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Where are the most biologically diverse places on the planet? If I asked you this question, you 
might guess the Amazon rainforest in Brazil or the jungles of India. But another rich source of 
biodiversity is actually underwater. Off the northeastern coast of Australia live thousands of 
species of fish, birds, and reptiles. Their home is the Great Barrier Reef, the world’s largest coral 
reef. Stretching over 1,600 miles, the Great Barrier Reef is as long as the distance from Boston to 
Miami in the United States. It covers more than 133,000 square miles, and it is even visible from 
outer space. Scientists believe that the reef is around 500,000 years old, but it has shifted forms 
several times during its existence. The reef has most likely had its present topography for 6,000-
8,000 years. 

The reef may look like a rock, but it’s actually alive. Coral reefs are underwater structures that 
are made by corals—tiny animals that are related to jellyfish. The corals have tender bodies that 
are vulnerable to attack, so they secrete a hard substance called calcium carbonate to protect their 
exteriors. The calcium carbonate builds up until it makes formations that look like rocks to the 
human eye. Coral reefs grow best in warm, shallow, clear water that receives a lot of sunshine. 
Around a quarter of all marine species live in coral reefs, and these reefs play an important role 
in supporting diversity in the ocean. Charles Darwin, the famous biologist who first proposed the 
scientific theory of evolution, described the coral reef as an oasis in the desert of the ocean. 



Though tropical waters typically provide very little nutrients, the coral reefs that exist in tropical 
waters are among the richest and most diverse ecosystems on Earth. 

Hundreds of different coral species make up the various structures composing the Great Barrier 
Reef. Within these structures, several ecosystems flourish. Ecosystems are complex systems that 
contain several species that interact with one another. The Great Barrier Reef is home to over 
1,500 species of fish. But it’s not just fish that live in the reef. The reef also provides food and 
shelter to sponges, whales, dolphins, marine turtles, and mollusks. 

Symbiotic Relationships in the Reef: Clownfish and Sea Anemones 
 
 

 

 

 

 

The Great Barrier Reef is home to a number of species that have special, interdependent 
relationships. One such example is the unique, mutually beneficial partnership that exists 
between the clownfish and the sea anemone. The clownfish and sea anemone each benefit the 
other. In science, this type of relationship is called a symbiotic and mutualistic relationship. 
Clownfish are small fish, typically about three to seven inches long. The name comes from their 
bright coloring, which can be orange, red, or yellow, interspersed with stripes of black and white. 
Clownfish use sea anemones as their homes. 

The sea anemone is a polyp, a cousin to the jellyfish. Sea anemones have long tentacles and look 
like exotic underwater flowers. But the sea anemone has a hidden power—its tentacles have 
venom that paralyzes fish and crabs. Once a fish or crab is paralyzed, the sea anemone eats it. 

How does the clownfish survive living in such a dangerous home? The body of the clownfish is 
covered in a particular type of mucus. This mucus protects the clownfish from the anemone, 
making it immune to the poison. Because clownfish live in anemones, the poison tentacles 
protect them from other predators. The clownfish is also able to eat some of the food the 
anemone can’t digest. The sea anemone benefits from having clownfish live inside it, as well. 
The clownfish plays a crucial role defending the sea anemone from fish and parasites that might 
otherwise harm it. 



Visitors to the Reef: Humpback whales 

While the Great Barrier Reef is the permanent home for many animals and plants, other species 
only visit the area seasonally. The humpback whale comes to the Great Barrier Reef every winter 
to breed and give birth to its young. Though humpback whales look similar to fish and share 
many characteristics, they are, in fact, mammals. Instead of scales, they are covered in skin. The 
markings on a humpback whale’s skin are unique to each whale, similar to how every human 
being has a fingerprint unlike any other. Humpback whales are one of the largest animals in the 
Great Barrier Reef, about as long as a medium school bus. On average, the humpback whale 
comes to the ocean’s surface to breathe every seven to 15 minutes, but they can remain 
underwater for as long as 45 minutes. Humpback whales are famous for their singing. Male 
humpback whales vocalize, making noises that last up to 20 minutes and sound eerily similar to 
songs. 

