coral Scientist

Now that you have learned about corals and why Papahanaumokuakea is so significant,
it is time to dive in and look at a reef up close. Look at the list of coral areas listed
below, and choose one located in the Main Hawaiian Islands (MHI) and at least one of
the reef areas located in the Northwestern Hawaiian Islands. Your first job will be to
virtually visit your sites and collect data on the area. You will use four different sources
to learn more about your sites, recording your observations and questions here in your
Field Journal. There are instructions below explaining how to use each source. At the
end of this lesson, you will be presenting your findings to your classmates.

P
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Photo by Scott Godwin/NOAA,
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Student Study Sites

Northwestern Hawaiian Islands (NWHI)

Main Hawaiian Islands (MHI)

Lalo/French Frigate Shoals
(now altered due to Hurricane Walaka in 2018)

Waiopae, Hawai'i Island
(now covered in lava from the 2018 eruption)

Kamole/Laysan Island

Puako/Krtholo, Hawai‘i Island

Kapoul/Lisianski Island

Waiuli, Hawai‘i Island

Manawai/Pearl & Hermes Atoll

Kane‘ohe, O‘ahu

Holanikd/Kure Atoll

Lehua, Ni‘ihau
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You will visit each site using the following virtual resources:

Please read the instructions for each resource before beginning. Detailed instructions are
included for each of the four websites in the following pages. Be sure to take screenshots,
download images, and collect other information for your upcoming presentation.

1. Google Earth Web
Learn the geography of your site and make street view virtual visits.

2. Papahanaumokuakea Marine National Monument Website

A summary of your study site in the NWHI including cultural, biological, historical,

and geographic information.

3. University of Hawai'i Coral Health Atlas and MEGA Lab at UH Hilo

360° underwater videos, cultural information, reef data, and 3D reef models for

your site.

4. Papahanaumokuakea Flickr Site
Pictures, videos, and short descriptions of your site, and the terrestrial and
marine life located there.
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https://earth.google.com/web
https://www.papahanaumokuakea.gov/visit/
https://hilo.hawaii.edu/coralhealth/sites/
https://sketchfab.com/BurnsLab
https://www.flickr.com/photos/papahanaumokuakea/

Google Earth Web: Geography and Terrestrial Exploration

Before we submerge ourselves, let’s get a better sense of the area where your reef is located.
When studying the health of a coral reef, it is important to consider how the surrounding area
might be affecting it. For example, a nearby stream could be washing soil into the ocean where
it covers the coral, limiting the ability of the coral polyp to feed. Look at the geography of your
site. Where is it located in relation to the rest of the Hawaiian Islands? Where is it in relation to
your other study sites? What does the area look like through Google Street View? How would
you describe the shoreline? Is it rocky or sandy? Is it covered in vegetation or is it barren? Is
there evidence of human presence? How are the two sites similar or different? Take a
screenshot of each location for your presentation.

Instructions

Using the magnifying glass search icon located in the upper left corner, type in “Hawaiian
Archipelago.” Do you recognize some of the islands? Now search for the location of your
selected sites. Google Earth does not always recognize the correct Hawaiian name so try the

English version first. An example would be, “Kure Atoll, Hawaii” instead of “Holanikd, Hawaii.

Type the name of your study site here

Click this icon and the search bar will pop up

&
]

Guided Tours

& Shark: habitats in the Hawaiian archi...
Exploring Earth's Keystone Specles

Click the human icon to shift to Google Street Mode

Click on the human icon located in the lower right corner to switch to Google Street View mode.
The human icon will turn yellow when on. Look for light blue dots on the map and click them to

see pictures. If there is a light blue line, click on it to virtually walk around the area. Click on the
human icon again to leave street view mode.
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https://earth.google.com/web

Please write at least three (3) observations about your study sites. Use the guiding questions in
the text above for ideas on some observations you may make.

Main Hawaiian Islands (MHI): My site location is

Northwestern Hawaiian Islands (NWHI): My site location is

15



Dig deeper into the Northwestern Hawaiian Islands with Papahanaumokuakea.qov

m T

Photo by Mark Sullivan/NOAA, 2007
Photo collected under NMFS Research Permit #848-1695

The Papahanaumokuakea Marine National Monument website is an important place to
learn more about your Northwestern Hawaiian Islands (NWHI) study site. Take time to
explore the website links to see what you can find.
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https://www.papahanaumokuakea.gov/

Instructions

Click on your Northwestern Hawaiian Islands (NWHI) study site from the Papahanaumokuakea

Virtual Visit map.
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https://www.papahanaumokuakea.gov/visit/
https://www.papahanaumokuakea.gov/visit/

Review the Papahanaumokuakea Ancient Names Remembered map.
You also can learn more about the Hawaiian names of your sites by visiting Na Puke
Wehewehe ‘Olelo Hawai'i and using the online dictionaries.

‘ |
f [ ﬂ PAPA] NAUMOKURKA‘A
z Monument

/
| Ea pa‘a 2 inoa kaiko
1 Ancient Names Rpmembered”

1 R ey

Go to the 2020 State of Monument Report to find a recent summary of the status of each site.
Although it is a big report, you only need to look at pages 112-116. A good place to begin is to
look at the table on page 113.You will find the page numbers at the bottom of each page.

Shallow-Water Corals
2020 STATE OF

PAPAHANAUMOKUAKEA T v |

MARINE NATIONAL MONUMENT

STATUS AND TRENDS 2008-2019 Status

Coral reefs have been monitored with varying methodologies and frequencies in the monument since
2000. This has made the interpretation of change over time challenging for different scales and indicator
variables. In addition, the large g hical range of the monument’s 3.5 million acres of coral reefs,
which span approximately 17 degrees of longitude and 5 degrees of latitude, contains distinct coral reef
seascapes with differing ecosystems (fringing, barrier, patch, and atoll reefs) with varying environmental
dynamics. In addition to the overall condition rating of Fair with medium evidence, the condition of
corals is assessed for each reef system individually in this report. Reef conditions within individual reef’
systems are compared to similar reef systems and are discussed below and summarized in Table S LR 8.3

In the 2009 Papahanaumokuakea condition report, corals were assessed as in Good condition with a
Stable trend (ONMS, 2009). In the present report, the rating is Fair with medium evidence due to several
disturbance events that contributed to changes in coral reef conditions. Coral bleaching events occurred
in the monument in 2009, 2010, 2014, and 2019. Unlike earlier bleaching events in 2002 and 2004, which
were primarily restricted to backreefs of the northernmost atolls, the 2014 event was widespread and
severe, with the greatest impact documented at Lisianski Island, which experienced 19 consecutive weeks
of heat stress and water temperatures reaching over 24°C (85°F) at a depth of 200 ft. Across the 2002,

STATE OF MONUMENT RESOURCES 112
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https://nmspapahanaumokuakea.blob.core.windows.net/papahanaumokuakea-prod/media/archive/new-library/pdf/pmnm_hwn_names_map.pdf
http://wehewehe.org/
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/docs/2020-state-of-papahanaumokuakea-marine-national-monument-report.pdf

Please write at least three (3) notes or observations about your NWHI study site based on the
resources you reviewed.

Questions:
1. What are the Hawaiian and English names for your NWHI site? What is the significance of

the place names and how can they help inform your understanding of the study site? (Hint:
Use the Ancient Names Remembered Map.)

