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*Please note that the last day for Seniors to submit assignments is May 15th.  All Seniors will be exempt from completing any Distance 
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May 4 May 5 May 6 May 7 May 8 

Standard: H.E.1 
 
Learning Tasks:  
Read, setup and make predictions 
for the Experiment 

Standard:  MS-6  
 
Learning Tasks:  
Read 1 of the article choices 
provided. 

Standard: H.E.1:  
 
Learning Tasks:  
Record observations for the two 
bottle experiment 

Standard: MS-6  
 
Learning Tasks:  
Complete the article analysis task 
which goes with the article you 
read on Tuesday 

Standard: H.E.1:  
 
Learning Tasks:  
Record observations for the two 
bottle experiment 

May 11 May 12 May 13* May 14 May 15 
Standard: H.E.1:  
Learning Tasks:  
Record observations for the two 
bottle experiment  

Standard:  MS-6  
 
Learning Tasks:  
9th, 10th 11th grade: Read a 2nd 
article of the article choices 
provided. 
 
12th grade:  Read a 2nd article of 
the article choices provided and 
Complete the article analysis task 
which goes with the article you 
read. 

Standard:  H.E.1:  
 
Learning Tasks:  
9th 10th, 11th grade Record 
observations for the two bottle 
experiment 
 
12th grade  Record final 
observations for the two bottle 
experiment  and do the Summary 

Standard: MS-6  
 
Learning Tasks:  
Complete the article analysis task 
which goes with the article you 
read on Tuesday 

Standard:  H.E.1:  
 
Learning Tasks:  
Record observations for the two 
bottle experiment 

May 18 May 19 May 20 May 21 May 22 

Standard: H.E.1:  
 
Learning Tasks:  
Record observations for the two 
bottle experiment  

Standard: MS-6  

 
Learning Tasks:  
Read a 3rd article of the article 
choices provided. 

Standard:  H.E.1:  
 
Learning Tasks:  
Record observations for the two 
bottle experiment 

Standard: MS-6  
 
Learning Tasks:  
Complete the article analysis task 
which goes with the article you 
read on Tuesday 

Standard:  H.E.1:  
 
Learning Tasks:  
Record final observations for the 
two bottle experiment  and Do 
the Summary 



Marine Science Packet 3 Experiment 
 
Directions: You will complete this experiment over the entire course of the packet on Mondays, Wednesdays, and 
Fridays. If you miss a day, you can do a makeup observation on the weekend. Your observations may include 
pictures or sketches as long as there is description to go along with them. 
 
Materials:  2 clear plastic bottles of the same size. 
  Black marker 
  Dark paper, tin foil, or a dark cloth. 
  Paper/word document for observations 

Scissors 
Tape 
Water 
 Ruler 

Day 1: Setup your experiment and make predictions 
 
Procedure: 
1. Rinse and remove the labels from two clear plastic bottles. 
2. Fill the bottles to within an inch or two of the top. Try to make the 

water the same height.  Measure from the table to the top of the 
water in each bottle using a ruler or the side of this paper. 

3.  Mark the top of the water with your marker or a piece of tape. 
4. Use the marker to label 1 bottle “Light” and the other bottle “Dark”. 
5. Cut out, or recreate the two secchi disk patterns shown to the right. 
6. Tape one secchi disk under each bottle, black and white side up so 

that you can look through the lid opening and see the black and white. 
7. Put the lid on each bottle. 
8. Cover the “dark” bottle completely with dark paper, solid cloth, or tin 

foil.  Try to block any light from getting into the bottle from any angle. 
9. Set your bottles in a sunny area where they will be undisturbed for a 

few weeks.  This can be an indoor or outdoor location. 
 
Label Day 1 In your notebook or word document:  
1. What is the water height in each bottle? 
2. Describe how well you could see the secchi disk through the bottle 

opening? Is the water clear or cloudy? 
3. Describe the water temperature variation.  (Generally the two bottles 

should feel the same temperature on day one.) 
4. Predict what you think will happen to the water in each bottle over 

the next several weeks if left in a sunny spot. 
 