Even though humpbacks are enormous, they only eat the tiniest of sea creatures. Favorite foods 
of the humpback whale include plankton-, shrimp-like creatures called krill, and small fish such 
as herring and mackerel. Humpback whales don’t have sharp teeth. Instead, their mouths are 
filled with large plates of baleen. Baleen is made out of keratin, the same material that our 
fingernails are made from. It enables the whales to strain the small creatures from the seawater. 
To feed, the humpback whale will gulp a mouthful of small fish, plankton, or krill and then let 
the water flood out. 

Humpback whales use a hunting strategy called bubble net feeding. A group of whales work 
together to capture large schools of herring, krill, or other small sea creatures. One whale blows a 
wall of bubbles around the herring school, while other whales make noises. These stimuli 
confuse the whales’ prey so that the rest of the whales can herd the small creatures together and 
upwards. Then the whales can easily lunge up with their mouths open and consume large 
quantities of sea creatures. Humpback whales eat an average of 4,500 to 5,500 pounds of 
plankton, krill, and fish each day during their feeding season. 

The Great Barrier Reef is crucial for the humpback whales’ survival. Humpback whales come 
from Antarctic waters to the Great Barrier Reef from May to September to give birth and build 
up strength over the winter before they return to the Antarctic in the summer, according to the 
Great Barrier Reef Marine Park Authority. 

The Future of the Great Barrier Reef 

The Great Barrier Reef, home to so many diverse species, is now in danger due to several threats. 
These threats include pollution, human interference, and changing ocean temperatures. Pollution 
and declining water quality endanger both the coral reef and the species that live within it. Rivers 



coming from northern Australia can bring pollution from farm runoff when there are floods. 
Farm runoff pollution includes animal waste, fertilizer, and pesticides. In recent years, pollution 
from these rivers has become worse because there are fewer coastal wetlands. In the past, coastal 
wetlands between the rivers and the Great Barrier Reef would serve as filters, keeping the worst 
of the pollution from reaching the ocean. 

Human interference that harms the Great Barrier Reef includes shipping accidents and 
overfishing. Many ships pass through the Great Barrier Reef when they are bringing cargo to and 
from Australia. It can be tricky for captains to navigate through these waters, and, as of 2013, 
there were over 1,600 known shipwrecks in the Great Barrier Reef. Shipwrecks not only damage 
the physical structure of the reef; they can also spill oil into the water, killing local species. 

Though pollution and human interference are both problems, many scientists consider climate 
change the greatest threat to the Great Barrier Reef. Ocean temperatures are rising, making coral 
reefs weaker and more susceptible to disease. Rising ocean temperatures also affect the 
ecosystems in the coral reef, throwing off the delicate balance that allows so many species to 
coexist. The Great Barrier Reef is one of the planet’s treasure troves of biodiversity—but it may 
disappear within 100 years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Threats to Biodiversity 
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Taiwan: Butterfly Kingdom 

Taiwan is a small island, but it's home to more kinds of butterflies 
than almost any other place in the world. Scientists have discovered 
about 400 butterfly species. Fifty-five of them are endemic. They 
live nowhere else in the world! 

The reason for this rich variety is Taiwan's diverse habitats— from 
high mountain grasslands to tropical forests. But these butterflies 
are under threat. As Taiwan's cities and businesses grow, its 
butterfly habitats are disappearing. 

     

This butterfly lives on Orchid Island, one of 
Taiwan’s offshore islands. 

This is Taiwan’s national butterfly. 
 It is endangered. 
 

 



Protecting Butterflies 

Think of the last butterfly you saw fluttering around your home or school. Now imagine you 

never saw that kind of butterfly again. That's happening to butterflies in Taiwan. Already, 

scientists have identified three known species that are extinct in Taiwan. They include the Juvia 

Large Crow, Shepherd's Fritillary, and Monarch. Many others are critically endangered. Their 

populations have become so small, they may not survive many more generations. 