19



2. How big is the land area and how big are the reefs at your NWHI site? Please provide the
answer in square kilometers and/or acres. (Hint: Use the virtual visit map to learn about
each site.)

3. What is special about the coral reefs at your NWHI site? For example, how many coral
species are found there? What marine species does the coral ecosystem support? (Hint:
Read the descriptions for each island as you take your virtual visit.)

4. Using the 2020 State of the Monument Report, what is the condition of the coral reefs at
your NWHI site? What does it say about how the reef conditions are trending? (Hint:
Remember to look at the table on page 113.)

20



Marine Exploration with University of Hawai‘i_ Coral Health Atlas Interactive Map

Immerse yourself in your site by submerging for a closer look at the reef and marine life through
360° virtual dive videos and 3D models. These two websites are created by Dr. John Burns and
his team through the University of Hawai‘i at Hilo. Answer the questions below and record
observations or questions in your Field Journal.

Screenshot from Coral Health Atlas, John Burns/University of Hawai'i

Instructions

Go to the Coral Health Atlas website.

21


https://hilo.hawaii.edu/coralhealth/sites/
https://hilo.hawaii.edu/coralhealth/sites/

Using the map or the site names links located just below the map, select the hyperlink name for
each of your sites. (Note: Kane‘ohe Bay and Lehua are not on this website. Links for those sites
are provided farther below.)

Click on your site location here, or
use the hyperlinks highlighted below

Leafiet | Map data & OpenStr==thap coriributors, CC-BY-GA, Imagery & Mapbox

Keep checking back as we update data and provide more 360-degree panoramic videos and 3D models for our study sites.

Haolanikd, Mokupapapa Lalo, Kanemiloha'i, Mokupapapa

Kahuwai Manawai, Holoikauaua

Kailua Nihoa
Kaloko Pohue

Kamole, Kaug Waiuli
Wai'opae

Kihola

o If you chose Kane‘ohe Bay as a study site, follow this link.

o If you chose Lehua as a study site, follow this link.

22


https://www.papahanaumokuakea.gov/new-education/curriculum/coral-lessons/students
https://www.papahanaumokuakea.gov/new-education/curriculum/coral-lessons/students

Once you click on your study site, scroll down the page to read the descriptions for each site
(Note: there are multiple facts so keep scrolling to the bottom).

e et Bats iew 380 pare.

Write down at least two facts about the cultural or biological significance of your study sites. If
you have been to this location in person (MHI), include a short description of how you and your
‘ohana (family) view this place.

Write your facts here for your MHI and NWHI sites.

My MHI site location is

My NWHI site location is

23



Click on the “View 360 Pano” button and click play to watch the video. Use your mouse to drag
the camera in all directions or connect through VR goggles. If you have any trouble viewing the
video through the site, go directly to Dr. Burn’s YouTube channel.

When finished, click the “Back” button on your browser to return to the Interactive Map.

Coral Health  OurResearch Interactive Map ~ Latest News  Affiliates  Contact

Holanika, meaning “bringing forth heaven,” is a single name that stands alone, corresponding to the location of Kure Atoll at
the very end of the island chain. This name is used in many different contexts to describe the homeland of gods such as Kane
and Kanaloa, Namakaokaha'i, and Walinu'u.

View 360 Pano

o If you chose Kane‘ohe Bay as a study site, follow this link.
o If you chose Lehua as a study site, follow this link.

Take notes on what you observe. Be sure to keep your MHI and NWHI site notes
separate.
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https://www.youtube.com/user/TheJohnburns84/videos
https://www.youtube.com/watch?v=t2AaXlELkO8
https://www.youtube.com/watch?v=RzglyZilUC4

Questions:

1. What marine life do you observe? Note the type of habitat the reef provides. How would you
describe the reef? What is the shape like? What are the corals like?

Main Hawaiian Islands Site:

Northwestern Hawaiian Islands Site:

2. How are the reefs at your two study sites similar? How are they different?

25



Now click on the “View 3D Reef Model” button and click play (wait for model to load).

Although scientists continue to snorkel or scuba to study reefs, some people are also using a
new technique called Structure-from-Motion Photogrammetry, where computer software
converts hundreds of photos into a 3 dimensional model of the reef so scientists can use it to
see changes to the reef over time, as well as look for bleaching and diseases. This is an
emerging technology still being developed (as of 2021).

When finished, click the “Back” button on your browser to return to the Interactive Map.

Use your mouse to move and zoom as you explore the 3D reef.

Coral Health Our Research Interactive Map Latest News Affiliates Contact

h
.

Halanikd, meaning “bringing forth heaven,” is a single name that stands alone, corresponding to the location of Kure Atoll at
the very end of the island chain. This name is used in many different contexts to describe the homeland of gods such as Kane
and Kanaloa, Namakaokaha'i, and Walinu'u.
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https://hilo.hawaii.edu/chancellor/stories/2019/03/14/uh-hilo-marine-scientist-uses-3d-modelling/

MEGA Lab at UH Hilo (Hosted on SketchFab)

Some of the study sites are not available on Coral Health Atlas. In that case, you will find 3D
models of the coral at your chosen study site on the newer MEGA Lab site. Click on the image
and it will load the 3D model. Be sure to scroll to the bottom of the page to read the description
of the site. You can use the mouse to zoom and move the model. You will find models for:

Kane‘ohe, O‘ahu (Kbay)

Lehua, Ni‘ihau

Lalo/French Frigate Shoals (bonus)
Kuahelani/Midway Atoll (bonus)

"EFFBH MEGA Lab at UH Hilo - Developed by Dr. John Burns @ Hilo, Hawaii

* voiow| B 12 rolowers

Questions:

1. What else do you observe? Now that you've seen the reef model, is there anything else
you would add to describe the habitat this reef provides?

Main Hawaiian Islands site:

Northwestern Hawaiian Islands site:

27


https://sketchfab.com/BurnsLab/models
https://sketchfab.com/3d-models/kbay-site-20-2015-edd06fe679274d9484026392fee9bb70
https://sketchfab.com/3d-models/lehua-2018091501-3b6aa19a972149e1ae2d801abea3b262

Click on the “View Reef Data” button (in Coral Health Atlas)

Coral Health  OurResearch Interactive Map  Latest News  Affiliates  Contact

-

Holanika, meaning “bringing forth heaven,” is a single name that stands alone, corresponding to the location of Kure Atoll at
the very end of the island chain. This name is used in many different contexts to describe the homeland of gods such as Kane
and Kanaloa, Namakaokaha'i, and Walinu'u.

You will see a bar graph showing two sets of information. For this task, focus on the top graph,
Severity by Disease. The primary information you'll need is highlighted in the image below —
the percentage of coral bleaching and the percentage of healthy coral.

Site: | Kure/2012 ~ | Transect: | Entire Site v |
View by: @ All O Species O Disease

Kure/2012 - Severity by Disease

100

96.57%
80
60
40
20

0.21% 0.83% 0.66% 0.2% 0.74% 0.11% 0.68%
0
Pigmentation Predation Macroalgal Recently Tissue Loss Trematodiasis I Bleaching Healthy ]
Response Overgrowth denuded
skeleton
Kure/2012 - Prevalence by Disease
100
80
60
40
25%
20 15.76%
9.78% 11.96% 9.24%
3.8% ’—‘ I—I 2.72%
0 e [
Pigmentation Predation Macroalgal Recently denuded Tissue Loss Trematodiasis Bleaching
Response Overgrowth skeleton
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Questions:

1.