Directions for the remainder of the packet 

1. Return on Mondays, Wednesdays, and Fridays to your bottles. 
2. In your notebook or word document label the date.  Generally, 

describe the weather conditions since your previous observation 
(ie. Hot and sunny, cool and overcast, thunderstorms). 

3. Observe the “Light” bottle including  
a. the clarity looking through the top at the secchi disk,  
b. color,  
c. height of the water 
d. relative temperature to the “dark” bottle 
e. general observations and notes on changes you are seeing. →(Over) 

  

Figure 1 (above) Secchi Disks to cut out 
(below) example placement of disk 
under bottle. 



Directions for the remainder of the packet (Continued) 
4. Carefully remove the dark wrapping from the “Dark” bottle and do the same 
observations for it.  
5. Make sure to close the lids and re-cover the “Dark” Bottle after each 
observation. 
 
Summary: On the last day of the packet,  

1. Write a brief summary of the changes that occurred in your water bottles 
during the experiment.   

2. Compare what you observed to what you predicted. 
3. Hypothesize what might have caused the differences between the two 

bottles. 
4. Suggest at least 1 additional observation or measurement you did not take. 

which might have been useful if you were to rerun the experiment. 
5. What might have been different if you had used water from a freshwater or 

ocean water source rather than the tap? 
6. Clean up your materials or save for further packets as per your teacher’s 

instructions. 

This space 
intentionally blank 
to allow for 
cutting out of 
secchi disks 



Article assignments to choose from: 

Option 1 Caught on Camera: Glowing waves in Big Sur, California 

How does the grouping of these dinoflagellates help them to survive? State your 

answer/solution as a claim. Support your claim with evidence from the article. Think about 

animal survival, then explain why the evidence from the text supports your claim. 

Option 2: Big Questions: What makes oceans so salty? 

Select 6 scientific terms from the article.  Define the term according to the information from 

the article. 

Option 3: Lost-at-sea basketball grows a barnacle beard 

In what ways do lost items help creatures in the ocean? State your answer as a claim. Support 

your claim with evidence from the article. Think about the items in the ocean, then explain why 

the evidence from the text supports your claim. 

Option 4: Caught on Camera: The lemon shark 

Read the article and produce a 10-question quiz from the information.  Provide the answers to 

the quiz. 

Option 5: Science Daily: Read both Caribbean coral reef decline began in 1950s and 1960s 

from local human activities and Warming climate undoes decades of knowledge of marine 

protected areas 
Write a 6 to 8 sentence paragraph comparing these articles, use wording from each article to explain  

how these articles relate to each other.   

Option 6: Science Daily More protections needed to safe guard biodiversity  

Read through the article and Develop 15 questions from the article. Provide the answers to the quiz. 

 

 

 

 

 



This article is available at 5 reading levels at https://newsela.com.

Caught on Camera: Glowing waves in Big Sur,
California

Image 1. Photographer George Krieger captured the unusual scene in vivid detail. Photo by: George Krieger.

After a car accident, George Krieger took up photography. He thought it could be a way to heal.

Krieger lives in California, where there are all kinds of natural landscapes to capture on camera.

He walks nearly every day along the state's beautiful beaches to snap pictures. Earlier this month,

during a night-time photo walk near Bixby Bridge in Big Sur, Krieger noticed something very

strange. The gentle waves were glowing blue under the night sky.

"You know when car headlights hit the top of waves at the beach?" Krieger tells Smithsonian.com.

"It looked kind of like that."

But Bixby Bridge towers 260 feet above a canyon. Krieger knew that no car driving over it could

angle its lights downward to make such a glow. He also noticed that only certain places in the

water were shining blue.

Incredible Sight Caused By Bioluminescence

By Smithsonian.com, adapted by Newsela staff on 03.15.18
Word Count 546
Level 830L

This article is available at 5 reading levels at https://newsela.com.

Krieger suspected that the incredible sight might be

caused by bioluminescence. Bioluminescence is a

chemical reaction that allows living creatures to

produce light. Krieger wanted to find out for sure. So,

he emailed Mark Siddall, an expert on ocean animal

life. Siddall explained that the glittering critters were

called dinoflagellates. Dinoflagellates are a type of

phytoplankton. These tiny plantlike organisms float

across the world's oceans. 