  

The rare Taiwan sassafras is the only plant that the Broad-tailed Swallowtail butterfly feeds on. 

The biggest threats to butterflies are humans. Some butterflies like the Purple Crow are 

threatened because their habitats are being destroyed. Others are threatened when people bring in 

new or invasive species that don't naturally live in an area. This happened to Cycad Blue 

butterflies. As caterpillars, they eat plants called Taitung cycads. When people started planting 

other cycad species in gardens, native cycads were crowded out, putting the Cycad Blue 

butterflies at risk. 



  

Natural factors also play a role. The Taiwan Beech Hairstreak is rare because the plant it needs to survive, the 

Taiwan Beech, is also rare. This is also true for the Broad-tailed Swallowtail. This endangered butterfly feeds 

only on the rare Taiwan sassafras. 

 

Taitung cycad 

In 1989, Taiwan passed the Wildlife Conservation Law to protect rare and endangered wildlife. People use 
the laws to protect the endangered butterflies and their habitats.  

 



 

 

 

 

 

Reptiles in Danger 

Species of turtles lived 210 million years ago, at the same time as the dinosaurs. However, some 

species that are alive today are in danger of extinction. For example, a serious threat to marine 

leatherback turtles is probably all over your home—plastic! When people leave plastic bags, 

sandwich bags, balloons, and other plastic items on the beach they get swept into the ocean. 

Clear plastic floating in the water looks a lot like the leatherback's favorite meal—jellyfish. 

Unsuspecting turtles eat the plastic trash, mistaking it for food. Since it's impossible to digest, 

plastic's a dangerous diet for any animal! 

What you can do: 

● Don't use too many plastic bags when they're not necessary. 
● Always make sure you throw away your garbage in a trash can and avoid releasing 

balloons into the air. 



Invasive Species

 

Hawaii's Unwelcome Visitors 

Long ago, Hawaii's lush islands were home to many native birds found nowhere else on Earth. 

But everything changed when people came to Hawaii. They hunted some of the birds to 

extinction. The animals they brought were even more dangerous. Some, like chickens, infected 

the native birds with diseases. Others, like cats and snakes, threatened the native birds that 

couldn't defend themselves against these new types of predators. 

Today, Hawaii’s native bird population has fewer species, and many of the surviving species are 

endangered. 

What You Can Do: 
 

● Don’t let your pets hunt wild animals. 
● Don’t release pets—including aquarium fish, turtles, and birds—into the wild. 
● Don’t travel with wild plants and animals. 



Overharvesting 
 
 

 

 
 

Enough Fish in the Sea? 

Every year, people catch about 85 million tons of fish and other marine animals. Advances in 

fishing technology are increasing the worldwide “catch” to keep pace with rising populations and 

demands for seafood. Fishing has become so intensive and efficient that many marine 

populations are shrinking. These species cannot recover quickly enough to survive constant 

overfishing. 

What you can do:            

● Be sure that fish and other food you buy don’t come from overharvested areas. 
● Don’t buy wood or wood products from threatened native forests like Pacific maple, 

California redwood, mahogany, ebony, or teak. 
● Buy recycled or salvaged wood whenever possible. 

 

 
 
 
 



Habitat Loss 

Preserving the Ancient Forests 

When people cut down forests, build cities, or make roads, they destroy habitats-the places 

where plants, animals, and other organisms live.  

Deep in the ancient forests of the Pacific Northwest live some of the oldest and largest trees in 

the world. For centuries, Douglas firs and cedars have towered above the forest floor. But these 

majestic trees are only part of the rich areas known as old-growth forests. They are home to 

hundreds of plant and animal species. 

Old-growth forests used to extend across the Pacific Northwest, but these precious habitats are 

quickly disappearing. In some cases, logging has destroyed the forest animals’ habitats. 

What can you do?  

Before you buy wood, make sure it comes from a “sustainable forest,” a forest where trees are 

replanted. 