2.

3.

What percent of the reef is healthy?

Main Hawaiian Islands site:

Northwestern Hawaiian Islands site:

What percent is showing bleaching?

Main Hawaiian Islands site:

Northwestern Hawaiian Islands site:

Are there any other diseases/problems showing up in the graph (more than 1%)?

Main Hawaiian Islands site:

Northwestern Hawaiian Islands site:

29



Note the map in the upper right corner of the screen. Hover your mouse over the map and scroll
to zoom in. You should see multiple flower icons. Each icon represents one of the sections of
reef the researchers studied to make this graph. The line of reef they studied is called a
transect.

Click on one of the flower icons. Notice how the bar graph changes. Instead of an average of
all of the sites, the graph now shows you data for that specific transect location. Click through
the different transects and note if any of them had especially high coral bleaching or other
problems. You can also use the Transect drop down menu located in the upper left.

site:| Kure2012 v | Transece: [ E;

Viewby: © All O Species ' Disease
Kure/2012 - Severity by Disease

0.21% 0.83% 0.66% 0.2% 0.745% onx 0.58%

Pigmentation Response Predation Macroalgal Overgrowth Recently denuded skeleton Tissue Loss Trematodiasis sleaching

Kure /2012 - Prevalence by Disease

Expand to view 360" video
of Hawaiian coral reef

25%
20 15.76% -
0.78% 1195% o.24%
s.8% [ 272%
o — —
Predation

Pigmentation Response Macroalgal Overgrowth Recently denuded skeleton Tissue Loss Trematodiasis Sleaching

Please write at least three (3) notes on any part of the University of Hawai'i websites you just
explored.
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Papahanaumokuakea Marine National Monument Flickr Site

i - e
72

Photo by John Burns/NOAA, 2017

While 360° video and 3D models are fast becoming the norm, the highest resolution products
we have are still photos and 2D videos. View the pictures and videos on Flickr and take notes of
your observations in this Field Journal. What wildlife and plants are found at each of your sites?

NOTE: This activity should be done with an adulit.
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https://www.flickr.com/photos/papahanaumokuakea/

Instructions:

When you open the link, “Photostream” Mode will be selected automatically. Click on “Albums”
Mode. Scroll down and select the album for each of your Northwestern Hawaiian Islands sites.

—— e
# s T
Birds

Aerials Algae 315 photos and 14 videos « Community Engagement Corals
7photos + 450 views 1photos and 4 videos + 3 1289 views 16 photos + 153 views 341 photos and 6 videos + 865 views

Scroll through the different photos and videos. If there is one you like, you can download it by
clicking on the download arrow icon in the bottom right of your screen and selecting the file size
you want. If you look below the photo, you can learn more about the image, the photographer,
and, sometimes, links to further information. Note: While most images are in the public domain,
some are copyrighted by the photographer and will not allow you to download them.

flickr Booe P Garo

@) & Click here to view download options
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Please write at least three (3) notes about your MHI or NWHI study sites based on your review
of the Papahanaumokuakea Marine National Monument Flickr site. Be sure to indicate what site
you are writing about.
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Lesson 4: Coral Bleaching Virtual Survey

Photo by Jeff Kuwabara/University of Hawai'i Marine Option Program, 2017

Why do we conduct coral surveys? What is the purpose of them and how do they work?
There are various types of surveys that help us answer different questions about a reef
environment. Together, the results of those surveys help us build a more complete
understanding of overall reef ecosystem health over time. Your job today is to conduct a
coral bleaching survey, assessing the amount of bleaching in each of your study sites.
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Reviewing the Stages of Coral Bleaching

As a coral scientist-in-training, it is important for you to be able to identify the differences
between healthy, bleached, and dead coral. You learned some of this in the video Explore a
Coral Reef with Michael Caban when you first began this journey.

For the next section you will need to understand the symbiotic role of zooxanthellae with the
coral polyp. Please view the NOAA Ocean Today video The Coral and the Algae (3min 15sec).
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https://www.papahanaumokuakea.gov/mdc/coral-lesson/
https://oceantoday.noaa.gov/fullmoon-coralandalgae/welcome.html

View the following three Office of National Marine Sanctuaries 360° images from National
Marine Sanctuary of American Samoa’s Airport Pool Coral Reef on Tutuila. Note the changes
that occurred to the reef during and after the 2015 bleaching event. You should see a
progression from healthy color, to bleached, to algae-covered dead coral.

e Pre-2015 Healthy Coral
e During the early 2015 Bleaching Event

e After the 2015 Bleaching, Coral Die-Off

A i
JA o ¢

Image courtesy of XL Catlin Seavzew‘Survey/The Ocean Agency.

As we've learned, coral bleaching is an indicator of coral polyp stress, but does not mean the
coral polyps are dead. If conditions improve, corals can re-establish their symbiotic relationship
with zooxanthellae and rebuild their health. Monitoring coral bleaching helps us identify areas
that may require special attention and support.
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https://americansamoa.noaa.gov/
https://sanctuaries.noaa.gov/vr/american-samoa/airport-pool/
https://sanctuaries.noaa.gov/vr/american-samoa/airport-pool-during-bleaching/
https://sanctuaries.noaa.gov/vr/american-samoa/airport-pool-after-bleaching/

Important Details

Now that you have an idea of how to identify bleached coral, we want to introduce a few more
things that will help you in your survey — by showing you something we will NOT be counting.

Coral Growth Edges

You will see what looks like coral bleaching along the edges of individual coral colonies. This is
NOT bleaching. As coral colonies expand, the polyps build new white calcium carbonate
skeletons, but have not yet ingested zooxanthellae to gain their color. That is different from coral
bleaching due to stress. You also shouldn’t count the white edges around petroglyph shrimp
burrows.
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Crustose Coralline Algae (CCA) and Halimeda

You will likely see two other confusing things that are NOT coral, but are integral parts of a coral
reef. There are some algae that are calcareous, meaning they contain calcium carbonate, the
same material used to make shells and coral skeletons. The pinkish purple crusts on the rocks
are species of red algae called crustose coralline algae (CCA). CCA helps cement rock and
rubble to form the foundation on which corals can grow. The small, green bushy shapes are
Halimeda, a genus of green algae also made of calcium carbonate material. Halimeda is a
major source of sand in some areas as parts of it die and the calcium carbonate erodes into
small sand particles.

Photo by Karen Bryan/HIMB, 2017
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Visual Survey

You are going to “swim” across your study sites and conduct a visual bleaching survey. The
data you gather will offer a snapshot of coral bleaching impacts, telling us about the bleaching
conditions right now. Find your Main Hawaiian Island and Northwestern Hawaiian Island study
site(s) on the Coral Check-up Student Page on the Papahanaumokuakea.gov website.
Download the files or view online. Open each coral image and use your photo viewer tools to
examine the entire reef. Be sure to zoom in and look closely at the reef image. We have
provided you with examples of how to conduct a visual survey on the next few pages. Once
you have viewed the images for your two study sites, answer the questions below.