The tiny organisms give off light to startle predators.

Some scientists think they also light up to draw the attention of other creatures that eat the

original predators. When there are many of them in one place, flashing dinoflagellates can make

the water glow.

Capturing Pictures Of The Glowing Waves

Krieger was able to capture detailed pictures of the glowing waves. He posted the photos on

Facebook, and word of Big Sur's ocean glow began to spread. Steve Haddock is an expert on

bioluminescence at the Monterey Bay Aquarium, which is located near Big Sur. After seeing the

photos, Haddock confirmed that there were a high number of dinoflagellates in the area. He said

he was not surprised they caused the ocean to glow. 

Reports of glowing waves along the coast of California

had been on the rise since January. One reason is that

the ocean currently has a large amount of food that

phytoplankton eat. Another reason is the lack of wind.

High pressure in the atmosphere had prevented winds

from blowing through California's coasts. In turn, the

calm weather allowed layers of dinoflagellates to build

up in the water.

Coasts No Longer Glowing

Krieger says that in recent weeks, there have been

storms and the coasts are no longer glowing. He is glad that he was able to capture the majesty of

this rare event. He likes that people around the world can experience what he saw. Taking

complicated photographs also helps him heal from his accident.

"Being able to be there and see something cool and know exactly how to capture it — it is

awesome," he says. He likes knowing what equipment to use to get a good picture. "It feels great to

be able to share something that very few people get to see."



This article is available at 5 reading levels at https://newsela.com.

Big Questions: What makes oceans so salty?

Have fun in the surf, like these kids in Ocean City, Maryland, but make sure to drink water — from a faucet or bottle: The stuff you're
swimming in is so salty, gulping large amounts actually will make you dehydrated. Photo by Washington Post/Michael S. Williamson

Many of us spend summer days at the beach, playing in the waves. When you think of summer,

you may think of the sounds and smells of the ocean. The water tastes salty as it seeps into your

mouth. It stings as it hits any cuts or scrapes on your skin. What gives the seashore its signature

saltiness?

Salts come out of rocks, often thanks to the rain. Rain is slightly more acidic than pure water.

That's because carbon dioxide from the air combines with the rainwater. That forms an acid called

carbonic acid.

Minerals Seep Into Water

In most cases, rain is not acidic enough to harm plants or animals. But it does cause rocks to

erode, or slowly break down over time. Minerals, including salts, break free from rocks. The salts

seep into the ground or water around them.

By Washington Post, adapted by Newsela staff on 06.25.18
Word Count 534
Level 790L

This article is available at 5 reading levels at https://newsela.com.

Rivers don't get very salty, because minerals come out

of rocks in small amounts. But the river water

constantly flows into the ocean. That river water

doesn't leave the ocean unless it evaporates under the

sun. And even then, evaporation doesn't get rid of the

salt. Salt leaves the ocean only when living things use

it or carry it out on their bodies.

Salinity

When the planet was new, our oceans probably

weren't that salty. Their saltiness is called salinity.

Salinity built up over time. The National Oceanic and Atmospheric Administration is a scientific

government group. This group estimates that if you took all the salt out of the ocean and spread it

out on land, it would form a layer 500 feet thick!

Salty Dead Sea Is Really A Lake

The ocean isn't the only place that collects salty water.

The Dead Sea is in the Middle East. It is surrounded

by Jordan, Israel and the Palestinian territories. The

Dead Sea is considered one of the saltiest bodies of

water on the planet — and it is actually a lake. Most

lakes have water flowing out, not just in, which keeps

salt from building up. But after water enters the Dead

Sea, it has no way to exit. The lake is located in a very

dry place, and it sits very far below sea level. Due to its

location, water evaporates quickly. The salt is left

behind. The salinity is so high near the bottom of the Dead Sea that salt clumps together to form

big crystals.

No More Than A Mouthful

Seawater is fun to play in. You should try your best not to swallow more than a mouthful, though.