 



 



 



 



 



 



Coming: The sixth mass extinction? 
Species are dying at an unprecedented rate, 
scientists say 
ALISON PEARCE STEVENS         OCT 17, 2014 — 11:05 AM EST 

 
Humans, without really intending to, brought down within decades the global number of 
passenger pigeons — from at least 3 billion birds to just one. And that last passenger pigeon 
died Sept. 1, 1914. Human changes to Earth’s ecosystem and climate now imperil many other 
species, putting them, too, at risk of extinction. 
 
LOUIS AGASSIZ FUERTES/WIKIMEDIA COMMONS 

 
Five times in Earth’s history, some three-quarters of all living species disappeared 
forever — and within a short period of time. These mass-extinction events marked the 
boundaries between different periods in geologic time. Those species losses reflect a 
major shift in the planet’s ecology. Clues to these shifts can be seen in the fossils and 
rock layers that form part of the geologic record. 
Today, human activities are driving species to go extinct at a rate never before seen. 

And this loss of species really does matter, says Anita Narwani. She’s an ecologist at 
the University of Michigan in Ann Arbor. That’s because the diversity of species in an 



ecosystem — the breadth of different organisms present — provide people with all 
types of services we can’t do without. 

Trees provide oxygen for us to breathe. At the same time, they remove carbon from the 
air. That carbon is a contributor to global warming. Plants clean pollutants from air and 
water. Microbes break down waste. Animals disperse seeds that keep forests thriving. A 
broad range of living resources also provides people with food, shelter and medicine. 

Narwani wanted to find out just how important biodiversity is for people. So she teamed 
up with other ecologists to review more than 1,700 studies. They found that more 
diverse parts of the globe tend to excel at things like removing carbon and providing us 
with wood and other natural resources. They also were better at keeping fisheries large 
and healthy so that they could feed many people. 

The findings suggest people benefit greatly from there being a diverse range of species. 

Unfortunately, biodiversity is in steep decline. 

It is too soon to declare that Earth is undergoing a sixth mass extinction, Narwani says. 
She defines a mass extinction as the loss of 75 percent of species over 2 million years 
or less. We haven’t lost that many — at least not yet. But if current rates of species 
losses continue, such a mass extinction could occur in just 300 years. 

“This is a very short time relative to the time frame for the previous mass events,” she 
points out. Such an event would leave a telltale absence of many species in the fossil 
record. From that point on, fossils of the vanished species would no longer appear in 
the pages of Earth’s rock-based diary. 



 

This saber-toothed cat is among the ice age 
animals that went extinct about 12,000 years 
ago. They were part of a mass die-off called 
the Quaternary extinction. 

CICERO MORAES/WIKIMEDIA COMMONS (CC BY-SA 3.0) 

 

 
 
 
The new findings highlight the potential for 

humans to erase many of the resources on which we now depend. As people learn 
more, however, they can take steps to lessen those risks. For example, by using natural 
resources more efficiently, says Narwani, people can preserve ecosystems so that they 
can continue to provide us with their services. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Commentary: Citizen Scientists needed to 
study Wasatch wildlife 

By Austin Green and Allison Jones | For The Tribune 

 
 

Courtesy photo from the Wasatch Wildlife Watch project, University of Utah. A motion-triggered camera recorded this image of a moose in Utah’s central 

Wasatch Mountains on June 23rd as part of University of Utah research, led by biology graduate student Austin Green, exploring how recreation affects 

wildlife. Volunteer teams rigged cameras at 210 sites and recorded 40,000 to 50,000 images of animals during a 15-week study period. Now the team is 

seeking help from the public to process this tsunami of data. 

 

There has perhaps not been a more important time to hone our understanding of 

the current state of ecological health and function of the Wasatch Mountains and the 

wildlife that live here. 