Photo by James Watt, 2002
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https://www.papahanaumokuakea.gov/new-education/curriculum/coral-lessons/students

Visual Survey Example

Here you see an overhead image of the rocky reef of Honoli'i, located on Hawai'i Island. Look at
the entire image. Take note of the coral you can see, as well as any marine life. When viewing
your own study sites you will estimate the bleaching impact using a scale of 1-10, where 0 is no
bleaching and 10 is completely bleached. First identify all of the living coral, then note any coral
that shows at least some bleaching. The coral doesn’t have to be completely white, but should
look paler than similar coral nearby or show splotches of bleaching. Do not include dead coral or
algae in your estimate. See below for some hints to help you along.
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Look at the image below. We've marked up examples of live coral, dead coral, and some tricky
items that are likely algae or sponges. Note that most of the dead coral is overgrown with algae
and also has a pinkish color — remember, that is the crustose coralline algae (CCA) and not

live coral.

Likely live coral although the color is
unusual. Could also be a sponge.

<  This s trickyMi
This is also live coral. . colld be d% “&"
b, , crustmg’id‘ral Qu§

Ko ~ hard to te

“More examples o

live coral.
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The activity will be easier using the zoom feature of the picture viewer to look at the individual
corals up close. Comparing the colors of similar nearby species helps identify coral colonies that
are partially bleached. Partially bleached coral colonies will have a paler color due to the partial
loss of their zooxanthellae, or else the colony will show patches of white (bleached) coral within
an overall health colony. You may also see both paler color and bleached patches within a
colony, again indicating partial bleaching (and showing increasing stress). You should count
these partially bleached corals in your bleaching estimate.

' Py
]

Leti$ zoom in and take a closer Iook.

& >
"yt 4
g & “

Note the paler color ¥ ‘ - gl

compared to the similar coral |4 “aillbe N4 This example has
nearby. This coral is starting | "~ )| better color but also
to bleach. The coral polyps [ A & J| shows splotches of
have lost some of their N T | white (localized
zooxanthellae leading to less | NS4, > | bleaching).

vibrant color. Ay 3

As you attempt to calculate your bleaching number, if it helps, think about your answer as a
percentage. If you think 30% of the live coral in the image shows bleaching, put a 3 as your
answer, if 50%, put 5 as your answer, etc. If you are viewing the image in a program with
drawing options, you can mark areas to help you visualize.
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Visual Survey Example Answer: Score-3-4

Being a coral scientist isn’t easy, is it? View the questions below and get started on your own
study sites! This is a challenging exercise. Do your best.

By zooming in you will note that most of the live
' coral has blotchy white or lighter areas indicating

,, coral bleaching. Most of the coral looks lighter
ﬁf | when you compare it to the healthy colorful
. examples of the same species.

’
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Questions
1. What marine life can you find hidden within this habitat? Note any other observations as well.

Main Hawaiian Islands (MHI) Site: My site location is

Northwestern Hawaiian Islands (NWHI) Site: My site location is

2. What signs of bleaching coral do you observe?

Using a scale of 1-10, where 0 is no bleaching and 10 is completely bleached, estimate the
bleaching impact on your reef sites. Please write a short explanation for your answer.

Estimated bleaching for the MHI . My site location is

Estimated bleaching for the NWHI site . My site location is

3. Be prepared to share your results with your class. Your teacher will give you more
information on how they would like you to proceed.
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Quadrat Transect Survey

As we've learned, relying on a quick visual survey leads to many different answers for the same
location. While a visual survey can help us gather a general impression of coral reef health for
an area, we need methods that will produce more reliable results. If every scientist gets a
different answer, what use is the data when comparing it or making important decisions? A well-
trained team of science divers can improve the data consistency, but we need approaches that
keep us all following the same ground rules.

There are many methods and protocols to survey a coral reef, each built to address specific
questions and use available resources. Using a quadrat along a transect survey is one way to
get more reliable and consistent results (see the image below). You will now conduct a coral
survey of your sites by “swimming” a transect line and analyzing three quadrats (squares).
Science divers gather data along the same transect over many years to be able to monitor
changes to the coral over time. New approaches include using specialized software and artificial
intelligence to capture and analyze reef data based on photos and video footage, even
rendering it into three dimensions as you’ve already seen.

Survey Transect Line
(Tape Measure)

Survey Quadrat
(Measuring Square)

Photo by Jeff Kuwabara/University of Hawai'i Marine Options Program, 2017
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Find your Main Hawaiian Island and Northwestern Hawaiian Island study sites on the Coral
Check-up Student Page. Download the files or view online. Open the coral image and use your
photo viewer tools to examine the three quadrats. See below for instructions and questions.

Transect Survey Instructions

For this exercise, each photo will have three quadrats for you to analyze. Each quadrat is
divided into 100 small squares (see picture below). Your job is to identify how much coral is
bleached within each quadrat for both your Main Hawaiian Islands and your Northwestern
Hawaiian Islands study sites.

EXAMPLE QUADRAT (This image only shows 1 of 3 quadrats)
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https://www.papahanaumokuakea.gov/new-education/curriculum/coral-lessons/students

Transect Survey Methodology:

There are different ways scientists set up their methodology — the agreed-upon plan of action.
Our methodology will keep your bleaching identification fairly simple since this is your first time
conducting this type of survey. More complex versions of this visual quadrat method have been

widely used in Hawai‘i for the past 30 years.

Step 1: Identify coral in your quadrat

Look at each individual square within your quadrat. Highlight all of the squares that are at least

2 full of coral. We will count each of these as 1. We have provided an example here.

It's hard to tell, but this
is likely rock covered
with some algae.

Doesn’t
count since
it doesn't fill
1/2 of the
square.

; This area is rock with some
=" CCA (crustose coralline algae)

This was a tough call, but
the coral does NOT quite
take up 1/2 of the square

This is a crusting coral. The
color is a helpful clue.

o +10+8+9+4+3+4+4+5+5_ 60 squares with coral

fo S B MERTES . "7 SN e SR T
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Step 2: Identify coral bleaching

Now that you have identified the coral in your quadrat, we need to mark where there is coral
bleaching — this time using red to highlight the square. Again, we will follow the Yz rule. If the
bleaching takes up at least 'z of the square, then it counts as 1. If the small square is less than
2 full, then count the entire small square as no bleaching. For this activity, you can count coral
that is partially bleached — meaning it will have spots of bleaching or will show a visibly lighter
color than the healthy coral around it. For fun, also note any organisms within your quadrat. We
highly recommend zooming in to the image to help with your bleaching identification. Again,
refer to the example below.

Examp_le: How taidentify bleached coral e A

. surrounding squares show some
Red square=bleaching Petroglyph shrimp burrows, partial bleaching, they do not quite
] NOT bleaching " make up 1/2 the square.

Growth edges
NOT bleaching 3@

»f?
Another tough b
call, but these |,
squares show
more than 1/2
healthy color
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Step 3: Calculate percent coral bleaching
You now are ready to analyze your data to calculate your results. To figure out the percent of
coral bleaching, we need to look at the ratio of bleached coral to total coral within your quadrat.

14 red <= 60 white = .23 or...

* QUADRAT i#t1

Answer- 23% coral bleachmg

1. Count the number of WHITE squares in your quadrat (the total amount of coral). In
the example, 60 of the squares meet our criteria.

2. Count the number of RED squares in your quadrat (the total amount of bleached). In
the example, 14 squares meet our criteria.

3. Calculate the percent bleaching for your quadrat.
14 bleached coral squares + 60 coral squares (14/60) = .23

Let’s shift this to a percentage: .23 x 100 = 23% coral bleaching

Follow these same steps for your study sites to answer the questions below.
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Discussion

Even our simplified methodology can be tricky. Some coral is mostly bleached but not yet
completely white. Other squares have some bleached coral, but it is difficult to tell if /% the
square is filled. Do your best. This is why coral scientists go to school to study and practice
these skills. They also work in teams and conduct multiple surveys to make sure their results
are reliable. As a class, you can look at everyone’s results and figure out an average for similar
sites. Your teacher will have an answer key and can help you with any questions.