Your body needs salt to survive. However, you must urinate any extra amount before it poisons

you. A glass of ocean water doesn't actually contain enough water to make up for the added salt. It

won't take too many gulps of seawater before your body runs out of water. So make sure you stay

hydrated while you enjoy the sea this summer!



This article is available at 5 reading levels at https://newsela.com.

Lost-at-sea basketball grows a barnacle beard

Image 1. English skipper Annie Gilbert found a basketball that had been out to sea for quite a while. Photo: Courtesy of Annie Gilbert.

Humans toss all kinds of things into the ocean. That includes about eight million tons of plastic

each year. Every sailor has seen garbage in the sea and been heartbroken. But sometimes you

come across something surprising, something out of place, that can make you smile. You spy

something under the water. You think it could be a whale or a turtle, but no, it's actually

something completely unexpected! 

In January 2012, I sailed across the Atlantic Ocean with five other sailors. We started at Cape

Verde, an island country off the west coast of Africa. We were about 500 nautical miles from our

starting point. Nautical miles measure distance in the ocean for ships. A nautical mile is slightly

less than a mile on land. Way out there, we came across a lone surfboard riding the tall ocean

waves.

Spalding The Basketball, Friend Of Wilson The Volleyball

Last fall, Annie Gilbert had one of these moments, too. Gilbert is a skipper, or captain, of a fishing

boat in Dorset, England. She was out on the water when she spotted something strange. "We saw

something bobbing and I thought: 'What's that?'" she writes on Twitter.

By Vittoria Traverso, Atlas Obscura, adapted by Newsela staff on 01.26.18
Word Count 499
Level 820L

This article is available at 5 reading levels at https://newsela.com.

The object turned out to be a Spalding basketball. It looked clean on the top. But under the water,

it was covered in a thick beard of goose barnacles. Judging from the number of filter-feeding

crustaceans attached to it, Gilbert thinks it may have been lost at sea for at least two years. She

posted a photo on social media and released the ball back into the sea "to continue its journey."

Strange Encounters With Manmade Objects At Sea

Everyone who has spent any time at sea has a story

about a strange meeting with a manmade object. My

friend Paolo Fresia found a perfect white lifeboat a

few miles off the coast of Greece. "It was around noon

on a sunny and calm day of July 2015," he says. He

decided to change his course and head to the boat in

case someone was lost at sea. Fresia had a doctor on

board with him and they were ready for whatever they

found. Luckily, the boat was empty. They towed it

back to Italy for disposal. 

Two of my friends, Stefano Minini and Sebastiano

Gili, are also sailors. They once found a wooden fruit

box about 30 nautical miles from the coast of Italy.

Sebastiano's cousin, Francesco Gili, is a sailing

instructor. On one very windy day, he bumped into a

bright pink inflatable flamingo. "Suddenly I see this

bright pink thing coming closer to us." 

Maybe Yours To Keep

Next time you're at sea, keep a lookout. The maritime

salvage law says that whatever you encounter at sea,

unless reclaimed by its original owner, is yours to

keep.



This article is available at 5 reading levels at https://newsela.com.

Caught on Camera: The lemon shark

A lemon shark cruises through the submerged branches of a mangrove forest. Photo by: Shane Gross

Along the ragged coastline of the island of Eleuthera in the Bahamas, a lemon shark pup swims

through the gnarled branches of a mangrove. At just 6 months old, the pup is fully independent. It

has been since birth. It will patrol the mangrove forest's roots and submerged branches until it

reaches full maturity. In the mangrove, the pup will be shielded from predators and surrounded by

prey.

The pup will spend nearly a decade in this unique ecosystem. Then, like other members of its

species, the young adult will venture into the reefs and open waters farther out to sea. Eventually,

female lemon sharks complete their life cycle by returning to the same patch of mangroves where

they were born. They give birth to their own litters there.

Rich Habitats Or Useless Swamps?

Mangrove forests are biologically rich tangles of salt-tolerant trees that grow in shallow tropical

and subtropical waters around the world. About 80 species of trees grow in mangroves. These

forests are seen by many as useless, impenetrable, insect-ridden swamps. Yet mangrove

ecosystems provide habitat for untold numbers of marine organisms. They also play a critical role

By bioGraphic, adapted by Newsela staff on 10.05.17
Word Count 435
Level MAX

This article is available at 5 reading levels at https://newsela.com.

in coastal protection. Their intertwining roots anchor

firmly in the mud. This creates a safe haven and

nursery for far more creatures than lemon sharks.