The Wasatch sustains 9 million visitors a year, which is about the same as that of 

the “mighty five” Utah national parks. Currently many planning processes and 

opportunities to shape the future of the central Wasatch are unfolding, ranging from the 

Central Wasatch National Conservation and Recreation Area legislation, transportation 



solutions from the recent blueprint of the Central Wasatch Mountain Accord, and other 

national forest planning opportunities. 

The greater Salt Lake area is predicted to experience a 40 percent increase in 

human population in the next 25 years, and with that will come predictable increases in 

human pressure on this fragile range. 

At the same time, and like never before, our state and federal land and wildlife 

management agencies have their budgets slashed, hiring frozen and staff worked thin. 

Without proper resources, our public lands and wildlife resources are at serious risk of 

being degraded and diminished. We need the community’s help to protect our critical 

natural resources and natural heritage. 

Community Scientists (also known as Citizen Scientists) are community members 

that are trained to collect data. They don’t need a degree or expertise, just dedication. 

With the data Community Scientists collect, we can positively affect our public lands and 

wildlife. 

Wildlife in the Wasatch Mountains live in one of the most highly-trafficked national 

forests in the country and next to one of the fastest growing cities in the nation. Yet, we 

know very little about what Wasatch wildlife need to sustain their populations. This year, a 

partnership including the University of Utah, Wild Utah Project, Utah Natural History 

Museum and more than 200 Community Scientists began studying the Wasatch’s wildlife 

with the goal of learning about critical habitats and movement corridors. 

Community Scientists deployed trail cameras and are now helping analyze nearly a 

million images including moose, elk, mule deer, and cougar. Each image will be used to 

understand the most important habitats and movement pathways for these animals. The 

study is designed to help us learn how current human activities and influences in the 

Wasatch are affecting these habitats and pathways. This will help better inform 

management of not only our Wasatch wildlife, but also the transportation and other 

planning solutions that are underway, thus helping these projects avoid impacts to our 

wildlife. 



Without Community Scientists, research like the Wasatch wildlife study is not 

possible. Leveraging Community Science to collect crucial information on ecological data 

gaps is a win-win for local stakeholders and land and wildlife management agencies alike. 

Especially now, as agency budgets are so lean and conservation science is sometimes given 

short shrift, we think the positive partnerships grounded in volunteer Community Science 

efforts can help bridge these gaps, fostering positive results for Utah’s natural resources. 

We encourage you to be a Community Scientist and help play a role in conserving 

our natural heritage. Learn more at https://www.wildutahproject.org/citizen-science/ . 

 

 

 

 



Life Is The Network, Not The Self 

iStockPhoto 

 

I reach up into a sugar maple tree's low branches and pluck a leaf. My 

fingers hold a seemingly unremarkable leaf, grown on a tree next to a 

suburban driveway. This leaf is not what it seems. 

I dip the leaf in alcohol, then in dilute bleach, long enough to kill fungi and 

bacteria on the surface. Then, with a totally clean knife, I slice the leaf and 

lay the cut segments onto Petri dishes (small round, shallow dishes) filled 

with sugar-infused agar. I'm using this simple technique to see what might 



be living inside the leaf. Maple cells will not grow in the Petri dishes, but 

fungi will. I'm luring them out of hiding and, by feeding them, letting them 

grow to a scale that my human senses can apprehend. 

Days later, fungal growth spills out of the sliced leaf: toffee-colored lava 

flows, bright orange flecks, ripples of cream-colored fungi, tangled puffs of 

white filaments, and purple velvet. The dishes had as much colorful growth 

as a moldy fridge. The "control" dishes, those I had opened and run my 

knife along but not touched with maple leaves, were bare or sparsely 

spotted with gray blobs. This told me that the colorful colonies were some 

of the leaf's inhabitants brought into view. 

The colorful growths revealed that my high school and college textbooks 

had told a half-truth. Elegant diagrams of leaf cross-sections depicted only 

plant cells. But a leaf is a community of fungus, bacteria, protist (single-

celled organisms), algae, nematode, and plant. Just as diagrams of human 

skin or gut usually omit the microbes that are essential components of 

human bodies, our images of plants, missed the essential nature of a leaf. A 

"maple" is not an individual made of plant cells, but a community of cells 

from many domains and kingdoms of life. Microbe-free plants likely do not 

exist in nature and, if they could be constructed, they would quickly die 

because they would lack the vital connections that sustain life. 



