4 CO,LEARNING CENTER

Sleep Well Series Lesson Plan
Foxy the Fruit Bat Sleeps Well

THE

SIFeps wWEL®

WRITTEN BY SHARON CAMP, PHD

':1 ""“:H- zCOALlTION ILLUSTRATED BY THIAGO HELLINGER

This lesson plan was produced by the CO2 Learning Center, a project of the CO2 Coalition,
and meets the Next Generation Science Standards for Grades K, 2, 3, 4, 6, 7, and 8.



Table of Contents

StUAENt LEAINING GOQIS ..coeeeeice et e ettt sttt ea et st e e et et et e s et e s tesesneneesrennees 2
BacCKZroUNd INTOIMELION ..cvecveceeceiericttceece ettt et ettt e b et b et sneeb s s ebbenbeensesaesbesnserseesaensennns sbesenns 2
REFEIENCES ..ottt e e e e e e e s bbb e s et e s e eaeeaeeaeeaeaseeaeeaeabeebe st st st st see e e sensesans 15
SUBEESTEA ACTIVITIES .vveciieiteictieicee ettt ecee e eet e ste et e sae et aeabe e sbeebbeaeseae e sbessssa sessesesesetessseasasebsesatessasesenesesatenns 16
Formative and SUMMAtiVE QUESTIONS ......eoveriiriireireee ettt sttt ettt e st e e e e es s s s e 19
Next Generation SCIENCE SLANAANAS ......cviviireiriie et et e s s e aba e e e e s s saseneeeesenanns 19

A note about our lesson plans:

Our CO, Learning Center lesson plans all have the same format, which includes learning standards from the Next
Generation Science Standards (NGSS), student learning objectives, background information on the science
concepts covered in the book or video, suggested activities including labs to enrich the lesson and reinforce use of
the scientific method, and formative and summative questions.

The NGSS are the standards on which most public-school systems have based their curriculum. We do not
necessarily endorse the NGSS but have included the relevant standards for circumstances in which a teacher is
required to use them. The lesson plans contain everything that a teacher might be required to submit in a formal
lesson plan to a school administrator or science department head. Our lesson plans emphasize the use of the
scientific method and critical thinking skills.

This lesson plan was created for the CO, Coalition’s CO, Learning Center by Sharon Camp, Ph.D. Analytical
Chemistry; B.S., Geology, using Next Generation Science Standards (NGSS).

Understanding NGSS:
LS: Life Science PS: Physical Science ES: Earth Science

1-5 indicates the standard for grade level (1-first grade, 2-second grade, 3-third grade, 4-fourth grade, 5-fifth grade)
K indicates the standard for kindergarten

MS: Middle School (6, 7, 8)
Please note that only the parts of the outline that are relevant to this lesson have been included. If LS1.C or PS3.D

(examples from this lesson plan) are shown, these NGSS segments were included as relevant to this lesson for Life
Science and Physical Science.
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Lesson Plan: Foxy the Fruit Bat Sleeps Well
GradesK, 2, 3, 4, 6-8

Student Learning Goals

After reading the book, students will be able to:

Explain what a Flying Fox is, where it lives, and why it is important to its local ecosystem.
Describe an Oriental Garden Lizard, where it lives, and what it eats.

Describe a Common House Gecko, where it lives, and what it eats.

Describe a coral atoll and explain how it forms.

Explain what a parrotfish is and why it is important for the formation of sand on coral atolls.
Explain the process by which coral atolls can grow as the sea level rises.

Explain why most coral atolls will not be submerged by the sea.

Nk =

Background Information

Flying foxes, also known as fruit bats, are tropical bats that are found in many parts of the world. The
fruit bats found in the Maldives are a type of Old World fruit bat, which is one of more than 180 species
of large-eyed fruit-eating or flower-feeding bats that are widely distributed from Africa to Southeast Asia
and Australia.! Specifically, Foxy is an Indian Flying Fox (Pteropus giganteus). These bats live in colonies
of up to 1000 individuals who roost upside down in trees during the day and leave their roosts at night
searching for figs, mangoes, and blooming flowers.2 They have a wingspan of 5 to 6 feet and are the
largest bats in the world. (There is a fun video on the Cincinnati Zoo website on this specific type of bat
at https://cincinnatizoo.org/animals-archive/giant-fruit-bat-indian-flying-fox/.) Unlike many bats, they
rely on their sense of smell to find food. Because they eat agricultural crops, they are considered to be
pests in many countries. There are about 1400 different species of bats worldwide.?



https://cincinnatizoo.org/animals-archive/giant-fruit-bat-indian-flying-fox/

Indian flying fox in Keoladeo National Park Photo by Giles Laurent. Giles Laurent, CC BY-SA 4.0
<https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:045 Indian flying fox in Keoladeo National Park Photo by Giles Laurent.jpg