Migratory birds, juvenile fish and shellfish also spend

critical periods of their lives here.

Mangroves Improve Water Quality

The fringe of mangrove forests along coastlines also

improves water quality. It filters pollutants. And it

serves as an important buffer against coastal erosion

—a problem that grows as sea levels rise. Recent research even demonstrates that mangroves

significantly increase the alkalinity of the seawater around them. Alkalinity is the water's ability to

neutralize acid. This provides hope that these forests could mitigate the effects of increasing ocean

acidification for nearby reefs.

Many Mangroves Have Been Destroyed

Despite their value, mangroves are being cleared at a staggering rate. They are cleared for

aquaculture, tourism and other forms of coastal development. Experts estimate that at least half of

the world's mangroves have already been destroyed. They also say we're currently losing these

valuable habitats at a rate of 1 percent each year. 

To save mangroves, humans need to practice more thoughtful coastal development. If not, this

shark pup may one day return to find a hotel and an eroding beach in place of the mangrove forest

where it was born.
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Your source for the latest research news

Date:

Source:

Summary:

Caribbean coral reef decline began in 1950s and 1960s from local
human activities

April 22, 2020

Arizona State University

Fossil data, historical records, and underwater survey data have been used to reconstruct the
abundance of staghorn and elkhorn corals over the past 125,000 years. Researchers show that
these corals first began declining in the 1950s and 1960s, earlier than previously thought.

FULL STORY

Not long ago, the azure waters of the Caribbean contained healthy and pristine coral reef
environments dominated by the reef-building corals that provide home to one-third of the
biodiversity in the region.

But the Caribbean reefs of today pale in comparison to those that existed even just a generation ago. Since
researchers began intensively studying these reefs in the 1970s, about one half of Caribbean corals have died.
The iconic elkhorn and staghorn corals that once dominated Caribbean reefs have been hardest hit, with only 20%
of their populations remaining today.

Although researchers believe climate change, fishing and pollution are to blame, the lack of baseline data prior to
the 1970s has made it hard to determine the precise reasons for these coral die offs. ASU researcher Katie
Cramer wanted to document when corals first began dying to better understand the root causes of coral loss.

Now, in a new paper in Science Advances, Cramer has combined fossil data, historical records, and underwater
survey data to reconstruct the abundance of staghorn and elkhorn corals over the past 125,000 years. She finds
that these corals first began declining in the 1950s and 1960s, earlier than previously thought. This timing is
decades before climate change impacts, indicating that local human impacts like fishing and land-clearing set the
stage for the widespread coral declines that are now accelerating in response to warming oceans.

"I am interested in going back to the scene of the crime when humans first began to significantly impact coral reefs
centuries ago, to understand when, why and how much reefs have been altered by humans," said Katie Cramer,
an assistant research professor at the Julie Ann Wrigley Global Institute of Sustainability at Arizona State
University and an Ocean Science Fellow at the Center for Oceans at Conservation International.

The earlier, local roots of declines of elkhorn and staghorn corals in the 1950s and 1960s highlight the urgency of
mitigating local human impacts on reefs to allow these corals to recover. "In an era where coral reefs are being hit
with multiple human stressors at the same time, we need to resolve why and how much coral reefs have changed
over human history to inform our responses to the current reef crisis."

"Recent studies are showing that reefs are better able to cope with climate change impacts when they are not also
stressed from overfishing and land-based runoff. So let's get a handle on these tractable problems now to give
reefs a better chance of weathering the current climate crisis," said Cramer.
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Your source for the latest research news

Date:

Source:

Summary:

Warming climate undoes decades of knowledge of marine
protected areas

April 24, 2020

Lancaster University

A new study highlights that tropical coral reef marine reserves can offer little defence in the face of
climate change impacts. And the changes that are being observed will force scientists,
conservationists and reserve managers to rethink the role these protected areas can bring.