We recommend you write any confusing parts, challenges, or other thoughts in your notes. It is
important to bring these issues up with your team to ensure the best accuracy in your results.

Photo by Stewart/UH Hilo MOP program, 2016
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Coral Survey Questions:

1. What is the percentage of bleached coral for each quadrat?
(hint: 1 small square = 1%)

Main Hawaiian Island Site: My site location is

Quadrat #1
Number of white squares (squares with coral):

Number of red squares (squares with bleached coral):

Red Squares + White Squares x100 = % bleached.

Quadrat #2
Number of white squares (squares with coral):

Number of red squares (squares with bleached coral):

Red Squares + White Squares x100 = % bleached.

Quadrat #3
Number of white squares (squares with coral):

Number of red squares (squares with bleached coral):

Red Squares + White Squares x100 = % bleached.

Notes:
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Northwestern Hawaiian Island Site: My site location is

Quadrat #1
Number of white squares (squares with coral):

Number of red squares (squares with bleached coral):

Red Squares + White Squares x100 = % bleached.

Quadrat #2
Number of white squares (squares with coral):

Number of red squares (squares with bleached coral):

Red Squares + White Squares x100 = % bleached.

Quadrat #3
Number of white squares (squares with coral):

Number of red squares (squares with bleached coral):

Red Squares + White Squares x100 = % bleached.

Notes:



2. What is the mean average of bleaching for the entire transect?
(hint: average all three quadrats together — add all three values and divide by three)

Mean Average Coral Bleaching for MHI Site.
Quadrat 1 + Quadrat 2 + Quadrat 3 +3= %

Mean Average Coral Bleaching for NWHI Site.

Quadrat 1 + Quadrat 2 + Quadrat 3 +3= %

3. What marine life can you find hidden within this habitat? Note any other observations as
well. (Don’t forget you can use the marine life ID resources shared earlier.)

Main Hawaiian Islands (MH]I) Site:

Northwestern Hawaiian Islands (NWHI) Site:
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Class Presentation

Prepare a 10 minute presentation for the class that includes:

e A short introduction to your study sites including images, location, and both ecological
and cultural importance.

e A summary of your findings. Draw from your Field Journal notes to highlight important
data, observations, and questions. Share visuals (pictures, screenshots, etc.).

e Report back on the bleaching condition of your study sites. What is your assessment of
the health of your sites based on your research?

e Share your hypothesis that may explain differences in coral bleaching between your MHI
and NWHI sites.

Photo by Andrew Gray/NOAA, 2017
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Office of National Marine Sanctuaries
National Oceanic and Atmospheric Administration

PAPAHANAUMOKUAKEA MARINE NATIONAL MONUMENT

Coral check-up: Unit 2
Reading Satellite Data and Seeking Solutions

NOAA Coral Reef Watch Daily 5km SST Anomalies (Version 3.1) 6 Jan 2021

150 —180 —140) =121 —100

T80 T
Data -2 e -3 -2 -1 02002 1 2 3 < 5°C
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]

In Unit 1 you acted as a science diver, gathering data from in-person surveys and virtual
site visits. During this unit, we will take a step back and use NOAA satellite data to look
at bigger picture coral reef monitoring and learn how satellite data helps scientists keep
up with large-scale changes. By the end of this lesson, you will be able to see where
and when corals are at risk all across the world.

Once you build your data skills, it's time to take action! Research ways to protect coral
reefs and share it back to the class.

A AN N ) 2" A‘/\' N ” )
NAARIAIAARAARAIRAIAAIARIARIAAAIARANIA



Office of National Marine Sanctuaries
National Oceanic and Atmospheric Administration

PAPAHANAUMOKUAKEA MARINE NATIONAL MONUMENT

Lesson 1: NOAA Data in the Classroom

NOAA Data in the Classroom takes complex information and turns it into an interactive
series of story map lessons.

&

Measuring Coral Heat Stress
Introduction

Objectives
Students will learn how prolonged, warmer than
usual ocean temperature can contribute to coral
bleaching.

Activities: I~
4 i AT
¢ Learn how to calculate accumulated heat y % >
’ Y
stress from sea surface temperature data I{ / < 4 /-’
® Use Degree Heating Week data to —
understand patterns of coral bleaching

Here you will learn how to read real satellite data to identify areas where coral reef
health is at risk. Follow the links below and complete the activities. Be sure to watch the
videos within the lessons. After finishing each level, please answer the questions
provided.



NOAA Data in the Classroom: Coral Bleaching Introduction
What is the threat to coral reefs? Includes video (4min 11sec)

On the website, read the short intro on the left, scrolling down using your mouse, then click on
the video.

Questions:
1. What do the people interviewed in the NOAA Data in the Classroom Coral Bleaching
introduction video say is happening to coral reefs across the world? (Hint: What is the threat

to coral reefs?)

2. How can the loss of coral reefs impact humans?

3. What human actions are harming coral reefs most?
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https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=bee500fe72174e49aa577205151a3ca0

NOAA Data in the Classroom: Coral Bleaching Level 1 (select the "Level 1" tab)
Coral reef locations and temperatures.

Where are coral reefs located in the world? How do we read sea surface temperature maps?
Read and answer the questions located on the left of the image. Scroll down using your mouse.
New images will load to the right as you scroll down.

Question
4. Why do satellites measure sea surface temperature (SST)?

NOAA Data in the Classroom: Coral Bleaching Level 2 (select the "Level 2" tab)
Measuring coral heat stress.

How does prolonged, warmer-than-usual ocean temperature contribute to coral bleaching?
Read and answer the questions located on the left of the image.

Question:
5. What are Degree Heating Weeks (DHW)?
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https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=bee500fe72174e49aa577205151a3ca0
https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=bee500fe72174e49aa577205151a3ca0

We depend on a combination of satellite data and human on-site surveys to monitor the health
of our coral reefs, especially in more remote areas like the Northwestern Hawaiian Islands.

Satellite-derived observations average sea surface temperature (SST) over large areas of the
ocean. Do you think these averages apply equally to all areas within a reef? Satellite data
guides our efforts, but it is vital to “ground truth” the big picture observations with surveys and
other direct monitoring by people on-site. The rest of this unit will introduce you to tools for big
picture analysis, but don’t forget the importance of the in-the-water survey skills you learned in
Unit 1.

Read this article from October, 2019 to see an example of how this all works in real-life.

Article: Coral Bleaching Observed in Papahanaumokuakea Marine National Monument

Photo by Morgan Winston/NOAA
Question:

6. What does the article Coral Bleaching Observed in Papahanaumokuakea Marine National
Monument say about coral bleaching in Hawai‘i? Is it common?


https://www.papahanaumokuakea.gov/new-news/2019/10/02/coral-bleaching/

Office of National Marine Sanctuaries
National Oceanic and Atmospheric Administration

Lesson 2: NOAA Coral Reef Watch

One of the most difficult parts of coral conservation is keeping track of what is going on!
As we’ve seen in Lesson 1, coral reefs cover huge areas across the Hawaiian
Archipelago. The Northwestern Hawaiian Islands are especially challenging to monitor
due to the difficulty and expense to get research teams out to these remote locations.
Satellite monitoring is one tool that helps scientists keep track of larger trends so they
can focus on-the-ground efforts where they are most needed. NOAA’s Satellite and
Information Service and NOAA Coral Reef Watch provide near real-time data on sea
surface temperatures and coral bleaching risks.