About 530 plant species are dependent on bats for pollination.? Plants that are pollinated by bats
include mangoes, bananas and guavas, and like other plants whose flowers are pollinated by bats, they
are open at night; large, white or a light color; fragrant; and have lots of nectar.* A good description of
pollination can be found at the US Forest Service’s website at What is Pollination? | US Forest Service.



https://commons.wikimedia.org/wiki/File:045_Indian_flying_fox_in_Keoladeo_National_Park_Photo_by_Giles_Laurent.jpg
https://www.fs.usda.gov/managing-land/wildflowers/pollinators/what-is-pollination

Grey-headed Flying Fox (Pteropus poliocephalus) eating flower nectar. The face and fur of this bat being covered with yellow
pollen provides a good visual example of the role that bats have in pollinating Australian trees and bushlands. Brisbane,
Queensland, Australia. Andrew Mercer (www.baldwhiteguy.co.nz), CC BY-SA 4.0 <https://creativecommons.org/licenses/by-
sa/4.0>, via Wikimedia Commons. https://commons.wikimedia.org/wiki/File:Grey-headed Flying Fox (IMG0527).ipg

The Oriental Garden Lizard, also known as the Changeable Lizard (Calotes versicolor), is native to the
Maldives. It is quite common and can be found among low shrubs and bushes hunting for insects.® It can
be easily found in parks and gardens.

Calotes versicolor (Oriental garden lizard) on a wooden step in Don Det, Si Phan Don, Laos. Basile Morin, CC BY-SA 4.0
<https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:Calotes versicolor (Oriental garden lizard) 2.ipg
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https://commons.wikimedia.org/wiki/File:Grey-headed_Flying_Fox_(IMG0527).jpg
https://en.wikipedia.org/wiki/Calotes_versicolor
https://commons.wikimedia.org/wiki/File:Calotes_versicolor_(Oriental_garden_lizard)_2.jpg

They are called changeable because during the breeding season, males develop an orange head with a
black blotch over the cheeks.® Including its tail, it can reach up to 14.5 inches in length.

Oriental Garden Lizard. Sifat Sharker, CC BY-SA 4.0 <https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia
Commons. https://commons.wikimedia.org/wiki/File:OGL.jpg

These lizards like to live in the undergrowth in forests, gardens, and agricultural areas. They eat mostly
insects but will also eat small animals such as geckos. These lizards will outcompete native lizards when
introduced into a new environment.

Common House Geckos (Hemidactylus frenatus) are native to countries all over Southeast Asia but have
spread worldwide due to recent introductions.” They are frequently found in and around houses, on
walls and ceilings, and near bright lights. Their diet consists of insects, which they catch mostly in the
morning and early evening. In areas where they have been introduced, they can outcompete the native
lizards and geckos. Males can reach just over 5 inches in length while females are somewhat smaller.


https://commons.wikimedia.org/wiki/File:OGL.jpg

Hemidactylus frenatus. Vengolis, CC BY-SA 4.0 <https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:Hemidactylus frenatus 9701.jpg

Geckos have amazing pads on their feet that allow them to climb windows, walls, and other vertical
surfaces. Their feet use the tiny attractions between their foot hairs and the molecules of the vertical
surface in a phenomenon known as Van der Waal’s forces.?


https://commons.wikimedia.org/wiki/File:Hemidactylus_frenatus_9701.jpg

Close-up of the underside of a gecko's foot as it walks on a glass wall. Van der Waals force interactions between the finely
divided setae (hairs on the toes) and the glass enables the gecko to stay in place and walk on the seemingly smooth glass.
Source: Bjgrn Christian Tgrrissen, CC BY-SA 3.0 <https.//creativecommons.org/licenses/by-sa/3.0>, via Wikimedia Commones.
https://commons.wikimedia.org/wiki/File:Gecko foot on glass.JPG

The primary theme of the book Foxy the Fruit Bat is the fact that the islands in the Maldives, along with
other coral atolls around the world, are not in danger of being submersed by rising sea levels as has
been claimed by the Intergovernmental Panel on Climate Change (IPCC) and others. The IPCC is an
international scientific and political group that was established by the United Nations Environment
Program (UNEP) and the World Meteorological Organization (WMO) in 1988.° For over 30 years, the
IPCC has held international conferences and released both scientific and policy reports, although the
guality of the science is questionable. It first predicted that islands would be submerged by rising sea
levels in their First Assessment Report, published in 1990. This report predicted that sea level would rise
an average of 20 cm by 2030 (7.9 inches or 0.2 inches per year), primarily due to thermal expansion of
the oceans. %It also highlighted small islands' vulnerability, noting that some low-lying atolls and coral
islands would be especially vulnerable to sea-level rise due to accelerated inundation, erosion, and
saltwater intrusion.! In 1995, they revised their predictions and stated that by 2100 there would be an
associated increase in sea level of about 15-95 c¢m, or a rise of 0.56 to 3.56 inches per decade.! In 2023,
they again revised the measured rate to 0.15 inches per year.? It also forecast partial submersion
(especially of reef islands), reduced habitability, and serious habitat destruction on many small islands.'3