FULL STORY

Climate change and warming seas are transforming tropical coral reefs and undoing
decades of knowledge about how to protect these delicate and vital ecosystems.

Many of the world's coral reefs are seeing biodiversity plunge in the face of repeated coral bleaching events.

Protected areas, called marine reserves, are an effective and long-established tool in the conservation toolbox.
Marine reserves have been used for decades to enhance biodiversity and fish biomass by preventing damage and
over-exploitation by fishing.

However, a new study highlights that tropical coral reef marine reserves can offer little defence in the face of
climate change impacts. And the changes that are being observed will force scientists, conservationists and
reserve managers to rethink the role these protected areas can bring.

"Climate change is so fundamentally changing the structure and composition of coral reef ecosystems, that the
way the ecosystem functions and responds to common management and conservation approaches needs to be
carefully re-evaluated," explains Professor Nick Graham of Lancaster University and lead author of the study. "The
rules we have come to rely on, no longer apply."

Bleaching occurs when seas become too warm, causing corals to expel their colourful algae. This disrupts the
ecosystem and reduces the availability of food and shelter for many fish species.

Some coral reefs are able to recover over time, while others are transformed and become dominated by seaweed.

The new study, published in the journal Nature Communications, focused on reefs and marine reserves in
Seychelles. Coral reefs in Seychelles were badly affected by a bleaching event in 1998, when around 90% of the
coral died. Scientists used data from 21 reefs over a 20-year time period, spanning the 1998 bleaching event, to
explore how reefs have changed and how this has affected the role of marine reserves.

Professor Graham explains: "Our long-term records of Seychelles' coral reefs show that before the bleaching
event marine reserves contained high coral cover, a very biodiverse range of fish, and high biomass of carnivorous
and herbivorous fish.
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"Following the bleaching event, the role of the marine reserves changed substantially. They no longer supported
higher coral cover compared to adjacent fished areas, and their role in enhancing biodiversity decreased. Plant-
loving fish, such as rabbitfish and parrotfish, dominated fish communities. This was the case for reefs where corals
were recovering, as well as reefs transformed and dominated by seaweed."

Reduced numbers of carnivorous predators, such as grouper and snapper species, show reserves are much less
effective at protecting the tops of food webs in the years following bleaching events. These population drops are
likely due to fewer fish for them to prey on after the loss of coral reef structures.

Dr Shaun Wilson, of the Department of Biodiversity, Conservation and Attractions in Western Australia, a co-author
on the study, said: "Despite these climate-driven transformations, marine protected areas still have a role to play in
ocean conservation. It is encouraging that marine reserves continue to protect some species, especially when
these species are critical for local fisheries."

Gilberte Gendron of the Seychelles National Parks Authority, adds: "Although these reordered marine reserves are
less biodiverse, they are still important to maintain. This is because, when compared to openly fished areas, they
still protect higher levels of fish biomass of species that are important to our local fisheries. For example, the
protected herbivorous fish can spill out into openly fished areas and help support adjacent fisheries."

If the goal is to protect biodiversity then it may be better to target new marine reserves around those coral reefs
where the rate of warming is slowest, or those where recovery from bleaching is more likely.

While the scientists say marine reserves still have an important role to play in protecting fish biomass, they call in
their paper for urgent reductions in global greenhouse gas emissions, as well as other pressures such as poor
land practices that input nutrients and pollutants to coastal waters, to protect tropical coral reefs.

Story Source:

Materials provided by Lancaster University. Note: Content may be edited for style and length.

Journal Reference:

1. Nicholas A. J. Graham, James P. W. Robinson, Sarah E. Smith, Rodney Govinden, Gilberte Gendron, Shaun
K. Wilson. Changing role of coral reef marine reserves in a warming climate. Nature Communications,
2020; 11 (1) DOI: 10.1038/s41467-020-15863-z
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RELATED STORIES

Large Marine Parks Can Save Sharks from Overfishing Threat
Jan. 23, 2020 — 'No-take' marine reserves -- where fishing is banned -- can reverse the decline in the world's
coral reef shark populations caused by overfishing, according to a new study. But researchers found that ...
read more 
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Summary:

More protections needed to safeguard biodiversity in the Southern
Ocean

April 22, 2020

University of Colorado at Boulder

Current marine protected areas in the Southern Ocean need to be at least doubled to adequately
safeguard the biodiversity of the Antarctic, according to a new study.