NOAA Sa(ellue and lnformanon Service VVV

@
| Satellite, Data, and Information Service (NESDIS) — K& cmlndw.tch
* NOAA > NESDIS > STAR > CRW CRTF | CRCP | CoRIS
‘ Fhrtem s
- EEESSSSENEERENE . ..

Daily Global 5km Satellite Sea Surface Temperature (a.k.a. CoralTemp)

(Version 3.1, released August 1, 2018)

Reading satellite maps can be intimidating at first.

Ouir friend Dr. Paulo Maurin works for NOAA’s Coral Reef Conservation Program and
has created a series of videos to help you understand how to read satellite data
visualizations.



https://coralreef.noaa.gov/

Paulo’s first video is a good review of what you've already learned about sea surface
temperatures (SST) and Degree Heating Weeks (DHW). He'll walk you through how to use
Coral Reef Watch. Open Coral Reef Watch and follow along.

Watch Paulo’s Video Part 1 (4min 51sec)

Coral Bleaching Heat Stress Maps and Coral Bleaching Alert Gauges

It's time to put what you’ve learned to the test and apply it to your study sites!
Paulo will walk you through it. Follow along! You will also find written instructions below.

Watch Paulo’s Video Part 2 (5min 9sec)

""'t""\}'*";

Photo by NOAA and Courtney Couch/Hawaf i Institute of Marine Biology, 2014

o
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https://coralreefwatch.noaa.gov/product/5km/index_5km_sst.php
https://www.papahanaumokuakea.gov/new-education/curriculum/coral-lessons/video-tutorials
https://www.papahanaumokuakea.gov/new-education/curriculum/coral-lessons/video-tutorials
https://coralreefwatch.noaa.gov/product/vs/map.php

Instructions
Open Coral Reef Watch: Main Hawaiian Islands (MHI)

When you first arrive, you will see four maps with alert gauges on the right. The colors will be
different from the example below since the maps will show you the most current information.
Each map represents a different time period, much like a weather forecast. The upper left map
is the heat stress now (current). The other three maps forecast future heat stress going out 1-4
weeks, 5-8 weeks, and 9-12 weeks. Notice the gauges on the right side of the image. The top
gauge is for the “current” map, the next gauge down is for the forecast 1-4 weeks out, etc. (see
example image below).

EXAMPLE

Main Hawaiian Islands
5 km Regional Bleaching Heat Stress Maps and Gauges (Version 3.1)

Product: | S5T || SST Anomaly || HotSpot || Degree Heating Week || Bleaching Alert Area || SST Trend |

[ Year: .m-| Month: -m-| Day: -|2GV|-| Current Date || Start Date |

@ Main Hawaiian Islands Bleaching Alert Area (v3. 1) and Outlook (v5)
' ! 2021-07-26

&5 —156—157 —156 -155-154

[ 4

4

23

Current Coral Bleaching Alert Level

[F4

= Coral Bleaching Alert Level
Qutlook Weeks 1—4

T4

e

Coral Bleaching Alert Level
QOutlock Weeks 5-8

f44

EL 02

9l

Fl

: : : : - : : : : : : : : : Coral Bleaching Alert Level
0T =180 iS5t —1BE _iB% 133 —16% —162 160 — 158 — 196 —158 —182 —1 Cutlock Weeks 9-12

Current Bleaching Alert Level | 4-Week Outlook | 8-Week Outlook | 12-Week Outlook | Composite
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https://coralreefwatch.noaa.gov/product/vs/gauges/hawaii.php

Understanding the Alert Gauge

As Paulo explains in the tutorial video, the heat stress gauge gives you an idea of how stressful
the buildup of sea surface temperature conditions are for the coral reef in a particular area.

No
Streas

Current Caoral Bleaching Alert Level

How to Read the Coral Bleaching Alert Level Gauge

No Stress There is no heat buildup at this point.

Watch Heat stress is just beginning to build. There may be 1-2 Degree
Heating Weeks (DHW). Not much concern for corals, but time to pay
attention.

Warning Heat has been building. The area is now at 3-4 DHW. The corals may
start showing light signs of stress. Time to take this more seriously.

Alert Level 1 | We have passed the 4 DHW threshold. Expect to see coral bleaching.

Alert Level 2 | We are now past 8 DHW and the corals have been under enough heat
stress that we are likely to see some mortality (death).
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Practice Interpreting the Maps

In the example below, the current conditions map is light blue. The alert gauge indicates that
light blue equals no heat stress. Did you notice the small amount of yellow on the west coast of
Hawai'i Island? According to the gauge, yellow means that particular area is under a “Watch”
status. Looking ahead to the forecast maps, you can see that heat stress is expected to build to

Alert Level 1 in 9-12 weeks (light red)!

Main Hawaiian Islands
5 km Regional Bleaching Heat Stress Maps and Gauges (Version 3.1)

Product: | 58T || S5T Anomaly || HotSpot || Degree Heating Week || Bleaching Alert Area || S5T Trend |

[ Year: -m-l Month: -m-l Day: -|26~f|-| Current Date || Start Date |

Main Hawaiian Islands Bleaching Alert Area (v3 ) and Outleok (v5)
2021-07-26

B 155 158157 —156 —155 154 —151 160 155‘ 156 — IS? 155- IS\S 154

2

Current Coral Bleaching Alert Level

Coral Bleaching Alert Level
Qutlock Weeks 1—4

Coral Bleaching Alert Level
Cutlock Weeks 9—12

Current Bleaching Alert Level | 4-Week Outlook | 8-Week Outlook | 12-Week Outlook | Composite
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Taking a Closer Look

By clicking on an individual map, the image will enlarge and allow you to zoom in and better
identify your study sites. We've provided labeled maps farther below in the instructions.

Main Hawaiian Islands
5 km Regional Bleaching Heat Stress Maps and Gauges (Version 3.1)

Product:| SST || SST Anomaly || HotSpot || Degree Heating Week || Bleaching Alert Area || SST Trend |

Year: | Month: | Day: | | Current Date || Start Date |

\ Main Hawaiian Islands Bleaching Alert Area (v3.1)

3 2021-07-28

161  -—160 -158 158 -157 156 —1585 154

24
L

‘2

51| Current Coral Bleaching Alert Level

Coral Bleaching Alert Level
Qutlock Weeks 1—4

Coral Bleaching Alert Level
Qutlock Weeks 5—B

18
g1

17
Ll

: : : 3 : : : : Coral Bleaching Alert Level
—161 —18C -159 —1568 -157 -156 -156 -—1b4 Outiock Waeks 8-12
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You can change maps by clicking on the different gauges or on the hyperlinks at the bottom of

the map. Choosing the “Composite” hyperlink takes you back to the 4-map view.

Year: | Month: | Day: |26 v | || Current Date || Start Date

Main Hawaiian Islands Bleaching Alert Area (v3.1)

@ 2021-07-26

-161 160 159 158 157 186 185 154

2

Current Caral Bleaching Alert Level

Coral Bleaching Alert Level
Qutlock Weeks 1—4

Coral Bleaching Alert Level
Qutlock Weeks 5-B

Coral Bleaching Alert Level
Cutlock Weeks 9—12

66



Find your study sites

Using your knowledge of your study sites, identify the site’s approximate location on the Coral
Watch Coral Bleaching Heat Stress Maps for the MHI and NWHI (see labeled maps below).