https://commons.wikimedia.org/wiki/File:Gecko_foot_on_glass.JPG

The purpose of the IPCC is to convince more developed countries that their continued use of fossil fuels
will cause catastrophic warming of Earth’s climate, with predictions of dire environmental and social
consequences, and that fossil fuels should be removed as an energy source as soon as possible.
Fortunately, in the three decades since the alarming predictions of the IPCC were first made, there is no

support for those dire predictions to be found in observational data, and no evidence of any significant
harms from fossil fuel use and global warming.

The islands of the Maldives are a type of island called a coral atoll. An atoll is an island that has formed
on top of the remains of a submerged volcanic island.'*

Nissan Atoll, Green Islands, Papua New Guinea. Source: NASA, Public domain, via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:Nissan Atoll Landsat.jpg

First, the volcano erupts on the sea floor and gradually grows to where its top is above sea level. At this
point, the volcano has become an island. Hard corals will grow along the side of the volcano forming a
fringing reef. Hard corals form colonies of animals that live in a home that is made of calcium carbonate.
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https://commons.wikimedia.org/wiki/File:Nissan_Atoll_Landsat.jpg

(For a more complete discussion of corals, please see the background information in the lesson plan for
our book Chloe the Clownfish Sleeps Well at https://co2learningcenter.com/lesson-plans/.)

Example of a hard coral. Coral (Danafungia scruposa), Red Sea, Egypt. They are around 9.8 in. Its polyps have diameters of up
to 9.4 in and are oval or circular. D. scruposa is found in the eastern and western Indian Ocean, the eastern central,
northwestern and western central Pacific Ocean, Japan, the East China Sea, the Red Sea, and eastern Australia. It's found at
depths between 3 ft 3 in and 88 ft 7 in on the slopes of reefs. Source: Diego Delso, CC BY-SA 4.0
<https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:Coral plato (Danafungia scruposa), mar Rojo, Egipto, 2023-04-15, DD 49.jpg

As long as the volcano continues to erupt, it will stay above the surface of the water. But once the
volcano becomes extinct (stops erupting forever) the action of the wind and the waves of the sea will
erode the island until it is below sea level, which allows corals to grow. The erosion process typically
takes millions of years. The barrier reef forms as the island erodes away. The reef will then become an
atoll (or a group of atolls) as all remnants of the volcano disappear beneath the coral. The coral protects
the lagoon that has formed in what used to be the crater of the volcano.


https://co2learningcenter.com/lesson-plans/
https://commons.wikimedia.org/wiki/File:Coral_plato_(Danafungia_scruposa),_mar_Rojo,_Egipto,_2023-04-15,_DD_49.jpg

Different types of coral reefs: (a) Fringing, (b) Barrier, and (c) Atoll. Source: coral reef, CC BY-SA 4.0
<https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:Tipos-recifes-de-coral.jpg

Reef

Reefs of New Caledonia from ISS. While orbiting over the southwestern Pacific Ocean, an astronaut onboard the International
Space Station (ISS) photographed this fringing coral reef on the south coast of New Caledonia. The reef separates the light
blue shallows of the lagoon from the darker, deeper Pacific Ocean. Tan hues tinge the lagoon where sediment flows in from
uplands to the north-northeast. Source: NASA Earth Observatory, Public domain, via Wikimedia Common:s.
https://commons.wikimedia.org/wiki/File:Reefs of New Caledonia from ISS, September 9, 2020.jpg
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https://commons.wikimedia.org/wiki/File:Tipos-recifes-de-coral.jpg
https://commons.wikimedia.org/wiki/File:Reefs_of_New_Caledonia_from_ISS,_September_9,_2020.jpg

Maupiti island Airport in French Polynesia. The airport is built on the barrier reef that surrounds the island.
Source: Kyprianos Biris, CC BY-SA 4.0 <https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:Aerial view of Maupiti Airport.jpg

P

Part of the Majuro atoll in the Marshall Islands. Source: Mark Uriona, CC BY-SA 4.0
<https.//creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:Majuro_- Main_Atoll of the RMl.jpg
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https://commons.wikimedia.org/wiki/File:Aerial_view_of_Maupiti_Airport.jpg
https://commons.wikimedia.org/wiki/File:Majuro_-_Main_Atoll_of_the_RMI.jpg