FULL STORY

Current marine protected areas in the Southern Ocean need to be at least doubled to
adequately safeguard the biodiversity of the Antarctic, according to a new CU Boulder
study published today, Earth Day, in the journal PLOS ONE.

Proposals under consideration by an international council this year would significantly improve the variety of
habitats protected, sustain fish populations and enhance the region's resilience to the effects of climate change,
the authors say.

"Compared to the rest of the world's oceans, we have some of the healthiest marine systems left in the world in
Antarctica," said Cassandra Brooks, author of the new paper and assistant professor in the Environmental Studies
Program. "But there are vast areas of the Southern Ocean that are left completely unprotected."

Many international targets suggest that 10 to 30 percent of the world's combined oceans should be protected. The
Southern Ocean, which surrounds Antarctica, comprises about 10 percent of the world's oceans, and its protection
can play a large role in accomplishing this goal.

At present, almost 12 percent of the Southern Ocean is designated as part of marine protected areas, or MPAs.
MPAs -- especially "no-take" MPAs, or marine reserves which do not allow any fishing -- have been shown to
support the abundance and diversity of species.

"But percentages aren't enough," said Brooks. "You want protected areas to be representative of all the different
life that's in the Southern Ocean."

The Antarctic region is home to as many as 10,000 species -- including whales, seals, penguins, fish, corals and
giant Antarctic sea spiders -- many of which are found nowhere else in the world. And as far as scientists know,
none of them have yet gone extinct from climate change or other human actions.

If additional marine protected areas currently under negotiation by the Convention on the Conservation of Antarctic
Marine Living Resources (CCAMLR) are implemented, they would encompass almost 22 percent of the Southern
Ocean and achieve at least 10 percent representation of its over 40 unique habitats.

"As marine scientists, it's important we have places left that we can actually study as healthy systems that are
undergoing climate stress," said Brooks.
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But the Southern Ocean supports international commercial fisheries for Patagonian and Antarctic toothfish, sold as
Chilean sea bass, as well as krill, which is farmed for fish meal and omega-3 fatty acid pills. Less than 5 percent of
the Southern Ocean's protection bans fishing.

Pressure on these fisheries has increased in recent years and is likely to continue, due to the popularity of omega-
3 pills and demand for fish meal -- which is fed to pigs, chickens, and other farmed fish. At the same time, climate
change pressures on Southern Ocean ecosystems are also increasing.

To help boost the resilience of these ecosystems, "we really need large areas that are off limits to extraction," said
Brooks. "Antarctica is a global commons that belongs to all of us."

A system in flux

The importance of the Antarctic cannot be understated. The Southern Ocean stores 90 percent of the world's
freshwater, drives global ocean circulation and regulates our entire climate.

"At its most basic level, all Earth's systems depend on the Southern Ocean," said Brooks. "And Antarctica is one of
the fastest changing places in the whole world due to climate change. It is impacting the entire ecosystem in ways
that we really don't understand yet."

Populations of phytoplankton communities and krill -- at the bottom of the food chain -- to penguins and toothfish --
at the very top -- are changing. The whole system is in flux.

Most of these animals cannot migrate or relocate. They're already as far south as they can go.

Building on work from previous studies, Brooks and her co-authors wanted to know: Are we protecting the right
areas that actually will conserve biodiversity?

So they looked at the variety of Antarctic ocean habitats, from the seafloor to the open water, and examined what
percentage of them rest within existing and proposed protected areas and which ones do not.

They found that for protections to be fully representative of the biodiversity in the Southern Ocean, and better
protect many ocean birds and mammals, they would need to be increased even more than protections currently
proposed by CCAMLR. This international treaty group of 26 member states is next scheduled to meet in October
of 2020.

Adopting these protections would be an important milestone in the right direction, said Brooks.
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