Most of the cells that comprise a maple leaf are smaller than plant cells and 

hard to see under low-powered microscopes. The incomplete diagrams of 

early botanists are therefore understandable. But we now know that leaves 

also have millions of non-plant cells. My backyard experiment revealed just 

a small portion of the fungal community. Studies of the diversity of DNA in 

leaves reveal hundreds of different species in every leaf. Worldwide, there 

may be a million species of leaf-dwelling fungus. Global diversity of bacteria 

in leaves is unknown, but DNA sequencing can reveal hundreds per plant 

species. 

By eavesdropping on chemical conversations within the leaf, biologists have 

learned that the life processes of a plant — growing, moving nutrients, 

fighting disease, and coping with drought — are all networked tasks, 

meaning that these tasks come from physical and chemical connections 

among diverse cells. These leaf networks are dynamic, or always changing. 

In some species, the network changes through the seasons, starting in 

spring with bacteria that resemble those of the soil, then shifting through 

the growing season to bacteria that can process the complex mix of 

nutrients inside a leaf. Fungi inside the leaf protect against plant-eating 

animals, encourage growth, and give plants drought resistance. Bacteria 

also promote growth by processing nutrients, cleaning wastes, signaling to 

plant cells, producing growth hormones, and combating pathogens. 



The leaf network is also a place of tension, its members caught in the 

evolutionary struggle between cooperation and conflict. Pathogenic 

bacteria and fungi continually threaten to overwhelm and destroy the leaf, a 

tendency held in check by a combination of plant defensive chemicals and 

competition from other microbes. The leaf community contains the seeds 

(or fungal hyphae) of its own mortality: When leaves weaken, fungi engulf 

the leaf and start the process of decomposition. This rot isn't always a 

disadvantage for the rest of the plant. Death can prune shaded leaves, 

stopping them from draining the plant community's energy. 

Fifty years ago, Lynn Margulis showed that plant cells are miniature 

networks, made of the union of three different evolutionary lineages: light-

gathering chloroplasts, sugar-eating mitochondria, and enveloping plant 

cells. We now know that the same is true of the leaf and indeed the whole 

plant. Biologists talk not of the ecology and evolution of individual plants, 

but of "holobionts," entities made of many species, all inseparably linked. 

Living networks are ancient, perhaps as old as life itself. Many of the first 

fossilized cells of life on Earth lived in integrated bacterial stacks called 

stromatolites. Today, all major ecosystems — forests, coral reefs, 

grasslands, ocean plankton — are built on conversations between 

interdependent partners. Cut these conversations and the ecosystems fall 

apart. Without the network, the homogeneous chemical soup lacks any tang 

of life. 



The fundamental unit of biology is therefore not the "self," but the network. 

A maple tree is a plurality, its individuality a temporary manifestation of 

relationships. 

This view of life has practical consequences. If plants are made from 

relationships, then agricultural science can manage these relationships to 

increase yield and sustainability. In conservation biology, restoring 

ecological interactions will help species and ecosystems. In genetic 

engineering, the effects of manipulations emerge not from the essential 

quality of any stretch of DNA but from networked interactions among genes 

and their environments. The living communities within plants can be put to 

work remediating polluted soils, reducing the toxicity of agricultural 

chemicals applied to crops, and processing biofuels (or fuels that come 

from plants, such as burning wood). 

The colorful fungal growths swarming my Petri dishes have a lesson beyond 

the immediate practical benefits of managing and studying living networks. 

Every textbook diagram and every written metaphor shape how we imagine 

the world. Microbiology and genetics are calling us to expand that 

imaginative space. When we gaze at a maple leaf, we now see not an 

individual made of plant cells, but a thrumming conversation, an embodied 

network. The "self" is a society. 

 