A coral reef is composed of living corals, their exoskeletons, and coral sand and mud that combine in a
complex group of features. 1> The exoskeletons of coral are made of calcium carbonate, which is a hard
material of which seashells and limestone are composed. The reef is made of a large variety of corals
that grow together in intricate patterns that include many spaces. Mud and coral sand fill the spaces and
harden, along with any plants or algal mats that may be growing in the sand. Sometimes storms will
break up pieces of coral and add them as sand to the beach. The process by which all these extra
materials are added to the reef is called accretion, and it is because of accretion that coral reefs will
grow and maintain their size as water levels change. In fact, there have been many studies recently by
scientists in the tropical waters within the coral triangle that have measured changes in the size of coral
atolls. These studies have revealed that most of the islands in this area have either maintained their size
or have grown.'® 1718 Most of the growth on the Maldives has occurred by human land reclamation,’
but in other places, most of the growth occurred by natural accretion.'® Reef islands also change in
response to environmental changes, such as major typhoons or hurricanes.'®

Another organism that is crucial in creating the sand on coral atolls is the parrotfish. There are about 100
species of parrotfish, and they live in and around corals reefs.’®> One common parrotfish that lives in the
Indian Ocean is the Ember Parrotfish, shown below. It is important in maintaining reef health and in
beach formation, as its poop contains tiny fragments of the coral that it ate. Its massive teeth bite off
chunks of coral or scrape algae off the reef, and the hard coral skeleton is broken down so that it can
pass easily through the fish’s digestive system. The sand then forms the beaches on the tropical
islands.2°

Scarus rubroviolaceus, Hanauma Bay Beach Park, Honolulu, Hawaii. Also known as the Ember Parrotfish and the Redlip
Parrotfish. Source: (c) Don Loarie, some rights reserved (CC BY), CC BY 4.0 <https.//creativecommons.org/licenses/by/4.0>,
via Wikimedia Commons.
https://commons.wikimedia.org/wiki/File:Scarus rubroviolaceus, Hanauma Bay Beach Park, Honolulu, Hawaii, United St
ates_imported from iNaturalist photo 29805110.jpg
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https://commons.wikimedia.org/wiki/File:Scarus_rubroviolaceus,_Hanauma_Bay_Beach_Park,_Honolulu,_Hawaii,_United_States_imported_from_iNaturalist_photo_29805110.jpg
https://commons.wikimedia.org/wiki/File:Scarus_rubroviolaceus,_Hanauma_Bay_Beach_Park,_Honolulu,_Hawaii,_United_States_imported_from_iNaturalist_photo_29805110.jpg

Where the previous articles by Kench, et.al, Holdaway, et.al., and Duvat, et.al. address changes in the
sizes of coral atolls, none of them address the larger issue of sea level itself. Sea level is a complicated
thing to measure. If it is measured by satellite altimetry, the satellite measures the distance between the
height of the ocean and the center of the Earth. A drawback of using satellite measurements of sea level
is that they only began in 1978, so long term trends are not available. Sea-level data for the open ocean
from satellite altimetry also does not measure relative changes along the coast where people live. The
best long-term sea-level measurements are from tide gauges. These measure sea level by measuring
water level relative to the surrounding land.?! (That’s called “relative sea level.”)

Tide gauges are at many harbors and channels around the world, where sea levels have been carefully
and methodically measured for over one hundred years. The earliest ones consisted of a simple open-
top vertical pipe called a "stilling well," with one end immersed in the sea, the other end above the
water, and a "tide stick" to measure the water level in the pipe. Later came automated float sensors,
data recorders, and other improvements, but the basic principles of a tide gauge's operation remain the
same to this day.

Here's a diagram of an old-style tide gauge with a strip-chart recorder:

} 3 )
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/// %f’?-g;
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Figure 1. Float Activated Tide Gauge (Hydrographer of the Navy, 1969)

Source: https://sealevel.info/tide gauge schematic.html

Tide gauges may also move vertically with vertical changes in the land surface, which complicates
determining how much change is due to “global” (average) sea level rise.?? For this reason, some tide
gauges are coupled with a Continuously Operating Reference Station (CORS). These stations provide
real-time GPS positioning for a specific area and allow researchers to distinguish changes in sea level
from changes in land position. 23 Some tide gauges are also collocated with weather stations that
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https://sealevel.info/tide_gauge_schematic.html

monitor meteorological factors that affect sea levels, such as barometric pressure and wind speed. A
comprehensive list of tide gauge data can be found at PSMSL or https://sealevel.info/.

The measurements show that global (average) sea level trends are so slight and slow that in many
locations they are dwarfed by local factors, like erosion, sedimentation and vertical land motion. In fact,
in quite a few places sea level is falling, rather than rising, because the land is rising faster than the
ocean. Places where the relative sea level has dropped include measurement sites in Scandinavia, in
Iceland, Alaska, and Canada. In some other places, sea level is rising much faster than the global trend,
not because of global sea level change, but because the ground there is sinking. Places where the land is
sinking include the Louisiana bayous, Miami, most of the eastern coast of the United States and Sri
Lanka.