Click Here to Find your Main Hawaiian Islands (MHI) Study Site

—161__—160 -—159 —158 157 —156 —155 —154

g ' ] E ) g
. PuakoiKiholo,

on - Hawai'‘i Island -

o b R i @ N 2

o Waiapaze-{ IIIIIIIII .

& U Hawal Island {@

| 1=

=161 =160 =150 =158 =157 —156 _156 —154
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https://coralreefwatch.noaa.gov/product/vs/gauges/hawaii.php

Click Here to Find your Northwestern Hawaiian Islands (NWHI) Study Site
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https://coralreefwatch.noaa.gov/product/vs/gauges/nwhi.php

Answer the following questions for each of your sites

1. What are the alert levels for your study sites?
(hint: look at each of the four gauges)

Main Hawaiian Islands My site location is

a. Currently:

b. In 1-4 weeks:

c. In 5-8 weeks:

d. In 9-12 weeks:

Northwestern Hawaiian Islands My site location is

a. Currently:

b. In 1-4 weeks:

c. In 5-8 weeks:

d. In 9-12 weeks:
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2. What months of the year was your study site in Alert 1 and/or Alert 2 levels?

Please note the letters along the X-axis (circled in red below) correspond to the months of the
year. J=January, F=February, M=March, etc.
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In the example above, September would be at Alert Level 1 and the last part of September and
all of October would be Alert Level 2.

List the months of the year your study sites were in Alert Level 1 or 2.

Main Hawaiian Islands:
Months of the year:

Northwestern Hawaiian Islands:
Months of the year:
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National Oceanic and Atmospheric Administration

PAPAHANAUMOKUAKEA MARINE NATIONAL MONUMENT

Lesson 3: Bleaching Alerts Across Time

The Bleaching Alert and Heat Stress Graphs can be changed to look at data from different
dates. You can see how the reefs in your study sites were affected in the past. Knowing that will
help you understand how well the corals can handle new heat stresses.

Let’'s ask Paulo to explain how to look into the past. There are written instructions below as well.

Watch Paulo’s Video Part 3 (3min 24sec)

Main Hawaiian Islands (v3.1)

35 ] ] 125

: —— Bleaching Threshald $3T — — Mox Monthly bean 33T -+ Wonthly Mean Clirmnatelegy — — 4, 8 DHWa | T

[~ 5km $ST Range 1 =

o bbb o —zo T

2 I -~ ] 3

. v,

- e 15 I
] : :

2 25 . 3

: : 10

o : : T

= - o L

20— P —

— - P — s

73N W N N N NS NN DU N NNCTU S S S DU S S S N S 9 S

o L : 7 =

S . £ B N S S N T NS NS NN S SO S DA

15 I I I I —10 =

JF M A M J J A 5 O N D J F M A M J J A T O N D

= 2019 Z0DZ0
f.@' [ Mo Stress [ Bleaching Watch [ Bleaching warning Bl Al=rt Level 1 [l Alert Level 2
A

See the next page for the questions you should answer about your study sites. You can use the
same maps as before. Here are the links again:

Find your Main Hawaiian Island site here:
MHI Coral Heat Stress Monitoring

Find your Northwestern Hawaiian Island site here:
NWHI Coral Heat Stress Monitoring



https://www.papahanaumokuakea.gov/new-education/curriculum/coral-lessons/video-tutorials
https://coralreefwatch.noaa.gov/product/vs/gauges/hawaii.php
https://coralreefwatch.noaa.gov/product/vs/gauges/nwhi.php

Instructions:

Just like Paulo showed us, change the 2-year date range on the Heat Stress Graph and look for
the years and months where there were significant heat stress events (Alert 1 and 2) for both

the MHI
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List the months and years that have been under Alert Level 1 or 2.
Be sure to check the years going back to 1986.

Main Hawaiian Islands:

Northwestern Hawaiian Islands:
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Apply what you’ve learned to your sites:

Using what you have learned, change the dates for the Bleaching Heat Stress Maps to look
more closely at how those bleaching events affected your specific study sites. Click on the
upper left map to enlarge the image. Then click the Day forward arrow or use the drop-down
menu to change the date. You will often see major shifts in alert status within even a few days.
Remember to refer to the labeled maps above to help you find your site. Go to the next page to
see the questions to answer.

Example: In the previous activity, we saw that the NWHI had a bleaching Alert Level 1 in
October, 2020. Now you can change the dates (circled below) to see what the heat stress maps
show for different days in October, 2020 near your study sites.

Northwestern Hawaiian Islands
5 km Regional Bleaching Heat Stress Maps and Gauges (Version 3.1)
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Clicking on the “Current” map allows you to zoom in to find your site.

Northwestern Hawaiian Islands
5 km Regional Bleaching Heat Stress Maps and Gauges (Version 3.1)
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Notice how the heat stress map colors changed as we changed from October 15 to October 27.
It is important to click through multiple days within the month to see how your study site may
have been impacted over time.

Northwestern Hawaiian Islands
5 km Regional Bleaching Heat Stress Maps and Gauges (Version 3.1)
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Questions:

Based on your research, how have your sites been affected by bleaching over time?

MHI: my site location

NWHI: my site location

1. Has your site been affected by Alert Level 1 or 2 for more than one year?

MHI:

NWHI:

2. Has your site been affected by Alert Level 1 or 2 for more than one year in a row?

MHI:

NWHI:

3. What other observations did you make as you looked through historic heat stress data

for your sites?

Observations for the MHI:

Observations for the NWHI:



Office of National Marine Sanctuaries
National Oceanic and Atmospheric Administration

PAPAHANAUMOKUAKEA MARINE NATIONAL MONUMENT

Class Presentation

Congratulations! You just learned how to use a powerful tool that can be applied all over the
world. It's time to prepare another site report based on your new information and share back
what you’ve learned.

Photo by Toni Parras/NOAA, 2014

Prepare a 5-10 minute presentation for the class that includes:

A brief summary of each of your study sites. No need to repeat your earlier presentation,
simply remind your classmates of your site names, locations, and your earlier coral
bleaching assessment.

A summary of your new findings related to the Heat Stress your sites have experienced
over the last 10 years. Draw from your Field Journal notes to highlight important data,
observations, and questions.

e Share your opinion on what your findings mean for the health of your study sites.



Lesson 4: What actions will you take?

You’ve built great skills as a coral scientist-in-training and learned a lot about the challenges
impacting coral reefs. In this lesson, we’re going to dive into what we can do about it!

Let’s start with this NOAA Oceans Today video introducing the subject.

Watch: What Can We Do? (5min 30sec)
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https://oceantoday.noaa.gov/fullmoon-whatcanwedo-coral/welcome.html
https://oceantoday.noaa.gov/fullmoon-whatcanwedo-coral/welcome.html

Action! Presentations
As you heard in the video, the survival of coral reefs is a challenge for THIS generation if we
want corals to survive. In this section, you and your group will choose one of the research topics

mentioned in the video to create a presentation for your class.

Look below to choose a topic or ask your teacher for permission if you have another idea.