Most measurement records show little or no sign of acceleration. Over periods of a few decades or less,
the ocean may slosh up or down, but at most sites the long-term sea-level trends today are still similar
to what they were at the same locations fifty or a hundred years ago.

One of the best tide gauge measurement records is from Honolulu. Honolulu is near the middle of the
world's largest ocean, on a tectonically stable island with near-zero vertical land motion, small tides, and
little ENSO distortion, and it has a 100% complete 120 year-long measurement record with a very typical
trend: 7.3 inches of sea level rise in 120 years. That is equal to 0.061 inches per year, which is about half
the rate of both the IPCC and the satellite altimetry measurements (0.13 inches per year? 24).

The measurement record for Honolulu is almost perfectly linear, with no detectable effect from rising
CO; levels:

1 Mean Sea Level at Honolulu, HI, USA (NOAA 1612340, 760-031, PSMSL 155) >
1612340 Honolulu, Hl, USA  +1.56 +/- 0.20 mmiyr
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Source: https://sealevel.info/MSL graph.php?id=Honolulu&qguadratic=1&quad ci=1&quad pi=1&lin ci=0&linear=0
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The IPCC’'s “AR6” assessment report warns that the rate of sea-level rise is accelerating. But according
to the best long measurement records from tide gauges, like the one in Honolulu, the rate of
acceleration is negligible. At many sites (including Honolulu) there’s been no detectable acceleration at
all. Some studies?>?% of tide gauge data from many sites have reported a tiny average acceleration of
about 0.0004 inches/year?, which is inconsequential. If that rate of acceleration were to continue for 150
years, it would only add about 4.4 inches to average costal sea levels. For a primer on what acceleration
is, see https://sealevel.info/acceleration primer.html.

Bottom line, there is no good evidence to support the predictions of the IPCC that the Maldives will
suffer severe habitat loss or be underwater any time soon. After all, earlier predictions held that they
would be underwater by now. New predictions hold that they will be underwater by 2050. It is unlikely
that those predictions will be accurate either.

References

1. Old World fruit bat. https://www.britannica.com/animal/Old-World-fruit-bat

2. Giant Fruit Bat (Indian Flying Fox), Pteropus giganteus. https://cincinnatizoo.org/animals-
archive/giant-fruit-bat-indian-flying-fox/

3. Bats Shrug Off Viruses and Rarely Get Cancer. We're Trying to Learn From Them.
https://www.unmc.edu/healthsecurity/transmission/2023/04/04/bats-shrug-off-viruses-and-rarely-
get-cancer-were-trying-to-learn-from-them/

4. Bat Pollination. Bat Pollination | US Forest Service.

5. Changeable Lizard - Calotes versicolor. Changeable Lizard - Calotes versicolor

6. Changeable Lizard, Oriental Garden Lizard. https://www.singaporegeographic.com/wild-
animals/changeable-lizard-oriental-garden-lizard

7. Common House-Gecko (Hemidactylus frenatus)

0o

Van der Waal’s Forces. https://www.britannica.com/science/van-der-Waals-forces

9. History of the IPCC. https://www.ipcc.ch/about/history/

10. Intergovernmental Panel on Climate Change. (1990). Climate Change: The IPCC Scientific
Assessment (WGI Report). Cambridge University Press. P. 276

11. Intergovernmental Panel on Climate Change. Climate Change 1995: The Science of Climate
Change. Summary for Policymakers. Cambridge University Press, 1995, p. 11.

12. Fox-Kemper, B., H.T. Hewitt, C. Xiao, G. Adalgeirsdottir, S.S. Drijfhout, T.L. Edwards, N.R.

Golledge, M. Hemer, R.E. Kopp, G. Krinner, A. Mix, D. Notz, S. Nowicki, I.S. Nurhati, L. Ruiz, J.-

B. Sallée, A.B.A. Slangen, and Y. Yu, 2021: Ocean, Cryosphere and Sea Level Change. In

Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth

Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte, V.,

P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.l. Gomis,

M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R.

Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New

York, NY, USA, pp. 1211-1362, doi: 10.1017/9781009157896.011.

15


https://sealevel.info/acceleration_primer.html
https://www.britannica.com/animal/Old-World-fruit-bat
https://cincinnatizoo.org/animals-archive/giant-fruit-bat-indian-flying-fox/
https://cincinnatizoo.org/animals-archive/giant-fruit-bat-indian-flying-fox/
https://www.unmc.edu/healthsecurity/transmission/2023/04/04/bats-shrug-off-viruses-and-rarely-get-cancer-were-trying-to-learn-from-them/
https://www.unmc.edu/healthsecurity/transmission/2023/04/04/bats-shrug-off-viruses-and-rarely-get-cancer-were-trying-to-learn-from-them/
https://www.fs.usda.gov/managing-land/wildflowers/pollinators/who-are-the-pollinators/bats
https://www.ecologyasia.com/verts/lizards/changeable_lizard.htm
https://www.singaporegeographic.com/wild-animals/changeable-lizard-oriental-garden-lizard
https://www.singaporegeographic.com/wild-animals/changeable-lizard-oriental-garden-lizard
https://www.reptilesofecuador.com/hemidactylus_frenatus.html
https://www.britannica.com/science/van-der-Waals-forces
https://www.ipcc.ch/about/history/
https://doi.org/10.1017/9781009157896.011

13.

14.
15.
16.

17.

18.

19.

20.
21.

22.
23.

24,
25.

26.

Mycoo, M., M. Wairiu, D. Campbell, V. Duvat, Y. Golbuu, S. Maharaj, J. Nalau, P. Nunn, J.
Pinnegar, and O. Warrick, 2022: Small Islands. In: Climate Change 2022: Impacts, Adaptation
and Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [H.-O. Portner, D.C. Roberts, M. Tignor, E.S.
Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Méller, A. Okem,
B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp.
2043-2121, doi:10.1017/9781009325844.017.

Atoll. https://education.nationalgeographic.org/resource/atoll/

Coral Reef. https://www.britannica.com/science/coral-reef

Kench, P.S., Liang, C., Ford, M.R. et al. Reef islands have continually adjusted to
environmental change over the past two millennia. Nat Commun 14, 508 (2023).
https://doi.org/10.1038/s41467-023-36171-2

Andrew Holdaway, Murray Ford, Susan Owen, Global-scale changes in the area of atoll
islands during the 21st century, Anthropocene, Volume 33, 2021,
https://doi.org/10.1016/j.ancene.2021.100282.

Shoreline changes in coral reef islands of the Federated States of Micronesia since the mid-
20th century.
https://www.sciencedirect.com/science/article/abs/pii/50169555X20305572?via%3Dihub
C.T. Perry; P.S. Kench; M.J. O’Leary; et al. Linking reef ecology to island building: Parrotfish
identified as major producers of island-building sediment in the Maldives. Geology (2015) 43
(6): 503-506. https://doi.org/10.1130/G36623.1

Feeding Humphead Parrotfish, Blue Planet, BBC Earth. https://youtu.be/o-blz2ghKOU

What is the definition of global mean sea level (GMSL) and its rate?
https://sealevel.colorado.edu/presentation/what-definition-global-mean-sea-level-gmsl-and-

its-rate

Tide Gauge Sea Level. https://sealevel.colorado.edu/index.php/tide-gauge-sea-level

What is a CORS (Continuously Operating Reference Station)?
https://www.swiftnav.com/glossary/what-is-a-cors-continously-operating-reference-station-
network

Most Recent GMSL Release. https://sealevel.colorado.edu/

Hogarth, P. (2014), Preliminary analysis of acceleration of sea level rise through the twentieth
century using extended tide gauge data sets (August 2014), J. Geophys. Res.

Oceans, 119, 7645-7659. https://doi.org/10.1002/2014JC009976.

Houston, J.R. (2021). Sea-Level Acceleration: Analysis of the World's High-Quality Tide
Gauges. J. of Coastal Research, 37(2):272-279 (2021). https://doi.org/10.2112/JCOASTRES-D-
20-00101.1

Suggested Activities

1.

There are many different bats that are called flying foxes. Research to find the common and
scientific names of ten different flying foxes and record the following: a physical description
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of each bat with pictures, where it lives, what it eats specifically (flowers, bananas, etc.), what
habitat it can be found in, how long it lives, how many pups the females will give birth to per
year, why it is important to the local ecosystem (what are its ecosystem services). Put your
findings in a presentation, which could include a notebook, a written report, or an oral and
visual presentation.

Oriental Garden Lizards are found throughout southeast Asia. Research exactly where the
lizards can be found, what they eat, what habitat they can be found in, how long they live,
how many eggs a female will lay at a time and how often, why they are important to the local
ecosystem. Why are they sometimes considered to be invasive and what harm do they do to
the local ecosystem? Put your findings in a presentation, which could include a notebook, a
written report, or an oral and visual presentation.

Common House Geckos are found throughout southeast Asia. Research where they can be
found, what they eat, what habitat they can be found in, how long they live, how many eggs
a female will lay at a time and how often, why they are important to the local ecosystem.
Why are they sometimes considered to be invasive and what harm do they do to the local
ecosystem? How have they spread to many places around the world? Put your findings in a
presentation, which could include a notebook, a written report, or an oral and visual
presentation. Extra activity: What are some pros and cons of the exotic pet trade? Do you
think shipping exotic pets around the world is a good or bad idea? Support your opinion with
sources and facts and present your argument to an audience.