Photo by Andrew Gray/NOAA, 2017

Presentations should include:
e A statement of the problem, including at least three different sources.

e A summary of current actions in Hawai‘i and the Pacific Islands Region, including at
least one county, state, or federal action and at least one community-based action.

e A summary of how traditional ecological knowledge is shaping approaches and
solutions.

e Dive Deeper and interview one person working in this field (can be a community
member, organization, or government agency).
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Presentation Topics

Mauka to Makai/Ridge to Reef

Watersheds are a central part of Hawaiian resource management with the clear understanding
that what people do on land affects what happens to shoreline ecosystems. Study one of the
current land-based pollution issues that impacts coral reefs. Examples include contaminated
water (fertilizers, oils, pesticides, etc.), plastic and other marine debris, and sedimentation (soil
runoff).

Here are some resources to get you started...

Everything is Connected: Mauka Makai Connection (3 min)
NOAA infographic: Threats to coral reefs, land-based sources of pollution
USGS Article on polluted groundwater
NOAA Marine Debris Program in the Pacific Island Region
o United by the Ocean, Marine Debris in Papahanaumokuakea Marine National
Monument (7min 20sec)

Marine Protected Areas

Marine protected areas (MPAs) are considered one of the best options to maintain our ocean’s
health and to protect our most vulnerable and valuable ocean ecosystems. What are MPAs and
why are they viewed that way? What benefits do they provide? How do areas become
protected?

Here are some resources to get you started...

e NOAA National Marine Protected Areas:
o Main Website
o Map of U.S. MPAs
NOAA Office of National Marine Sanctuaries
Pew Charitable Trust: The Push to Safequard 30% of the Ocean
The Marine Protection Atlas
United Nations Environment Programme
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https://videopress.com/v/1aG4oC3E
https://oceanservice.noaa.gov/facts/coral-pollution.html
https://www.usgs.gov/center-news/polluted-groundwater-threatens-hawaiian-coral-reefs
https://marinedebris.noaa.gov/pacific-islands
https://vimeo.com/338806655#at=3
https://marineprotectedareas.noaa.gov/
https://sanctuaries.noaa.gov/marine-protected-areas/
https://www.pewtrusts.org/en/research-and-analysis/fact-sheets/2018/10/the-push-to-safeguard-30-percent-of-the-ocean
https://mpatlas.org/
https://www.unep.org/explore-topics/oceans-seas/what-we-do/promoting-effective-marine-protected-areas
https://marineprotectedareas.noaa.gov/dataanalysis/mpainventory/mpaviewer/

Sunscreen Chemical Impacts to Coral

Recent research has shown how some common sunscreen ingredients can negatively impact
coral and other marine life. What is happening and what can we do to protect ourselves and the
marine environment?

Here are some resources to get you started...

NOAA Infographic and links to research: How sunscreen chemicals can affect marine life
News Release: Governor Ige Signs Bill Making Hawaii First in the World to Ban Certain
Sunscreens

Hawai‘i Department of Land and Natural Resources (DLNR) Video (4min 35sec)

2016 DLNR News Release

Climate Change

Climate change is a big issue. For the purposes of this lesson, focus your research on how
climate change affects ocean temperatures and other ways it can endanger coral reefs. What
are solutions at a local, national, and global level?

Here are some resources to get you started...

NASA Jet Propulsion Laboratory: Oceans of Climate Change (3 min 50sec)
NOAA Infographic: How does climate change affect coral reefs?

NOAA Climate.gov

NOAA Earth is Blue Video: Coral Bleaching and Climate Change (2 min 7 sec)
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https://www.noaa.gov/multimedia/infographic/infographic-how-does-climate-change-affect-coral-reefs
https://climate.gov/
https://sanctuaries.noaa.gov/earthisblue/wk83-coral.html
https://oceanservice.noaa.gov/news/sunscreen-corals.html
https://governor.hawaii.gov/newsroom/latest-news/office-of-the-governor-news-release-governor-david-ige-signs-bill-making-hawaii-first-in-the-world-to-ban-certain-sunscreens/
https://www.youtube.com/watch?v=XfQfZuHbp5g
https://governor.hawaii.gov/newsroom/latest-news/dlnr-news-release-ocean-users-urged-to-use-reef-safe-sunscreens/
https://climate.nasa.gov/climate_resources/40/video-oceans-of-climate-change/

Coral Restoration and Assisted Evolution
Scientists and communities around the world are striving to protect and restore coral reefs.
What do they think might work? What are the main projects globally and in Hawai'‘i?

Here are some resources to get you started...

NOAA Fisheries, Restoring coral reefs

The Science of Super Corals (5min 25sec)

DNLR/DAR Coral Nursery (5min)

UH Hilo PACRC Coral Nursery

University of Hawaii’s Hawaii Institute of Marine Biology, Gates Lab: Coral Assisted
Evolution

e Coral Restoration 360° video at Florida Keys National Marine Sanctuary

Sustainable Reef Fisheries
The health of coral reefs depends on a balanced ecosystem. Many of the fishes and other

marine life that live in and around coral reefs also provide vital roles in keeping coral healthy.

How do humans respect and support that balance as we nourish ourselves and our
communities?

Here are some resources to get you started...
e NOAA Infographic: Threats to coral reefs, overfishing
e NOAA Coral Reef Conservation Program, Improving Fisheries Sustainability
e NOAA Fisheries, How do coral reefs benefit the economy? (1 min)



https://www.fisheries.noaa.gov/national/habitat-conservation/restoring-coral-reefs
https://oceantoday.noaa.gov/fullmoon-scienceofsupercorals/welcome.html
https://player.vimeo.com/video/155013389
https://hilo.hawaii.edu/pacrc/projects.php
http://coralassistedevolution.com/
https://sanctuaries.noaa.gov/vr/florida-keys/coral-restoration/
https://oceanservice.noaa.gov/facts/coral-overfishing.html
https://coralreef.noaa.gov/issues/fishing.html
https://oceanservice.noaa.gov/facts/coral_economy.html

Office of National Marine Sanctuaries
National Oceanic and Atmospheric Administration

PAPAHANAUMOKUAKEA MARINE NATIONAL MONUMENT

Ho‘omaika‘i!
ongratulations!

You’ve completed your virtual coral scientist training! It's been a long journey, let’s
review all of your accomplishments:

Explored and researched coral reefs across the Hawaiian Archipelago.
Conducted virtual coral bleaching assessments.

Analyzed satellite data to identify coral heat stress bleaching events.
Researched local and global actions to protect and conserve coral reefs.
Prepared and presented your findings to your colleagues (classmates).

We need more people like you joining the NOAA team to help study and protect our
communities and our ocean. Learn more about steps you can take NOW!

Make your school an Ocean Guardian School!

Does your school want to protect and conserve its local watersheds, the world's ocean,
and special ocean areas like national marine sanctuaries? Become an Ocean Guardian
School, get engaged, and make this commitment by proposing then implementing a
school- or community-based conservation project.
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https://studentcorner.io/projects/Zkbqzap86O6N

Student Corner NOAA (Pacific Islands Region focus)
e Access more NOAA data tools for your school projects
e Learn about NOAA careers in the Pacific Islands Region
e View Community Science Projects you can get involved with

Student Opportunities with NOAA
Consider an internship and volunteer position with NOAA at locations all across the
country! This website also provides links to scholarships and other programs built to
help you start your NOAA career.

Once again, well done! We hope you enjoyed this experience and will continue to keep
exploring and learning about the amazing reefs right in our backyard.
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https://studentcorner.io/noaa
https://www.noaa.gov/education/opportunities/students
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