Find out what bats live in your area. Bats can be found almost anywhere. Use the Internet to
discover what bats live around you. Make a notebook that includes the common and
scientific names of each bat, what they eat, where they live, how long they live and how
many pups they have in a litter. Find out what the best time of day is to observe them and try
to identify each one you see based on the information you have recorded.

Find out what lizards live in your area. Do the same activity as in #4 but research lizards
instead. If you are very interested in lizards and/or bats, you can record your sightings on the
iNaturalist app. There you can upload any pictures you have taken and also see what lizards
or bats other people who live around you have seen. You can also participate in the
nationwide citizen science project called HerpMapper, where you can record your findings.

What is a volcano and why do some of them permanently stop erupting? Volcanoes are
alternately fascinating and terrifying. Some volcanoes, such as on the big island of Hawaii, are
actively and quietly erupting while others, such as the volcano that makes up the island of
Kauai, have stopped erupting forever. The Maldive Islands are a group of coral atolls that
formed over an ocean ridge called the Chagos-Laccadive Ridge in the Indian Ocean. Research
the history of the ridge to determine why it formed and why the volcanoes in the Maldives
are no longer active. Put your findings in a presentation, which could include a notebook, a
written report, or an oral and visual presentation.
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7. What do bats, lizards, and geckos have in common? Bats are mammals while lizards and
geckos are reptiles. Yet they all three have these things in common: birth, growth, and
reproduction. Use a table or a Venn Diagram to illustrate what these three animals have in
common as far as birth, growth, and reproduction, and how they are different.

8. Pick three major coral atolls anywhere in the world. Using world maps, locate three atolls
and compare their satellite images (Google Earth is a good resource). Then answer the
following questions:

a. Where is each island chain located?
How many islands are in each archipelago?
How many of the islands are true atolls and how many are islands made of barrier
reefs? How do you know?

d. Research the types of corals that are in each island chain. Are they the same or
different from island to island? Why?

Combine your information into a report, either oral or written, and give a presentation.

9. Compare the rate of change in sea levels for different places around the country. Go to
https://sealevel.info/data.php#top and check the sea level changes for the following cities:

a. Juneau, AK
b. Seattle, WA
c. Lewisetta, VA

Record in a notebook the rate of sea level change for each of these locations, then answer
the following questions:

a. Form a hypothesis. Before you begin, record in your notebook whether you expect
the rates of sea level change for each location to be the same or different. Possible
hypotheses include (but are not limited to) a) they will all have rising sea levels b) they
will all have falling sea levels c) they will have different rates of sea level change.

b. Look up the data for all three locations. At which locations (if any) did the sea level
fall? At which locations (if any) did the sea level rise? Were the values for the change
in rate the same or different?

c. What are some reasons why tide gauge data might be different from place to place
and not the same everywhere?

d. Why would it not be accurate to average the tide gauge data from all over the world
to get one number as the value of the rate of change of sea-level rise? Why would it
not be accurate to combine tide gauge data with satellite altimetry data to get one
number as the value of the rate of sea-level rise?

e. Inthe places where the sea level is falling, can you find a geologic or oceanographic
reason?

f. In the places where the sea level is rising, can you find a geologic or oceanographic
reason?
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g. Pick a state that has a coastline (such as Alaska or California) and make a table of the
values from all the tide gauges in the state. Do they all show the same trend in sea-
level changes? If so, why do you think they do? If not, why?

Prepare a presentation to share your results. Be sure to include your hypothesis, whether it was
supported and why. Include in your presentation the charts of sea level change for each location.
Also include any information you found about the geology of the area or any other factor that
might explain your observations. Be sure your report includes a discussion of what you did, what
you discovered, and a conclusion.

Formative and Summative Assessment

Describe a Flying Fox. Where does it live and why is it important to its local ecosystem?
Describe an Oriental Garden Lizard. Where does it live and what does it eat?

Describe a Common House Gecko. Where does it live and what does it eat?

What is a coral atoll? Describe how it forms.

Describe a parrotfish. Why is it important for the formation of sand on coral atolls?
Why do coral atolls grow as the sea level rises?

Why will most coral atolls not be submerged by the sea?

Nouhs,wnNe

Next Generation Science Standards (NGSS) Learning Objectives

Please note that the standards that cover the material in this lesson plan are only found in kindergarten, 2™, 3™,
and 4 grades and middle school curricula. The standards here are written exactly as they are written in the NGSS.

K-ESS3-1 Earth and Human Activity. Students who demonstrate understanding can:

K-ESS3-1. Use a model to represent the relationship between the needs of different plants and
animals (including humans) and the places they live. [Clarification Statement: Examples of
relationships could include that deer eat buds and leaves, therefore, they usually live in
forested areas; and, grasses need sunlight so they often grow in meadows. Plants, animals, and
their surroundings make up a system.] This standard includes the following Disciplinary Core
Ideas:

ESS3.A: Natural Resources

e Living things need water, air, and resources from the land, and they live in places
that have the things they need. Humans use natural resources for everything they
do.

2-1LS2-2 Ecosystems: Interactions, Energy, and Dynamics. Students who demonstrate understanding
can:

2-1LS2-2. Develop a simple model that mimics the function of an animal in dispersing seeds or
pollinating plants. This standard includes the following Disciplinary Core Ideas:
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LS2.A: Interdependent Relationships in Ecosystems
e Plants depend on animals for pollination or to move their seeds around.

3-LS1-1 From molecules to Organisms: Structures and Processes. Students who demonstrate
understanding can:

3-LS1-1. Develop models to describe that organisms have unique and diverse life cycles but all
have in common birth, growth, reproduction, and death. [Clarification Statement: Changes
organisms go through during their life form a pattern.] [Assessment Boundary: Assessment of
plant life cycles is limited to those of flowering plants. Assessment does not include details of
human reproduction.] This standard includes the following Disciplinary Core ldeas:

LS1.B: Growth and Development of Organisms

e Reproduction is essential to the continued existence of every kind of organism.
Plants and animals have unique and diverse life cycles.

3-LS2-1 Ecosystems: Interactions, Energy, and Dynamics. Students who demonstrate understanding
can:

3-LS2-1. Construct an argument that some animals form groups that help members survive.
This standard includes the following Disciplinary Core Ideas:

LS2.D: Social Interactions and Group Behavior

e Being part of a group helps animals obtain food, defend themselves, and cope
with changes. Groups may serve different functions and vary dramatically in size.

4-ESS1-1 Earth's Place in the Universe. Students who demonstrate understanding can:

4-ESS1-1. Identify evidence from patterns in rock formations and fossils in rock layers to
support an explanation for changes in a landscape over time. [Clarification Statement:
Examples of evidence from patterns could include rock layers with marine shell fossils above
rock layers with plant fossils and no shells, indicating a change from land to water over time;
and, a canyon with different rock layers in the walls and a river in the bottom, indicating that
over time a river cut through the rock.] [Assessment Boundary: Assessment does not include
specific knowledge of the mechanism of rock formation or memorization of specific rock
formations and layers. Assessment is limited to relative time.] This standard includes the
following Disciplinary Core Ideas:

ESS1.C: The History of Planet Earth

20



e Local, regional, and global patterns of rock formations reveal changes over time
due to earth forces, such as earthquakes. The presence and location of certain
fossil types indicate the order in which rock layers were formed.

4-ESS2-2 Earth's Systems. Students who demonstrate understanding can:

4-ESS2-2. Analyze and interpret data from maps to describe patterns of Earth’s features.
[Clarification Statement: Maps can include topographic maps of Earth’s land and ocean floor,
as well as maps of the locations of mountains, continental boundaries, volcanoes, and
earthquakes.] This standard includes the following Disciplinary Core Ideas:

ESS2.B: Plate Tectonics and Large-Scale System Interactions

e The locations of mountain ranges, deep ocean trenches, ocean floor structures,
earthquakes, and volcanoes occur in patterns. Most earthquakes and volcanoes
occur in bands that are often along the boundaries between continents and
oceans. Major mountain chains form inside continents or near their edges. Maps
can help locate the different land and water features areas of Earth.

MS-ESS2-2 Earth's Systems. Students who demonstrate understanding can:

IMS-ESS2-2. Construct an explanation based on evidence for how geoscience processes have
changed Earth's surface at varying time and spatial scales. [Clarification Statement: Emphasis is
on how processes change Earth’s surface at time and spatial scales that can be large (such as
slow plate motions or the uplift of large mountain ranges) or small (such as rapid landslides or
microscopic geochemical reactions), and how many geoscience processes (such as
earthquakes, volcanoes, and meteor impacts) usually behave gradually but are punctuated by
catastrophic events. Examples of geoscience processes include surface weathering and
deposition by the movements of water, ice, and wind. Emphasis is on geoscience processes
that shape local geographic features, where appropriate.] This standard includes the following
Disciplinary Core Ideas:

ESS2.A: Earth’s Materials and Systems
e The planet’s systems interact over scales that range from microscopic to global in
size, and they operate over fractions of a second to billions of years. These
interactions have shaped Earth’s history and will determine its future.
ESS2.C: The Roles of Water in Earth's Surface Processes
e Water’'s movements—both on the land and underground—cause weathering and

erosion, which change the land’s surface features and create underground
formations.
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What is the CO2 Coalition?

The CO, Coalition was established in 2015 as a 501(c)(3) for the purpose of educating thought leaders,
policymakers, and the public about the important contribution made by carbon dioxide to our lives and

the economy.

The CO, Coalition is a group of top scientists, engineers and energy experts who study and report on
the important contribution made by carbon dioxide to our lives and the economy.

Learn more at CO2Coalition.org and CO2LearningCenter.com.

22



